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CHAPTER 3

General and specific age-related influences on
- neuropsychological variables

Timothy A. Salthouse* X

School of Psychology, Georgia Institute of Technology, Atlanta, GA 30332-0170, USA

Introduction

Cross-sectional comparisons of people of different
ages assessed at the same point in time consistently
reveal age-related declines on many different neu-
ropsychological variables in the absence of overt
disease. As an example, Fig. 1 illustrates the age
relations in four frequently used neuropsychological
variables from studies summarized in Mitrushina,
Boone and D’Elia (1999). The data in the figure were
based on studies with a minimum of 15 individuals in
each of two or more age groups differing by at least
15 years. It can be seen that increased age was asso-
ciated with more errors in the Category Test, slower
completion time in Version B of the Trail Making
Test, and lower performnance in the Logical Memory
and Visual Reproduction tests. In addition to the re-
sults with these four tests, age-related effects have
consistently been reported in variables hypothesized
to reflect attention, memory, visval—spatial process-
ing, abstraction, and executive functions (see reviews
in; Craik and Salthouse, 2000; LaRue, 1992; Lezak,
1995; Mitrushina et al., 1999; Spreen and Strauss,
1998; and Tuokko and Hadjistavropoulos, 1998). A
key question for researchers interested in aging is
how these findings are to be interpreted. Different bi-
ases about the nature of possible interpretations, one
emphasizing specific explanations and the other gen-
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eral explanations, originate from different traditions
in psychology.

Specific

A succinct description of a research tradition that
favors specific explanations for cognitive and neu-
ropsychological functioning was provided by Ser-
gent: “More than a century of research has firmly
established that the brain is organized into distinct
areas of relative functional autonomy and special-
ization, and that local cerebral damage results in
selective impairment of mental functicns™ (Sergent,
1988, p. 69). In other words, considerable research
on brain-damaged patients suggests that there is
localization, or modularity, of many cognitive func-
tions (e.g., Kertesz, 1994). Discrete lesions have
been found to have specific types of behavioral
impairments, such as damage to Broca’s area dis-
rupting language production, and damage to the me-
dial temporal and hippocampal complex affecting
many aspects of memory. Furthermore, functional
neuroimaging activation patterns are also consis-
tent with the localization assumption because certain
cognitive tasks have been found to be associated
with regionally specific activation. When considered
together, therefore, the lesion and neuroimaging ev-
idence strongly suggest that different brain regions
are involved in the performance of particular neu-
ropsychological tasks.

Although it does not necessarily follow, the re-
verse is also sometimes inferred to be true in that
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Fig. 1. Mean levels of performance in four neuropsychological tests as a function of age. Each line corresponds to results from a different

study. Data from values reported in Mitrushina et al. (1999).

scores in certain tasks are postulated to reflect the
level of functioning in particular neuroanatomical
regions or structures. For example, there is frequent
reference to ‘frontal tasks’ such as the Wisconsin
Card Sorting Test (WCST), Trail Making B, and
various tests of fluency or controlled associations,
because of reports that people with damage to the
frontal lobes are impaired on these tasks. However,
the practice of using performance on one or more
neuropsychological tasks as the basis for specula-
tions about the integrity of particular neuroanatomi-
cal regions or structures has been criticized because
although the tasks may be sensitive to damage in se-
lected regions, performance on the tasks is not neces-
sarily specific to those regions since damage to other
regions can also disrupt performance and it is also
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the case that not all patients with damage to these
regions exhibit compromised performance (e.g., An-
derson, Damasio, Jones, and Tranel, 1991; Mountain
and Snow, 1993; Reitan and Wolfson, 1994, 1995;
Vallar, 1991). Nevertheless, the practice of referring
to tasks or variables in terms of their purported neu-
roanatomical localization indicates how strongly the
localization perspective has been incorporated into
the thinking of many researchers.

