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Objectives: The objectives of this study were to determine whether minimizing requisite pro-
cessing resources to learn a word list would differentially improve recall of older adults and to
examine the associations between memory and nonmemory cognitive abilities. Background: It
has been hypothesized that a reduction in general processing resources contributes to age-related
declines in memory and other cognitive abilities. Methods: Twenty-four young adults and 47
older adults were administered two semantically related word lists, one list with words blocked
into their categories and the other with categories intermixed. Tests of attention and working
memory, language, and abstract reasoning were interspersed with the memory tasks. Participants
were classified as young (age range: 17–30 years), young-old (age range: 65–73 years), and
old-old (age range: 74–87 years) to compare the effects of list condition (i.e., blocked vs.
unblocked) on recall performance. Correlation and regression analyses were used to examine the
cognitive correlates of recall performance. Results: Expected age differences in recall perfor-
mance were observed. Based on the resource-reduction hypothesis of cognitive aging, we hy-
pothesized that the blocked presentation of the to-be-remembered list would minimize processing
demands and therefore differentially benefit recall in older elderly participants. Contrary to our
prediction, however, the relative benefits of blocked list presentation on recall measures were
comparable for young and older participants. Correlations and regression analyses revealed that
recall performance was more strongly associated with word finding ability than with working
memory or abstract reasoning skills. Conclusions: Results suggest that level of recall of a
semantically related word list and use of semantic clustering as an encoding strategy are asso-
ciated more strongly with general word finding skills than with processing capacity. (NNBN
2001;14:15–22)

Age-associated declines in recall memory are well
documented. Normative data from standardized memory
tests reveal that, on average, the ability to acquire new
information declines steadily with increasing age (1). Cau-
tion is warranted when interpreting such cross-sectional
data, however, because cohort effects may exaggerate dif-
ferences in recall measures between groups. Nevertheless,
longitudinal analyses reveal a similar inverse relation be-

tween age and memory. Even when comparisons are re-
stricted to individuals over the age of 60 years, there is a
significant and uniform decline on measures requiring
new learning, with the “old-old” recalling less than the
“young-old” (2,3).

Numerous theories have been proposed to explain age-
related decrements in memory, including failures of
metamemory, particularly knowledge of task demands and
appropriate strategies (4); poor semantic processing and
encoding (5); impairment of deliberate recollection (6);
and a reduction in processing resources (7,8) [see the ar-
ticle by Light (9) for a comprehensive review of these
theories]. The experiment presented here was designed to
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test the latter theory; that is, the hypothesis that age-
associated declines in memory abilities are a result of a
general reduction in available processing resources.

A reduction in processing resources with increasing age
has been associated with age-related declines in a number
of cognitive domains, including abstract reasoning,
memory, and spatial abilities (10–12). The specific pro-
cessing resource that we were interested in for the pur-
poses of this investigation was the ability to simulta-
neously retain and manipulate information, because this
would seem to be a requisite skill to accurately recall a list
of intermixed words. Hereafter, we use the term working
memory to refer to the ability to retain and manipulate
information simultaneously (13). Under this definition,
one commonly used task to assess working memory ca-
pacity is digit span backward.

Coincident with the decline of recall memory with in-
creasing age is a decline in the use of mnemonic tech-
niques and encoding strategies that can enhance the ac-
quisition and retention of new information (14–19).
Semantic clustering is a commonly used strategy to aid in
the encoding and recall of a list of semantically related
words. Semantic clustering requires restructuring the to-
be-remembered word list so that items are grouped in
semantic categories rather than in the order presented. By
focusing on the semantic relatedness of words, semantic
clustering is a highly effective mnemonic strategy, leading
to enhanced subsequent recall (20,21).

