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Abstract
Performance on a wide variety of memory tasks can be hypothesized to be inﬂuenced by processes associated with
controlling the contents of memory. In this project 328 adults ranging from 18 to 93 years of age performed six tasks
(e.g., multiple trial recall with an interpolated interference list, directed forgetting, proactive interference, and retrieval
inhibition) postulated to yield measures of the eﬀectiveness of memory control. Although most of the patterns from
earlier studies were replicated, only a few of the measures of memory control were reliable at the level of individual
diﬀerences. Furthermore, the memory control measures had very weak relations with the age of the participant. Analyses examining the relations between established cognitive abilities and variables from the experimental tasks revealed
that most of the variables were related only to episodic memory ability.
 2006 Elsevier Inc. All rights reserved.
Keywords: Control of memory contents; Aging; Individual diﬀerences; Memory processing

There are several reasons to expect the ability to eﬃciently control the contents of one’s memory to be related to performance in a variety of memory tasks. For
example, it is sometimes desirable to discard information from memory when it is no longer relevant or has
been found to be invalid, or to maintain previously presented information in an accessible state during the processing of other information. Individuals with greater
control over the contents of their memory might therefore be expected to be better at discriminating between
to-be-remembered and to-be-forgotten items, less susceptible to proactive interference, less susceptible to
inhibition associated with the retrieval of related items,
and in general have a better overall memory. The current project was designed to investigate these expectations in the context of two major questions.
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First, to what extent are measures of memory control
related to one another and to other cognitive abilities?
The rationale is that if there is a distinct dimension of
human functioning associated with controlling the contents of one’s memory then diﬀerent measures of the eﬃciency of controlling memory would be expected to be at
least moderately correlated with one another, but only
weakly correlated with measures of other cognitive abilities. One way of representing this hypothesis is portrayed in Fig. 1. Notice that variables assumed to
reﬂect diﬀerent types of memory control are postulated
to be related to one another such that they can be
inferred to represent the same theoretical construct,
and that construct is expected to have only weak relations with other constructs, indicating that it represents
something diﬀerent from what is represented by those
constructs. Both of these conditions need to be satisﬁed
to establish the existence of construct validity because
moderate to strong relations among the variables are
necessary to exhibit convergent validity, but the
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Fig. 1. Model illustrating the analytical approach used to investigate the construct validity of a construct concerned with controlling
the contents of memory.

relations of that construct to other constructs should not
be very high to ensure that the construct is distinct, and
exhibits discriminant validity. Rigorous examination of
construct validity is desirable because there has been a
proliferation of references to diﬀerent theoretical constructs with little or no investigation of the relation of
those constructs to existing constructs. One of the limitations of this practice is that individuals may be charac-

terized as varying in a single theoretically interesting
dimension, such as executive functioning or working
memory, when they may also vary in other dimensions
that could be contributing to any relations that might
be observed. A desirable ﬁrst step in establishing that
a theoretical construct corresponds to something distinct
from already established constructs is evidence of this
type of convergent and discriminant validity.
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The second major question addressed in the project
was what are the eﬀects of aging on various measures
of memory control? Age-related declines in memory are
well documented (e.g., Zacks, Hasher, & Li, 2000), and
thus increased age might be hypothesized to be associated with poorer control over the contents of memory.
However, because a great many cognitive variables have
been found to be related to age (e.g., Craik & Salthouse,
2000; Salthouse, 2004a, 2004b), age-related eﬀects on
measures of memory control might not be independent
of age-related inﬂuences on other variables. To the extent
that this is the case, no separate explanation of age-related eﬀects on the memory control measures may be needed. In order to investigate this possibility, age-related
eﬀects on the target variables should be examined in
the context of age-related eﬀects on variables that have
already been established to be related to age.
Fig. 2 illustrates the analytical approach employed in
the current study to conduct this type of contextual
analysis. The organization of other variables into cognitive abilities is portrayed on the left and the solid arrows
from age to the abilities represent relations that have
been well established in past research (e.g., Salthouse,
2004b, 2005). The key information in this type of analytical model concerns the strengths of the dotted lines to
the target (i.e., memory control) variable. The relation
from age represents the direct inﬂuence associated with
increased age that is independent of any age-related
eﬀects on the variable operating through the cognitive
abilities. Although a very large number of variables
might be found to be related to age, only if this unique
relation was signiﬁcantly diﬀerent from zero would a
separate explanation necessarily be required for the
age-related inﬂuences on the target variable.
Relations from the cognitive abilities in this analysis
reﬂect the inﬂuence of each of those abilities on the target variable, and thus can be informative about what the
variable represents. That is, a variable can be inferred to
involve primarily memory processes if it has a strong
relation with memory ability but weak relations with
other abilities. In contrast, the variable can be inferred
to largely represent ﬂuid intelligence (gF) if the only
strong relation it has is with gF ability. Note that in
order to be informative about the relative contributions
of diﬀerent constructs the analysis must include multiple
constructs. When only a single hypothesized mediator
construct is included in the analysis the estimates can
be distorted because all of the inﬂuences that are shared
among diﬀerent constructs are absorbed by the one construct included in the analysis.
Interpretation of results from this type of contextual
analysis depends on the constructs used as the context,
and the particular set of contextual constructs considered most meaningful depends on one’s theoretical perspective. Nevertheless, the analytical procedure
portrayed in Fig. 2 provides an objective method of

investigating the meaning of a variable in terms of the
relative strengths of diﬀerent types of inﬂuences. Moreover, Salthouse (2005) recently provided evidence for
the validity of this procedure by demonstrating that,
as one would expect, variables selected to represent each
reference construct had strong relations only from that
ability construct and little or no relations with other
ability constructs. The critical question with respect to
the memory control measures is whether they represent
something more than episodic memory, in which case
they would be predicted to have inﬂuences from other
constructs.
Selection of the tasks and variables is critical in
research attempting to investigate construct validity
because there must be a plausible basis to expect that
the measures all reﬂect the relevant theoretical concept.
It was fairly easy to identify candidate measures in
recent projects investigating constructs of executive
functioning, inhibition, time-sharing, and updating
(Salthouse, Atkinson, & Berish, 2003), prospective memory (Salthouse, Berish, & Siedlecki, 2004), and source
memory (Siedlecki, Salthouse, & Berish, 2005). Unlike
the situation with these other constructs, however, we
were unable to locate explicit references to a single construct concerned with controlling the contents of one’s
memory. Nevertheless, a number of researchers have
speculated about the role of attention, executive functioning, or other types of control processes in resisting
interference, suppressing information that is no longer
relevant, and inhibiting possible competitors at the time
of retrieval (e.g., Anderson, 2003; Bjork, 1998; Engle &
Kane, 2004; Kane & Engle, 2000). To the extent that
various measures hypothesized to reﬂect memory control have a common inﬂuence, such as executive processes or controlled attention, they can be expected to
represent the same dimension of human functioning.
Research from an individual diﬀerences perspective
can therefore be valuable in determining whether there
is commonality among diﬀerent methods of operationalizing a theoretical construct concerned with memory
control. It is important to note that the proposed analytical methods do not force the diﬀerent variables to be
grouped together, but rather provide a means of examining the empirical strength of any relations that might
exist among the variables. These techniques therefore
allow one to investigate whether it is meaningful, at least
from an individual diﬀerences perspective, to use the
same label, such as memory control, to refer to variables
from diﬀerent types of tasks. It is desirable that research
using these types of analytical procedures include a
broad variety of candidate variables because theorists
are likely to diﬀer with respect to the particular variables
that would be predicted to provide the best reﬂections of
a construct such as memory control. However, an
advantage of analytical methods such as these is that
one can rely on objective empirical information to deter-
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Fig. 2. Model illustrating the analytical approach used to investigate the relations of diﬀerent cognitive abilities and of age on the
target variables.

mine whether diﬀerent combinations of variables reﬂect
the same dimension of individual diﬀerences.
Six tasks were used in the current study to assess
eﬀectiveness of controlling the contents of one’s memory. In the Multiple Trial Word Recall task the same list
of 12 unrelated words is presented four times with a
recall attempt after each presentation, followed by the
presentation and attempted recall of a diﬀerent list of
words, and then an attempt to recall words from the original list without seeing or hearing them again. Better
resistance to interference, and hence control of the contents of one’s memory, can be postulated to be manifested in a smaller diﬀerence in recall before and after the
attempt to recall the words from the other list.
Dunlosky and Salthouse (1996) reported analyses of
the acquisition and forgetting of individual items in multiple trial free recall and found nearly parallel functions

