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Abstract
Objective: To review selected research in cognitive aging incorporating an individual differences approach.
Method: Three contributions of the individual differences perspective in cognitive aging are illustrated with data from the 
Virginia Cognitive Aging Project. 
Results: Research capitalizing on the variability among individuals has been used to: (a) improve sensitivity and validity of 
measurement of cognitive functioning, and evaluate possible age differences in the meaning of the measures; (b) investigate 
relations between age and individual cognitive measures in the context of other types of cognitive measures; and (c) exam-
ine the degree to which age-related influences on target measures are statistically independent of age-related influences on 
other cognitive measures. 
Discussion: Although the primary focus of much of the research in cognitive aging has been on mean differences between 
people of different ages, people differ in many respects besides age. A fundamental assumption of the individual differ-
ences perspective is that at least some of those differences may be informative about the nature, and causes, of the relations 
between age and cognitive functioning.
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In a classic article, Cronbach (1957) pointed out that two 
approaches to research in psychology could be identified. 
One was the experimental approach in which the primary 
focus was on group means, with individual variation around 
the means often considered random error. The second was 
the correlational approach, which instead of viewing indi-
vidual differences as error, treated them as meaningful vari-
ations in the degree to which the relevant characteristic was 
manifested. In addition to the difference in emphasis on 
group means versus individual variability, the approaches 
also tend to differ in whether the analyses are primarily uni-
variate (single variable) as in experimental research or mul-
tivariate (multiple variables) as in correlational research.

Although the existence of two broad approaches to psy-
chological research is well accepted, no consensus exists 

on exactly what constitutes the individual differences 
approach in cognitive aging. In order to provide a frame-
work for the subsequent discussion, it is proposed that the 
defining property of the individual differences approach 
in cognitive aging is that nontarget measures assessed in 
the same individuals are used to assist in the interpretation 
of age relations on target measures. This definition is not 
ideal because the distinction between target and nontarget 
measures can be ambiguous, and the emphasis on assisting 
the interpretation of age relations on target measures could 
lead to the omission of important studies capitalizing on 
individual differences. Nevertheless, this working definition 
captures the fundamental idea that differences among indi-
viduals have the potential to provide valuable information 
about the nature of cognitive aging.
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Conceptualizing the individual differences perspec-
tive on cognitive aging in this manner allows its history 
to be traced to some of the first studies in the field. For 
example, several early researchers equated participants on 
measures of general cognition or intelligence before exam-
ining age differences in the measures of primary interest 
(e.g., Bromley, 1956, 1958, 1967; Foster & Taylor, 1920; 
Ruch, 1934; Thorndike et  al., 1928). Other early stud-
ies included multiple cognitive measures to compare the 
relative magnitude of age differences across measures 
(e.g., Bilash & Zubeck, 1960; Birren & Morrison, 1961;  
Foster & Taylor, 1920; Gilbert & Levee, 1971; Horn, 
1967; Jones & Conrad, 1933; Schaie, 1958; Sward, 1945). 
Beginning in the 1960s and 1970s, increasing numbers of 
studies reported correlation-based analyses in which indi-
vidual differences in some cognitive measures were statisti-
cally controlled when examining age differences in other 
cognitive measures (e.g., Farrimond, 1967; Hultsch, 1969; 
Hultsch, Nesselroade, & Plemons, 1976). In recent years, 
two of the leading researchers incorporating an individual 
differences perspective in cognitive aging were John Horn 
and Warner Schaie who together with their colleagues pub-
lished important studies and introduced major methodo-
logical innovations, some of which are discussed later.

The remainder of this article discusses three contem-
porary applications, or contributions, of the multivariate, 
individual differences approach to cognitive aging that 
have emerged over the past 50 years. Although the appli-
cations are relevant with both cross-sectional and longi-
tudinal data, the discussion will focus on cross-sectional 
comparisons because they are the most common type of 
data in cognitive aging.

In order to provide concrete examples, the applications 
will be illustrated with data from the Virginia Cognitive 
Aging Project (VCAP). All of the methods have been used 
with other data sets, but VCAP has the advantages of 
including a large sample of adults across a wide and con-
tinuous age range who have each performed a total of 16 
cognitive tests representing 4 primary cognitive abilities 
(i.e., memory, speed, reasoning, and space) and an achieve-
ment (vocabulary). Details about the cognitive measures, 
and information about the project participants, are avail-
able in prior publications (e.g., Salthouse, 2014; Salthouse, 
Pink, & Tucker-Drob, 2008).