Semantic clustering has been described as an “effortful”
encoding strategy. By requiring the individual to actively
reorder items by their semantic grouping rather than pas-
sively repeat the word list in its presented order, clustering
efficiency is heavily dependent on available processing
resources. For example, Bryan and colleagues (19) re-
cently demonstrated that younger adults were better able
to link to-be-recalled words to a story than older adults
and that recall performance was associated with measures
of executive function and working memory. Similarly,
clustering a list of intermixed words in semantic catego-
ries requires processing resources: the individual must re-
member items on the word list while reordering semanti-
cally related items in groups. Other constituent cognitive
abilities also are required to optimally use semantic en-
coding. For example, semantic clustering of a word list
requires semantic knowledge and word finding ability to
be able to appreciate category exemplars as related and
access the appropriate words at recall. In addition, clus-
tering requires abstract reasoning abilities to identify the
superordinate category within which items should be cat-
egorized. Thus, failure to use semantic clustering as an
encoding strategy could reflect impairment in general pro-
cessing, language, or abstract reasoning abilities.

Consistent with the resource-reduction hypothesis of
cognitive aging, we hypothesized that with increasing age,

elderly individuals are less likely to use semantic cluster-
ing as a strategy to improve free recall because they have
relatively limited processing resources to mentally reor-
ganize the to-be-remembered material. Thus, we predicted
that if processing demands were minimized by presenting
the to-be-remembered list with items already blocked into
their semantic categories, thereby optimizing the likeli-
hood of using semantic clustering as an encoding strategy,
the memory performance of older subjects would improve
more than that of relatively younger subjects. We further
predicted that failure to use semantic clustering as an en-
coding strategy and associated poor recall memory in non-
demented older adults would be associated primarily with
poor performance on tests of working memory and less
associated with tests of language or abstract reasoning.

METHOD

Participants
Twenty-four young individuals and 47 elderly individu-

als participated in the study. To further examine the effects
of aging, elderly participants were dichotomized to two
groups, “younger-elderly” and “older-elderly,” based on
the median age (74 years). Elderly subjects were recruited
from participants in an ongoing community-based epide-
miologic study of aging and dementia. By virtue of their
participation in our epidemiologic study, elderly partici-
pants had been evaluated by a neurologist and had com-
pleted a brief but comprehensive neuropsychological as-
sessment, including tests of memory (Selective
Reminding Test and recognition memory for figures from
the Benton Visual Retention Test), language, abstract rea-
soning, visuospatial abilities, and orientation, before their
enrollment in the current study. Subjects who were diag-
nosed as demented based on a consensus conference of
neurologists and neuropsychologists and those who dem-
onstrated significant cognitive impairment on the neuro-
psychological battery from the epidemiologic survey were
excluded from participation in the current study as were
individuals with a known or suspected neurologic or psy-
chiatric condition that might affect cognition. Young par-
ticipants were volunteers responding to flyers posted
around the campus of Columbia-Presbyterian Medical
Center and Columbia University. Most young participants
were undergraduate psychology students at Columbia
University.

Demographic characteristics of the participant groups
are provided in Table 1. To minimize group differences in
educational attainment, only elderly participants with 12
or more years of education were included in these analy-
ses. As shown in Table 1, the three participant groups
were comparable in terms of years of education attainment
[F (2,68) � 1.49; p � 0.23] and male-female distribution
[�2(2) � 1.79; p � 0.41].
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Procedures
Overview

All participants were administered two 16-item word
lists in a single test session, with each list consisting of
four words from each of four semantic categories. One list
was presented with words blocked to their categories and
the other with categories intermixed. The order of presen-
tation of the two word lists and list conditions (i.e.,
blocked vs. unblocked) was counterbalanced across par-
ticipants. For each list, memory testing consisted of five
immediate recall trials and 20-minute delay recall. Inter-
spersed with the memory tests were tests of working
memory (digit span forward and backward, subtraction
span, digit reordering), language (Boston Naming Test,
category fluency), and abstract reasoning (Similarities,
Odd-Man-Out). Participants returned for follow-up testing
1 week after the initial evaluation, and recall of the word
lists was again assessed.

Neuropsychological Measures
Verbal Memory.

Memory was assessed using the list A word lists from
the California Verbal Learning Test (CVLT) and its alter-
nate form. These lists are frequency matched and have
been shown to yield equivalent mean scores on all learn-
ing and memory variables (22). Presentation of words
with categories intermixed was in the same order as the
standard administration of the CVLT. For the blocked list
presentation, words were grouped by their semantic cat-
egories and presented in the following order: tools, fruits,
spices, and clothing for form I of the CVLT; office sup-
plies, vegetables, desserts, and sporting equipment for the
alternate form.

