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Abstract

Questions can be raised regarding the progress that has been
achieved in accounting for the well-d@cumented negative rela-
tions between chronological age during adulthood and fluid or
process aspects of cognition. Advances in knowledge may
have been limited in part because many researchers have
ignored age-related influences that a/:re common to a number
of dependent variables. Two procedures are discussed that
appear to have the potential to distinlguish between general or
common age-related influcnces and| unique or specific age-
related influences. Adoption of thesé or similar procedures is
recommended to increase the cumulatlve nature of research
and to facilitate integration of results from different research
areas. b

.................

The explicit goal of this article is to inspire,
or possibly to provoke, a reexamination of
research practices currently employed in the
investigation of cognitive aging phenomena.
The focus will be on only one facet of cogni-
tive aging, but it is the one most actively
investigated and extensively documented -
namely, the decline in fluid or process aspects
of cognition associated with advancing chro-
nological age during adulthood.

An earlier version of this article was presented as an
invited ‘New Directions’ talk at the 1991 eleventh biennial
meeting of the International Society for the Study of Behav-
ioral Development in Minneapolis, Minn. Preparation of the
article was supported by NIA Grant R37 AG06826.

The Phenomenon

The basic pherilomenon can be illustrated
with results from two recent projects I have
conducted in conjunction with several col-
leagues. Both projects involved the adminis-
tration of a variety of cognitive tests to cross-
sectional samples of 350 or more healthy
adults between aboujt 18 and 80 years of age.
In the figures 111ustrat1ng the results of these
projects, performhnc‘e at each age range is
represented in terms of standard deviations of
young adults. Converting the original scores
to this metric facﬁlitates comparisons across

different variables because thc conversion
\
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Fig. 1. a Mean performance at i
each decade of chronological age E ar
in four tasks, scaled in standard (%
deviations of young adults. Da- o -15F
ta from Salthouse et al. [1988]. §
b Mean performance at each de- >Q . . . . . ) b
cade in four tasks, scaled in stan- 2 20 80 40 50 80 70

dard deviations of young adults.
Data from Salthouse and Mitchell

Chronological Age

[1990].

makes the units of measurement equivalent
for all variables. (The distribution of scores
for the entire sample could be used as the
reference distribution, and doing so has the
advantage of increasing the stability of the
estimates because of the greater number of
observations. However, because the standard
deviation of the entire sample includes any
variation that is associated with age, it will
underestimate the magnitude of age-related
effects relative to a standard deviation based
on an age-homogeneous sample.)

One project involved a variety of comput-
er-administered tests, including several as-
sessing memory and speed of processing {Salt-
house et al., 1988]. Figure 1a illustrates the
results for four of the measures. It can be
observed that (a) increased age is associated
with lower performance for all of the mea-
sures; (b) the declines are roughly monotonic,
and (c) the level of performance of subjects in
their 60s and 70s generally averages about one
standard deviation below the level of those in
their 20s.
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The second research project involved pa-
per-and-pencil tests of reasoning and spatial
abilities [Salthouse and Mitchell, 1990]. Re-
sults from this project are displayed in fig-
ure 1b. The patterns are very similar to those
in the top panel. Age trends are roughly
monotonic, and performance of adults in
their 60s and 70s averages about one standard
deviation below performance of adults in
their 20s.

The results illustrated in figure 1 are fairly
typical of the results from many research pro-
jects over the last 50 or 60 years [sce Salt-
house, 1991a, for a review]. Because the phe-
nomenon of negative relations between age
and certain measures of cognition scems to be
very well established, the major question at
the current time is how those relations are to
be explained.

The Problem

Much of the research on adult age differ-
ences in cognition has been analytical or de-
compositional in nature. Although much ana-
lytically oriented research has been con-
ducted, T am not completely convinced that it
has led to substantial advances in understand-
ing the causes of age-related differences in
cognition. One of the reasons for my reserva-
tions can be illustrated by repérting the results
of a survey of articles published in recent vol-
umes of the two major journéls in this area —
Psychology and Aging and Jéumal of Geron-
tology. All of the articles published in these
journals in the 1990 calendar year were exam-
ined. Those reporting statistifcally significant
age differences for the primary performance
measure, and for which an exﬂalanation or the-
oretical interpretation could Be identified, are
summarized in table 1. ;

The major point I wish to}make from this
simple survey is not that age-related deficits

have been docamented for many different
cognitive measures, but rather that there ap-
pear to be nearly as many explanations or
interpretations for those deficits as there are
published articles. Al{hough it is encouraging
that the research activlity has been so vigorous
and has been extendéd in so many diffcrent
directions, it is nevertheless discouraging to
note that explanatiom for any given result
seem to have been developed almost com-
pletely independent of the explanations pro-
posed to account for éther results.

One way of assessihg progress is in terms of
the integration of previously distinct and in-
dependent phenomena into a coherent
scheme with commoﬁ explanatory principles.
The primary expectaiion is that the number
of interpretations’ should be fewer than the
number of observations, and the law of parsi-
mony further dictates that the number should
be as few as possible. Viewed against these cri-
teria, one could argue that there has been little
progress in explainigg cognitive aging phe-
nomena. Observations have certainly accu-
mulated in great quantity, but it is debatable
whether there has Bcdn progress in integrating
and explaining those observations.

In some respects, this state of affairs can be
considered an almosl inevitable outcome of
the analytical emphasis inspired by the infor-
mation-processing perspective, in which cog-
nition is conceptdalized as the product of a
series of processing operations that store in-
formation and tre:msform input into output.
Consider two hypothetical information-pro-
cessing task anal;Jses one involving compo-
nents a, b, and c in task 1, and the other com-
ponents x, y, and|z in task 2. Both analyses
might be conside;red%successful in the sense
that research evidence is consistent with pri-
mary localization of the age differences in a
specific information-processing component.
That is, results fi onj various investigations

might suggest thé‘lt ge-related effects were
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concentrated in component a in task 1, but
had their greatest influence in component y in
task 2. The difficulty in this case is that even if
we are confident that we now have a reason-
able explanation for the existence of age dif-
ferences in one task, that information may be
of little help in accounting for age differences
in other tasks. In the present example, we
know nothing about the relation between
components a and y in tasks 1 and 2, or about
age-sensitive components that might exist in
other tasks. Components a and y may be
highly related, and could even reflect exactly
the same construct. Howcver, it is impossible
to determine whether such relations exist
when different research projects proceed in
isolation, and researchers show no awareness
of age differences reported in one another’s
projects.