Improving Measurement
When a researcher relies on a single measure he or she can 
be considered to be implicitly assuming a one-to-one cor-
respondence between measure and theoretical construct. 
However, the validity of this assumption can be questioned 
because all psychological measures can be postulated to 
have multiple influences, including not only those attributa-
ble to the relevant construct but also higher order influences 
associated with what is common to other constructs, lower 
order influences associated with the particular methods and 

materials used in the assessment of the measure, and ran-
dom fluctuation or measurement error.

An important advantage of the individual differences 
approach is that it provides a means of disentangling these 
different influences. That is, task-specific aspects can be 
minimized and construct-relevant aspects maximized by 
aggregation of different measures of the construct obtained 
from the same individuals, and measurement error can be 
minimized with the use of latent variables defined by the 
reliable variance shared across multiple measures. Some 
of these effects can be illustrated with a comparison of 
reliabilities of measures across different types of aggrega-
tion. Because participants in VCAP performed different 
versions of the same tests on three sessions each separated 
by approximately 1 week (e.g., Salthouse, 2007), reliabil-
ity can be assessed with the correlation of relevant scores 
across the first and second sessions. The across-session cor-
relations were .75 for a measure of word recall based on 
the sum of items recalled across 4 repetitions of the same 
12-word list; .85 for a composite memory measure based 
on the average z-score for word recall, paired associates, 
and logical memory measures; and .96 for a latent vari-
able based on the same 3 memory measures. These values 
indicate that the proportion of systematic variance in the 
assessments, which is potentially available to be associated 
with other variables such as age, varies according to the 
number of measures used in the assessments and the man-
ner in which the measures are aggregated.

In addition to improving reliability, and indirectly sen-
sitivity, the availability of multiple measures also allows 
validity to be investigated by examining the patterns of rela-
tions of the target measure with other measures assumed 
to represent the same, and different, constructs. This form 
of validity, known as construct validity, is based on the 
assumption that measures reflecting the same theoretical 
construct would be expected to have moderate correlations 
with one another (i.e., exhibit convergent validity) and 
weak correlations with measures of different constructs 
(i.e., exhibit discriminant validity).

One noteworthy example of a cognitive aging study 
in which construct validity was examined was a report 
by Schaie, Willis, Jay, & Chipuer (1989). These research-
ers found that a multiple-choice vocabulary measure from 
a test battery originally designed for children between 11 
and 14 years of age had stronger relations with perceptual 
speed measures than with other vocabulary measures (i.e., 
standardized factor loadings of .66 on a perceptual speed 
factor and .39 on a vocabulary factor). Although the test 
was intended to assess vocabulary knowledge, the results 
suggest that, probably because of the low difficulty level of 
the items in their sample of adults, the test reflected how 
quickly individuals could respond more than how much 
word knowledge they possessed.

Similar types of correlation-based procedures have 
been used to investigate the meaning of different cog-
nitive measures by examining their associations with 

8 Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2017, Vol. 72, No. 1

 at U
niversity of V

irginia on D
ecem

ber 14, 2016
http://psychsocgerontology.oxfordjournals.org/

D
ow

nloaded from
 

http://psychsocgerontology.oxfordjournals.org/


established dimensions of cognitive functioning. For exam-
ple, Salthouse and colleagues have used an analytical pro-
cedure they termed contextual analysis in which the target 
measures, and their relations with age, are analyzed in the 
context of reference cognitive abilities and achievements. 
Many researchers have relied on subjective task analyses 
to infer the meaning of measures, but an advantage of con-
textual analyses is that they provide an objective method 
of determining the contributions of different abilities to the 
target measure. The rationale for the method was described 
by Salthouse and Davis (2006, p. 52) as follows:

… one way to investigate the meaning of a variable is 
to determine the cognitive abilities to which it is and 
is not related. If people who are high in ability X per-
form better on variable A than people who are low in 
ability X, then it can be inferred that variable A likely 
involves some of the same processes that contribute to 
ability X. In contrast, if people who are high in ability Y 
do not differ from people who are low in that ability in 
their performance on variable A, then it can be inferred 
that the processes involved in ability Y probably do not 
contribute to variable A.