At the current time it is beyond dispute that at
least some modularity of cognitive function exists.
An important question with respect to normal aging
is how the discovery of age differences in a wide
variety of variables can be accommodated within
the localization or modularity framework. One pos-
sible implication of this perspective for interpreting
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age differences is that age-related effects on differ-
ent variables are attributable to discrete effects on
specific neuroanatomical structures, and each com-
promised function should ultimately be traceable to
a deficit in the structure or region specialized for that
function. :

General

A different tradition relevant to how age differences
in cognitive and neuropsychological variables might
be interpreted is the psychometric perspective. One
of the most striking phenomena within the psy-
chometric literature is the ‘positive manifold’ phe-
nomenon, which refers to the fact that most cognitive
variables are positively correlated with one another
when their reliabilities are high and the range of vari-
ation is not restricted. The positive correlations are
often interpreted in terms of the operation of various
higher-order factors, up to and including the level of
general cognitive ability, or Spearman’s g.

Similar patterns of moderate positive correlations
have been found among neuropsychological vari-
ables in samples of healthy adults across a wide age
range. Correlational data of this type have been re-
ported many times (e.g., Aftanas and Royce, 1969;
Daigneault, Braun and Whitaker, 1992; Schulder-
mann, Schuldermann, Perryman and Brown, 1983),
but the phenomenon can be illustrated with data
from a study by Salthouse, Fristoe and Rhee (1996}
involving a sample of 259 adults between 18 and
94 years of age. A correlation matrix with a larger
number of variables was reported in the original ar-
ticle, but for the present purpose it is sufficient to
consider only correlations among four variables typ-
ically assumed to represent different neuropsycho-
logical functions. The relevant values are presented
in Table 1, where it can be seen that all correlations
are significantly different from zero. These results
indicate that the variables are not independent of one
another, and as will be discussed later, other evi-
dence suggests that the age-related influences on the
variables are also not independent.

The existence of positive correlations among neu-
ropsychological variables appears to have been ne-
glected in much of the neuropsychological literature
concerned with normal aging. One possible reason
is that relatively few studies have examined two or

TABLE 1

Correlations among four newropsychological variables in a sam-
ple of 259 healthy adults in a stndy by Salthouse et al. (1996)

WCST RAVIT BlkDes TrailsB

WCST (Per. Er) - 027 047 049
Rey AVLT (Trial 2) - 030 040
WAIS Block Design - 0.50
Trail Making B -

Note: WCST is the measure of perseveration errors in the Wis-
consin Card Sorting Test, RAVLT is the number of words re-
called in the second trial of the Rey Auditory Verbal Leaming
Test, BlkDes is the score on the Block Design subtest from the
Wechsler Adult Intelligence Scale, and Trails B is the time to
complete version B of the Treil Making Test.

more variables presumed to reflect different con-
structs or functions in the same sample of partici-
pants. Other reasons may be related to methodolog-
ical factors. For example, relations among variables
may not be detectable if the samples are small, if
the range of variation in the scores is restricted, or if
the reliability of the variables is low. The power to
detect correlations of a given magnitude varies with
sample size, and thus moderate correlations may not
be identified as significant with smail samples. Cor-
relations may also be artificially reduced when the
variability in the sample is much smaller than that
in the population of interest. If a standardized test is
administered, one means of determining whether the
correlations might be attenuated due to restriction in
range is to compare the standard deviations in the ex-
perimental sample with those for the appropriate age
range in the sample used to establish the norms for
the test. Finally, information about the reliability of
the variables is critical for meaningful interpretation
of correlations because an uninteresting explanation
for a low correlation is that it is attributable to lack of
reliability in one or more variables. It should also be
noted that methodological factors can operate to pro-
duce significant correlations that are misleading be-
cause a significant correlation might be attributable
to a few extreme cases. Formal methods to detect
outliers may not be very sensitive when the samples
are small, but correlations can be computed with
and without the suspect case, and then both values
reported to allow the influence of that case to be
evaluated.
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There are at least two implications of the presence
of positive correlations among what are hypothe-
sized to be different types of variables. First, because
a wide variety of variables are interrelated to one
another, researchers need to be cautious in using
the existence of a correlation to infer that variables
are similar in one particular respect, such as depen-
dence on a specific neuroanatomical region (see the
criticism of “second-order localization” in Salthouse
et al., 1996). That is, a simple correlation can oc-
cur for a number of reasons, and thus a correlation
should not be attributed to a single factor or char-
acteristic without additional supporting information.
To illustrate, a moderate correlation (i.e., r = 0.50)
is apparent in Table 1 between the Block Design
and Trail Making B variables, but it is not necessar-
ily due to involvement of the same neuroanatomical
region because it could be a reflection of the fact
that both tasks require planning, use of spatial abil-
ities, manual dexterity, and perhaps other common
processes.