Complaints about the lack of integrative
explanations, and the proliferation of task-
specific interpretations, have been expressed
before in the form of warnings about the dan-
gers of issue isolationism [Salthouse, 1985]
and research sectarianism [Birren and Ren-
ner, 1977]. However, the diversity of entries
in table 1 reveals that fairly specific interpre-
tations continue to be offered for most re-
search results. A possible reason why earlier

objections have been largely ignored is that
they were not accompanied by concrete sug-
gestions about how research practices might
be altered to remedy the perceived problems.
I would like to address this omission in the
present article by proposing certain modifica-
tions in research methodology that I believe
would contribute to greater integration, and
hence understanding, of cognitive aging phe-
nomena. In essence, I suggest a shift in the
level of analysis, away from an exclusive focus
on specific and unique explanations of cogni-
tive aging phenomena, and to a consideration
of specific interpretations while simulta-
neously examining, and possibly controlling
for, any more general or common age-related
influences that may also be operating.

Distinguishing General and Specific
Age-Related Influences

I will discuss two methods, and although
cach has limitations, both appear to have the
potential to lead to more integrated explana-
tions of cognitive aging phenomena than
those currently employed by most researchers
working within an experimental or analytic
perspective. Because a key feature of both

Table 1. Interpretations of age differences in cognition from recent articles in Journal of Gerontology and

Psychology and Aging

Reduced frequency of text-based processing style

prose cell

Adams et al. [1990]

Reduced cognitive flexibility associated with
frontal lobe dysfunction or dopamine reduction

proverb interpretation

Albert et al. [1990]

Declines in storage capacity and processing working memory Babcock and Salthouse
efficiency [1990]

Impairment in classifying targets according to auditory selective Barr and Giambra {1990}
source Or in ignoring nontargets attention
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Table 1 (continued)

Decline in tendency to spontancously organize memory for source Dywan and Jacoby [1990]
and integrate information information
Elevated blood pressure (?) categories test Elias et al.

Decreased ability to alter target strength,
qualitatively different search strategy

visual and memory search
reaction time

Fisk et al. [1990]

Failure to inhibit personal information

memory {or events

Hashtroudi et al. [1990]

Metamemory deficits (7)

word and prose recall

Hertzog et al. [1990]

Declines in verbal speed and working memory

word and prose recall

Hultsch et al. [1990]

Diminished working memory reducing
proficiency of effortful memory sedrch

memory for actions

Kausler et al. [1990]

Deficit in relational encoding and Bias toward word recall Luszez et al. [1990]
item-specific encoding
Deficit in encoding specific infoméﬁon word recall McEvoy and Holley
[1990]
Generalized slowing and decline in attentional reaction time Madden [1990]
processing
Decrease in distinctiveness of encoding word recall Mantyla and Backman [1990]

IFailure to fire recognition units, failure to access
semantic information from recognition units,

failure to access name from semantic information

face recognition

z

Taylor [1990]

Cohort differences (?)

memory search time

z

{lenich and Baron [1990]

Deficient episodic memory

picture recognition

z

litchell et al. [1990]

Problems in inhibiting attention aﬂd integrating
information into single trace; incorrect
assessment of task difficulty

memory for prescription
information

z

Torrell et al. [1990]

Integration deficit picture recall Park et al.

Impairment in health (?) block design and digit Perlmutter and Nyquist
; symbol [1990]

Failure to encode or retain relevanf information  reasoning accuracy althouse et al. [1990]

Impaired encoding and retrieval (7

picture recognition

mith et al. [1990]

Limitations in working memory capacity

prose recall

tine [1990]

Deficits in working memory and possibly spatial

processing capacity

prose recall

LNl n| n

line et al. [1990]

=

Decreases in spontaneous strategic encoding, telephone number recall Vest and Crook [1990]
resistance to distraction, and impaired retrieval
Deficiency in organizational processes word recall ‘ Witte et al. [1990]
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methods is the collection of information on
several variables from each participant, the
proposed methods do not represent a major
shift for rescarchers working within the psy-
chometric perspective because they have a
long tradition of relying upon multivariate
assessment. The present discussion is nev-
ertheless relevant to psychometric researchers
because they typically have attempted to ex-
plain all of the variance in the dependent vari-
ables, not merely the age-associated variance.
The primary question of interest in the
present context is not whether there is a rela-
tion between two variables or constructs, but
whether there is a relation between the age-
related influences on these variables. Both
methods are based on the assumption that
age-related effects on performance in any
given task can be conceptualized in terms of
the contribution of several types of influences.
Again, the concern here is with determinants
of age differences in performance, not all fac-
tors contributing to a given level of perfor-
mance. Influences on performance that are
unrelated to age are ignored. Some age-related
influences can be postulated to be specific to
particular tasks, such as mental rotation, for-
mation of associations, abstraction of rela-
tions, whereas others, perhaps including effec-
tiveness of encoding, reliance on working
memory, speed of executing relevant process-
ing operations, might be assumed to be com-
mon to many different tasks. Bccause some of
the influences are common to many perfor-
mance measures while others are specificto a
few particular measures, the age differences in
any measure of cognitive performance can be
conceptualized in terms of the sum of com-
mon (or general) age-related factors and
unique (or specific) age-related factors.
General and specific are not well-defined
absolute categories, but more like extreme
ends of a continuum. To many researchers,
neither extreme is particularly interesting

since it is very unlikely that a single factor is
responsible for all of the age-related differ-
ences evident in every possible cognitive task,
and a discovery that age-related effects are
highly specific to particular samples, meth-
ods, and materials is of little concern because
the results have virtually no generalizability.
Intermediate regions of the continuum are
nevertheless meaningful when general and
specific are interpreted as relative terms, with
specific implying that the age-related in-
fluence is restricted to a very small number of
highly similar measures, and general indicat-
ing that the influence is common to a large
number, and wider range, of measures.

