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Item analyses of memory differences
Timothy A. Salthouse

Department of Psychology, University of Virginia, Charlottesville, VA, USA

ABSTRACT
Objective: Although performance on memory and other cognitive tests is usually
assessed with a score aggregated across multiple items, potentially valuable informa-
tion is also available at the level of individual items. Method: The current study
illustrates how analyses of variance with item as one of the factors, and memorability
analyses in which item accuracy in one group is plotted as a function of item accuracy
in another group, can provide a more detailed characterization of the nature of group
differences in memory. Data are reported for two memory tasks, word recall and story
memory, across age, ability, repetition, delay, and longitudinal contrasts. Results: The
item-level analyses revealed evidence for largely uniform differences across items in the
age, ability, and longitudinal contrasts, but differential patterns across items in the
repetition contrast, and unsystematic item relations in the delay contrast. Conclusion:
Analyses at the level of individual items have the potential to indicate the manner by
which group differences in the aggregate test score are achieved.
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Memory performance is typically evaluated with
an aggregate score representing the sum of items
on a test assumed to assess memory. However,
performance on individual items within memory
tests can also be analyzed to evaluate how the total
test score is achieved. That is, individual items can
be considered equivalent to assessments varying in
characteristics such as serial position and semantic
relatedness, and in a manner analogous to infer-
ences based on comparisons across different types
of tasks, comparisons at the level of individual
items might be informative about the factors con-
tributing to differences in aggregate performance.

One method of analyzing data at the item level
when the primary focus is on differences between
two groups is with an analysis of variance
(ANOVA) in which item, group, and the interac-
tion of group and item are factors. Of greatest
interest in this type of analysis is the interaction
because it indicates whether the difference between
groups is uniform, or varies across items. Although
informative, interactions can be manifested in sev-
eral ways that are not easily distinguished in an
ANOVA. For example, the group difference could
be largest on the easiest items, on the most difficult

items, or on items that are not systematically
related to item difficulty. Fortunately, these alter-
natives can be distinguished with a complementary
analytical procedure known as memorability ana-
lysis in which item accuracy in the poorer per-
forming group is plotted as a function of item
accuracy in the better performing group (Rubin,
1978).

Figure 1, based on a figure in Stine and
Wingfield (1988), schematically portrays possible
outcomes from memorability analyses involving
two groups. The data points in the figures repre-
sent average accuracy for individual items, with
one group plotted along the x axis and the other
along the y axis. The distinguishing feature of the
outcome in Panel A is low R2 values, indicating
little or no systematic relation between the average
performance on individual items in the two
groups. A pattern such as this could occur if dif-
ferent factors contribute to the item variation in
the two groups, possibly with systematic influences
of serial position or semantic relatedness in one
group, and momentary attentional lapses resulting
in the random failure to encode or process items in
the other group.
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If the relation between the performance in the
two groups is systematic, as manifested by high R2

values, examination of the intercept and slope
parameters of the regression equation can be infor-
mative about the specific nature of the relation.
For example, the outcome in Panel B has an inter-
cept less than 0 and a slope close to 1, which
implies nearly uniform reductions across items
varying in average accuracy. A pattern such as
this, particularly when accompanied by little or
no group-by-item interaction, would be consistent
with a primarily quantitative difference between
the groups. The outcome in Panel C has a slope
less than 1, indicating that the largest group differ-
ences were on the easy items with the highest
accuracy levels. This type of pattern, with nonuni-
form differences across items, would be consistent
with a qualitative difference between groups, pos-
sibly attributable to a failure in the lower perform-
ing group to capitalize on item characteristics
(such as semantic relatedness) conducive to high
performance. Finally, the outcome in Panel D has a
slope greater than 1, indicating that the largest

group differences were on difficult items with the
lowest accuracy levels. This pattern is also consis-
tent with a qualitative difference, possibly with
fewer resources available in the lower performing
group to cope with difficult items.

Distinguishing among the four alternatives por-
trayed in Figure 1 requires moderately large sam-
ples of individuals to obtain precise estimates of
the average accuracy for each item, and a sufficient
number of items to provide sensitive estimates of
the parameters of the regression equations. Data
with these properties are available in the Virginia
Cognitive Aging Project (VCAP), which is a cross-
sectional and longitudinal study of adults between
18 and 99 years of age (Salthouse, 2014; Salthouse,
Pink, & Tucker-Drob, 2008). A novel feature of
this project is that the participants performed
alternate versions of two different memory tests
on each of three sessions, which results in more
relevant data than in situations in which only a
single test version is performed.