Results from contextual analyses with memory measures 
as the target variables will be used to illustrate how the 
method can be relevant to theoretical speculations regard-
ing the meaning of measures. In each case, the participants 
performed tests of fluid intelligence (i.e., a combination of 
inductive reasoning and spatial visualization), verbal epi-
sodic memory, perceptual speed, and vocabulary knowl-
edge, in addition to tests assessing the target measures. 

The entries in Table  1 are standardized relations of the 
target measure with each of these established cognitive 
domains.

Target measures in the first study were measures of per-
formance in different serial positions in a free recall task. 
Because the strongest relations with memory ability were 
with to-be-remembered items in the middle positions, 
which are often assumed to reflect long-term memory, and 
the weakest relations were with items in the recency seg-
ment, which is often interpreted as a reflection of a sepa-
rate short-term memory (e.g., Craik, 1968), the results 
support a distinction between two types of memory. The 
second study summarized in Table 1 found that there was 
a moderate relation of memory ability with the number of 
recognized words classified as “remembered,” but no rela-
tion with memory ability was apparent for the number of 
recognized words classified as “known.” This pattern is 
consistent with the theoretical distinction between pro-
cesses of deliberate recollection (presumed to contribute to 
“remembered” responses) and of familiarity (presumed to 
contribute to “known” responses) in recognition memory 
(e.g., Jacoby, 1991). Another comparison in Table  1 was 
based on the Deese Roediger McDermott paradigm (e.g., 
Roediger & McDermott, 1995) and revealed that true rec-
ognition, assessed by subtracting false alarm rate to new 
items from hit rate, was moderately related to memory 
ability but that false alarms to critical lures was not. These 
results are consistent with an interpretation that true mem-
ory for previously presented items involves somewhat dif-
ferent processes than false memory. Results from the final 
study in Table 1 indicate that performance in memory tasks 
with figural and location stimuli had weaker relations with 

Table 1. Standardized Coefficients Relating Reference Cognitive Domains to Target Cognitive Measures

Target measure

Cognitive domain

Memory Fluid Speed Vocabulary

 Krueger and Salthouse (2011)—different serial positions in free recall
  Primacy positions (1–3) .46* −.08 .13* −.12*
  Middle positions (4–9) .75* −.17* .13* −.23*
  Recency positions (10–12) .22* −.06 .10 −.04
 Salthouse and Siedlecki (2007)—different response classifications in recognition
  “Remember” .40* −.23 −.03 .15
  “Know” −.05 .16 .07 .10
 Salthouse and Siedlecki (2007)—true (HR-FAN) and false (FACL) memory
  HR-FAN, Experiment 1 .43* −.10 .01 .21*
  HR-FAN, Experiment 2 .34* −.11 .22 .18
  FACL, Experiment 1 .10 −.19 −.03 .18
  FACL, Experiment 2 .03 −.07 .15 .22*
 Siedlecki and Salthouse (2014)—different types of stimulus material
  Words .85* −.08 .35* −.19
  Figures .35* .68* .14 −.26*
  Locations .03 .80* .21* −.17

Note: HR-FAN, Hit Rate–False Alarm to New Items; FACL, False Alarm to Critical Lures.
*p < .01.
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(verbal) memory ability, but stronger relations with fluid 
ability, than performance in tasks with word stimuli. These 
findings are noteworthy because the same procedures were 
used with each type of material, but the differential rela-
tions suggest that different abilities are involved in memory 
for figural, location, and verbal stimuli.

Many other target measures, and reference cogni-
tive abilities, could be used with analyses such as those 
reported in Table 1. Regardless of the combination of tar-
get measures and reference abilities, however, capitalizing 
on individual differences in this manner has the potential 
to provide useful information about the meaning of cog-
nitive measures, regardless whether the target measures 
are derived from psychometric tests or from experimental 
paradigms.

A particularly valuable application of the multivariate 
individual differences approach in cognitive aging research 
involves determining whether measures have the same 
meaning, and exhibit measurement equivalence, at differ-
ent ages. As noted by Schaie et al. (1989, p. 652):

A critical assumption that underlies evaluation of quan-
titative change across age or differences between dif-
ferent age groups is that the relationship between the 
ability constructs and measures of these constructs … 
remains invariant across comparisons. That is, quantita-
tive comparisons are meaningful only if there is qualita-
tive invariance …

Formal statistical procedures have been developed to inves-
tigate measurement equivalence by examining properties, 
such as factor loadings, means, and variances, in different 
age groups or at different measurement occasions in lon-
gitudinal comparisons (e.g., Widaman, Ferrer, & Conger, 
2010). However, the basic principle can be illustrated with 
correlations of the word recall measure with other memory 
measures and with speed measures. That is, if the word 
recall measure primarily represents memory ability, its cor-
relations with other memory measures would be expected 
to be moderately high and exhibit convergent validity, 
whereas its correlations with speed measures would be 
expected to be lower and exhibit discriminant validity. 
Moreover, if construct validity is comparable across adult-
hood, the two sets of correlations should be nearly the 
same magnitude at different ages.