across trials for adults of diﬀerent ages. However, the
diﬀerence between recall in the pre- and post-interference trials was signiﬁcantly larger with increased age,
which implies that susceptibility to this type of interference may increase, and eﬀectiveness of the relevant form
of memory control may decrease, with increased age.
The Directed Forgetting task consisted of the presentation of an intermixed set of words and pictures with an
instruction immediately after each item indicating that it
should either be remembered or forgotten. At the end of
the list the participants are asked to recall all items,
including those they were initially instructed to forget.
Because the remember or forget instruction does not
occur until after the presentation of the item, in order
for an item to be remembered later the participant must
engage in at least some encoding while the stimulus is
presented. The initial encoding could be rather
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superﬁcial, perhaps only serving to maintain the item
(Woodward & Bjork, 1971), but it is presumably the
same for both to-be-remembered and to-be-forgotten
items because the instruction about the fate of the item
does not occur until after the presentation of the item.
The directed forgetting procedure is therefore relevant
to memory control because individuals who are eﬀective
at purging recently attended information from memory,
or selectively rehearsing critical information, would be
expected to have a large discrepancy between recall of
to-be-remembered items and recall of to-be-forgotten
items.
Results from previous studies investigating adult age
diﬀerences in directed forgetting tasks have been mixed
as there have been some reports of smaller discrepancies
between the recall of to-be-remembered items and to-beforgotten items with increased age, and some reports of
no diﬀerences. However, a consistent pattern in most of
the studies was that the age diﬀerences were larger for
the to-be-remembered items than for the to-be-forgotten
items (Dulaney, Marks, & Link, 2004; Earles & Kersten,
2002; Gamboz & Russo, 2002; Zacks, Radvansky, &
Hasher, 1996), which could imply that increased age
impairs the ability to remember information but may
have little impact on the eﬀectiveness of inhibiting tobe-forgotten information.
Progressively lower memory performance on successive lists of words involving the same type of information is known as proactive interference (PI) because it
is assumed to reﬂect the interfering eﬀects associated
with prior exposure to similar material. One task used
to assess PI in the current study involved the presentation of words from the same semantic category on three
successive lists, with the participant asked to engage in a
distracting activity prior to recall of each list, followed
by a shift to words from a diﬀerent semantic category
for the next three lists. It has been suggested that individuals with better control of memory may be more
eﬀective at discarding old information when it is no
longer relevant, and thus would be less susceptible to
PI (e.g., Engle & Kane, 2004; Kane & Engle, 2000).
Quite a few studies have compared adults of diﬀerent
ages in measures of proactive interference (e.g., see
reviews in Kausler, 1994 & Salthouse, 1991). Unfortunately, the results have not been very consistent as nearly as many studies have reported no diﬀerences as have
reported diﬀerences, and the reasons for the discrepancies are not obvious. Because the sample sizes in most
of the studies were relatively small, some of the inconsistency may have been attributable to chance ﬂuctuation
and low power and precision.
Siedlecki et al. (2005) recently reported progressively
lower performance across successive lists in a task in
which participants were asked to specify the color in
which to-be-remembered words had been presented.
The decrease in accuracy of color recognition across

the successive lists is presumably attributable to proactive interference because the same colors were used with
diﬀerent words, and thus an individual who is better able
to control the contents of his or her memory might be
expected to exhibit less interference across successive
lists.
Because the Siedlecki et al. (2005) study was conducted for a diﬀerent purpose, the data were re-analyzed to
examine possible age diﬀerences in this measure of proactive interference. Color recognition accuracies in the
ﬁrst and fourth lists were, respectively, 83 and .61 for
adults age 18–39, .80, and .58 for adults age 40–59,
and .72 and .52 for adults age 60–89. The lower accuracy
in the fourth list compared to the ﬁrst list is evidence for
PI, but the similar reduction for each age group, and the
correlation of .00 between age and the diﬀerence in
performance between list 1 and list 4, implies that there
was no relation between age and this measure of PI.
Considerable research in the last 10–15 years has
investigated a phenomenon known as retrieval-induced
forgetting (e.g., Anderson, 2003; Bjork, 1998). A popular paradigm for investigating this retrieval inhibition
phenomenon involves having participants initially study
exemplars from several categories, followed by practice
attempting to recall some of the exemplars from some
of the categories. Either immediately or after a short
delay the participants are then tested for their memory
of all of the initially studied items. Members of the practiced categories that were not practiced are often not
remembered as well as members of not-practiced categories (e.g., see Anderson, 2003, for a recent review), and
this diﬀerence in memorability has been interpreted as
reﬂecting a process of inhibition of the retrieval of
non-practiced members of the practiced categories.
Two versions of the retrieval inhibition task were
used in the current project. One was semantic, involving
pre-existing category-exemplar pairs as the stimulus
material, and the other was episodic, in which participants learned new associations between shapes (analogous to categories) and colors (analogous to
exemplars). It is not surprising that the items that receive
additional retrieval practice (i.e., RP+) often have superior memory performance relative to items from categories that are not practiced (i.e., NP). However, the
comparison of primary interest was between recall of
unpracticed exemplars from the practiced categories
(RP) and recall of exemplars from not-practiced categories (NP). Better control of the contents of one’s memory, in the form of less inhibition associated with the
retrieval practice, can be hypothesized to be manifested
as a smaller NP-minus-RP diﬀerence. We are not
aware of any published reports investigating adult age
diﬀerences in the eﬀectiveness of this type of retrieval
inhibition.
It is reasonable to ask whether the procedures
described above all involve the same type of control over
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the contents of memory. At ﬁrst impression the measures might appear to have little in common because
some of the eﬀects could be assumed to originate during
presentation or encoding and others during test or
retrieval, and some of the tasks appear to involve an
active and deliberate type of control whereas any control
involved in the other tasks might be argued to be more
passive and automatic. For instance, directed forgetting
with item cueing likely occurs immediately after encoding by active rehearsal of to-be-remembered items,
perhaps accompanied by deliberate suppression of tobe-forgotten items. In contrast, retrieval inhibition is
hypothesized to occur when potential competitors are
inhibited during retrieval, and this suppression may
occur relatively automatically and without conscious
eﬀort. Nonetheless, each of the phenomena described
above can be hypothesized to be at least partially dependent on the eﬀectiveness of either preserving or discarding information in memory. That is, item-cued directed
forgetting may be based on diﬀerential rehearsal resulting in the strengthening of to-be-remembered items or
the weakening of to-be-forgotten items, and in the interpolated word list and proactive interference paradigms
less interference would be expected if the relevant information in memory could be preserved during other processing. Finally, control may be involved in the retrieval
inhibition tasks in the form of resisting suppression of
potential competitors at the time of retrieval. Theoretical arguments could almost certainly be developed to
predict that some of the memory control measures might
be more closely related to one another than others.
However, by including a broad variety of measures in
the same analysis we are able to rely on empirical methods to simultaneously investigate the plausibility of any
number of hypothesized clusters of measures. That is,
correlations provide objective information about the
degree of relatedness among variables and thus they
can be used to determine which groupings of variables
are most meaningful.
The analyses investigating the models portrayed in
Figs. 1 and 2 are based on correlations, and thus it is
important to consider two prerequisites for the meaningful interpretation of correlations; moderately large sample size, and adequate reliability of the critical measures.
Size of the sample is relevant because it is directly related
to the precision of the estimates. That is, when the sample size is small the conﬁdence intervals around the estimates are large, and consequently precision is low. To
illustrate, with a sample of 300 the 95% conﬁdence interval around a correlation of .50 is relatively narrow (i.e.,
41 to .58), but the interval spans a much broader range
(i.e., .17 to .73) when the sample is only 30.
Reliability must be considered when interpreting correlations because it represents the proportion of systematic (non-error) variance in the measure that could be
associated with other variables, and thus it sets an upper
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limit on potential correlations of the measure with any
other variable. The possibility that correlations are low
because of weak reliability of the measures must therefore be ruled out before attempting to interpret an
apparent lack of a relation.
The issue of reliability is particularly important when
the measures of interest are derived from a contrast
between levels of performance in two or more conditions, which is often the case in cognitive research
attempting to isolate speciﬁc theoretical processes. The
concern is that the eﬀect could be highly signiﬁcant when
everyone exhibits the eﬀect to nearly the same degree,
but if there is little variability across people in the magnitude of the diﬀerence then the measure of the eﬀect will
not be reliable. A paradoxical situation can therefore
arise in which an eﬀect is robust and statistically significant in experimental research because the between-person variability in the relevant measure is relatively small,
but the small between-person variability may be associated with low reliability in individual diﬀerence research,
which will limit possible correlations of the measure with
other variables.
To summarize, the primary purpose of the present
project was to investigate relations of age and cognitive
abilities on measures hypothesized to reﬂect the eﬃciency of controlling the contents of memory. One analytical
approach relied on the model represented in Fig. 1 to
determine whether it is meaningful to treat diﬀerent
measures of memory control as reﬂections of a distinct
cognitive ability. To the extent that people vary in the
ability to exert control over their memory in diﬀerent
types of tasks, the memory control variables should be
signiﬁcantly correlated with one another, but if memory
control is a distinct ability it should have only moderate
correlations with other cognitive abilities. A second analytical approach used the model in Fig. 2 to investigate
the relative contribution of diﬀerent cognitive abilities,
and the uniqueness of age-related inﬂuences, on measures of memory control. The rationale is that the
strengths of the relations from the ability constructs to
the target variable are informative about the relative
inﬂuences of these abilities on the variable, and the
direct relation from age is informative about age-related
inﬂuences on the target variable that are statistically
independent of inﬂuences on the abilities. The study
involved a moderately large sample of participants,
and estimates of reliability were obtained for most of
the target variables.

Method
Participants
The participants consisted of 328 adults between 18
and 93 years of age who reported to the laboratory for
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three sessions of approximately two hours each. Only a
few college students participated in the project, and
newspaper ads, ﬂyers, and referrals from other participants were used to recruit participants, who received
$120 as compensation. Characteristics of the participants, with the sample divided into three age groups
for ease of description, are summarized in Table 1. It
can be seen that the participants averaged close to 16
years of education, and that amount of education was
not signiﬁcantly related to age. Most participants
reported themselves to be in very good to excellent
health, and only one individual reported his or her
health to be poor. All of the participants had scores
above 23 on the Mini Mental Status Exam (Folstein,
Folstein, & McHugh, 1975) often used as a preliminary
screening instrument for dementia. Diﬀerent types of
tasks were performed on each session, and short breaks
were provided between tasks whenever desired by the
participant.
The representativeness of the sample, both with
respect to the US population and relative to participants
of diﬀerent ages, can be evaluated by examining age-adjusted scaled scores from standardized tests in the
Wechsler Adult Intelligence Scale III (Wechsler, 1997a)
and the Wechsler Memory Scale III (Wechsler, 1997b)
test batteries. These scaled scores have a mean of 10
and a standard deviation of 3 in the nationally representative samples used to establish the norms for the tests.
The means in this sample ranged from 10.6 to 13.6, indicating that most of the participants were functioning
well above the national averages. However, there were
only weak relations between age and the scaled scores,
which suggests that participants of diﬀerent ages in the
sample were equally select relative to their age groups.