Standard administration procedures were used for the
five immediate and 20-minute delayed recall trials; how-
ever, no cued recall trials or interference list (i.e., list B)
was administered. Briefly, participants were told that they
would be read a list of items to buy while shopping. They
were asked to listen carefully and recall as many items
from the list as possible. They were not told how many
items were on the list or that the words could be organized
within four categories, nor were they instructed to try to
categorize the words by semantic categories. This proce-

dure was repeated for the five immediate recall trials. Af-
ter completion of trial 5, participants were told to try to
remember the word list because they would be asked to
recall it again in a little while. Delayed recall of the word
list was assessed after 20 minutes, during which non-
memory tasks were administered. After a brief break, dur-
ing which no testing was done, the same procedures were
repeated with the other word list. Semantic clustering was
computed over the five immediate recall trials as a ratio of
words from the same category recalled together divided by
chance expected semantic clustering given the number of
words and categories recalled as described in the test
manual (23).

Working Memory. Tests of working memory included
digit span, number reordering, and subtraction span. Digit
span forward and backward were administered using the
standard instructions of the Wechsler Adult Intelligence
Scale—Revised (WAIS-R) (24). Participants were read a
sequence of digits increasing in length from two to nine
digits and were then asked to repeat them as presented
(digit span forward) or in reverse order (digit span back-
ward). Number reordering required subjects to repeat a
series of numbers after rearranging them in numeric order
from lowest to highest. For digit subtraction span, subjects
were read a series of digits and asked to subtract two from
each during recall (8).

Word Finding Ability. A 15-item short form of the
Boston Naming Test and category fluency (i.e., animals,
clothing, vegetables; 60 seconds for each category) were
administered as measures of semantic knowledge and
naming ability. Data on the Boston Naming Test and cat-
egory fluency were available for only 11 of the 24 young
participants, 17 of the 23 participants from the younger-
elderly group, and 21 of the 24 participants from the older-
elderly group, because these procedures were added after
data collection had commenced.

Abstract Reasoning. Two measures of abstract reason-
ing ability were administered, the Similarities subtest of
the WAIS-R and the Odd-Man-Out test. The Similarities
subtest requires participants to identify similarities or su-
perordinate categories for paired stimuli. Odd-numbered
items from the Similarities subtest were administered, and
the total raw score was then doubled (25). Scaled scores
were determined using the table in the WAIS-R manual
(24) and used in analyses. For the Odd-Man-Out test (26),
participants are presented with two packs of 10 cards; each
card is printed with three stimuli. One of the stimuli is
different in one aspect, and another stimulus is different in
second aspect. For example, a card may contain a lower
case letter “a,” an upper case letter “A,” and an upper case
letter “B.” The “B” is different because it is a different
letter, and the “a” is different because it is a lower case
letter. Participants are asked to identify which stimulus is

TABLE 1. Demographic characteristics of the three
participant groups

Young
(N � 24)

Younger-Elderly
(N � 23)

Older-Elderly
(N � 24)

Mean (SD) age 21.9 (3.9) 70.8 (2.2) 79.3 (3.5)
Age range (years) 17–30 64–73 74–87
Mean (SD) education 14.8 (2.4) 13.9 (2.2) 13.8 (2.1)
Female (%) 71 52 58
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different, or the odd man out. Participants are then in-
structed to use the same rule for identifying the odd man
out for the remainder of the cards in the pack. After
completion of the first 10 cards, a set of parallel stimuli is
presented, and participants are asked to find a different
rule for identifying the odd man out. Each pack is then
presented again, and the participant is instructed to use a
different rule for identifying the odd man out than was
used previously. Thus, this measure assesses reasoning
and set shifting abilities.