This distinction between general and spe-
cific age-related influences is important be-
cause there are several reasons for arguing
that a primary goal in cognitive aging research
should be to identify, and account for, any
broad or general factors involved in the rela-
tions between age and cognitive functioning,
One reason is that it is easier to determine the
distal causcs of a small number of relatively
general influences than of a large number of
highly specific influences. From a purely prag-
matic perspective, therefore, it may be more
efficient to try to identify the factors responsi-
ble for any broad or general age-related in-
fluences that might exist before trying to in-
vestigate the causes of a large number of more
circumscribed or specific age-related effects.
A second reason for emphasizing general age-
related influences is that more precise esti-
mates of specific age-related influences can be
obtained if the general influence is first re-
moved. That is, without controlling for the
influence of general age-related factors, esti-
mates of specific effects may be contaminated
by, and perhaps merely another manifestation
of, general factors that may exist. Finally,
research will become more cumulative if one
can establish that results are not attributable
to a general influence that has already been
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discovered. In other words, unless a more sys-
tematic approach to investigating both gen-
eral and specific age-related influences is
adopted, we may continue to rediscover dif-
ferent consequences of the same causal factors
and may never dispel the lingering ambiguity
about if, and when, specific interpretations of
age-related effects are really necessary.

Less-than-Optimal Metﬁods

How can a general agc-rclhted influence be
detected? Before describilig two possible
methods, I will first briefly mention three
methods that have either b%:en proposed or
implied and that I believe ate inappropriate,
or at least suboptimal. One such method con-
sists of comparing the absolute magnitude of
age trends across various measures, based on
the expectation that the existence of a general
factor will lead to identical age-related effects
for all measures. This method is unsatisfac-
tory as a means of investigating general age-
related influences because measures can vary
in terms of their age relations due to differ-
ential dependence on the general factor, as
well as because of differences in measurement
sensitivity and/or reliability, Moreover, this
method completely ignores the contribution
of specific age-related influences that can be
expected to vary from onei measure to an-
other.

Comparison of patterns of correlations at
different ages [Birren et al., ‘1 962] is also un-
desirable as a method of detecting the exis-
tence of a general age-relateﬁ factor. At least
three potential problems with this approach
can be identified. First, important variables
could be neglected because %age-sensitive di-
mensions may not be adequately represented
in age-homogenous samplesé. This point can
be elaborated by an analogy Efrom the field of
real estate. Suppose one were trying to iden-

|

tify the factors re‘spbnsible for variations in
real estate prices i:)yldeterr_nining the predic-
tors of housing prices within each of two ran-
domly sampled |ngighborhoods. Variables
such as lot and builching size, quality of con-
struction, type of Lmaterials, and number of
amenities would probably be identified as im-
portant predictors oﬂ house prices within each
neighborhood. However, analyses of each
neighborhood separately are likely to omit
what may be the most important factor - loca-
tion — because the range of that variable will
be greatly restricted within each neighbor-
hood. Similarly, in developmental research,
relevant dimensions iof change may be salient
only in cross-age comparisons. Researchers
should thus be quite cautious in interpreting
correlational results; from age-homogeneous
analyses. ‘

A second, related problem with trying to
investigate the exisﬁence of a general aging
factor by scparate analyses within cach age-
group is that it may be the wrong variance
that is being analyzed. That is, the goal is not
necessarily to identify or understand all of the
performance determinants at a given age, but
rather to understand the relations between
age and cognitive performance. Stated some-
what differently, the variance of primary in-
terestto a developméntal researcher is not the
total variance, but merely that portion sys-
tematically related to age. Only if age is incor-
porated into the ana%lysis can one distinguish
age-related variance from total variance.

The third problem with relying on analyses
of data from age-‘hbmogeneous samples to
investigate a general age-related influence is
that it is based on the questionable assump-
tion that a general factor can be detected by
the presence of higher correlations among
variables in sampies of older adults than in
samples of young 1.ﬁdplts. However, higher in-
tercorrelations among variables are neither
necessary, nor sufﬁci nt, to infer the existence
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of a general factor. They are not necessary
because correlations may not differ across age
groups if individual differences in rates of
developmental change in the general factor
are relatively small. Higher correlations are
not sufficient to infer the existence of a gen-
cral factor because correlations could increase
from one group to another for many reasons
unrelated to the presence or absence of a gen-
eral age-related factor.

Another possible strategy in attempting to
distinguish between general and specific age-
related influences is factor analysis of the sim-
ple correlations among a set of variables
[Dirken, 1972; Jalavisto, 1965]. Age either
could be one of the variables included in the
analysis, or its corrclation with the extracted
factors could be determined. The problem
with both of these procedures is that the fac-
tors are determined by the total variance in
each variable, not just by the age-related vari-
ance. This distinction is potentially important
because the interest in the present context is
not in the variables that are related because
they share some common variance, but in-
stead in the variables that are similar because
they share age-related variance. A procedure
is discussed later in which factor analyses
might be used to reveal clustering of variables
with respect to the amount of age-related vari-
ance they have in common. Unless some such
procedure is employed, results of factor analy-
ses may not be directly relevant to distin-
guishing general and specific influences asso-
clated with age.

Overview of Proposed Methods

I now turn to methods that seem more
promising for distinguishing between general
and specific age-related influences. Funda-
mental to both methods is the general mea-
surement assumption that the variance of a

variable is equal to the sum of the variance of
common, specific, and error influences. That
is,

Var(X) = var(commeon) + var(specific) + var(error).