The two memory tests are commonly used in
neuropsychological assessment, and therefore,

Figure 1. Schematic illustration of possible outcomes from memorability analyses. Each point represents the hypothetical
accuracy for an individual item averaged across participants. The x axis corresponds to performance in one group (or
condition), and the y axis correspond to performance in another group (or condition).
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unlike experimental investigations, all examinees
received the tests and items in the same order.
The word recall test (Wechsler, 1997) consists of
four auditory presentations of a list of 12 unrelated
words with a recall attempt after each presentation,
followed by the presentation and recall of a new
list (List B), and another attempt to recall the
original list without an additional presentation. In
the delayed version of the test the participants
attempted to recall the initial list after an interval
of about 20–30 min occupied by the performance
of other cognitive tests.

The logical memory test (Wechsler, 1997)
involves the auditory presentation of a story fol-
lowed by an attempt to recall as many details as
possible, with the recall scored in terms of 25 pre-
specified idea units. The initial story is followed by a
second story, which is presented twice with a recall
attempt after each presentation. In the delayed ver-
sion of the test the participants attempted to recall
both stories after an interval of about 20–30 min,
during which they performed other cognitive tasks.

Five comparisons with the same twomemory tests
are described in the current report: age, involving a
contrast of healthy adults 18–35 and 65–85 years of
age; ability, involving a contrast of adults 65 and
older who were in the top and bottom quartiles of
the distribution of memory performance; repetition,
involving a contrast of adults 65 and older on four
successive recall trials of the same items, and on the
first and second trial of the second logical memory
story; delay, involving a contrast of adults 65 and
older on the last immediate trial and on the delayed
trial; and longitudinal, involving adults 65 and older
who experienced moderate memory declines from a
first to a second occasion. All of the comparisons
except age were based on adults 65 and over to
reduce influences of age in the relevant contrasts,
and because individuals in this age range exhibited
the greatest longitudinal declines.

The dependent variable in all analyses was the
average accuracy across participants on the indivi-
dual items in each test. The ANOVAs included
group (or condition) and item (i.e., 12 for recall,
and 25 for logical memory) as the primary factors,
with session, and trial when relevant, as secondary
factors. The group (condition) factor was a
between-subjects comparison for age and ability,
and a within-subjects comparison for the repeti-
tion, delay, and longitudinal contrasts. The item
factor was a within-subjects factor in all analyses.
Alternative analytical methods could have been

used, such as multilevel models, but the group-
by-item ANOVAs are sufficient to illustrate the
primary type of information available from this
approach. Main effects of group (condition) and
item were expected in each contrast, with the
interactions informative about possible differential
performance across items.

The memorability analyses were based on
regression analyses examining the relation between
performance (averaged across participants) on
individual items in the two groups, or conditions.
Two sets of regression analyses were conducted in
each contrast. In one set, performance on each
item was averaged across the three sessions and
the n trials, and in the second set, the analyses were
based on the 3 × n individual items. The former
analyses based on averages have the advantage of
greater precision of the estimates of each data
point, and the latter analyses have the advantage
of a larger number of data points, which should
increase sensitivity of the regression parameters.
As noted above, parameters of the regression equa-
tions were examined to characterize the nature of
the group (condition) differences with respect to
systematicity (i.e., R2) and pattern (i.e., intercept
relative to 0, and slope relative to 1).

Because prior research by Stine and Wingfield
(1988) involving age comparisons revealed sys-
tematic functions with a slope close to 1, these
results were expected to be replicated in the cur-
rent study. The longitudinal contrast also involves
an age comparison, and thus a pattern similar to
that with the age contrast was expected for the
longitudinal contrast. However, there were no a
priori hypotheses concerning the ability, repetition,
and delay contrasts because in each case plausible
arguments could be proposed for several of the
outcomes portrayed in Figure 1.

Method

Characteristics of the participants in each compar-
ison are reported in Table 1. The participants were
recruited by advertisements and referrals from
other participants. The primary exclusionary cri-
teria consisted of a diagnosis of dementia, and
auditory or visual limitations severe enough to
impair performance on the tests.