Statistical Methods
Mixed-model repeated-measures ANOVAs were com-

puted to examine the effect of presenting the to-be-
remembered word list in semantically related blocks on
list acquisition (trials 1–5) and retention over time (trial 5,
20-minute delayed recall, and 1-week recall). For each
analysis, condition (i.e., blocked vs. unblocked presenta-
tion) and trial were treated as within-subject factors, and
condition order (i.e., blocked first vs. unblocked first) and
age group were between-subject factors. A repeated-
measures model also was computed to examine the se-
mantic cluster ratio, again treating condition as a within-
subject factor and condition order and age group as
between-subject factors. Power to detect group differences
assuming an alpha value of 0.05 and a large effect size
was estimated at 0.86.

Bivariate correlations and linear regression analyses
were performed to examine associations between recall
performance and nonmemory measures. Cognitive corre-
lates of total immediate recall (trials 1–5), 20-minute de-
layed recall, 1-week delayed recall, and semantic cluster
ratio for recall trials 1 through 5 were assessed. Composite
measures of working memory, abstract reasoning, and
word finding ability were used as independent variables.
The composite measures were computed by summing raw
scores on the tasks used to assess each of these cognitive
domains as described previously, with the exception of
WAIS-R Similarities subtest, for which the scaled score
was used. For each analysis, age group (dummy coded)
and list condition were entered in the regression model
first, and the nonmemory measures were then added in a
single block. As a follow-up analysis, the same regres-
sions were repeated using a forward stepwise procedure,
allowing the nonmemory measures to compete for inclu-
sion in the model after age and list condition.

RESULTS

Recall data are presented in Table 2. A repeated-
measures ANOVA of recall across the five acquisition
trials revealed significant main effects for age group
[F(2,65) � 27.46; p < 0.0001], list condition [(F(1,65) �
60.39; p < 0.0001], and trial [F(4,260) � 376.28; p <
0.0001] but no main effect of condition order [F(1,65) �

0.07; p �0.80]. Young subjects acquired more words than
younger-elderly subjects and older-elderly subjects, and
younger-elderly subjects acquired more words than older-
elderly subjects. Participants recalled more words on the
blocked condition than on the unblocked condition, and
recall improved on each successive trial. Contrary to our
predictions, however, there was no significant group-by-
condition interaction; all interaction effects were nonsig-
nificant. Because the scores of young participants ap-
proached the ceiling by the third acquisition trial, this
analysis was repeated examining acquisition only across
the first three trials. Results were similar, again yielding a
significant main effect for age [F(2,65) � 28.25; p <
0.0001], list condition [(F(1,65) � 55.36; p < 0.0001],
and trial [F(2,130) � 356.47; p < 0.0001] but no main
effect of condition order and no significant interactions.

A repeated-measures ANOVA comparing recall from
trial 5 and the 20-minute and 1-week delayed recall trials
also revealed significant main effects for age group
[F(2,65) � 39.55; p < 0.0001], list condition [F(1,65) �
54.32; p < 0.0001], and trial [F(2,130) � 382.62; p <
0.0001] but no main effect of condition order [F(2,65) �

TABLE 2. Test scores on verbal recall measures for the
three participant groups by list condition

Unblocked
presentation*

Blocked
presentation*

Trial 1
Young 8.41 ± 0.46 9.73 ± 0.46
Younger-Elderly 5.88 ± 0.48 7.21 ± 0.48
Older-Elderly 5.03 ± 0.47 6.28 ± 0.46

Trial 2
Young 11.56 ± 0.47 14.23 ± 0.53
Younger-Elderly 8.93 ± 0.49 10.52 ± 0.55
Older-Elderly 7.83 ± 0.48 9.57 ± 0.53

Trial 3
Young 13.48 ± 0.51 15.11 ± 0.51
Younger-Elderly 10.58 ± 0.53 11.88 ± 0.53
Older-Elderly 9.23 ± 0.51 10.56 ± 0.52

Trial 4
Young 13.78 ± 0.53 15.65 ± 0.54
Younger-Elderly 11.09 ± 0.56 12.60 ± 0.57
Older-Elderly 10.02 ± 0.54 10.96 ± 0.55