This assumption is extended in the case of
age-related comparisons by specifying that
the age-related variance in a variable is attrib-
utable to common and specific age-related
influences. In other words, it is assumed that:

Var(age-related differences in X) =
var(common age-related influences) +
var(specific age-related influences) + var(error).

Because difference scores obtained from
longitudinal comparisons are the simplest
type of age-related differences, it is useful to
begin description of the two proposed meth-
ods by assuming that the variables of interest
are the differences across two measurement
occasions on a number of variables for the
same individuals. If the sample of individuals
with scores on all variables at both occasions
is relatively large, one method is a factor anal-
ysis of the difference scores. The interrela-
tions of longitudinal difference scores, which
by definition represent age-related influences,
arc examined to identify common and spe-
cific groupings of variables.

The second method does not necessarily
require large samples, but it does require that
the variables are all measured on the same
scale. This method involves examining the
scores on the variables across the two mea-
surement occasions (and consequently the
two ages) to determine whether there is a sys-
tematic relation between the two sets of
scores. The existence of a systematic relation
can be interpreted as a reflection of the com-
mon influence, and deviations from the sys-
tematic relation can be attributed either to
specific influences or to error. The key to both
methods is the availability of measures of sev-
eral variables for the samc individuals, to
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allow common and specific age-related in-
fluences to be distinguished. A common in-
fluence is inferred if there is 4 pattern among
the age-associated effects on the variables,
such that the age differences on some vari-
ables are not independent of those on other
variables. In contrast, a specific influence is
inferred if the age differences on a given vari-
able are unrelated to the age differences on
other variables. |

I turn now to a more deteﬁled description
of each method, beginning with the latter
method of assessing systematic relations be-
tween scores across measurement occasions.

Method of Systematic Reilations

The reasoning underlying the method of
systematic relations is as follows. (Although
the description refers to a contrast between a
group of older adults, O, and a group of young
adults, Y, the method is applicable to groups
distinguished by other age gro;upings, orto the
same group at different tirﬁles, or to non-
developmental classifications.) Assume that
the age differences on variable 1 are repre-
sented as O; — Yy, and that thef: age differences
on variable 2 are represented ias O, - Y,. (For
this example, assume that %performance is
measured in terms of errors olr time, such that
higher scores indicate poorer performance.) If
the age differences on each varlable are com-
pletely determined by spe01fic age-related in-
fluences, i.e., specific; and SpeCIfICz, and if
those specific influences are j’independent of
one another, the age differcnces on the two
variables would also be indcpéndent, i.e.,0,-
Y, would be independent of O, - Y,. How-
ever, if the age differences arc determined by
a combination of general argld specific age-
related influences, and if thge same general
influence contributes to both variables, the

age differences on the two vali*iables would be

related because of the common influence. Ex-
pressed in equation form, we assume:

O1-Y,= f(generai + specificy).
0,-Y,= f(genera1 + sFeciﬁcz).

Because the general influence is common to

both equations, f

0, - Y, =f{[(O - Y1) - specific] + specificy).
Rearranging the equaFion yields
0, = (Y3 +[01 - Yi] 1 [specific, — specifici]).

This last expression implies that the perfor-
mance of older adults on variable 2 should be
a function of the perférmance of young adults
on variable 2, and oﬂ the difference between
the young and old adults on variable 1, plus
the difference between the specific influences
on the two variables. |

The preceding edluations are obviously
only crude approx1mat1ons but the basic ar-
gument is quite 51mple If the age differences
on two variables are Largely a consequence of
different specific influences, no relation
would be expected I:Detween the age differ-
ences on the two variables. However, if a
common or general i}nﬂuence contributes to
the age-related variance on each variable, the
age difference on oné variable should be re-
lated to the age differénces on other variables.
Furthermore, it should be possible to predict
the performance of older adults on a given
variable from (a) thd performance of young
adults on that variable, and (b) knowledge of
the relation between the two groups on one or

. |
more other variables. |

Itis this last impliciation that leads to a pos-
sible means of distingpishing between general
and specific age-related influences. The key to

the proposed method is an examination of the

performance of older
ables as a function
young adults on the
extent that there is a
tween the measures of]
\
|

adults on a set of vari-
of the performance of
same variables. To the
systematic relation be-
performance in the two
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age groups, and the two groups differ in aver-
age level of performance, a common age-
related influence might be inferred. That is,
only if at least some of the age-related effects
on each variable were determined by a factor
common to other relevant variables does it
seem reasonable to expect age differences on
one variable to berelated to age differences on
other variables. ‘General’ or ‘common’ in this
context thus implies lack of independence, in
the sense that knowing the magnitude of the
age differences on one variable provides in-
formation about the magnitude of the age dif-
ferences on other variables.

Application of the method can be illus-
trated by an example involving body dimen-
sions at two ages in childhood. Imagine that a
number of body measurements are obtained
from a child at age 5 and again from the same
child at age 10, and that the two sets of mea-
sures are plotted against one another, as illus-
trated in figure 2. Three important types of
information are available from analyses of
this type. First, the magnitude of the correla-
tion indicates the extent to which there is a
systematic relation between the measures at
different ages. For these particular data, the
correlation is quite high, indicating that there
is a high degree of ‘structural stability’, in the
sense that the measures with high values at
one age also have high values at a later age.
Second, the intercept and the slope of the
linear regression equation characterize the na-
ture of the relation between the measures at
the two ages. For the data illustrated in fig-
ure 2, it can be seen that the intercept is close
to 0 and the slope is 1.24. This pattern indi-
cates that the variables at age 10 were about
24Y% greater than they were at age 5. (In fact,
the average of the percentage differences
shown in the legend at the right of figure 2 is
24.8%.) Finally, functions like that portrayed
in figure 2 are informative about the excep-
tions or deviations from the general pattern.

In the illustrated data it appears that the val-
ues for the variable of head circumference do
not exhibit the same pattern as the other vari-
ables, in that the percentage increase for this
variable is only 3.3%.