And second, the existence of positive correlations
among variables suggests that it is important to de-
termine the level of generality at which age-related
influences operate. That is, because of the large num-
ber of variables that have been found to be negatively
associated with age, it is important to consider the
question of how to interpret age-related effects on
one variable in the context of age-related effects on
many other variables and the positive correlations
among variables. In other words, a critical issue that
needs to be addressed is whether the age-related
effects are unique to a particular variable, or are sim-
ply another manifestation of some type of broader
phenomenon.

Anderson (1956, p. 77) raised this issue over 40
years ago in the following passage: “Is there an over-
all commonality in decline which can be used as a
base from which to analyze the decline of particular
parts or structures or is it the summation of a host
of specific declines?” A similar concern was men-
tioned more recently in another context by Baddeley
(1996, p. 19): “One problem in attempting to carry
out theoretically driven studies on ageing stems from
the fact that almost every physical and cognitive
function shows some decline. Consequently, show-
ing that the elderly perform poorly on any given task

cannot be regarded as evidence for the task’s peculiar .
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vulnerability to ageing, unless other factors are ruled
out.”

These comments are related to a distinction be-
tween general and specific age-related influences
on cognitive and neuropsychological variables. The
issue of general versus specific effects has been dis-
cussed in neuropsychology (e.g., Reitan and Wolf-
son, 1996; Sergent, 1988), but there is still little
agreement about how the two types of influences can
be distinguished, or the best manner in which their
contributions can be assessed.

At least two factors are probably responsible for
the continuing controversy regarding specific and
general influences. First, many researchers have em-
phasized all-or-none positions that are either com-
pletely specific (modular) or completely general
(holistic), rather than attempting to assess the relative
contributions of each type of influence. And second,
the term specific has been interpreted in a variety of
ways, and although they are all related, each has a
slightly different meaning, and has been investigated
with somewhat different methods. In the following
sections four different usages of the term specific in
the context of research on aging (i.e., conditional, se-
lective, particular, and unique) are discussed, and the
analytical methods used for their investigation crit-
ically evaluated. It will be argued that much of the
previous research in the field of aging has relied on
unnecessarily restricted conceptualizations of specific
influences, and that consideration of alternative con-
ceptualizations and analytical procedures may lead
to greater insight into the nature, and ultimately the
cause, of age-related effects in cognitive functioning,

Specific as conditional

One usage of the term specific is in connection
with analysis of variance (ANOVA) designs in which
age is one factor, and variable (or task) is another
factor. The main effect of age can be interpreted as a
reflection of its general influence on both variables.
However, an interaction of age and variable can be
interpreted as a specific age-related effect because
it indicates that the age effects are not uniform
across variables, but instead are conditional on the
variable under investigation. Non-additive effects in
ANOVA can therefore be viewed as variable-specific
{or task-specific) influences.
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ANOVA interactions clearly indicate that the
magnitudes of the age-related effects differ across
variables, but they are a relatively weak form of
specificity because of a number of complications as-
sociated with the interpretation of interactions. For
example, interactions can be influenced by measure-
ment artifacts of floor or ceiling, and by differences
across variables in discriminating power (cf., Chap-
man and Chapman, 1973). Furthermore, only disor-
dinal (cross-over) interactions are robust across vari-
ous transformations, and because the true relation of
the variable to the construct is generally not known,
many transformations might be justified which could
either create or eliminate interactions (see Salthouse,
2000, for further discussion),

Specific as selective

Within the field of neuropsychology researchers of-
ten rely on dissociation or double dissociation logic
to identify specific effects (see Vallar, 1991, for
discussion). In simple dissociation, factor A affects
variable 1 but not variable 2 {or in a weaker ver-
sion, the effects on variable 1 are larger than those
on variable 2), and therefore factor A appears to be
selective, or specific, in terms of its effects.