Scaled scores for the word recall and logical mem-
ory tests are adjusted for age, and have means of 10
and standard deviations of 3 in the nationally repre-
sentative normative sample. With the exception of
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the ability and longitudinal contrasts, the scaled
scores averaged about 0.5 standard deviations above
the means in the normative sample, indicating that
most of the participants were high functioning.
However, it is important to note that the variability
in the samples, as reflected by the standard deviations
close to 3, was similar to that in the nationally repre-
sentative normative sample.

Compared to young adults, the older adults in
the age comparison had poorer self-ratings of
health and lower scores on the MMSE test

(Folstein, Folstein, & McHugh, 1975) frequently
used to screen for dementia, but more years of
education, and higher logical memory scaled
scores. The two ability groups were formed from
individuals in the top and bottom quartiles of the
average scaled score. The participants in the high-
ability group were younger, with a higher propor-
tion of females, more years of education, and
higher Mini-Mental State Examination (MMSE)
and scaled memory scores than the individuals in
the low-ability group.

Table 1. Descriptive characteristics of the participants in each comparison.
Contrast Groups Effect Size

Age 18–35 and 65–85 Age 18–35 Age 65–85 d
N 628 669 NA
Age (years) 25.3 (4.8) 73.1 (5.7) −8.99*
Proportion female .61 .59 0.04
Years of education 14.9 (2.3) 16.0 (2.8) −0.43*
Health 2.1 (0.9) 2.4 (0.9) −0.27*
MMSE 28.8 (1.7) 27.9 (2.2) 0.44*
Logical memory SS 11.4 (3.0) 11.9 (3.1) −0.18*
Word recall SS 11.7 (3.1) 12.1 (3.3) −0.11

Ability, age 65–99 Top 25% Bottom 25%
N 179 173 NA
Age (years) 74.9 (6.3) 77.8 (7.1) −0.49*
Proportion female .73 .47 0.55*
Years of education 16.7 (2.7) 15.4 (2.8) 0.46*
Health 2.4 (0.9) 2.4 (1.0) −0.06
MMSE 28.7 (1.6) 26.5 (2.8) 0.98*
Logical memory SS 14.9 (1.7) 8.3 (2.7) 2.83*
Word recall SS 15.5 (2.0) 8.1 (2.6) 3.24*

Repetition, age 65–90
N 712
Age (years) 74.1 (6.8)
Proportion female .59
Years of education 16.0 (2.9)
Health 2.4 (0.9)
MMSE 27.8 (2.2)
Logical memory SS 11.8 (3.1)
Word recall SS 12.0 (3.3)

Delay, age 65–91
N 530
Age (years) 72.7 (5.9)
Proportion female .66
Years of education 16.4 (2.8)
Health 2.2 (0.9)
MMSE 28.3 (2.0)
Logical memory SS 12.7 (3.4)
Word recall SS 12.9 (2.8)

Longitudinal, age 65–91 Time 1 Time 2
N 72 72 NA
Age (years) 74.9 (6.9) 77.8 (7.1) −2.25*
Proportion female .46
Years of education 15.5 (2.7)
T1–T2 interval (years) 2.8 (1.2)
Health 2.4 (0.9) 2.5 (0.9) 0.13
MMSE 27.6 (2.1) 28.0 (2.0) −0.13
Logical memory SS 13.6 (2.6) 10.3 (3.4) 1.29*
Word recall SS 14.0 (3.2) 9.3 (3.2) 1.82*

Note. Health is a self rating on a scale ranging from 1 for “excellent” to 5 for “poor.” MMSE is the Mini-Mental State Exam (Folstein et al., 1975)
used to screen for dementia. Logical memory SS and word recall SS are age-adjusted scaled scores. Effect sizes for the longitudinal comparisons
are based on the within-subject formula. NA indicates that the value was not available.

*p < .01.
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The comparisons were based on the initial recall
trials of the lists involving different words (i.e., Trial 1
and List B) and on the first trials in the two logical
memory stories in the age, ability, and longitudinal
contrasts. The within-person repetition contrast was
between performance on Trial 1 and performance on
Trials 2, 3, and 4 for word recall, and between perfor-
mance on the first and second trials of the second
story for logical memory. The within-person immedi-
ate-delay contrast was between performance on the
last immediate trial (i.e., Trial 4) and the delayed trial
for word recall, and performance on the last immedi-
ate trials (i.e., Trial 1 for Story A, Trial 2 for Story B),
and the delayed trials for logical memory. In order to
focus on individuals exhibiting longitudinal decline,
participants in the longitudinal comparison were
selected on the basis of a decrease of at least two points
from the first to the second occasion in the average
scaled scores for logical memory and word recall.