Trial 5
Young 14.35 ± 0.47 15.79 ± 0.45
Younger-Elderly 11.79 ± 0.49 13.25 ± 0.47
Older-Elderly 10.51 ± 0.47 12.04 ± 0.45

20-minute delayed recall
Young 13.98 ± 0.68 15.21 ± 0.61
Younger-Elderly 9.53 ± 0.71 11.98 ± 0.63
Older-Elderly 7.97 ± 0.69 9.61 ± 0.61

1-week delayed recall
Young 9.85 ± 0.53 11.40 ± 0.61
Younger-Elderly 3.98 ± 0.55 6.06 ± 0.64
Older-Elderly 3.13 ± 0.53 4.69 ± 0.62

Semantic cluster ratio (trials 1–5)
Young 2.36 ± 0.17 3.71 ± 0.12
Younger-Elderly 1.74 ± 0.17 3.12 ± 0.13
Older-Elderly 1.36 ± 0.17 3.03 ± 0.13

*Values are estimated marginal means ± SEM.
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0.01; p �0.93]. Young subjects retained more words than
younger-elderly subjects and older-elderly subjects, and
younger-elderly subjects retained more words than older-
elderly subjects. Participants retained more words from
the blocked condition than from the unblocked condition,
and recall declined on each successive trial. There was a
significant trial-by-age interaction: decline in recall from
trial 5 to 20-minute delayed recall was greater for older
age groups than for young participants. Again, however,
there was no significant age-by-condition interaction.

The ANOVA examining the semantic cluster ratio also
yielded significant main effects for age group [F(2,65) �
14.47; p < 0.0001] and list condition [F(1,65) � 175.88;
p < 0.0001] but no main effect of condition order or a
group-by-condition interaction. Overall, young subjects
used semantic clustering more than younger-elderly sub-
jects or older-elderly subjects, although younger-elderly
subjects and older-elderly subjects did not differ signifi-
cantly. Across groups, the semantic cluster ratio was
higher when the list was presented in blocked format.

Mean scores for the three age groups on the non-
memory measures are presented in Table 3, and bivariate
correlations between memory and nonmemory measures
are presented in Table 4. Word finding ability as assessed
by the Boston Naming Test and category fluency was
more strongly associated with recall measures than either
working memory or abstract reasoning ability. Regression
analyses revealed that word finding ability was the only
significant cognitive predictor of total immediate recall
across the five acquisition trials, retention from trial 5 to
20-minute and 1-week delayed recall, and use of semantic
clustering (Table 5). Working memory and abstract reason-
ing abilities did not significantly contribute to the regres-
sion models. Similarly, when the three composite cogni-
tive scores were allowed to compete for entry in a forward
stepwise regression procedure, word finding was the only
factor to enter the regression model (results not shown).

DISCUSSION

We hypothesized that when processing demands were
minimized by presenting the target word list to subjects

with items already blocked into their semantic categories,
performance would improve disproportionately with in-
creasing age. Contrary to our prediction, however, elderly
participants in our study did not benefit differentially from
the blocked presentation of the to-be-remembered word
list; rather, the relative benefits of blocking on clustering
and recall measures were comparable across the three age
groups. To the extent that presenting words in blocked
format minimized burden on information processing re-
sources, the lack of a significant group-by-condition in-
teraction suggests that an age-associated decline in pro-
cessing resources is not the primary cause of the decreased
use of semantic clustering and lower levels of recall ob-
served in older individuals. Results of correlation and re-
gression analyses also suggest that information processing
capacity, at least as it is assessed by our tests of working
memory, is not the cognitive ability most strongly associ-
ated with performance on recall measures. Scores on
memory measures were more strongly associated with
tests of word finding ability than with performance on
measures of working memory or abstract reasoning.