Simple dissociations can be viewed as function-
ally equivalent to the discovery of a significant inter-
action in ANOVA, and some of the same concerns
associated with the interpretation of ANOVA in-
teractions have been raised with respect to simple
dissociations. In particular, the apparent selectivity
may be not be real because it could be attributable to
differences across variables in discriminating power,
such that some variables are simply more sensitive
or reliable than others (cf., Chapman and Chapman,
1973). In recognition of these probiems, the double
dissociation procedure is often advocated in which
factor A affects variable 1 but not variable 2, and
another factor, B, affects variable 2 but not variable
1. If a differential pattern such as this were to be
found, lack of sensitivity could be ruled out as the
explanation for the selective influence of factor A
on variable 1. Double dissociation patterns therefore
provide strong evidence for a specific, in the sense
of selective, influence of factor A on variable 1.
(However, see Sergent, 1988, for discussion of some
limitations of the double dissociation methodology.)

Double dissociation logic has been used in the
interpretation of research on aging when age-related
effects are found on one variable, such as free recall,
but not on another variable, such as a measure of
priming. In contrast, another factor, such as semantic
relatedness of the words, may affect the magnitude
of priming, but have little or no effect on the number
of words recalled in a free recall task. A pattern such
as this would likely lead to a conclusion that the
measure of priming is not generally insensitive, but
rather is selectively insensitive to the age ‘factor’.

However, interpretation of double dissociation re-
sults can become complicated when, as in the sit-
uation just described, one factor is manipulated be-
tween subjects and the other is manipulated within
subjects because for a given factor sensitivity in the
two types of comparisons may be negatively related.
That is, sensitivity in between-subject comparisons
(e.g., age differences) is limited by the reliability of
the variable, which is typically based on the corre-
lation between similar items or parallel forms, and
other things being equal, correlations are directly
proportional to the range of between-person varia-
tion in the variables. Reliability in between-subjects
comparisons is therefore greater with increases in
between-person variability in the relevant measure.
However, in within-subject comparisons increases
in the sensitivity of the task effect (e.g., the prim-
ing manipulation) are associated with decreases in
between-person variation in the magnitude of the
effect because this quantity, in the form of the sub-
jects-by-effect interaction, serves as the denominator
in the statistical test. That is, because the F-test
for a within-subjects manipulation is the ratio of
the mean square for the effect of the manipulated
factor to the mean square for the interaction of sub-
jects with the effect of the manipulated factor, both
the ratio and the F value increase as the between-
subjects variation in the magnitude of the effect
decreases. It is therefore somewhat paradoxical that
the more robust a phenomenon in a within-subjects
manipulation, the lower its potential reliability, and
hence sensitivity, in a between-subjects comparison.
An important implication of this observation is that
in order to ensure that the variables are equivalent
in discriminating power for between-subject com-
parisons, reliability should be computed for each
variable in the sample under investigation, and equal
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sensitivity of the variables should not merely be as-
sumed on the basis of results from within-subjects
comparisons.

Specific as particular

It is sometimes assumed that the issue of general
versus specific influences can be resolved by relying
on the principle of subtraction. The rationale is that
if two tasks presumed to differ in a single aspect
are compared, then effects operating on both tasks
can be assumed to be relatively general, whereas
any age-related effect on the difference between the
two tasks is necessarily specific, in the sense that it
operates on the particular aspect that distinguishes
the two tasks. The relevant data can be analyzed in
an ANOVA with the focus on the interaction term,
or with other statistical procedures such as a #-test on
the difference score, but the critical characteristic of
subtractive logic is that the variables are selected be-
cause of theoretical assumptions about how the tasks
differ from one another. The reasoning can be traced
back to the subtraction method introduced by Don-
ders, and the logic has been incorporated in many
neuropsychological tests, such as the Stroop Color-
Word Test, the Trail Making Test, and contrasts of
immediate and delayed recall, figure copy and figure
mMemory, etc.