Results

All comparisons are reported in the same format.
Results of ANOVAs with group or condition as one
factor and item as a second factor are reported in
Table 2, and results of regression analyses are reported
in Table 3. The left panels in Figures 2 through 6
portray average accuracy (and standard errors) by

item input position in the two groups or conditions,
and the right two panels of each figure portray the
corresponding memorability functions with accuracy
in the lower performing group or condition plotted as
a function of accuracy in the higher performing group
or condition. The top panels in each figure represent
results from the word recall task, and the bottom two
panels represent results from the logical memory task.

The main effects of group/condition and item
were significant and moderately large (i.e., (η2p ≥
.130) in each analysis. All of the interactions except
those in the longitudinal contrast were significant,
but there was a considerable range of effect size
estimates (i.e., η2p = .007 to .283).

Age

The effect size for the group-by-item interaction with
the recallmeasurewasmodest (η2p = .026), and the top
panels of Figure 2 indicate that the serial position
functions were nearly parallel with the exception of
small age differences in the last input items. The
memorability functions were systematic, and the
regression parameters in Table 3 indicate that the
functionswere associatedwith highR2 values, negative
intercepts, and slopes slightly, but not significantly,
greater than 1.

Table 2. Analysis of variance results for the group/condi-
tion and item main effects, and Group/Condition × Item
interactions.

Factor
Recall
F (η2p)

Logical memory
F (η2p)

Age 429.84* (.255) 177.37* (.130)
Item 1211.09* (.491) 443.39* (.271)
Age × Item 34.13* (.026) 11.34* (.009)
Ability 307.98* (.478) 505.81* (.615)
Item 416.67* (.553) 95.50* (.232)
A × Item 2.64* (.008) 2.31* (.007)
Repetition: 2 3040.97* (.816) 5571.58* (.897)
Item 574.47* (.455) 291.25* (.312)
R2 × Item 33.30* (.046) 23.18* (.035)
Repetition: 3 4829.12* (.875)
Item 537.38* (.438)
R3 × Item 61.54* (.082)
Repetition: 4 5853.56* (.895)
Item 512.24* (.427)
R4 × Item 86.25* (.111)
Delay 2048.40* (.862) 1808.12* (.851)
Item 77.35* (.191) 92.44* (.226)
D × Item 36.38* (.100) 124.89* (.283)
Occasion 23.94* (.406) 33.01* (.408)
Item 31.79* (.476) 30.07* (.385)
O × Item 0.87 (.024) 1.24 (.025)

Note. Variance results: F ratio and partial eta2. A = age; R2 =
Repetition 2; R3 = Repetition 3; R4 = Repetition 4; D = delay; O
= occasion.

*p < .01.

Table 3. Regression parameters for analyses of item accu-
racy in two groups or conditions.
Contrast No. data points R2 Intercept Slope

Word recall
Age 12 .925 −0.241* 1.170

72 .861 −0.189* 1.075
Ability 12 .973 −0.179* 0.992

72 .888 −0.150* 0.935
Repetition: 2 12 .934 −0.301* 1.224

36 .908 −0.262* 1.161*
Repetition: 3 12 .913 −0.630* 1.558*

36 .866 −0.548* 1.438*
Repetition: 4 12 .910 −0.946* 1.887*

36 .851 −0.844* 1.748*
Delayed 12 .230 0.008 0.456

36 .227 −0.038 0.519*
Longitudinal 12 .967 −0.076 1.027

72 .885 −0.047 0.959
Logical memory
Age 25 .902 −0.043 0.914

150 .878 −0.109* 1.022
Ability 25 .915 −0.166* 0.889

150 .853 −0.142* 0.844*
Repetition 25 .850 −0.423* 1.310*

75 .874 −0.235* 1.081
Delayed 25 .244 0.287* 0.399*

150 .774 −0.054 0.917
Longitudinal 25 .887 −0.035 0.938

150 .890 −0.020 0.894*

Note. Significance of the intercepts was relative to 0, and significance
of the slopes was relative to 1.0.

*p < .01.
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The group-by-item interaction was also small
with the logical memory measure (η2p = .009),
and the bottom panels in Figure 2 indicate that
the serial position functions were nearly parallel,

and that the memorability functions were sys-
tematic. The values in Table 3 reveal high R2

values, slightly negative intercepts, and slopes
close to 1.