The relevant correlations from VCAP data are portrayed 
as a function of age decade in Figure 1. It can be seen that 
the correlations of the recall measure were higher with the 
paired associates and logical memory measures assumed to 
represent the same construct (i.e., memory) than with the 
digit symbol, letter comparison, and pattern comparison 
measures postulated to represent a different construct (i.e., 
speed). Of particular importance in the current context is 
that the same pattern of convergent and discriminant valid-
ity was evident in different age decades. With these meas-
ures and participants, therefore, the recall measure can be 
inferred to have similar meaning at different ages.

Interim summary

An important contribution of the multivariate individual 
differences approach is that it can be used to improve meas-
urement quality by enhancing reliability through aggrega-
tion and allowing validity to be evaluated based on patterns 
of relations with other measures of the same and different 
constructs. Furthermore, these procedures can be used to 
investigate whether differences across age groups, or across 
longitudinal occasions, are more consistent with a quanti-
tative shift in the same constructs or a qualitative shift in 
the nature of the constructs being evaluated.

Investigating Interrelations Among Measures
A popular analytical procedure based on multivariate 
individual differences data involves determining whether 
the pattern of relations among the measures is consistent 
with age differences in nontarget measures contributing 
to, or mediating, age differences in a target measure. That 
is, results from meditational analyses, in which statistical 
procedures are used to control the variability in selected 
nontarget measures, are considered informative about what 
might be expected on the target measure if there had been 
no variation among participants in the nontarget measures.

A study by Horn, Donaldson, & Engstrom (1981) may 
have been one of the first to use a mediational approach 
in cognitive aging. These researchers investigated rela-
tions between age and a composite measure of fluid intel-
ligence after statistically controlling measures hypothesized 
to reflect potentially critical processes such as work-
ing memory, associative memory, and sensory detection. 
The rationale was that the contribution of another vari-
able to the age-fluid intelligence relation could be inferred  
from the magnitude of reduction in the relation after par-
tialing the variance in the other variable. Based on their 
results, Horn and colleagues concluded that age-related 
decline in fluid intelligence “… is associated mainly with 
defects in processes of organizing information; becoming 

Figure 1. Correlations of a word recall measure with measures of mem-
ory and speed in different age groups.
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alert to new information; ignoring irrelevancies; concen-
trating, maintaining, and dividing attention; and holding 
information in working memory” (p. 33).

A large number of studies over the past 35 years have 
reported mediational analyses with a variety of different 
target and nontarget measures and with analytical pro-
cedures ranging from partial correlation and regression 
analysis to path analysis and structural equation modeling 
(e.g., Anstey, Luszcz, & Sanchez, 2001; Park et al., 2002; 
Salthouse, 1991; Schretlen et  al., 2000; Verhaeghen &  
Salthouse, 1997). Mediation results can be valuable in 
indicating whether the observed pattern of relations is con-
sistent with a postulated causal sequence. However, it is 
important to recognize that results of mediational analy-
sis should not be considered definitive because alternative 
models, possibly involving different directions of the criti-
cal relations, might fit the data equally well. Mediational 
analyses should therefore be viewed as an opportunity for 
the hypothesis to survive possible disconfirmation and not 
as a means of confirming the hypothesis.

Another weakness of mediation models is that they 
focus on the relations among a limited set of measures, 
but because the number of possible cognitive measures is 
extremely large, the measures included in any given analy-
sis necessarily represent only a subset of possible cogni-
tive measures. This situation is portrayed in the top panel 
of Figure 2 in which relations are examined only among 
a subset of the possible measures, while other potentially 
informative measures are ignored.