The subtraction method has been criticized for
its reliance on the assumption of ‘pure insertion’,
namely, that the tasks under investigation differ only
in a single critical aspect. This concern is particu-
larly relevant with several common neuropsycholog-
ical tests because the different tasks or conditions
often differ in a number of ways, and it is not obvi-
ous which of those differences is (or are) primarily
responsible for the observed performance differences
between them. As an example, consider the A and
B versions of the Trail Making Test. In the conven-
tional administration of the test, Version B is always
administered second, it includes letters not used in
version A, and the path to connect the targets is
longer in version B than in version A. These types of
confoundings can be corrected (e.g., Salthouse and
Fristoe, 1995; Salthouse, Toth, Daniels et al., 2000),
but in the typical usage of neuropsychological testis
few comparisons are unambiguously interpretable in
terms of the operation of a single aspect.
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Two other limitations of the subtraction procedure
are often not recognized. First, reliability of differ-
ence scores may be low because they are inversely
related to the correlation between the two variables
used to derive the difference. In other words, the
more closely two variables are related to one an-
other, the smaller the variance in a measure of the
difference between them, and hence the lower the
likely reliability of the difference score. This is a po-
tentially serious problem in studies of aging or other
types of individual differences because if the relia-
bility of the variable is low, then it may be difficult
to detect group differences that really exist.

And second, despite one’s intuition, difference
scores are not independent of the original values,
and instead are negatively correlated with the initial
score, and positively correlated with the subtracted
score (see Cohen and Cohen, 1983, pp. 415-416).
Therefore, if the goal is to obtain a variable that
is unrelated to the original variables, and presum-
ably directly reflects what differs between the two
variables, it has been recommended that multiple
regression procedures be used to create residuals in
which the variance of the simpler variable is re-
moved from the more complex variable (e.g., Cohen
and Cohen, 1983). The residual variable that results
from this regression procedure will be statistically
independent of the simpler variable because it repre-
sents variance in the more complex variable that is
not shared with the simpler variable.

Although the use of residuals has a number of ad-
vantages over the use of difference scores, it has the
disadvantage of requiring moderately large samples
to obtain stable regression coefficients. For example,
it is sometimes suggested that a minimum sample
size of 50 to 100 individuals is necessary for a mean-
ingful regression analysis, with increases of 10 to 15
individuals for each additional predictor variable in
the regression equation.

Specific as unique

The argument for the use of residuals can be gen-
eralized to many comparisons, and is not simply re-
stricted to tasks originally designed for use with the
subtraction method. That is, when statistical tech-
niques are used to control the effects of one variable,
it is possible to determine the extent to which the
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age-related effects on a second target variable are
specific, or unique, to that variable. For example,
given that a factor, such as age, has been found to
have effects on several different variables, one can
ask to what extent the age-related effects on the dif-
ferent variables are independent of one another, or
are shared with other variables. This usage of the
term ‘specific’ is most similar to Baddeley’s refer-
ence to ‘peculiar’ in the quotation cited above, in that
specific refers to unique or independent influences of
age (or whatever factor is of interest).

This conceptualization of specific is important
in research on aging because it is relevant to the
nature of the explanations that will ultimately be
required to account for age-related effects. That is,
age-related effects on a given variable could be
conditional, selective, and particular, but if they are
not unique to that variable then they may simply be
another manifestation of a broader phenomenon. In
other words, age-related effects could be differential
in the sense that they vary in magnitude across
variables, but the influences on different variables are
not necessarily independent of one another because
they could reflect differential reliance on a common
process or factor (see Salthouse and Coon, 1994, for
further discussion of this point).

Uniqueness or independence of age-related influ-
ences on the variables of interest can be evaluated
with a variety of residual analysis procedures. Most
of these procedures also have the desirable property
of providing quantitative estimates of the proportions
of unique and shared age-related variance, making
it possible to determine the relative contribution of
each type of influence. As previously noted, the
primary disadvantage of regression-based residual
procedures is that they require moderately large sam-
ples.