Figure 2. Serial position functions for word recall (top left) and logical memory (bottom left), and memorability functions
for word recall (top right) and logical memory (bottom right) for the age contrast.

Figure 3. Serial position functions for word recall (top left) and logical memory (bottom left), and memorability functions
for word recall (top right) and logical memory (bottom right) for the ability contrast.
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Figure 4. Serial position functions for word recall (top left) and logical memory bottom left), and memorability functions
for word recall (top right) and logical memory (bottom right) for the repetition contrast.

Figure 5. Serial position functions for word recall (top left) and logical memory (bottom left), and memorability functions
for word recall (top right) and logical memory (bottom right) for the delay contrast.
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Ability

The group-by-item interaction with the recall data
was small (η2p = .008), and the top panels in
Figure 3 indicate that the serial position functions
were nearly parallel with systematic memorability
functions. The entries in Table 3 indicate that R2

values were high, intercepts were slightly less than 0,
and slopes were close to 1.

Very similar patterns were evident with the logical
memory data, with a small group-by-item interaction
(η2p = .007), nearly parallel serial position functions,
systematic memorability functions, high R2 values,
and negative intercepts with slopes close to 1.

Repetition

In order to express the repetition memorability
functions in the same format as the other com-
parisons, the higher performing condition (after
repetition) was the reference, and the lower per-
forming condition (the initial trial) was the
contrast.

With the recall data the condition-by-item
interactions were progressively larger with more
repetitions, and the top panels in Figure 4 indicate
that the serial position functions were less

pronounced, and the memorability functions stee-
per, with more repetitions. The regression para-
meters in Table 3 revealed high R2 values and
negative intercepts with each number of repeti-
tions, with additional repetitions associated with
more positive slopes.

The interaction of condition and item was small
in the logical memory data, with nearly parallel
serial position functions and systematic memor-
ability functions. The R2 values were high, with
significant negative intercepts and slopes greater
than 1.

Delay

The delay contrast was between delayed perfor-
mance and performance on the last exposure in
the original test (i.e., Trial 4 for word recall, and
Trial 1 for logical memory Story A and Trial 2 for
logical memory Story B). There was a moderate
condition-by-item interaction with the recall data
(η2p = .100), and the top panels of Figure 5 indicate
nearly flat serial position functions for the immedi-
ate (4th trial) and delay conditions, and unsyste-
matic memorability functions. The regression
analyses had low R2 values, intercepts close to 0,
and slopes less than 1.

Figure 6. Serial position functions for word recall (top left) and logical memory (bottom left), and memorability functions
for word recall (top right) and logical memory (bottom right) for the longitudinal contrast.
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The patterns were similar in the logical memory
data, with a moderate interaction (partial eta2 of
.283), nearly flat serial position functions, and
unsystematic memorability functions. The R2

values in Table 3 were low, particularly with ana-
lyses based on the averages for 25 data points.

Longitudinal

The occasion-by-item interaction was not signifi-
cant with the recall data, and the top panels of
Figure 6 indicate that the serial position functions
were nearly parallel with systematic memorability
functions. The R2 values were high, with small
negative intercepts and slopes very close to 1. The
logical memory data were similar, with no interac-
tion, parallel serial position functions, and sys-
tematic memorability functions with high R2

values, intercepts close to 0, and slopes close to 1.

Discussion

All main effects of group (condition) and item were
significant in the ANOVAs, and thus the primary
question in each contrast was whether the composi-
tion of total score differences varied as a function of
item. Effect sizes for the condition-by-item interac-
tions were moderately large only with the repetition
and delay contrasts. Inspection of the serial position
functions reveals that the interaction in the repetition
contrast was associated with flattening of the serial
position functions with repetition, and the interac-
tion in the delay contrast was associated with less
pronounced recency and primacy segments in the
delay condition.

As indicated in the introduction, memorability
analyses and the corresponding regression para-
meters are useful in specifying how the total
score is achieved. That is, the value of R2 is infor-
mative about the systematicity of differences across
items, the intercept relative to 0 is informative
about the mean difference between groups or con-
ditions, and the slope relative to 1 is informative
about possible differential relations on easy (high
accuracy) or difficult (low accuracy) items.