The hypothesis that some of the data points
deviate from the general trend can be investi-
gated by conducting additional analyses to
evaluate the statistical significance of poten-
tial exceptions. As an example, outlier tests on
the residuals from the prediction equation can
be conducted to determine the probability
that a data point represents an exception to
the general pattern. Alternatively, the possibil-
ity that the data are better characterized by
two or more distinct regression equations can
be investigated by classifying the variables
into categories and then examining the signifi-
cance of predictor variable-by-classification
interactions in a regression analysis. In the
data illustrated in figure 2, the data point cor-
responding to head circumference has a resid-
ual 2.8 times larger than its standard error,
indicating that it is a significant exception to
the overall pattern. On the basis of this result,
one could infer that the head circumference
variable exhibited a different pattern of age-
related growth than the other variables exam-
ined. A regression analysis including major
body dimensions (variables 1 through 7,
coded as 1) and hand and foot dimensions
(variables 8 through 12, coded as 0) as a body-
part classification reveals that neither the
main effect of body-part classification nor the
product of age-5-by-body-part classification is
significant. As discussed by Pedhazur [1982,
chapter 12], findings of this type imply that
the same regression equation applies to both
sets of variables. (Of course, a finding of no
difference means that one is accepting the null
hypothesis and hence one must be sensitive to
the possibility that the failure to detect a dif-
ference as significant may be attributable to
low power of the statistical test.)
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The advantage of the type of analysis just
described is that the simultaneous examina-
tion of many variables allows the researcher
to determine whether the age-related results
observed for one variable are similar to those
observed for other variables. Doing so in turn
enables the investigator to place his or her
results in a larger context, and in particular, to
determine the extent to which the age-related
influences on a particular variable are com-
mon or specific. Based on the data illustrated
in figure 2, it seems reasonable to infer that a
researcher studying developmental growth of
the middle finger is probably investigating
many of the same basic processes as re-
searchers studying developmental growth of
the lower arm or the length and width of the
foot. The only exception among the variables
represented in the figure is %hcad circumfer-
ence, because this variable ﬂoes not exhibit
the same pattern of age-related change as the
other variables.

Fig. 2. Mcasurements of bodily dimensions atage 10 as a functlon of the same variables at
age 5. Data from Snyder et al. [1975].

Application of the method of systematic
relations to cross-sectional data is straightfor-
ward. Onc nccd only substitutc the means of
an age group for the scores at each age. In
other words, instead of using the scores from
the same individual at age 5 and at age 10, the
data can consist of the means of a sample of
individuals at age 5 and the means of another
sample of individuals at age 10. (In fact, the
values in figure 2 were derived from samples
of 300 or more S-year-olds and 200 or more
10-year-olds, as reported in Snyder et al.,
1973.) The primary limitation of this method
is that the variables must all be on the same
scale. The method is also sensitive to all of the
factors that affect the precision and accuracy
of correlation and regressmn procedures, in-
cluding reliability and stability of the mea-
sures, the number of paired observations, and
the range of values in each group [Pedhazur,
1982].
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Fig. 3. Error proportions on in-
dividual items of the Raven’s Pro-
gressive Matrices Test for older
adults (age >59 years) as a func-
tion of the error proportions on
those same items for young adults
(age <31 years). Circled items are
outliers with residuals greater than
twice their standard errors. Data
from Salthouse [1991b, study 1].

It should be emphasized that the distinc-
tion between general and specific influences
in the method of systematic relations is based
both on the extent to which the data can be
accounted for by a lincar equation, i.c., the
coefficient of determination, or 12, and on
tests for outliers or moderators of the regres-
sion equation. Once again the data in figure 2
can be used 1o illustrate this point. The very
high r? implies that there is a large systematic,
and potentially general, influence across most
variables. However, one variable was still
found to deviate significantly from this over-
all trend, and hence it can be considered an
exception to the general pattern. Both tests for
generality and tests for specificity or unique-
ness should therefore be conducted before
reaching conclusions about the existence of
general and specific age-related influences.

The variables used in analyses of system-
atic relations can be derived from perfor-
mance on individual items within a single
task, or from measures of average perfor-

mance across different tasks. Individual items
have been used as the units of analysis in stud-
ies of memory by Rubin [1978, 1985] and by

Stine and Wingfield [1988, 1990]. The
method is applicable to many types of tasks,
however, as illustrated by the data figure 3.
This figure represents performance on indi-
vidual items from the Raven’s Progressive
Matrices Test. (Data were derived from sam-
ples of adults 30 years and younger and adults
60 years and over in Study 1 by Salthouse,
1991Db.) Notice that there is a systematic rela-
tion between the performance of young and
old adults, as evidenced by the r? value of
0.84. Furthermore, an analysis of the residu-
als revealed that only the two circled data
points had residuals greater than twice their
standard errors. These results therefore sug-
gest that, across different items on this test,
there is a relatively general pattern of poorer
performance by older adults relative to young
adults.
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Fig. 4. Time and accuracy of older adults as a function of the time and accuracy of young
adults in the same conditions. Circled items are outliers with residuals greater than twice their
standard errors. Data from Salthousc [1988, cxpcriment 1].

Analyses of systematic relations are proba-
bly most interesting when the measures rep-
resent average performance in different tasks,
because “specific’ then refers to characteristics
of the entire task rather than to properties of
individual items within the task. Figure 4
contains examples of data analyzed in this
manner from a recent study [Salthouse, 1988,
experiment 1], in which all participants per-
formed four tasks, each at four levels of com-
plexity. Results of this study are fairly typical
of those reported in the literz}lture. The corre-
lations between measures of the average per-
formance of young and old%adults are com-

monly 0.9 or higher. Systemgtic relations are

not as easily detected with measures of quality
or accuracy of performance ejls with measures
of speed of performance because (a) the per-
formance measures from di’ffercnt tasks are
not always comparable; (b) the measurement
scales are more likely to haV;e floor or ceiling

restrictions, and (c) the means are less precise
. . . | .
when each observation is discrete (i.e., correct

or incorrect) rather than continuous (i.e.,
time). Despite thesedifficulties, orderly pat-
terns can be detected|in accuracy measures, as
is apparent in the right panel of the figure, and
in articles by Brinley [1965], Campbell and
Charness [1990], and Salthouse [1987].