The only signiﬁcant relation between age and a scaled
score was positive, suggesting that with increased age
participants in the sample may have been functioning
at a somewhat higher level relative to their age peers
from the normative sample in memory for meaningful
material (i.e., Logical Memory).
Procedure
The tests were administered across three separate sessions that most participants completed within a 2-week
interval. Each session lasted about two hours, and
involved a variety of tasks that required between 5 and
20 min each. The order of test presentation, which was
the same for all participants, consisted of WAIS Vocabulary, WJ Picture Vocabulary, Digit Symbol, Multiple
Trial Word Recall, Pattern Comparison, Letter Comparison, Shipley Abstraction, and Paired Associates on
Session 1, Brown–Peterson Interference, Antonym–Synonym Vocabulary, Ravens, Paper Folding, Episodic
Retrieval Inhibition, and Form Boards on Session 2,
and Letter Sets, Semantic Retrieval Inhibition, Spatial
Relations, Logical Memory, Color Word Proactive
Interference, and Directed Forgetting for Words and
Pictures on Session 3. Several of the tests (e.g., WAIS
Vocabulary, WJ Picture Vocabulary) were discontinued
if the participant was incorrect on a speciﬁed number of
consecutive trials, and others had time limits to ensure
eﬃcient assessment (e.g., 120 s for Digit Symbol, 30 s
for each of two trials in the Pattern Comparison and
Letter Comparison tests, 5 min for Shipley Abstraction
and Antonym–Synonym Vocabulary, 8 min for Form
Boards, and 10 min for Ravens, Paper Folding, Spatial
Relations, and Letter Sets).

Table 1
Sample characteristics
18–39
Mean
N
Age
Prop. female
Health
Yrs. education

89
28.3
.66
1.9
15.2

MMSE
Scaled scores
Vocabulary
Digit symbol
Logical memory
Word recall

40–59
SD

Mean

0.8
2.2

133
49.7
.66
2.1
15.8

29.2

1.2

12.8
11.0
11.9
11.8

3.1
2.8
2.5
3.2

6.0

60–93
SD

Mean

Age corr.
SD

0.8
2.8

106
70.8
.60
2.3
15.9

0.9
2.6

—
—
.04
.21*
.13

28.8

1.4

28.5

2.0

.18*

12.2
10.6
11.9
11.7

3.0
2.8
2.3
3.4

13.6
11.4
13.0
12.4

2.9
2.7
2.8
3.3

.10
.09
.16*
.08

5.4

7.7

Note. Health was a self rating on a scale ranging from 1 for excellent to 5 for poor. MMSE is the Mini Mental Status Exam (Folstein
et al., 1975), and scaled scores are age-adjusted scores relative to the nationally representative normative sample in the WAIS III
(Wechsler, 1997a) and WMS III (Wechsler, 1997b).
*
p < .01.
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Cognitive reference tests
The tests used to assess established cognitive abilities
are brieﬂy described in Table 2 and summary statistics
for the relevant variables are presented in Table 3.
Inspection of Table 3 reveals that all variables had good
reliability, and most were signiﬁcantly related to age.
Eight of the 5248 cells (i.e., 16 variables · 328 participants) had missing data and in order to simplify the
analyses the missing values were replaced with the variable mean. (Nearly identical results were obtained when
a maximum likelihood estimation algorithm was used to
deal with missing data rather than mean substitution.)
A conﬁrmatory factor analysis on these reference
variables indicated that, as found in other data sets
(e.g., Salthouse, 2004b, 2005), the variables could be
interpreted as representing ﬁve correlated cognitive abilities. However, the reasoning and spatial visualization
factors were highly correlated with one another
(r = .84), which led to problems of multicollinearity in
some of the analyses. These two factors were therefore
combined into a single ﬂuid ability (gF) factor in all of
the remaining analyses. Standardized coeﬃcients indicating the relations of variables to the ability factors,
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and of the factors to one another, are also presented
in Table 3. Notice that all of the variables had moderately high loadings on their respective factors and that the
ﬁt of the model was respectable despite the simple structure in which each variable was related to only one ability construct.
To portray the age relations on the abilities, composite scores were formed by averaging the z scores for the
variables representing each ability construct, and plotting the mean composite scores as a function of age in
Fig. 3. The ﬁgure exhibits the typical pattern of nearly
continuous decreases with age in most cognitive abilities,
with the exception of vocabulary which increases until
about age 50 or 60 (e.g., Salthouse, 2004a, 2004b).
Because they represent well-documented ﬁndings, the
results in Table 3 and Fig. 3 can be considered to be
the context within which age-related inﬂuences on new
variables should be examined.
Memory control tasks
Multiple trial word recall
On the ﬁrst session of the project the participants performed the Word List Recall test from the Wechsler

Table 2
Description of cognitive variables included in the analyses
Variable

Description

Ravens

Determine which pattern best completes
the missing cell in a matrix
Determine the words or numbers that
are the best continuation of a sequence
Identify which of ﬁve groups of letters
is diﬀerent from the others
Determine the correspondence between
a 3D ﬁgure and alternative 2D ﬁgures
Determine the pattern of holes that would
result from a sequence of folds and a
punch through folded paper
Determine which combinations of shapes
are needed to ﬁll a larger shape
Number of idea units recalled across
three stories
Number of words recalled across trials
1–4 of a word list
Number of response terms recalled
when presented with a stimulus term
Use a code table to write the correct
symbol below each digit
Same/diﬀerent comparison of pairs
of letter strings
Same/diﬀerent comparison of pairs
of line patterns
Provide deﬁnitions of words
Name the pictured object
Select the best antonym of the target word
Select the best synonym of the target word

Shipley abstraction
Letter sets
Spatial relations
Paper folding

Form boards
Logical memory
Free recall
Paired associates
Digit symbol
Letter comparison
Pattern comparison
WAIS vocabulary
WJ picture vocabulary
Antonym vocabulary
Synonym vocabulary

Source
Raven (1962)
Zachary (1986)
Ekstrom et al. (1976)
Bennett et al. (1997)
Ekstrom et al. (1976)

Ekstrom et al. (1976)
Wechsler (1997b)
Wechsler (1997b)
Salthouse et al. (1996)
Wechsler (1997a)
Salthouse and Babcock (1991)
Salthouse and Babcock (1991)
Wechsler (1997a)
Woodcock and Johnson (1990)
Salthouse (1993)
Salthouse (1993)
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Table 3
Estimated reliabilities (Rel), means, standard deviations (SDs), age correlations (Age r), standardized factor loadings, and factor
correlations for the 16 reference variables
Rel

Mean

SD

Age r

Factors
gF

Variable
Ravens
Shipley abstraction
Letter sets
Spatial relations
Paper folding
Form boards
Logical memory
Free recall
Paired associates
Digit symbol
Letter comparison
Pattern comparison
WJ picture vocab.
Synonym vocab.
Antonym vocab.
WAIS vocab.

.78
.84
.74
.88
.77
.85
.80
.88
.76
.93
.87
.90
.86
.83
.82
.90

7.4
12.9
11.0
8.8
6.4
7.2
45.6
34.8
2.9
70.9
10.5
16.6
18.6
6.7
6.1
51.5

3.5
3.6
2.8
5.2
2.9
4.4
9.9
6.3
1.7
17.5
2.5
3.7
5.0
3.0
3.0
10.3

Factor correlations
gF
Mem
Speed
Age
Fit statistics
X2/df
CFI
RMSEA

.47*
.37*
.32*
.37*
.30*
.45*
.23*
.36*
.35*
.57*
.46*
.59*
.31*
.29*
.17*
.12

Mem

Spd

Voc

.85+
.82*
.72*
.80*
.81*
.77*
.65+
.78*
.77*
.70+
.66*
.85*
.82+
.89*
.83*
.88*
—

.67*
—

.51*

.48*

.66*
.49*
—
.72*

.48*
.38*
.07
.30*

343/98
.92
.09

Note. The factors were ﬂuid (gF), episodic memory (Mem), perceptual speed (Spd), and vocabulary (Voc). The ‘‘+’’ indicates that the
unstandardized coeﬃcient was ﬁxed to 1 to identify the factor. Reliability of the Digit Symbol variable was based on the correlation
with a parallel form in another sample of 143 adults (Salthouse et al., in press). The ﬁt statistics are the Comparative Fit Index (CFI)
and the Root Mean Squared Error of Approximation (RMSEA), with values of the former above .90 and values of the latter below .10
often considered to indicate good ﬁt.
*
p < .01.