An alternative to the mediation approach, and its 
focus on a restricted set of measures, involves postulat-
ing a structure that specifies how different cognitive meas-
ures are related to one another. One of the most popular 
organizational structures for measures of cognitive func-
tioning is a hierarchical structure such as that portrayed 
in the bottom panel of Figure  2 (e.g., Carroll, 1993; 
Gustafsson, 1988; Jensen, 1998). Notice that within this 
simple structure, the observed measures are at the lowest 
level, first-order ability factors are at the next level, and 

general factors are at the highest level. The structure can 
be made more concrete by assuming that the box in the 
lower left corresponds to performance in a word recall 
task, with the circle above it representing memory ability 
and the circle at the top of the structure representing gen-
eral cognitive ability (g).

Two advantages of organizing cognitive measures into 
a structure such as that in the bottom of Figure 2 are that 
the structure offers a framework for interpreting how dif-
ferent cognitive measures are related to one another, and 
measurement equivalence can be examined by compari-
son of the structures in people of different ages. Different 
types of organizational structures can be postulated, but 
the finding of roughly comparable correlations among 
measures at different ages suggests that the structures are 
similar across adulthood (e.g., Brickley, Keith, & Wolfle, 
1995; Cunningham, 1980; Parker, 1983; Salthouse, 
1998; Salthouse & Ferrer-Caja, 2003; Schaie et al., 1989; 
Sudarshan, Bowden, Saklofske, & Weiss, in press).

Interim summary. Contrary to some interpretations, nei-
ther mediation nor structural analyses are directly informa-
tive about the causes of age relations on target cognitive 
measures. Nevertheless, these individual difference-based 
methods are valuable in indicating the broader context in 
which cognitive measures, and the relations of age on those 
measures, are embedded.

Investigating Unique Age Differences
Because over a century of research has established that 
most cognitive measures are moderately correlated with 
one another, an important theoretical issue in cognitive 
aging is the extent to which the age-related influences on 
the target measure are unique and independent of age-
related influences on other cognitive measures. This is a 
critical question because unless general influences are con-
trolled, many of the relations of age on the measures of 
primary interest may not be specific to those measures and 
instead may be shared with other measures. To the extent 
that this is the case, much of the research in cognitive aging 
may have been inadvertently investigating relations of age 
on general influences on cognition, rather than the intended 
specific age-related influences.

One analytical procedure used to investigate unique age 
relations, defined as effects that are independent of age-
related influences on established dimensions of cognitive 
functioning, involves the contextual analysis method dis-
cussed earlier. The rationale is that:

… age relations on the reference cognitive abilities are 
already well established, and therefore the primary inter-
est is in the magnitude of the relation of age on the tar-
get variable after these influences have been taken into 
consideration. If there is little or no direct relation (i.e., 
independent of indirect relations through the cognitive 
abilities), then the results would be consistent with an 

Figure  2. Schematic illustration of mediation analyses in which age 
relations are examined among a limited set of cognitive measures (top) 
and of structural analyses in which age relations are examined at dif-
ferent levels in a hierarchical structure of cognitive abilities (bottom).
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interpretation that most of the age-related influences on 
the target variable are shared with influences on the pre-
dictor variables. (Salthouse, 2011, p. 223)

There are now a large number of studies in which con-
textual analysis procedures have been used to investigate 
unique age-related influences on a variety of target meas-
ures. Although there are some exceptions, the dominant 
finding in these studies has been that unique age relations 
were typically small and seldom significantly different 
from zero (e.g., Kreuger & Salthouse, 2011; Salthouse, 
2011; Salthouse & Siedlecki, 2007; Salthouse, Siedlecki, & 
Krueger, 2006; Siedlecki & Salthouse, 2014).

Another method of investigating shared age-related 
influences involves controlling the variability in a measure 
of general cognitive functioning instead of the variability 
in several distinct cognitive abilities. As noted earlier, some 
of the first studies in cognitive aging controlled general 
cognitive influences when examining age effects on target 
measures by equating their participants on a measure of 
general cognitive ability (e.g., Foster & Taylor, 1920; Ruch, 
1934; Thorndike, et al., 1928). More recently, Mittenberg, 
Seidenberg, O’Leary, & DiGiulio (1989) were explicit in 
articulating this issue, and describing a possible method of 
dealing with it, as they stated that:

… neuropsychological test performance decline might 
be parsimoniously attributed to changes in generalized 
ability (Spearman’s “g”). Simultaneous multiple regres-
sion of all tests on age was performed to evaluate this 
possibility. After the common variance among measures 
was removed, … [only two measures] … shared signifi-
cant unique variance with age. (Mittenberg et al., 1989; 
p. 925)