The data in eacH panel of figure 4 were
subjected to two separate regression analyses,
one ignoring the distinctions among the tasks
and one including télsk (coded as a dummy
variable), and the product of task and the con-
tinuous variable (meén performance of young
adults), as additional predictors. The initial
analyses yielded the 1parameters presented in
the figure and indicaited that the circled data
points had residuals greater than twicc their
standard errors. Thei analyses including task
as a predictor variable were designed to deter-
mine whether the regression equation for the
Analogies-Transforms task differed signifi-
cantly from that for the remaining tasks. Nei-
ther the main effect jof task nor the task-by-
young product tdrm as significant, and thus
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there is no evidence that the relation between
the performance of young and old adults var-
ied across these particular tasks.

The method of examining relations among
variables does not indicate the identity of age-
related influences that might be common to a
set of variables. It merely suggests that some-
thing more general than the characteristics of
a particular task probably contribute to the
age differences in each variable. That is, the
fact that a systematic relation may exist be-
tween age differences on measures of speed of
performance does not imply that the common
factor is an age-related speed reduction, for
the same reason that the existence of a sys-
tematic relation between age differences on
measures of accuracy would not necessarily
imply that the common factor is an age-
related accuracy reduction. When details of
the functional relation are available, it may be
informative about how the general factor ex-
erts its influence (e.g., additively or multipli-
catively) across a particular combination of
variables, but other methods are needed to
determine the nature or identity of the general
factor(s) responsible for the systematic rela-
tions among the age differences on assorted
variables.

An important point to be noted about the
results in figure 3 and 4 is that systematic re-
lations are often evident between the perfor-
mance of young and old adults across a range
of dependent variables. The fact that 80% or
more of the variance in the group means is
accounted for by this relation can be inter-
preted as suggesting that some type of general
or common factor may be a major determi-
nant of the age differences on these variables.
That is, the systematic pattern among the
variables can be considered a manifestation
of the general factor, and specific influences
can be inferred to be operative whenever data
points deviate appreciably from the overall
pattern. Exceptions can be either greater or

less than the predicted value, but as long as
accepted statistical techniques are used to es-
tablish that the deviations from the general
pattern are significantly greater than that ex-
pected by chance, one can infer that a specific
age-related influence is operating, above and
beyond any more general age-related in-
fluence that may exist.

The method of systematic relations there-
fore allows the results for a particular task to
be viewed in the broader context of results for
other tasks or results for other conditions
within the same task. It thus becomes possible
to distinguish whether the results observed for
that variable are consistent with the pattern
evident for other variables, in which case they
may simply be another consequence of a more
general phenomenon, or whether they repre-
sent an exception to the overall trend and
might require a specific interpretation. The
key feature of this method is that identifica-
tion of the overall pattern of age differences
across a set of variables provides a basis for
determining the extent to which the results
obtained for a given variable are truly unique
and independent of the age-related differ-
ences observed for other variables.

Factor Analysis of Age-Related
Differences

The goal of factor analysis is to identify
groupings or clusterings of variables that
share similar variance. Common or general
influences are represented by the fctors ex-
tracted early in the analysis that are responsi-
ble for the largest-proportions of variance,
and specific influences are represented either
by factors extracted later, and associated with
smaller proportions of variance, or by high
uniqucness values in one or more variables
(with uniqueness defined as 1 minus the com-
munality, and communality referring to the
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Table 2. Factor analysis of
illustrative variable set

(- WV S

0674 0702 | 0.627 0402  0.478
- 0.872 | 0.810  0.587  0.668
- 1 0958 0792  0.821
- 0778  0.834
} - 0.984

|

0.784

0.132 0.052

0.007 -0.000

0.863 (0.137)

1 0.513(0.487)

2 0.756 (0.244) 10.837 (0.163)
3 0.949 (0.051) 10.955 (0.045)
4 0.904 (0.096) '0.904 (0.096)
5 0.750 (0.250) 0.967 (0.033)
6 0.828 (0.172) 0.969 (0.031)

proportion of variance in the variable associ-
ated with the extracted factors). Uniqueness
as the term is used here includes both the vari-
ance specific to the variable and the error
variance. These two sources lof variance can
be separated if the reliability of the variable is
known, but for the present purposes it is the
distinction between common and other in-
fluences that is most important.

Two steps are involved in the identifica-
tion of general or common influences on age-
related differences using factor analytic proce-
dures. The first step is to determine the pro-
portion of total variance associated with each
factor, because the higher the proportion, the
broader or more general the influence of the
factor. The second step is to determine the
uniqueness of each variable, that is, the pro-

portion of variance in
with the extracted f:
vides an upper estim
the variable’s varian

the variable not shared
actors. This value pro-
ate of the proportion of
ce that is available for

partitioning either iqto secondary factors or
into unique inﬂulence‘s. It 1s an upper estimate
because it inclucies u‘nsystematic variance or
measurement error 1n‘ addition to the system-

atic variance unique to that variable.

Consider the data
relation matrix ir‘{ the

summarized in the cor-
top portion of table 2. A

factor analysis conducted on these data re-
vealed that the fifst factor was associated with

78.4% of the total v

ariance in the variables

and the second factor with 13.2% of the vari-

ance. These results
there is a considera
variance among| the

therefore indicate that
ble degree of common
variables, because over
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78% of the total variance can be accounted
for by a single factor and two factors can
account for almost 92% of the variance in the
six variables. Results in the lower portion of
table 2 indicate that some variables still have
appreciable unique or nonshared variance af-
ter removing the variance associated with the
first factor. However, removing the variance
associated with the second factor reduces
these residual, or unshared, components of
variance considerably, to 16.3% or less for
each variable.