Memory Scale III (Wechsler, 1997b). This task involves
the presentation of four trials of the same list of 12 unrelated words in the same order, with immediate recall
requested after each list. A new list of 12 words is then
presented followed by immediate recall, and then participants are asked to recall as many words as possible
from the original list without another presentation of
the list. Because the interpolated list can be considered
as interference for the retention of the original list, the
measure of memory control in this task was the diﬀerence in recall on trials before and after the new list of
words.
Directed forgetting
This task occurred in the third session of the project.
It involved the visual presentation for 5 s each of an
intermixed set of 30 words and 30 pictures, with each
item immediately followed either by the word ‘‘Remem-

ber’’ (in green letters) or the word ‘‘Forget’’ (in red letters) for 2 s. If the word ‘‘Remember’’ was displayed
the participants were instructed to continue trying to
remember the item, but if the word ‘‘Forget’’ was displayed they were told that they could forget the item.
A practice list of six items, three with Remember
instructions and three with Forget instructions, preceded
the experimental list, and was followed immediately by
instructions to recall the Remember items. The order
of the Remember and Forget instructions in the experimental list was determined randomly with the constraint
that one-half of the words and one-half of the pictures
were followed by each type of instruction. The same random order was used for all participants. The words were
6- and 7-letter words from the Toronto Word Pool
(Friendly, Franklin, Hoﬀman, & Rubin, 1982), and the
30 pictures of familiar animals or objects were from
Cansino, Maquet, Dolan, and Rugg (2002). At the end
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Fig. 3. Average z-scores for variables representing diﬀerent cognitive abilities as a function of age. Bars around the data points are
standard errors.

of the study list the examiner announced that all items
should be recalled, even those initially presented with
the ‘‘forget’’ instructions, and then recorded the items
as they were orally recalled by the participant. The primary measures of memory control were the diﬀerences
in recall between to-be-remembered and to-be-forgotten
words and pictures.
Proactive interference
The proactive interference task was administered in
the second session of the project. Six eight-word lists
were visually presented on the computer display at a rate
of 2 s per word, with each list followed by a three-digit
number from which the participant was to count backwards by 3’s for 16 s. An interval of 30 s was then allowed
for the participant to orally recall as many words as possible from the immediately preceding list. The ﬁrst three
lists consisted of names of animals, and the next three
lists consisted of names of countries. The animal names
were obtained from Set 1 of Appendix A in Kane and
Engle (2000), and most of the country names were
obtained from the words in their Sets 3 and 4. The examiner recorded each word recalled by the participant on a
response form, and also recorded the number of successful subtractions carried out during the 16 s interval. The
measure of memory control was the diﬀerence between
recall on the ﬁrst and third lists involving words from
the same semantic categories.
Color Word
The participants performed this task, which was
identical to one included in Siedlecki et al. (2005),

in the third session of the project. Words were presented on a computer screen, at a rate of one every
5 s, in one of four colors (i.e., blue, green, yellow,
and red). The words were presented in four blocks
of ten each, and all were ﬁve letters in length. Participants were instructed to pay attention to both the
word and the color in which it appeared because
they would be tested on both attributes. The participant attempted to write down all of the words from
the previous list and then circled the name of the
color in which the word had appeared. The measure
of memory control was the diﬀerence in color
recognition accuracy between the ﬁrst and fourth
lists.
Retrieval inhibition—Semantic
This task was based on a procedure described by
Anderson, Bjork, and Bjork (1994) and was presented
in the third session of the project. It involved four phases; study, retrieval practice, a 20-min interval occupied
by performance of the Letter Sets and Spatial Relations
tests, and a recall test.
In the study phase the participants were asked to
study pairs of words, in which one word was a category
label and the other word was a member of that category,
so that they would be able to remember them later. Each
of 60 category-exemplar pairs (i.e., 6 pairs from 10 categories) was displayed for 5 s. In order to minimize primacy and recency eﬀects, the ﬁrst two and the last two
items in the study list were from categories (i.e., leather
and hobbies) that were not included in either the retrieval practice phase or the test phase.
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In the retrieval practice phase of the task displays of
the category label and the ﬁrst two letters of one of the
category members presented earlier were shown for 10 s
each, with the participant instructed to recall the name
of the category member that had been presented in the
previous study phase. Twelve of the original 60 items
(i.e., three members each from the insects, ﬁsh, fruits,
and weapons categories) were presented three times
each, with the examiner recording the participant’s
responses. As in the studies by Anderson et al. (1994),
no feedback was presented in the retrieval practice
phase.
Stimuli in the test phase consisted of a category label
and the ﬁrst two letters of one of the category members.
Each of 48 items (i.e., 12 RP+, 12 RP, and 24 NP) was
displayed for 10 sec with the examiner recording the participant’s responses. The order of item type and category
was balanced across the list, but the same order was used
for all participants. The categories and the words listed
as strong members of the categories in Appendix C of
Anderson et al. (1994) were used as the stimulus materials. The measure of memory control was the diﬀerence
between recall of NP items and RP items.
At the end of the task the participants were asked if
they attempted to integrate the words when they were
trying to remember them. The question was identical
to that used by Anderson and McCulloch (1999) and
was as follows:
‘‘During the study phase, when you saw a word pair,
how often, if ever, did you intentionally think back to
previously seen category members? For example, if
you ﬁrst saw Cars: Honda and then Cars: Ford, how
often did you intentionally rehearse Ford and Honda
together?’’
The response was in the form of a frequency rating
on a scale ranging from 1 for ‘‘never’’ to 4 for ‘‘almost
always.’’
Retrieval inhibition—Episodic
This task was administered in the second session of
the project. It was modiﬁed from a task described in
Experiment 1 of Ciranni and Shimamura (1999),1 which
was designed as an episodic memory version of the
Retrieval Inhibition paradigm because it is based on
newly learned associations rather than pre-existing category-word associations. In our adaptation of the task
the stimulus displays consisted of nine squares arranged

1
A sample of young adults in pilot research with the same
task parameters as in Ciranni and Shimamura (1999) found the
task to be very diﬃcult and frustrating. We therefore tried to
make the task easier by reducing the number of stimuli from 12
to 9 and decreasing the criterion for learning from seven correct
trials per stimulus to three.

in a circle. Each square contained one of three diﬀerent
shapes in one of nine diﬀerent colors. Trials consisted of
a probe item (i.e., a colored shape) in the middle of the
circle, with the participant instructed to indicate the
location of that colored shape by using the mouse to
click on one of the nine squares on the perimeter of
the circle. Feedback in the form of a display of the target
(i.e., colored shape) in the correct location was presented
immediately after each response. The trials were repeated until the participant achieved a criterion of three consecutive correct trials for each item, with items
successively removed from the set as they met that
criterion.
The participants next received three trials of practice
retrieving the color for the shape in a particular location
for four targets (i.e., two of the three colors for two of
the three shapes). Probe stimuli consisted of an uncolored shape in one of the locations, with the participant
attempting to select the appropriate color from a palette
containing all nine colors. The correct color was displayed immediately after the response. The recognition
test, which followed immediately, was similar to the
retrieval practice phase except that no feedback was presented. The test stimuli consisted of the four previously
practiced items, designated RP+, the two unpracticed
colors from the practiced shapes, designated RP, and
three unpracticed shapes, classiﬁed NP. Two blocks,
with diﬀerent sets of shapes and colors used as stimuli
in each block, were presented in immediate succession.
The measure of memory control was the diﬀerence
between recall of NP items and RP items.

Results2
The results section is organized into three parts. The
ﬁrst part reports the results from the individual tasks
used to assess eﬃciency of memory control. The second
part summarizes results relevant to the investigation of
the construct validity of a memory control construct
based on the model in Fig. 1, and the third part describes
the results of analyses investigating the application of
the model in Fig. 2 to all of the measures from the experimental tasks.
Measures of memory control
Multiple trial word recall
Fig. 4 portrays the number of words recalled across
successive lists in three age groups. The nearly parallel

2
Because of the moderately large sample size, a signiﬁcance
level of .01 was used in all statistical tests. Correlations with an
absolute value greater than .14 are signiﬁcantly diﬀerent from
zero with a sample of 328.
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Multiple Trial Word Recall
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Age 18-39
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Age 60-93

Number of Words Recalled
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Fig. 4. Means (and standard errors) of recall on each trial involving the same (trials 1 through 4 and 5) or diﬀerent (trial B) words in
three age groups.

functions suggest that there was a main eﬀect of age, but
no diﬀerential eﬀects of age either on the rate of learning
across trials or on susceptibility to interference attributable to studying and recalling the interpolated list of different words.
The measure of memory control in this task was the
diﬀerence in recall between trial 4 (pre-interference) and
trial 5 (post-interference). The average diﬀerence of 2.0
was signiﬁcantly greater than zero (t = 20.4), indicating
that this pattern was characteristic of the overall sample.
However, there was also variability in this diﬀerence
(i.e., the standard deviation was 1.8), and thus the participants varied in the magnitude of the memory control
measure.
No direct estimate of the reliability of the diﬀerence
between recall on lists 4 and 5 was available, but it is
noteworthy that the correlation between recall on the
pre-interference (4) and the post-interference (5) trial is
the same magnitude (i.e., 72) as the correlations between
the preceding pairs of pre-interference trials (i.e.,
1–2 = .67, 2–3 = .72, and 3–4 = .72). Because the rankordering of people is just as consistent before and after
the interference word list as on successive trials before
the interference list, the presentation of a diﬀerent list
of items does not appear to have any special signiﬁcance
in terms of individual diﬀerences.
Neither the correlation between age and the diﬀerence between trials 4 and 5 (i.e., r = .12), nor the semipartial correlation between age and recall on trial 5 after
controlling the variation in recall on trial 4 (i.e., .08),

was signiﬁcantly diﬀerent from zero. These results therefore suggest that there are little or no age-related eﬀects
on this measure of susceptibility to interference. An
analysis of variance was conducted with trial (4 vs. 5)
as a within-subjects factor and age group (i.e., ages
18–39, 40–59, and 60–93) as a between-subjects factor.
The interaction in this analysis had an F-value of 3.65
(p = .03), suggesting that there was a trend for somewhat greater interference with increased age.
Directed forgetting
Fig. 5 portrays the means for the numbers of words
and pictures recalled in the remember and forget conditions for the three age groups. There was a systematic
age diﬀerence in the recall of to-be-remembered words
(r = .39) and in the recall of to-be-remembered pictures (r = .29), and more to-be-remembered pictures
were recalled than to-be-remembered words (t = 11.5).
The age diﬀerences were not signiﬁcant in the recall of
to-be-forgotten words (r = .10) or to-be-forgotten pictures (r = .03), but recall of the pictures that were not
supposed to be remembered was greater than recall of
words that were not supposed to be remembered
(t = 17.7).
Reliabilities were estimated by treating scores on the
ﬁrst and second halves of the study trials as ‘‘items,’’ and
computing coeﬃcient alpha. More to-be-remembered
words were recalled from the ﬁrst half of the list than
from the second half, 2.5 vs. 1.8 (t = 8.3), but there
was no diﬀerence from the ﬁrst to the second half in
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Fig. 5. Means (and standard errors) of recall for words and
pictures that were to be remembered or were to be forgotten in
three age groups.