Three different patterns were evident across the
five contrasts, which were generally similar in the
analyses based on all individual data points and on
averages at each serial position, and in analyses with
the recall and logical memory tasks. A pattern resem-
bling that in the top left panel of Figure 1, with
unsystematic memorability functions and low R2

values, was apparent in the delay contrast. A pattern
similar to the top right panel of Figure 1, with sys-
tematic memorability functions, slopes close to 1,
and negative intercepts, was evident in the age, abil-
ity, and longitudinal contrasts. And finally, a pattern
similar to that in the bottom right panel of Figure 1,
with systematic memorability functions and slopes
greater than 1, was evident in the repetition contrast.

The generally systematic relation between per-
formance of young and old adults is consistent
with earlier findings by Stine and Wingfield
(1988, 1990) and their suggestion that cross-sec-
tional age differences in memory are primarily
quantitative rather than qualitative. However, this
conclusion must be qualified somewhat because
results in the top left panel of Figure 2 indicate
that the age differences in recall were smaller in the
last (recency) input positions than in other input
positions.

The differences across items in the ability con-
trast were nearly uniform, with systematic memor-
ability functions, and very small group-by-item
interactions. This pattern suggests that the large
differences in average performance associated
with different levels of ability are primarily quan-
titative, with similar magnitude across items.

The condition-by-item interactions in the repe-
tition contrast were large, with the greatest condi-
tion differences for items in the middle serial
positions. This pattern is evident with slopes
greater than 1 in the memorability functions, indi-
cating that the condition differences were largest
on items with the lowest accuracy.

The serial position functions were nearly flat in
the delay contrast, with unsystematic memorability
functions in both the recall and logicalmemory tasks.
One of the reasons for the nearly flat serial position
functions in the word recall task is the lack of a
recency effect, corresponding to higher accuracy in
later input serial positions, in the delayed condition.

The serial position functions were nearly paral-
lel in the longitudinal contrast with systematic
memorability functions and slopes close to 1, sug-
gesting small, and primarily quantitative, changes
in memory performance.

All of the group or condition effects were signifi-
cant in the ANOVAs, indicating the existence of
mean differences between groups or conditions.
However, inclusion of item as another factor in the
ANOVAs allowed interactions to be examined to
determine whether the group or condition differ-
ences varied across items. In addition, the
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memorability analyses indicate whether the differ-
ences are systematic and, if so, whether the differ-
ences are larger for items with relatively high, or low,
levels of accuracy. Because data at the item level are
available in nearly all cognitive tests, analyses such as
those described in this report could be implemented
without any additional data collection to provide
information about the detailed nature of group or
condition differences in total scores.

The application of these methods to clinical
populations could be particularly informative to
determine how group differences in the total
score are manifested. That is, some clinical groups
might differ from normal adults in a quantitative
fashion, with uniformly lower performance across
items, whereas other groups might differ in a more
qualitative manner, with larger differences on
some items than on others. Furthermore, in the
latter case, identification of the characteristics of
items associated with small or large differences
could provide clues about the reasons for the
group difference in overall performance.

Analyses such as these may also be valuable in
theoretically oriented memory research. For exam-
ple, the different patterns in the repetition and delay
contrasts suggest that different mechanisms are
likely involved in gains and losses in performance.

Four limitations of the study should be acknowl-
edged. First, only two types of memory tasks were
examined, and it is possible that the results may not
generalize to other memory tasks, such as those with
nonverbal material in which item effects may be less
pronounced. Second, the number of longitudinal par-
ticipants was relatively small, and the average interval
was only 3 years. A different pattern might be
obtained with a larger mean decline andmore power-
ful analyses. Third, most of the participants were
relatively high functioning, with averages of over
14 years of education and high age-adjusted scaled
scores, which could limit generalizability to the
broader population. However, this concern is some-
what alleviated by the finding of no qualitative differ-
ences in the ability contrast in which the low-ability
group had average scaled scores substantially below
the means of the nationally representative normative
sample. And fourth, all of the participants were
healthy adults, and thus the applicability of the meth-
ods to different types of patient groups is not known.

To summarize, scores on memory tests can be
achieved in different ways, and analyses of perfor-
mance at the level of individual items can be

informative about how differences in the overall
scores are obtained. The results of this study pro-
vided some evidence of qualitative differences in
which the condition effects varied according to
item, as in the repetition contrast in recall, but
the differences in the other contrasts were largely
quantitative, as with the cross-sectional, longitudi-
nal, and ability contrasts.
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