If the variables represented in table 2 were
longitudinal difference scores, it would be rea-
sonable to infer that two primary age-related
influences were operating. One influence
could be assumed to be major, because it was
responsible for over 78% of the total age-
related variance, and the other could be pos-
tulated to be relatively minor because it was
associated with a little more than 13% of the
age-related variance. These results, together
with the fact that the uniqueness values were
small for all variables, would lead to the infer-
ence that two influences were responsiblc for
most of the age-related variance in this set of
variables.

Extension of factor analytical techniques
to cross-sectional research designs is some-
what more complicated than in the case of the
method of systematic relations because of the
need to focus on age-related variance. That is,
the correlations in the original matrix should
only reflect age-related variance in each vari-
able, not the total variance in the variable.
The distinction between the total variance in
a variable and the variance in the variable
that is systematically related to age may be
clarified by reference to figure 5.

Traditional factor analysis is based on sim-
ple correlations in which the variance com-
mon to two variables is assessed relative to
the total variance in each variable. Several
other types of correlations can be computed,

however, with partial and semipartial correla-
tions the most common. I have been unable to
find a reference to the fourth correlation illus-
trated in figure 5, and consequently 1 have
labeled it a quasi-partial correlation. Notice
that unlike partial correlations, quasi-partial
correlations do not remove the age-related
variance, but instead remove the variance
that is not related to age. Of the correlations
represented in figure 5, quasi-partial correla-
tions appear most comparable to correlations
between longitudinal difference scores be-
cause they reflect the magnitude of the rela-
tion between two variables relative to the age-
related variance in each variablc.

A possible method of examining relations
within the age-related variance in a set of vari-
ables obtained from a cross-sectional design is
factor analysis of quasi-partial correlations in-
stead of simple correlations.! In fact, the data
contained in table 2 are based on quasi-partial
correlations derived from a study reported by
Salthouse and Mitchell [1990] involving 383
adults between 20 and 83 years of age. The
variables were designed to assess three dis-
tinct constructs, corresponding to pereeptual

! There is a complication associated with the use of
other types of correlations in factor analyses because
unlike simple correlations, correlations in which
another variable has been partialled are not necessarily
equivalent for the two variables. That is, the square of
a simple correlation indicates the proportion of vari-
ance in one variable shared with the other variable,
and this proportion is equivalent for both variables
involved in the corrclation. However, this property of
symmetry does not necessarily hold for the other types
of correlations. In terms of figurc 5, the circles repre-
sent the total variance in the variable, and thus (a+ b+
d + f) is equal to (a + b + ¢ + ¢), but (b + d) is not
necessarily equal to (b + ¢). A possible means of dealing
with this potential problem is to compute quasi-partial
correlations for both variables and then conduct the
factor analyses on the average (determined with the
Fisher r-to-z transformation) of the quasi-partial corre-
lations for the two variables.
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speed (variable 1 for Finding As and 2 for
Number Comparison), inductive reasoning
(variable 3 for Letter Sets and 4 for Shipley
Abstraction), and spatial visualization (vari-
able 5 for Paper Folding and 6 for Surface
Development). To the extent that quasi-par-
tial correlations provide meaningful estimates
of the magnitude of the relation between the
age-related variance in two variables, the in-
terpretation of the factor—aﬁalytic results is
the same as if the correlations were based on
longitudinal difference score;s. In both cases it
seems reasonable to infer that there is a sub-
stantial general or common influence contrib-

1~ Salthouse & Mitchell (1989}
+
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Fig. 5. Schematic illustration of four types of corre-
lations between tw{) variables, 1 and 2, with and with-
out adjustment for the influence of age. :

Fig. 6. Proportion of variance associated with suc-
cessive factors in factor analyses of quasi-partial corre-
lations from four data sets.

uting to the age-related variance in this set of
variables.

The results summarized in table 2 are not
atypical. Similar patﬂerns have been obtained
in analyscs of othe‘ sets of cross-sectional
data. For example, figure 6 illustrates the pro-
portions of variancel associated with succes-
sive factors in three additional studies involv-
ing at least 220 adult:s and between seven and
nine variables edch. In each case the first fac-
tor was associatled inth a very large propor-
tion of the age-relatef variance. The commu-
nality estimates: after extraction of a single

factor were also quite high, with a mean of
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Fig. 7. Schematic representation of three alterna-
tive approaches to the analysis and interpretation of
age differences in cognition.

0.857 and a minimum of 0.665. These results
suggest that, at least for the variables in these
studies, a very large proportion of the age-
related variance in each variable is shared
with the other variables. The original set of
varlables can therefore be reduced to a much
smaller set that still captures most of the reli-
able age-rclated variance within the vari-
ables. ,

This pattern of results from factor analyses
of quasi-partial correlations helps to explain
why statistical control of some variables (i.e.,
measures of perceplual speed) greatly attenu-
ated the age-related variance in other vari-
ables (i.e., measures of working memory or

various types of cognitive functioning) in the
studies reported by Salthouse [1991b]. If the
variables load on the same factor, or if they
each have high loadings on factors that are
moderately correlated with one another, it is
reasonable to expect that removing the in-
fluence of one variable will also tend to reduce
the age relation in variables with which it
shares common age-related variance. Statisti-
cal control procedures therefore provide an-
other means of determining whether variables
share age-related variance. General age-re-
lated influences can be inferred to be operat-
ing whenever statistical control of one vari-
able greatly attenuates the variance associated
with age in other variables. Conversely, the
age-related influences can be inferred to be
specific if there is little attenuation of the age-
associated variance when other variables are
controlled by procedures such as hierarchical
regression or partial or semipartial correla-
tion.

Conclusions

Neither of the approaches that has been
described implies that search for specific age-
related determinants of performance should
be abandoned. Instead, they merely suggest
that this search proceed with some awareness
on researchers’ part of the results from other
research. This position can be clarified by
contrasting it with two alternative approaches
to the interprctation of age differences in cog-
nition, as portrayed in figure 7. Followers of
approach A only consider specific influences,
whereas followers of approach B consider the
general factor sufficient to account for all age
differences, with the specific level of interpre-
tation largely viewed as superfluous. Follow-
ers. of approach C, which I am advocating,
explicitly acknowledge the possibility of one
or more general factors, as well as the poten-
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tial for direct or unmediated effects between
age and a varicty of specific determinants.