the number of to-be-remembered pictures that were
recalled, 3.0 vs. 2.9. More to-be-forgotten items were
recalled from the second half of the study list for both
words (i.e., .2 vs. .7, t = 9.4) and pictures (i.e., 1.0 vs.
1.9, t = 9.9).
The estimated reliabilities were .53 for to-be-remembered words (Word R), .17 for to-be-forgotten words
(Word F), .49 for to-be-remembered pictures (Picture
R), .38 for to-be-forgotten pictures (Picture F), .46 for
the word R–F diﬀerence, and .41 for the picture R–F difference. Correlations between diﬀerent measures, with
the estimates adjusted for reliability in parentheses,3
were Picture R–Word R = .57 (1.12), Picture F–Word
F = .28 (1.10), Picture R–Picture F = .09 (.21), and
Word R–Word F = .17 (.57). The weak correlations
between the R and F measures indicate that it is not
the case that people generally remember a greater or
fewer number of items regardless of the remember or
forget instructions. However, it is noteworthy that after
adjusting for reliability there was nearly perfect overlap
of the ordering of individuals in the picture R and word
R measures, and in the picture F and word F measures,
which suggests that the modality of presentation does
not appear to be salient in terms of individual diﬀerences
in this type of memory.
The primary measure of memory control in the
directed forgetting task was the R-minus-F diﬀerence.
For words this diﬀerence had a mean of 3.3, a standard deviation of 2.5, and a t value of 24.1, and the
corresponding values for pictures were 3.0, 3.2, and
16.6. Both of the R–F scores were signiﬁcantly diﬀer3

The ﬁnding that the disattenuated correlations are greater
than 1.0 may be attributable to underestimation of the actual
reliability resulting in an inﬂation of the adjusted correlation.

ent from zero, indicating that the average participant
exhibited the pattern of greater recall of items that
were to be remembered than of items that were to
be forgotten. The standard deviations for the diﬀerences were also moderate, indicating that there was
variability across people in the magnitude of the difference. As noted above, however, the estimated reliabilities of the diﬀerences were only .46 for words
and .41 for pictures.
The word R–F diﬀerence had a correlation of .33
with age, and the picture R–F diﬀerence had an age correlation of .27. However, semi-partial correlations
between age and the F score after control of the R score
were only .03 for words and .06 for pictures. This ﬁnding, together with the discovery that age diﬀerences were
signiﬁcant only for the R items and not the F items,
implies that the age-related eﬀects on the directed forgetting diﬀerence scores were largely attributable to eﬀects
on the to-be-remembered items.
Proactive interference
The number of words recalled in each list for the
three age groups in the proactive interference task is
plotted in the top panel of Fig. 6. The results reveal
the typical decrease in recall from the ﬁrst to the second
list, and from the second to the third list, corresponding
to the build-up of proactive interference. The level of
recall increased when the items shifted to a diﬀerent
semantic category, reﬂecting a release from proactive
interference, and then recall decreased from the fourth
to the sixth lists as proactive interference increased
again.
The functions in Fig. 6 are nearly parallel for diﬀerent ages, which implies a similar build-up and release
of proactive interference at each age. Because of the parallel functions, the same absolute magnitude diﬀerence
corresponds to a larger proportion when the initial level
of performance is lower. It is therefore possible that a
relation apparent on the proportion measure could actually reﬂect a relation on the baseline, and for this reason
the absolute diﬀerence measure was used in the current
analyses.4
The average number of successful subtractions carried out during the retention interval was 6.4 (standard
deviation of 2.8), and this number had a weak and
non-signiﬁcant relation to age (r = .13). The correlation between the average number of words recalled
and the average number of subtractions carried out during the retention intervals was .41. The positive correlation indicates that individuals with higher recall were

4
However, it should be noted that the correlation between
the absolute (i.e., list 1 + 4 minus list 3 + 6) and proportional
(i.e., [list 1 + 4 minus list 3 + 6]/list 1 + 4) measures of
interference in this study was .90.
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Fig. 6. Means (and standard errors) for three age groups across lists in the Brown–Peterson (top panel) and Color Word (bottom
panel) tasks.

also faster at counting backwards, and therefore if anything, they were likely exposed to more distracting material than individuals who were slower at counting
backwards.
The proactive interference measure of memory control was the average recall across lists 1 and 4 minus
the average recall across lists 3 and 6. The mean diﬀerence was signiﬁcantly diﬀerent from zero (i.e.,

mean = 1.9, standard deviation = 1.3, t = 27.4), indicating that the average participant exhibited this pattern.
However, the estimate of reliability for the diﬀerence
between recall on trials 1 and 3 and between recall on trials 4 and 6, as computed with coeﬃcient alpha based on
the 1–3 and 4–6 diﬀerences, was only .20. The correlation of age with the 1 + 4 minus 3 + 6 diﬀerence was
.01, and the semi-partial correlation between age and
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average recall on lists 3 and 6 after control of the variance in average recall on lists 1 and 4 was .11.

Semantic retrieval inhibition
The top panel of Fig. 7 displays the means in the
three age groups of four measures of performance in
the semantic retrieval inhibition task; the proportion
correct for RP+ items in the retrieval practice phase,
and the proportion correct for RP+, RP, and NP
items in the cued recall test. The highest average accuracy in the test phase was for RP+ items (.83), but there
was no diﬀerence in accuracy between NP (.80) and
RP (.80) items. It is noteworthy that the level of accuracy for the RP+ items was about the same as in similar
studies in Anderson et al. (1994) and Anderson and
McCulloch (1999), but unlike those studies, in this study
the accuracies for the NP and RP items were similar to
one another and only slightly lower than that for the
RP+ items. Increased age was associated with signiﬁcantly lower accuracy for RP+ items in the practice
(r = .18) and test (r = .17) phases, but the correlations between age and the other measures were not signiﬁcantly diﬀerent from zero (i.e., .09 for NP, and
.05 for RP).
There was a signiﬁcant negative correlation (i.e.,
r = .19) between age and reported frequency of using
an integration strategy, indicating that with increased
age participants were less likely to report that they frequently attempted to integrate the study items. Mean
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Episodic Retrieval Inhibition
1.0
Age 18-39
Age 40-59
Age 60-93

0.9

Proportion Correct

Color word
Recall of words in the color word task was fairly constant across lists 1 through 4 as the averages were,
respectively, 3.8, 3.8, 4.3, and 3.9. The age correlations
were also similar, as they were .36, .38, .32, and
.29 for lists 1 through 4, respectively.
The proportions of correct color attributions given
that the word was recalled are portrayed in the bottom
panel of Fig. 6 for three age groups. (Note that these
are conditional measures because accuracy of the color
assignment is only determined for words that were successfully recalled.) Although the functions are somewhat
noisy, they appear to be nearly parallel and those for the
three age groups are not very distinct.
The memory control measure was the color recognition score on list 1 minus the color recognition score on
list 4. The mean diﬀerence was.18, the standard deviation was .43, and the t value was 7.4, indicating that
most people exhibited this form of proactive interference. However, because participants diﬀered in the number of words recalled on each list, it is diﬃcult to
compute an estimate of the reliability of the color word
proactive interference measure. The correlation of age
with the 1-minus-4 diﬀerence was .02, and the semi-partial correlation between age and score on list 4 after control of score on list 1 was .07.

Semantic Retrieval Inhibition
1.0

0.8

0.7

0.6

0.5
Pract. Acc.

RP+

RP-

NP

Fig. 7. Means (and standard errors) of cued recall accuracy for
three age groups in the practice and test phases for diﬀerent
types of items in semantic (top panel) and episodic (bottom
panel) retrieval inhibition tasks.

accuracy for each type of test item for individuals with
diﬀerent reported frequencies of integration of items
during the study phase are reported in Table 4. (The
total number of participants in this table was not equal
to 328 because the question about integration strategy
was mistakenly not asked of some participants.) Inspection of the table indicates that accuracy for each measure was somewhat higher among individuals reporting
more frequent integration, but that all of the NP-minus-RP diﬀerence scores were close to zero. These
results are therefore inconsistent with the idea that
amount of retrieval inhibition is related to the frequency
of integrating the to-be-remembered items (e.g., Anderson, 2003; Anderson & McCulloch, 1999).
Accuracy was computed for each measure across the
ﬁrst 24 test trials and the second 24 trials in the cued
recall test. Mean accuracy decreased from the ﬁrst to
the second half of the test for the RP+ items (i.e., 87
vs. .79, t = 7.3) and for the NP items (i.e., .88 vs. .72,
t = 19.5), but it increased for the RP items (i.e., .78
vs. .82, t = 3.2). The diﬀerence in accuracy between the
NP and RP trials was .09 on the ﬁrst half of the trials
and .09 on the second half (t = 13.5), with both of
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Table 4
Semantic retrieval inhibition results as a function of reported frequency of integration during study
Frequency
Never
Infrequent
Frequent
Almost always

N
49
71
107
78

Pract.
.77
.79
.82
.84

(.14)
(.13)
(.12)
(.11)

RP+
.78
.82
.82
.87

(.14)
(.12)
(.13)
(.10)

RP
.80
.79
.80
.83

(.22)
(.13)
(.14)
(.12)

NP
.74
.78
.80
.84

(.15)
(.14)
(.11)
(.09)