Statistical control procedures resemble matching proce-
dures in that participants are effectively equated on the 
level of one or more control measures prior to examining 
differences in the target measure. The rationale is that any 
differences apparent in the target measure after variability 
in the other measures is eliminated can be inferred to be 
independent of differences that might exist in those other 
measures. Statistical control methods have been imple-
mented with a variety of procedures used to estimate gen-
eral influences in cognition. For example, one estimate has 
been based on the first unrotated principal factor (PF1), 
which is similar to the first principal component but is 
based only on variance shared with other measures instead 
of all of the variance as in principal components analysis. 
Another type of general estimate is based on a latent vari-
able corresponding to a single common factor related to all 
measures, and a third is based on the highest level in a hier-
archical structure such as that in the bottom of Figure 2.

Typical results of statistical control procedures can be 
illustrated with these three estimates of general influences 
(i.e., PF1, latent variable, and hierarchical g) based on 12 
VCAP measures representing reasoning, space, memory, 

and speed abilities. Vocabulary measures were excluded 
from these analyses because they have different age trends 
and can be considered to represent an achievement rather 
than an ability. Each estimate of the general factor was sig-
nificantly related to age, with coefficients in standard devia-
tion units per year of age of −.030 for PF1, −.023 for a 
latent common variable, and −.027 for the highest level in 
the hierarchical structure.

The most interesting results from statistical control 
analyses are the estimates of unique age-related influences, 
obtained after statistical control of general influences, 
because they represent age differences in the target measure 
that remain after the individuals have been equated with 
respect to influences shared with other cognitive measures. 
Estimates of total and unique age-related effects for six dif-
ferent target measures are presented in Table 2. One target 
measure is the total number of words recalled across 4 rep-
etitions of the same list, which is one of the 12 measures 
used in deriving estimates of the general factor. The other 
measures in Table 2 were not used in estimating the general 
factor and consisted of recall of a new list (B) of words, the 
time to complete single (e.g., numeric) and alternating (e.g., 
numeric and alphabetic) sequences in the connections ver-
sion of the trail making test, and performance in running 
memory tasks with letter and position stimuli.

Inspection of the entries in Table 2 reveals that all meas-
ures had large negative age relations when they were con-
sidered alone, with unstandardized regression coefficients 
ranging between −.018 and −.033 SDs per year. However, 
the age relations after statistical control of the general influ-
ences were much smaller, with a range between .003 and 
−.013 SDs per year. Furthermore, the patterns of attenu-
ated age relations were very similar with the three different 
estimates of the general influence, and thus the results are 
not dependent on a particular method of estimating general 
or shared variance.

In order to make the results in Table 2 more concrete, 
consider the running memory letters task, in which partici-
pants are asked to recall the last 4 letters in an unpredictable 
list of 4 to 12 letters. This task is often assumed to be a test 
of working memory because it requires updating of con-
tinuously changing information. When considered alone, 
the age relations on the running memory measure were 
relatively large, with a difference between 25 and 75 years 
of age corresponding to about .90 SDs (i.e., 50  years at 
.018 SDs per year). However, the age relations were much 
smaller, and not significantly different from zero, after con-
trol of the variance common to other cognitive measures. 
These results imply that all of the age-related differences 
in this working memory measure were shared with age-
related differences in other cognitive measures and that no 
specific explanation would be needed to account for adult 
age differences in the measure after age differences in other 
cognitive measures are taken into consideration.

Results very similar to those in Table 2 were reported 
by Salthouse (2009) with measures from the WAIS IV and 
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WMS IV test batteries. That is, the median age correlation 
was −.44 when the measures were considered alone, but 
the median was only .02 after controlling the variance in 
an estimate of general cognition. Many other studies over 
the past 25 years have also reported substantial relations of 
age on a general factor (e.g., Anstey et al., 2001; Hultsch, 
Hertzog, Dixon, & Small, 1998; Lindenberger, Mayr, & 
Kliegl, 1993; McArdle & Prescott, 1992; Park et al., 2002; 
Salthouse 2009; Salthouse & Czaja, 2000; Verhaeghen & 
Salthouse, 1997). In nearly every case, the associations with 
age on the target measures were substantially reduced when 
the measures were examined after statistically holding con-
stant variance shared among different cognitive measures. 
The frequency of findings such as these has inspired the 
following comments:

…the data showing that there are shared age-related 
influences are monumental and diverse. (Deary, 2000, 
p. 260)
… the common finding of shared age effects is so well 
established that it has attained the status of an empirical 
benchmark that any sufficient theory of cognitive aging 
must explain (or at least accommodate) …. (Sliwinski, 
Hofer, & Hall, 2003, p. 672)

Because age differences on different target measures can 
vary in magnitude, perhaps as manifested in the form of an 
interaction of condition and measure in an analysis of vari-
ance, the age-related effects are sometimes assumed to be 
specific for certain cognitive measures. However, it is impor-
tant to distinguish differential magnitude from uniqueness 
of age relations when referring to age-related effects (e.g., 
Salthouse & Coon, 1994; Salthouse, Toth, Hancock, & 
Woodard, 1997). That is, the critical question from an indi-
vidual differences perspective is not whether age relations 
on different target measures vary in magnitude, because this 
could occur for variety of reasons, such as variation in reli-
ability, or differential dependence on a common resource or 
factor. Instead, the relevant issue is whether the age relations 
on the target measure are unique to that measure and statis-
tically independent of the age relations on other measures. 

Information of this type is only available when the target 
measure is analyzed in the context of other cognitive meas-
ures obtained from the same individuals.

A considerable amount of evidence now exists suggest-
ing that only some of the adult age differences observed in 
any given cognitive measure are unique to that measure, 
with most of the differences reflecting influences shared 
with other cognitive measures. Instead of treating cogni-
tive measures as if they exist in isolation, therefore, these 
findings imply that it may be reasonable, following a sug-
gestion by Salthouse (1992), to reconceptualize the null 
hypothesis in research on aging and cognition from “no 
age differences” to “no age differences beyond those shared 
with other cognitive abilities.”

Interim summary. Results from several different types of 
analytical procedures indicate that very small proportions 
of the cross-sectional age-related effects on a variety of 
cognitive measures are independent of broader influences 
shared among different cognitive measures. Although many 
questions remain about this type of research, the available 
findings imply that it may not be meaningful to interpret 
the age relations on a target measure exclusively in terms of 
task-specific mechanisms such as strategy, processing com-
ponent, or activation in a discrete neuroanatomical region, 
unless age-related influences shared with other cognitive 
measures have been taken into consideration.

Conclusion
The individual differences approach has roots in some of 
the earliest studies in cognitive aging, and much of the 
rapid growth utilizing this perspective since the 1960s can 
be traced to pioneering research by John Horn, Warner 
Schaie, and their colleagues. The major focus of this article 
was on three contemporary contributions of the individual 
differences approach that have evolved from these early 
studies: (a) enhancing quality of measurement and investi-
gating equivalence of meaning at different ages; (b) facili-
tating the interpretation of measures by specifying how 
different cognitive measures are related to one another, and 

Table 2. Relations of Age, in Standard Deviations per Year, on Target Measures Considered Alone and After Control of 
Different Estimates of the General Factor in Cognition

Target measure

After control of:

Alone PF1 Common Hierarchical

Word recall −.023* −.003* −.004* −.006*
List B recall −.018* −.001 .001 .002
Connect—Same sequence −.033* −.013* −.010* −.008*
Connect—Alternating sequence −.026* −.003* .000 .000
Running memory—letters −.018* .001 .003 .002
Running Memory—positions −.025* −.008* −.005* −.006*

Note: PF1, first unrotated principal factor.
*p < .01.
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to age; and (c) distinguishing shared and unique age-related 
influences on target measures.

In order to capitalize on these potential contributions of 
the individual differences perspective, three recommenda-
tions can be proposed for future research. The first is to 
obtain multiple measures of the relevant construct instead 
of relying on a single measure and assuming a one-to-
one correspondence between measure and construct. The 
second suggestion is to administer a battery of cognitive 
tests representing major cognitive abilities in addition to 
the tasks of primary interest to allow general influences 
to be evaluated and distinguished from specific influences. 
A final recommendation is to employ larger samples of par-
ticipants to allow powerful analyses of correlations that 
are fundamental in research focusing on individual differ-
ences. Although they will add to the cost and complexity of 
research, implementation of these suggestions may allow 
the meaning of measures, and equivalence of meaning 
across age and time, to be investigated; provide informa-
tion about the context in which the relations between age 
and the target measure are embedded; and determine the 
extent to which age-related effects on target measures are 
unique and independent of age-related effects on other cog-
nitive measures.
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