Different methods of residual analysis in the con-
text of aging can be illustrated with examples from
my research laboratory. First consider tasks involv-
ing pairs of similar variables that could be analyzed
in ANOVA, or interpreted with subtraction logic, but
instead multiple regression procedures are used to
predict the more complex variable from the simpler
variable. The predicted value in this type of analysis
represents what the two variables have in common,
and hence the predicted value of the complex vari-
able can be subtracted from the observed value to

form a residual that reflects distinct or unique as-
pects of the complex variable. The relation of age to
the residual therefore corresponds to the unique (spe-
cific) age-related effect on the complex variable, and
subtraction of the unique age-related variance from
the total age-related variance on the variable pro-
vides an estimate of the shared (general) age-related
effect on that variable.

Table 2 contains results of this type of analy-
sis with variables from the Stroop Color-Word Test,
the Trail Making Test, and the immediate and de-
layed recall variables from the Rey Auditory Verbal
Learning Test. The columns labeled age correlation
indicate the total (original) and direct (residual) age-
related effects, and the columns labeled age variance
are proportions of total age-related variance (i.e.,
the square of the comrelation of age with the orig-
inal variable) that is shared (i.e., the square of the
correlation of the original variable with age minus
the square of the correlation of the residual variable
with age) and that is unique (i.e., the square of the
correlation of the residual variable with age). In each
case it can be seen that only a small proportion of the
total age-related variance on the more complex vari-
able is unique, or specific to that variable. Instead,
most of the age-related variance is shared with the
presumably simpler variable.

This pattern of results suggests that there are lit-
tle or no unique age-related infliences on processes
hypothesized to represent what distinguishes each
pair of variables (e.g., inhibition of irrelevant infor-
mation, switching between sequences, or retention
of information over a delay). However, because it
is relative to another very similar type of variable,
analyses involving pairs of similar variables reflect a
restricted form of uniqueness. A more global type of
uniqueness can be assessed by partialling the effects
of a variable derived from a completely different
type of task, or by partialling the variance common
to a wide variety of different variables.

The analytical procedure is frequently known as
mediation analysis when a different type of variable
is used as the controlled variable, and age-related ef-
fects on other variables are examined after statistical
control of a hypothesized mediator. Only a few po-
tential ediators have been analyzed in this manner,
but analyses with perceptual speed measures as the
mediator have consistently revealed considerable re-
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TABLE 2
Age correlations before and afier partialling the variance from similar variables and estimates of shared and unique age-related variance
Variable Partialled variable Age correlation Age variance

‘ original residual ghared unique
Stroop Test (Salthouse, 1996b, n = 178)
Incongruent . Congruent
Color stimuli 0.655 0.278 82.0 18.0
Stroop Test (Salthouse and Meinz, 1995, n = 242)
Incongruent Congruent
Color stimuli 0.568 0.196 88.1 11.9
Number stimuli 0.484 0.095 96.2 38
Position stimuli 0.439 0.039 N2 0.8
Trail Making (Salthouse et al., 1996, n = 259)
Version B Version A 0.590 0237 839 16.1
Trail Making (Salthouse et al., 1997, n = 124}
Version B Version A 0427 0.183 8.7 18.3
Free Recall (Salthouse et al., 1996, n = 259)
Delayed Immediate —0.421 -0.101 04.2 58

duction in the age-related effects on a wide range of
variables after control of perceptual speed (e.g., Salt-
house, 1996a,b; Salthouse et al., 1996; Verhaeghen
and Salthouse, 1997).

Because of the positive manifold phenomenon,
most cognitive and neuropsychological variables can
be assumed to have at least some variance in com-
mon, and consequently statistical control of almost
any variable will tend to reduce the magnitude of
the age-related effects on other variables. As long as
the controlled variable is related to age and shares
variance with other variables, it could be as complex
as a measure of general intelligence, or as simple as
a measure of the speed of deciding whether sets of
letters or line patterns are the same or different. The
nature of the controlled variable is relevant for pur-
poses of theoretical interpretation, however, because
as variables increase in complexity they are likely
to reflect the operation of a large number of pro-
cesses, and consequently it becomes more difficult
to determine which of those processes is primarily
responsible for the shared effects that are observed.