(NP  RP)
.06
.01
.00
.01

(.26)
(.16)
(.14)
(.11)

Note. Numbers in parentheses are standard deviations.

these diﬀerences signiﬁcantly diﬀerent from zero (i.e.,
t > 9.5). Although the positive NP-minus-RP diﬀerence for trials in the ﬁrst half of the recognition test
was consistent with the operation of retrieval inhibition,
the overall pattern was rather unusual because accuracy
on the NP trials was as high as on the RP+ trials, which
indicates that there was no enhancement of performance
associated with prior practice retrieving the items.
The memory control measure in the semantic retrieval inhibition task was the diﬀerence in accuracy between
NP trials and RP trials. The average diﬀerence was
only .01, with a standard deviation of .12, and it was
not signiﬁcantly diﬀer from zero. The estimated reliability of the NP-minus-RP diﬀerence based on the scores
in the two halves of the test was actually negative (.10).
Age of the participant was not signiﬁcantly correlated
with this diﬀerence (i.e., .02), or with the RP-measure
after statistical control of the variation in the NP measure by means of semi-partial correlation (i.e., .03).
Retrieval practice resulted in a slight enhancement of
recall because the RP+-minus-NP diﬀerence was significantly greater than zero (i.e., mean = .03, standard
deviation = .15, t = 3.4), but this diﬀerence was not signiﬁcantly related to age (i.e., r = .08).

signiﬁcant diﬀerence in NP accuracy from the ﬁrst to
the second block (i.e., .74 vs. .73), but accuracy was
higher in the second block than in the ﬁrst block for
both RP+ (i.e., .80 vs. .85, t = 3.0) and RP(i.e., .62
vs. .73, t = 4.7) items. The diﬀerence in accuracy
between NP and RP items was larger in the ﬁrst block
than in the second block (i.e., .13 vs. .00, t = 4.4), and
only the ﬁrst block diﬀerence was signiﬁcantly diﬀerent
from zero (t = 6.2).
The measure of memory control was the diﬀerence in
accuracy between NP and RP items. The mean diﬀerence was small (i.e., .07, with a standard deviation of
.26), but it was signiﬁcantly greater than zero (t = 4.6).
The estimated reliability of the NP-minus-RP diﬀerence based on the values in the two trial blocks was
.05. The correlation of age with the NP-minus-RP difference was .09, and the semi-partial correlation between
age and RP accuracy after control of the variation in
NP accuracy was .13. Retrieval practice was associated
with enhanced memory as the RP+-minus-NP diﬀerence
was signiﬁcantly greater than zero (i.e., mean = .09,
standard deviation = .21, t = 7.6), but the amount of
enhancement was not related to age (i.e., r = .01).
Validity of a memory control construct

Episodic retrieval inhibition
The ﬁrst phase of the episodic retrieval inhibition
task involved learning associations between locations
and colored shapes. Some participants found it very difﬁcult to achieve the criterion of three successive trials
correctly matching each of the nine colored shapes to
its location because although the mean number of trials
to criterion on the ﬁrst set of trials was 54, the range was
from 33 to 515. Many of the participants who experienced diﬃculty in this phase of the task were older
adults as the correlation between age and the number
of trials to criterion was .30.
The proportions of correct responses for the RP+
items in the practice phase and for the RP+, RP,
and NP items in the test phase for three age groups
are displayed in the bottom of Fig. 7. Adults over the
age of 60 had much lower accuracy for all measures than
the other age groups, but none of the groups exhibited
much diﬀerence across the measures.
Accuracies were also computed separately for the
ﬁrst and the second block of test trials. There was no

Table 5 contains information relevant to the computation of an estimate of the reliability of memory control
diﬀerence scores from the reliabilities of the component
scores and the correlations between them, based on the
formula in the bottom of the table. As with the direct
reliability values mentioned above, all of the computed
estimates were quite low. Inspection of the table suggests
that two diﬀerent factors contributed to the low reliabilities. In several tasks, such as Multiple Trial Word
Recall, Brown–Peterson, and Episodic Retrieval Inhibition, the reliabilities of the component scores were in the
moderate range, but the correlations between the measures were nearly the same magnitude as the reliabilities.
Because this indicates that the measures share nearly all
of their reliable variance, as reﬂected in the ﬁnding that
the estimates of the reliability-adjusted correlations were
very close to 1.0, there was little or no variance associated with the diﬀerence between the measures. The correlations between the component measures were lower in
the other tasks, but the reliabilities of one or both com-
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Table 5
Reliabilities of derived memory control scores
Task

Multiple trial word recall
Picture directed forgetting
Word directed forgetting
Brown–Peterson proactive interference
Color word proactive interference
Semantic retrieval inhibition
Episodic retrieval inhibition

A

B

rAA

rBB

rAB

Trial 4
Remember
Remember
Trial 1 & 4
Trial 1
NP
NP

Trial 5
Forget
Forget
Trial 3 & 6
Trial 4
RP
RP

.72a
.49
.53
.62
.17b
.62
.56

.72a
.38
.17
.60
.31c
.34
.66

.72
.09
.16
.54
.08
.52
.66

A–B rel.
Est.

Direct

0
.38
.23
.15
.17
.08
.15

NA
.41
.46
.20
NA
.10
.05

rAB*
1.00
.21
.53
.89
.35
1.13
1.09

Note. The estimated reliability of the AB diﬀerence (Est.) was computed from the following formula: r(AB)(AB) = ([(rAA + rBB)/2]
 rAB)/(1  rAB) fromp
Cohen
and ﬃCohen (1983, p. 69) and the disattenuated correlation (rAB*) was computed from the following
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
formula: rðAB Þ ¼ rAB = ðrAA  rBB Þ from Cohen and Cohen (1983, p. 69). Direct refers to the reliability of the diﬀerence obtained from
coeﬃcient alpha with diﬀerence scores from diﬀerent parts of the test used as ‘‘items.’’ NA means that a direct computation of
reliability was not available. The superscripts in the table have the following meanings.
a
The value was estimated from the median correlation across trials 1 and 2, 2 and 3, and 3 and 4.
b
The value was estimated from the correlation between trials 1 and 2.
c
Value was estimated from the correlation between trials 3 and 4.

another. Because there was no evidence of relations
among the measures, or that the measures had any variance in common, the results summarized in Table 6 provide no support for the existence of convergent validity
for one or more memory control constructs based on
these variables. Discriminant validity is determined by
relations of the construct with constructs representing
other cognitive abilities. However, it is not meaningful
to examine discriminant validity when there is no evidence that the relevant variables have any variance in
common, and might represent a coherent construct.

ponent measures also tended to be low, which contributed to low estimated reliability of the diﬀerence score.
Correlations among the memory control measures
are reported in Table 6. As one would expect from
the low reliabilities of many of the individual memory
control measures, the correlations among the memory
control measures were all very weak. Only two correlations were signiﬁcantly diﬀerent from zero, and the
correlation between the multiple trial word recall and
word directed forgetting measures was very small (i.e.,
.15). The signiﬁcant correlation between the R–F difference scores for pictures and for words is not very
interesting because it is largely attributable to the relations between the R measures. Indeed, the correlation
of the F measures with one another after controlling
the variation in the R measures was only .26, whereas
the correlation of the R measures with one another
after controlling the variation in the F measures was
.55.
To demonstrate convergent validity the measures
should have moderate to large correlations with one

Inﬂuences of age and cognitive abilities on individual
variables
The model in Fig. 2 was applied with each of the
measures derived from the experimental tasks serving
as the target variable with the AMOS (Arbuckle, 2003)
structural equation program. As noted in the introduction, coeﬃcients for the relations of the established cognitive abilities to the target variable are informative

Table 6
Means and correlations of memory control measures

1—Pre–post interfer.
2—Pict R–F
3—Word R–F
4—Brown–Peterson PI
5—Color PI
6—Semantic RI
7—Episodic RI

Mean

SD

1

2

3

4

5

6

7

2.0
3.0
3.3
1.9
.18
.01
.07

1.8
3.2
2.5
1.3
0.43
0.16
0.26

(.00)
.08
.15*
.07
.05
.02
.04

(.38)
.46*
.02
.06
.10
.04

(.23)
.08
.05
.00
.09

(.15)
.09
.08
.03

(.17)
.05
.02

(.08)
.08

(.15)

Note. Values in parentheses along the diagonal are reliabilities estimated by the formula in Table 5.
*
p < .01.
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about what the variable represents in terms of various
cognitive abilities, and coeﬃcients for the direct relations from age indicate the extent to which the age-related eﬀects on the variable are independent of age-related
eﬀects operating through the reference abilities. Both
sets of coeﬃcients, in standardized units, for all of the
measures from the six experimental tasks are presented
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in Table 7. The second column of the table contains
the simple correlation of the target variable with age,
and the third column contains the direct relation of
age on the variable after controlling age-related inﬂuences through the cognitive abilities. The remaining columns in the table contain the standardized coeﬃcients
from each cognitive ability to the variable.