Performance on tests of naming and verbal fluency, like
recall memory, declines with age (27). It is unknown
whether decline in one ability precedes decline in the other
or if both memory and language abilities decline simulta-
neously. Unfortunately, the correlational nature of the data
in the current study precludes determination of a causal
relation, if any, between these cognitive abilities. Numer-
ous studies have suggested that the structure of semantic
knowledge breaks down in patients with Alzheimer dis-
ease (AD) (28–33). Less is known, however, about
changes in semantic networks with normal aging. Chan
and colleagues (29) determined that the organization of
semantic knowledge in patients with AD differed from
that of healthy elderly control subjects, suggesting that a
qualitative change occurs in the semantic network of pa-
tients with AD. Similarly, there may be subtle, perhaps
quantitative, changes in the structure of semantic knowl-
edge associated with the normal aging process. Results of
the current study suggest that semantic knowledge is
strongly associated with recall memory. Nevertheless, it
remains to be determined whether these cognitive skills

TABLE 3. Mean (SD) test scores on nonmemory tests for the three participant groups

Young Younger-Elderly Older-Elderly

Digit span forward (raw score) 10.50 (1.89) 8.04 (2.27) 7.25 (1.80)
Digit span backward (raw score) 8.87 (2.11) 6.61 (1.88) 6.46 (2.17)
Digit subtraction span (raw score) 8.92 (2.26) 6.04 (2.40) 5.50 (1.82)
Digit recordering (raw score) 6.00 (1.44) 4.65 (1.47) 4.33 (0.96)
Category fluency (sum over three trials) 59.18 (10.48) 49.47 (11.89) 45.38 (11.42)
Boston Naming Test (total correct) 14.18 (0.60) 14.18 (1.33) 12.71 (2.49)
Odd-Man-Out (total correct) 39.58 (0.58) 33.04 (7.72) 31.04 (5.41)
WAIS-R Similarities (scaled score) 13.38 (3.03) 10.78 (4.34) 10.79 (3.83)

WAIS-R, Wechsler Adult Intelligence Scale–Revised.
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are independent, or alternatively, whether capacity in one
domain underlies ability in the other.

Although verbal fluency was classified as a measure of
language ability for these analyses, performance on verbal
fluency tasks also is associated with executive function-
ing, specifically with the ability to initiate and maintain a
systematic search strategy. Thus, it is possible that execu-
tive functioning rather than semantic facility accounted for
the correlation between recall measures and word finding
ability. Results from Bryan and colleagues (19), however,
argue against this. These authors found no significant cor-
relation between measures of letter fluency, which also
requires initiation and maintenance of a retrieval strategy,
and word list recall. Alternatively, the observed associa-
tion between semantic ability and recall measures may be
unique to the specific memory measure used in this inves-
tigation, that is, a word list structured within semantic

categories. If the opportunity for clustering is not readily
available (as with a list of unrelated words), semantic
skills may have less impact on recall performance. Use of
an unrelated list, however, precludes the examination of
semantic clustering as an encoding strategy.

Learning and remembering a supraspan word list is a
cognitively complex task that requires multiple cognitive
resources, including attention and executive functions
(e.g., attending to the target stimuli and inhibiting irrel-
evant information, planning and initiating an encoding/
recall strategy), language comprehension, semantic asso-
ciation, and, obviously, the ability to consolidate and
retain new information. Thus, poor memory performance
can be the result of a deficiency in any number of cogni-
tive domains. In her review of memory and aging, Light
(9) discussed four theories that have been proposed to
explain age-related declines in memory abilities. Briefly,
these four theories were failures of metamemory (e.g.,
poor understanding of task demands and appropriate strat-
egies, poor self-monitoring of memory performance, lim-
ited self-efficacy), poor semantic processing (e.g., failure
to use elaborative associative processing that increases
depth of encoding), impairment of deliberate recollection
(i.e., inability to deliberately retrieve information that
more indirect measures successfully access), and reduced
processing resources (e.g., decreased attentional or work-
ing memory capacity, cognitive slowing). Additionally,
executive dysfunction clearly could have an impact on
memory performance, because planning, strategizing, and
inhibiting irrelevant information are requisite skills for
optimal memory performance. It is unlikely that any
single theory or deficiency in any circumscribed ability is
sufficient to explain the robust finding of declining

TABLE 4. Bivariate correlations (Pearson-score) between recall and nonmemory measures for
young, young-old, and old-old participants

Trial 1–5
(Bl)