Another method of residual analysis consists of
partialling variance common to many different vari-
ables prior to examining the effects of age on the
target variable. Mittenberg, Seidenberg, O’Leary and
DiGuilio (1989) briefly described an analytical pro-
cedure in which simultaneous multiple regression of
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all variables on age was used to remove the common
variance among a set of neuropsychological vari-
ables, followed by a test of the relation ofage on
the residual variables. This procedure was apparently
employed tc control any general effects that might
be operating before considering the effects of age
on individual variables. Few details were provided
in that report about the procedure or its results, and
the method was apparently not followed up in sub-
sequent studies. However, variants of this analytical
procedure have recently been used with cognitive,
psychometric, and neuropsychological variables.
The rationale for the recent usage of the method
is based on the assumption from the field of psycho-
metrics that the individual difference variance in a
variable can be partitioned into common (shared with
other variables), specific (restricted to that variable),
and error (unsystematic) components. Correlations
of variables with one another within this framework
can therefore be interpreted as a reflection of the op-
eration of one or more common factors. Aspects of a
variable that are not shared with other variables are
unique, and reflect specific and error components.
One analytical procedure based on this ratio-
nale can be termed the shared influence analytical
method. Two major steps are involved in this proce-
dure. The first is to obtain an estimate of variance
common to all variables in the form of the first prin-

[
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cipal component in a principal components analysis.
Other methods could be used to represent what the
variables have in common, such as the first princi-
pal factor in a factor analysis or a latent construct
in structural equation modeling, but nearly identi-
cal results have been found with each method, and
thus it does not seem to matter precisely how the
common variance is determined. The second step in
the procedure is to enter the first principal compo-
nent (or another estimate of the common variance),
as the first predictor in a hierarchical multiple re-
gression analysis, followed by age as the second
predictor. The use of hierarchical or sequential re-
gression means that the second step in the analysis
examines the effects of age on the residual variable
created by removing the variance shared with other
variables from the target variable. Age-related effects
on the residual variables in this type of analysis can
therefore be interpreted as estimates of the unique
age-related influences on the target variable.

Results of this shared influence analytical proce-
dure from two studies conducted in my laboratory
are summarized in Table 3, The four columns on
the right of the table have the same meaning as in
Table 2 except that now the partialled variance cor-
responds to what all the variables have in common.
Notice that, just as in Table 2, the unique age-related
influences are only a small proportion of the total
age-related effects for every variable.

Similar patterns of small to non-existent unique
influences have been obtained with the shared in-
fluence method in analyses of age-related effects
on a variety of different cognitive variables (e.g.,
Salthouse, 1996b; Salthouse et al., 1996, 1997; Ver-
haeghen and Salthouse, 1997), and of effects as-
sociated with Alzheimer’s Disease (Salthouse and
Becker, 1998) and with HIV (Becker and Salthouse,
1999).

Conclusions

The terms general and specific have been used
in several different ways, and consequently it is
not surprising that there has been little agreement
about their relative contributions to age-related infiu-
ences on neuropsychological and cognitive variables.
Among the usages of the term specific are the follow-
ing: specific as conditional in the sense that statistical

TABLE 3

Age correlations before and after partialling variance common to
many variables and estimates of shared and unique age-related
variance

Variable Age correlation Age variance
original  residual  shared  unique

Salthouse et al., 1996, n = 259

Letter comparison —-0.493 0.057 100.0 -
Pattern comparison ~ —0.660  —0.061 99.2 0.8
Digit symbol -0.655 -0.029 98 02
Paired Assoc. 1 —0510 -0.048 99,1 0.9
Paired Assoc. 2 —0.351 0036 1000 -
RVLT Trial 2 —-0469 0074 97.5 2.5
RVLT Trial 6 —0.446 0004 1000 -
Shipley Abstraction = —0.447 0092 1000 -
WCST Per. Em. 0400 0024 996 04
Object assembly -0412 0042 1000 -
Block design —0.468 0.047 1000 -
Salthouse et al., 1997, n = 128