Table 7
Standardized coeﬃcients of age and cognitive abilities on individual variables
Variable

Only age

Unique age

Cognitive ability
gF

Mem

Speed

Voc

.04
.02
.04
.01
.02
.14
.15

1.00*
.97*
.97*
.91*
.77*
.89*
.29*

.00
.04
.00
.02
.15
.00
.05

.16
.01
.09
.05
.14
.06
.05

.42*
.22
.48*
.44*
.31*
.16

.14
.03
.27*
.10
.15
.17

.17
.01
.14
.02
.17
.14

.06
.50*
.52*
.42*
.01

.29*
.14
.00
.04
.09

.14
.14
.16
.17
.32*

.63*
.29*
.23
.15
.07
.12

.10
.03
.12
.00
.12
.06

.07
.15
.01
.06
.04
.13

.05
.01
.01
.02
.08
.05

.07
.34*
.34*
.19
.41*
.13

.27
.12
.03
.07
.02
.05

.05
.22
.18
.06
.15
.06

.15
.04
.15
.07
.01
.10

.32*
.57*
.47*
.46*
.49*
.07

.02
.06
.06
.01
.01
.01

.08
.05
.02
.03
.10
.07

Multiple trial word recall
Trial 1
Trial 2
Trial 3
Trial 4
List B
Trial 5
4–5

.29*
.30*
.30*
.33*
.27*
.31*
.12

.15
.04
.07
.05
.22
.02
.11

Directed forgetting
Words—R
Words—F
Pictures—R
Pictures—F
Words R–F
Pictures R–F

.39*
.10
.29*
.03
.33*
.27*

.20
.03
.17
.07
.17
.11

.09
.04
.07
.45*
.07
.33*

Brown–Peterson
Subtractions
Avg. list 1 & 4
Avg. list 2 & 5
Avg. list 3 & 6
(1&4)–(3&6)

.13
.31*
.22*
.27*
.01

.25*
.02
.04
.14
.18

.41*
.03
.01
.31*
.32*

Color word
Word Recall
List 1 Recog.
List 2 recog.
List 3 recog.
List 4 recog.
1–4

.43*
.08
.10
.12
.06
.02

.01
.08
.07
.06
.15
.08

.14
.11
.05
.04
.11
.03

Semantic retrieval inhibition
Integrat. freq.
Practice RP+
RP+
RP
NP
NP–RP

.19*
.18*
.17*
.05
.09
.02

.02
.17
.08
.05
.03
.03

Episodic retrieval inhibition
Trials to criterion
Practice RP+
RP+
RP
NP
NP–RP

.30*
.35*
.36*
.30*
.28*
.09

.12
.16
.14
.10
.12
.00

*

p < .01.
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All of the recall measures in the multiple trial word
recall task were strongly related to memory ability,
which is not surprising because the sum of the number
of words recalled across trials 1 through 4 served as
one of the indicators of episodic memory ability. The
weakest relation from memory ability was to the measure of the diﬀerence between trial 4 and trial 5, and it
was negative, indicating that people with higher memory
ability had a smaller decrease in recall after the presentation and recall of a diﬀerent list of words. None of
the relations with the other cognitive abilities were signiﬁcant for any of the measures in this task.
The recall measures in the directed forgetting task
had moderate relations with memory ability, and the
relations were slightly less positive on the measure of
recall of items that were to be forgotten than on the
recall of items that were to be remembered. However,
it is worth noting that the relation between recall of
to-be-forgotten items and memory ability might have
been expected to be negative if eﬀectiveness at discarding or inhibiting items after encoding was associated
with better memory. Instead the relations were positive,
indicating that people who had higher levels of episodic
memory ability remembered more of the to-be-forgotten items than people with lower episodic memory
ability.
The measure of rate of subtractions in the proactive
interference task was positively related to gF ability
and to perceptual speed, but was not related to memory
ability. There were similar moderate relations of memory ability on the recall measures for each trial in this
task, but the diﬀerence measure representing proactive
interference was related to the gF and vocabulary abilities. Individuals with higher levels of gF had smaller
proactive interference, but individuals with higher levels
of vocabulary had greater proactive interference. The
word recall measure in the color word task had a strong
relation to memory ability, but the relations of the cognitive abilities on the color recognition measures were
weak, and only one was signiﬁcantly diﬀerent from zero.
Many of the measures from the semantic and episodic retrieval inhibition tasks were moderately related to
memory ability. In the semantic version of the task the
relation of memory ability to RP accuracy was somewhat weaker than that with the NP accuracy measure,
but this was not the case to the same degree in the episodic version of the task. There were no relations of
the cognitive abilities to the reported frequency of integrating the items at study in the semantic retrieval inhibition task. The trials-to-criterion measure in the
episodic retrieval inhibition task was lower when memory ability was high, indicating that learning was faster
among people with better memory abilities. Finally,
the NP-minus-RP diﬀerence was not signiﬁcantly
related to any of the cognitive abilities in either the
semantic or episodic version of the task.

Two points regarding the results summarized in
Table 7 should be emphasized. First, only three of the
candidate measures of memory control had signiﬁcant
inﬂuences of the cognitive abilities, and one was not particularly interesting because it represented relations with
episodic memory. The two variables with signiﬁcant
relations to gF were attributable to individuals with
higher levels of ﬂuid ability recalling fewer to-be-forgotten pictures, and hence exhibiting larger picture R-F
scores, and recalling more words on the third list with
the same semantic category, and thus exhibiting smaller
PI eﬀects. Of course, the lack of signiﬁcant relations is
not particularly surprising given the low reliability of
the measures (cf. Table 5).
And second, the majority of the memory measures
from the experimental tasks had signiﬁcant correlations
with age, but none of them had unique age relations that
were independent of the age-related inﬂuences operating
through the cognitive abilities. The only signiﬁcant
direct relation of age was with the number of subtractions measure in the proactive interference task, and it
was positive, indicating that after taking into consideration age-related inﬂuences through the cognitive abilities, increased age was associated with a higher rate of
subtractions.

Discussion
Many of the ﬁndings from previous research with the
tasks selected to assess memory control were replicated
in this study. To illustrate, recall of to-be-remembered
items was signiﬁcantly higher than recall of to-be-forgotten items in the directed forgetting task, recall performance was signiﬁcantly lower after presentation and
recall of a diﬀerent list of words, and recall was progressively lower across successive lists of words from the
same semantic categories. However, the expected diﬀerence in accuracy between NP and RP-items in both the
semantic and episodic retrieval inhibition tasks was only
signiﬁcant in the ﬁrst half of the trials. The failure to fully replicate the retrieval inhibition phenomenon is puzzling because the procedure in the semantic version of
the task was nearly identical to the procedure in Anderson et al. (1994), and the level of RP+ accuracy in this
study was very similar to the levels in the experiments
in that report (i.e., mean of .83 compared to .81 in
Exp. 1, .91 in Exp. 2, and .80 and .78 in Exp. 3). The episodic retrieval inhibition task was modiﬁed to make it
easier than the version used by Ciranni and Shimamura
(1999) because preliminary research revealed that many
young adults found it diﬃcult to learn the associations.
Nonetheless, the levels of accuracy for RP+ items were
still comparable across the studies as the average for
adults between 18 and 39 years of age in the current
study was .92, and the means were.95 and.88 for the col-
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lege student participants in the corresponding conditions
in Experiments 1 and 2 in Ciranni and Shimamura
(1999). Unlike the other studies, however, overall accuracies of the NP and RP-items in this study were only
slightly less than that of the RP+ items. Retrieval practice was associated with enhanced recall of RP+ items
compared to NP items in both the semantic and episodic
retrieval inhibition tasks, but in neither task was overall
recall of RP-items signiﬁcantly lower than overall recall
of NP items, and thus there was no evidence of retrieval
inhibition.
Although the model in Fig. 1 could not be applied to
the investigation of a memory control construct because
few of the memory control variables were measured reliably, it is still meaningful to apply the model in Fig. 2 to
all of the measures from the experimental tasks. The
major ﬁndings from these analyses were that most of
the experimental measures were closely related to episodic memory ability, and that the only unique, in the
sense of statistically independent, age-related inﬂuence
after considering inﬂuences through the available cognitive abilities was on the subtraction rate variable. These
results imply that only the subtraction rate measure
from the experimental tasks requires a unique explanation for the age-related inﬂuences beyond that needed
to account for the age-related inﬂuences on the cognitive
abilities.
It is apparent in Figs. 4 through 7 that there were
large age-related diﬀerences in many of the measures,
but very few interactions. This pattern suggests that
most of the inﬂuences associated with aging on the measures of performance in these tasks are not moderated
by the particular conditions that were manipulated.
The failure to ﬁnd many unique age-related inﬂuences
with the model portrayed in Fig. 2 also suggests that
most of the age-related inﬂuences on the variables were
shared with inﬂuences on the cognitive abilities.
Although it is tempting to consider that the variable in
which one is particularly interested represents something
distinct, the model illustrated in Fig. 2 is one of the few
analytical methods available for determining whether
the age-related inﬂuences on a variable are statistically
independent of age-related inﬂuences on other variables.
The absence of interactions, and the discovery that
many of the age-related eﬀects on the memory measures
are shared with variation in the cognitive abilities, therefore raises the possibility that age-related eﬀects in these
measures are more systemic than speciﬁc. Unfortunately, the nature of any systemic eﬀect that might exist is
not obvious, except that it does not appear to be related
to the eﬀectiveness of memory control as assessed with
the measures examined in this study. Nevertheless, an
intriguing implication of this perspective is that, as has
been suggested for at least 15 years (e.g., Salthouse,
1992), the null hypothesis in research on aging and cognition should no longer be that there are no age diﬀer-