Examples of the first two approaches are
represented in articles in a recent issue of the
Journal of Experimenial Psychology: General.
Fisk and Rogers [1991] proposed quite spe-
cific interpretaitons of age differences in reac-
tion time by suggesting that age differences
vary as a function of type of search (visual or
memory), type of stimulus-response mapping
(consistent or varied), and stage in practice
(early or late). Cerella [1991]; in a commen-
tary on the Fisk and Rogers [1991] article,
claimed that nearly all of their results were
consistent with the existence of a single, gen-
eral age-related factor. Because the age differ-
ences in any given condition could be pre-
dicted with reasonable accuracy from one
equation (i.e., the method of systematic rela-
tions described earlier), Cerella argued that
there was no need for specific or local inter-
pretations of these age differences.

In my view, neither of these positions is
satisfactory. Fisk and Rogers [1991] can be
criticized for failing to consider possible in-
fluences of general age-related factors before
proposing highly specific interpretations. Ce-
rella [1991] can be criticized for rejecting spe-
cific influences associated with age without
conducting statistical tests of deviations from
the general pattern. Admittedly, such tests
would probably have had low power in this
particular situation because the number of
observations was limited and the confidence
intervals around each data point were proba-
bly large due to the fact that only 9 young
adults and 9 older adults contributed to each
relevant observation. It is nevertheless pre-
mature to conclude that no specific factors are
operating if small samples and weak statistical
power do not allow a sensitive evaluation of
deviations from the general pattern.

It is important to emphasiie that the meth-
ods proposed in this article rileither presume

the existence of|one|or more general age-
related factors, nor do they imply that age dif-
ferences would be explained if they were
found be consistent with a general factor.
With respect to| the| first point, both the
method of exam,_ning relations among vari-
ables and the method based on factor analysis
have possible ouﬂcomés that would be clearly
inconsistent with the| existence of a general
age-related inﬂu%ncei In the case of the
method of systenllatic%relations, such an out-
come would be the dﬁscovew of little or no
relation between, the age differences on one
variable and the age differences on other vari-
ables. In the factor analysis method, results
inconsistent with a general factor would be
evident in the form $f small proportions of
variance associated with the factors and/or
low communalities (ﬁigh values of unique-
ness) of the variables (in addition to little or
no attenuation of the age differences on one
or more variables afteljr statistical control of an
index of the hypothesized general factor).

It is also incorrect &o claim that discovery
of evidence for the existence of a general or
common factor contributing to age differ-
ences on a number of different variables
means that those age differences have been
fully or adequately explained. Even if there
were absolutely no e\%idence for any specific
age-related inﬂuc—l:ncesi we would still need to
know how, and {)vhy, lthe general factor oper-
ates. In a very real sense, therefore, a discov-
ery that general factor$ are involved in the age
differences on many |cognitive variables re-
presents a starting point, rather than a termi-
nation, of truly ¢ planjatory research in cogni-
tive aging, Therelis nothing inherent in either
of these methods implying that general age-
related influences shauld be treated as disci-
plinary primitives, exempt from further at-
tempts at analysi“‘s or explanation. To the con-
trary, general factors shlould be viewed as can-

didates for mediatorg of age differences in
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cognition. Such mediators must themselves
be subjected to thorough investigation.

Whether or not general age-rclated in-
fluences are ultimately determined to be cau-
sally responsible for some of the relations
between age and fluid or process aspects of
cognition, discovery that a limited number of
factors affect age differences in many cogni-
tive tasks would be important because it
would greatly reduce the number of phenom-
ena in need of explanation. It is in this
respect, therefore, that the search for both
general and specific influences of aging can be
expected to contribute to greater integration
of research results and to facilitate progress
toward the eventual explanation of those re-
sults.

How might research practices change if
analytically oriented researchers were to shift
their level of analysis to the general-plus-spe-
cific approach advocated in this article? First,
more measures would be included in each
study because distinguishing between general
and specific. age-related influences requires
multivariate data. A minimum of two mca-
sures is needed to allow statistical control pro-
cedures to be employed, but ideally as many
measures for which reliable assessment is
practical within the available time constraints
should be included. A large number of vari-
ables is desirable because the power and sensi-
tivity of both linear regression and factor ana-
Iytic procedures are directly related to the
number of distinct variables (which are equiv-
alent to observations in the proposed applica-
tion of regression procedures).

Second, sample size would be larger than is
currently the case. Larger samplcs arc neces-
sary to provide reasonably accurate estimates
of the contribution of general and specific
age-related influences and to permit analyses
of residual age-associated variance in terms of
different types of specific influences. There is
no absolule minimum sample size, but total

samples in the range of 100 or more are
clearly preferable to the 50 or fewer often used
in contemporary research. This guideline is
particularly important with factor analytic
procedures because it has been suggested that
a minimum sample size of 100 is needed for a
meaningful factor analysis [Gorsuch, 1983].
However, it is also relevant with the method
of systematic relations because the precision
of the performance estimates in each sample
is directly related to the number of individu-
als in the sample.

Third, a shift in level of analysis mecans
that statistical analyses would become more
complex in order to allow general and specific
age-related influences to be distinguished.
The actual procedures vary according to the
method employed, but some means are
neeeded (a) for determining whether the age
difference on a particular variable deviates
from a systematic pattern evident across a
number of variables, or (b) for statistically
controlling the influence of other variables
when examining the relation between age and
the variable of primary interest.

Last, but possibly most important,
adoption of the proposed methods might well
result in a change in the nature of the null
hypothesis used in research on cognitive
aging. This change would reflect a recognition
that considerable research has been con-
ducted in the area of aging and cognition and
that age-related differences have been re-
ported for a great many variables. The null
hypothesis therefore may no longer be that
there are no age diffcrences, but instead that
there are no agc differences beyond those
alrcady established.
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