DD RT —0.640 -0.028 %98 02
DSRT —0.684  —0.052 94 06
SD -0.469 0017 1000 -
X0 —0.493 0068 1000 -
Letter comparison -0522 -0.052 99.0 1.0
Pattern comparison ~ —0.546  —0.028 997 0.3
Letter fluency —0.139 0199 1000 -
Category fluency —0.181 010t 1000 -

JOLO -0.127 0034 1000 -

Trail Making A —0524 0028 997 03
Trail Making B —0.508 0022 1000 -
CVLT All —0426 0017 1000 -
CVLT B -0172 0040 1000 -

Note: RVLT is Rey Auditory Verbal Learning Test; WCST Per.
Err. is Wisconsin Card Sorting Test Perseverative Errors; DD RT
is Digit Digit Reaction Time; DS RT is Digit Symbol Reaction
Time; SD is copying § or D; XO is comparisons of X's and
O's; JOLO is Judgement of Line Orientation; CVLT All is
California Verbal Learning Test sum across all learning trials;
and CVLT B is California Verbal Learning Test interference trial.
A dash in the column unique indicates that no estimate of unique
age-related variance could be computed because the direction
of the age-related effect was reversed after controlling for the
common variance,

interactions imply that the effects are not uniform but
rather vary according to the variable under investiga-
tion; specific as selective in the sense that the effects
appear to be restricted to some variables; specific
as particular in the sense that a discrete aspect of
processing is affected; and specific as unique in the
sense that influences on one variable are independent
of influences on other variables.
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The first three usages are based on evidence that
the absolute magnitude of the age-related influence
differs across variables. The latter usage is based
on evidence of independence of age-related influ-
ences because if only a small proportion of the
age-related effects are independent, or unique, then
there would be little support for a specific, in the
sense of isolated, impairment. This last conceptual-
ization of specific has been relatively neglected in
the research literature, but the distinction between
unique and shared age-related influences is poten-
tially very important because interpretations of the
nature of age-related effects are likely to vary dra-
matically depending on the relative contributions of
each type of influence.

The correlational data summarized above indicate
that very few, if any, neuropsychological variables
exist in isolation, independent of other variables, and
the results of different types of residual analyses in-
dicate that a similar lack of independence appears to
exist with respect to the age-related influences on the
variables. The co-occurrence of age-related effects
on many different variables raises the possibility that
it may be meaningful to refer to a cognitive or neu-
ropsychological aging syndrome in which various
‘symptoms’ (in the form of age-related effects on
different types of variables) are not independent of
one another. To the extent that this is the case, the
direction of research might shift from the level of
symptoms to the level of a more encompassing syn-
drome. Regardless whether it is productive to think
in terms of an aging syndrome, however, the dis-
covery that large proportions of age-related effects
on neuropsychological and cognitive variables are
shared, and are not unique to a given variable, sug-
gests that an important focus in the future should
be on explaining the shared age-related effects that
appear to exist.

Several possibilities that might be involved in the
shared age-related influences are worth considering,
but they should not be viewed as exhaustive, nor
necessarily as mutually exclusive. First, a particular
neuroanatomical region (e.g., frontal lobes) could be
responsible for coordination or integration of pro-
cesses involved in many tasks. This possibility is
similar to the idea of executive processes that have
been presumed to be important in many different
tasks. Second, the shared effects could be attributable
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to a critical neural circuit or pathway, perhaps based
on a neurotransmitter such as dopamine. And third,
the effects could be due to miscellaneous systemic
factors, such as arousal, reduction of myelin, im-
paired blood supply, or diffuse neuron loss, that have
global or non-specific effects on functioning.

Many other alternative interpretations for the
shared age-related influences are possible, and it is
probably premature to attempt to specify which spec-
ulation is most plausible on the basis of the existing
evidence. Nevertheless, the results discussed above
suggest that it is important to distinguish between
the shared and unique age-related influences on the
variables of interest in order to ensure that the expla-
nations being proposed are at the appropriate level
of specificity or generality. If, as the evidence sum-
marized in preceding sections seems to suggest, the
majority of age-related influences on many different
types of variables are shared, then task-specific or
variable-specific interpretations of age differences in
neuropsychological variables may have a much more
limited role in the explanation of neuropsychological
aging than is often assumed.
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