121

ences, but rather that there are no age diﬀerences
beyond those shared with other cognitive abilities. The
reasons for the relations among cognitive variables and
abilities are still not well understood, but they are very
well-established, as are the age-related inﬂuences on
them. Instead of ignoring these relations, therefore,
future research should take them into consideration
when investigating inﬂuences of age on new variables.
The model portrayed in Fig. 2 is one way in which this
can be done, but other methods of determining whether
the age relations under investigation are merely another
manifestation of a broader phenomenon should also be
examined.
It should be emphasized that the results of these analyses indicate that there is statistical overlap of the agerelated inﬂuences on the cognitive abilities and the target
variables, but they do not indicate the nature of these
inﬂuences, nor do they specify which variables or constructs are most fundamental. Cognitive ability factors
were considered the ‘‘context’’ in these analyses primarily because they are well-established empirically and
have good measurement properties. However, analogous types of analyses could have been conducted in
which a set of process-based constructs served as the
context if three or more reliable measures of each relevant construct could be identiﬁed. Eﬀorts to extend the
analyses in this direction should be pursued because
the analytical procedure provides an objective method
of determining the contribution of diﬀerent factors on
a particular variable. That is, a variable can be inferred
to be inﬂuenced by a factor to the extent to which people
who have high or low values on that factor diﬀer in their
level of performance on the target variable. Until more
direct methods of quantifying the inﬂuence of various
factors on a variable are developed, basing the determinations on comparisons of people who diﬀer in the levels
of established factors may be the most objective method
available for investigating the ‘‘meaning’’ of a variable.
It is clearly possible that diﬀerent outcomes might be
obtained if other constructs were to serve as the context
in these types of analyses. Nevertheless, the discovery
that most of the experimental variables were only related
to episodic memory ability suggests that, at least from
an individual diﬀerences perspective, the variables may
not reﬂect much more than episodic memory as that
construct is assessed by paired associates, word recall,
and story memory tasks.
Although most of the eﬀects that could be postulated
to reﬂect the operation of memory control were signiﬁcantly diﬀerent from zero, and generally replicated the
group-level eﬀects from prior studies, very few of the
memory control measures were reliable at the level of
individual diﬀerences. As noted in the introduction,
eﬀects that are robust and replicable in experimental
studies are not always informative in individual diﬀerences research if the relevant measures have very low
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reliability. That is, replicability and reliability are often
inversely related in that between-person variation in
the magnitude of an eﬀect is ‘‘bad’’ when the signiﬁcance
of an eﬀect is being evaluated, but it is ‘‘good’’ when
attempting to identify correlates of the eﬀect from an
individual diﬀerences perspective.
Cognitive psychologists are often interested in what
is assumed to diﬀer between two variables because the
diﬀerence is postulated to reﬂect a theoretically relevant
process. However, as observed in this study, diﬀerence
scores frequently have low reliability, and hence may
not be useful in individual diﬀerences research. Contrary
to what is sometimes assumed, this is not because diﬀerence scores are intrinsically unreliable (e.g., Rogosa &
Willett, 1983), but instead it occurs because the original
variables are often so highly correlated with one another
that there is little variability in the diﬀerence.
The information in Table 5 can be used to illustrate
the problem with the memory control variables in the
current study. All of the memory control variables were
based on a contrast between two variables, which can be
designated A and B. As indicated in the bottom of the
table, the reliability of the A-B diﬀerence is a function
of the reliability of the component variables (i.e., rAA
and rBB), and of the correlation between the two variables (i.e., rAB). There are therefore two obvious possibilities for increasing the reliability of diﬀerence scores;
increase the reliability of each component variable, or
decrease the correlation between the two variables.
The ﬁrst option is fairly easy to accomplish because
increasing the number of trials used to assess each variable would likely increase reliability of the component
scores. The reliabilities of the component variables in
Table 5 are not very high, and they could probably be
increased with additional trials. However, this method
may only be eﬀective at increasing the reliability of difference scores when the correlation between the component variables is considerably smaller than the average
reliability of the component variables. In the current
study only the directed forgetting and color-word proactive interference contrasts are therefore promising candidates for increasing reliability by the addition of more
trials.
The second method that could be used to increase the
reliability of a diﬀerence score is to decrease the correlation between the component variables. That is, when the
measures that are contrasted to yield an estimate of the
eﬀect share nearly all of their reliable variance, the measures may be functionally equivalent with respect to
individual diﬀerences regardless of the mean levels of
performance. Indeed, the last column of Table 5 indicates that after adjusting for reliability some of the correlations are very close to 1.0. This particular problem
will not be solved by increasing the number of trials in
each component task, and instead may require increasing the salience of, and hence the individual diﬀerences

in, the critical processes that distinguish the variables
being contrasted. In other words, the tasks will likely
need to be modiﬁed to make the critical processes more
prominent relative to processes that are common across
the component variables. Some type of task redesign will
therefore probably be required to increase the reliability
of memory control tasks in which the component variables are highly correlated, such as the Multiple trial
word recall, Brown–Peterson proactive interference,
and semantic and episodic retrieval inhibition tasks in
the current study.
Because the phenomenon of memory control could
not be reliably assessed at the level of individuals, it is
still an open question whether eﬀectiveness of memory
control decreases with age, and whether memory control
measures are correlated with one another and might
reﬂect a unitary ability. The challenge for researchers
interested in these concepts is to ﬁnd ways to increase
reliability because until the critical measures can be
assessed with at least moderate reliability, it will be
impossible to interpret low correlations (or small group
diﬀerences) involving these measures.
Several attempts to deal with the problem of weak
reliability of diﬀerence scores are unsatisfactory. For
example, including both variables in the analysis will
result in the common variance dominating any unique
variance, which defeats the purpose of focusing on what
diﬀers between the variables. Inclusion of only the variable hypothesized to contain the critical process is also
not an eﬀective solution because the variance common
to both variables will be large whenever the correlation
is large, and it would still overwhelm any unique variance even if only one of the variables were to be included
in the analysis.
Use of residuals instead of diﬀerences only solves the
problem that diﬀerence scores are not independent of the
original variables (Cohen & Cohen, 1983), and it does
not necessarily improve reliability because the residuals
will also have little variance when the relevant variables
are highly correlated. To illustrate, estimates of reliability were computed for each of the regression-based
residuals of the memory control variables that were originally expressed as diﬀerence scores. The estimated reliabilities of the residuals were similar in magnitude to
the reliability estimates for the diﬀerence scores (cf.
Table 5) as they were .15 for the remember–forget contrast for words, .35 for the remember–forget contrast for
pictures, .38 for the ﬁrst versus third list contrast for PI,
.05 for semantic retrieval inhibition, and .32 for episodic
retrieval inhibition.
The rationale for a statistical approach to improving
the quality of measurement is portrayed in Fig. 8. The
top two panels illustrate measurement assumptions that
are implicit in much contemporary cognitive research.
The assumption of construct purity is that there is a
one-to-one correspondence between a theoretical con-
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Fig. 8. Schematic representation of common measurement assumptions and the latent construct approach to assessment.

struct and an observed variable, and some version of this
assumption seems to be operating whenever researchers
rely on a variable from a single task to assess the theoretical construct of interest. The problem with this
assumption is that most variables are probably not
exclusively inﬂuenced by a single construct, and few constructs are likely to be exhaustively represented by a single variable.
The assumption of perfect reliability is that all of the
variance in the measured variable is meaningful, and
available to be associated with other variables. This
assumption would probably not be explicitly endorsed
by many researchers, but the general neglect of reliability in cognitive research suggests that it is often implicitly accepted. The problem is that few behavioral
variables have no measurement error, either because of
imprecision in assessment, or because of ﬂuctuation in
the relevant processes within the individual.
Neither the assumption of construct purity nor the
assumption of perfect reliability is realistic, and acting
as if they were valid can lead to theoretical and methodological problems such as those revealed in this study in
which theoretically interesting variables were found to
be of little value in individual diﬀerences research. An
alternative approach to measurement that does not
require making these assumptions, and instead provides
estimates of the strengths of the critical relations,
involves the use of multiple indicators to assess relevant
theoretical constructs at a latent level. That is, careful
selection of variables (cf. Little, Lindenberger, & Nesselroade, 1999) provides a more comprehensive representation of the construct than what is possible from any
single variable, and a focus on common variance will

minimize task-speciﬁc inﬂuences and emphasize shared
inﬂuences. Furthermore, because only reliable variance
can be shared, the common variance is theoretically free
of measurement error. Structural equation models with
latent constructs can also be used to specify latent diﬀerence scores that at least theoretically contain no measurement error (Donaldson, 1983; McArdle &
Nesselroade, 1994), which will likely improve assessment
of processes assumed to be indexed by a contrast
between observed variables. The primary limitations of
this approach are that the research is time consuming
and expensive because multiple variables are needed
for each construct, and the sample sizes must be relatively large to obtain precise estimates of the relations
among variables.
The current study has many strengths as an investigation of individual diﬀerences in a construct like memory
control. First, the moderately large sample size provides
relatively high power and precision in estimating the
relations among variables. Second, because the participants were not selected from an intellectually elite student population, or from the extremes of the
distribution on one particular variable, sampling selection artifacts are unlikely. Third, the relevant constructs
are assessed with multiple indicators to emphasize what
they have in common, rather than relying on a single
variable that likely only represents a limited aspect of
the construct of interest, and is almost certainly inﬂuenced by other constructs. And fourth, inﬂuences on
many cognitive abilities are examined simultaneously
instead of focusing on a single ability, which can tempt
researchers into concluding that the individuals diﬀer
only on the particular dimension that they have selected.
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That is, merely because a researcher chooses to focus on
variable X (e.g., working memory, executive functioning, etc.), he or she cannot be certain that the individuals
are not also diﬀerent on variables Y and Z unless these
variables are included in the analysis.
In summary, there are four major ﬁndings of this
study. First, many of the results from diﬀerent paradigms that have been interpreted as reﬂecting the operation of memory control processes were replicated.
Second, although the memory control eﬀects were
robust at the group level, measures of those eﬀects at
the level of the individual were not reliable, which precludes meaningful analyses of the interrelations among
the variables. Third, examination of the relative inﬂuence of diﬀerent cognitive abilities revealed that most
of the experimental variables were closely related to episodic memory, and very few had inﬂuences of other cognitive abilities. And fourth, as in numerous other
studies, age-related diﬀerences were found in a wide
variety of cognitive variables but very few of those diﬀerences were unique, and statistically independent of the
age-related inﬂuences on other variables.
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