Trial 1–5
(Un)

20-minute
recall
(Bl)

20-minute
recall
(Un)

1-week
recall
(Bl)

1-week
recall
(Un)

Semantic
clustering

(Bl)

Sematic
clustering

(Un)

Young
Abstract Reasoning 0.33 0.27 0.09 −0.03 0.05 0.21 0.17 0.14
Word Finding 0.57 0.63* 0.58 0.61* 0.29 0.33 0.39 0.31
Working Memory 0.23 0.30 0.13 0.18 0.01 0.22 0.16 0.07

Younger-Elderly
Abstract Reasoning 0.49* 0.11 0.30 0.28 0.42* −0.16 0.52* −0.03
Word Finding 0.68† 0.31 0.72† 0.43 0.62† 0.01 0.61† 0.06
Working Memory 0.53† 0.14 0.18 0.15 0.08 −0.39 0.26 −0.35

Older-Elderly
Abstract Reasoning 0.31 0.30 0.35 0.03 0.26 −0.03 0.31 −0.24
Word Finding 0.57† 0.68† 0.54* 0.65† 0.75† 0.50* 0.61† 0.51*
Working Memory 0.30 0.45* 0.15 0.26 0.45* 0.34 0.26 0.17

Bl, Blocked condition: stimuli presented in semantically blocked categories; Un, Unblocked condition: stimuli
presented with words semantically intermixed.

*p <0.05.
†p <0.01.

TABLE 5. Nonmemory correaltes of recall performance*

Outcome Model � p-value R2

Total recall Abstract reasoning 0.03 0.69 0.65
Trials 1–5 Working memory 0.16 0.08 —

Word finding 0.42 <0.0001 —
20-minute delayed recall Abstract reasoning 0.00 0.96 0.57

Working memory −0.01 0.96 —
Word finding 0.51 <0.0001 —

1-week delayed recall Abstract reasoning 0.00 0.99 0.64
Working memory −0.16 0.09 —
Word finding 0.37 <0.0001 —

Semantic cluster ratio Abstract reasoning 0.08 0.39 0.61
Working memory −0.07 0.47 —
Word finding 0.28 <0.001 —

*Age group and list condition were entered in each regression model
first; then, the nonmemory measures were added in a single block.
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memory ability with increasing age. Although our para-
digm was designed as a test of the resource-reduction
hypothesis of cognitive aging, the obtained results lend
support to the hypothesis that semantic abilities are an
important cognitive correlate to verbal memory perfor-
mance. Performance on recall measures was consistently
more strongly associated with word finding and word gen-
eration than with working memory or abstract reasoning
ability.

Several aspects of the study design limit somewhat the
conclusions that can be made from these data. First, it was
assumed that when the to-be-remembered word list was
presented in blocked format, the categories would be more
apparent and that participants would therefore be more
likely to cluster the words during recall. Nevertheless,
because the participants were not instructed to try to cat-
egorize the words, we cannot be certain to what extent
variability in clustering was due to cognitive constraints
(e.g., limited processing resources, degraded semantic net-
work) or strategy selection. Thus, cohort differences in
recall may have been secondary to differences in selection
of encoding strategy. Second, the sample size in this study
provided sufficient power to detect a large effect size, and
significant age effects were observed when comparing
young, young-old, and old-old subject groups on learning
across the five acquisition trials, retention over time, and
use of semantic clustering. Power was not sufficient, how-
ever, to detect a relatively modest effect such as might be
suspected for the group-by-condition interaction. Never-
theless, examination of group mean recall performance
across the two conditions (see Table 2) yields no sugges-
tion of a differential benefit of blocking for any age group.
Thus, it seems unlikely that this null finding resulted from
lack of statistical power.

CONCLUSION

In summary, results suggest that level of recall of a
semantically related word list and use of semantic clus-
tering as an encoding strategy are associated more
strongly with word finding ability than with processing
resources, at least as assessed by measures of working
memory capacity. The design of this investigation pre-
cludes definitive conclusions about the relation between
age-associated changes in semantic knowledge and recall
memory performance; however, further investigation
seems warranted.
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