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Abstract
Approximately 2,500 adults (ages 18–97) completed multiple study-test trials of a list of unrelated
words. Consistent with past research, females outperformed males in the recall task. To assess
whether sex differences in recall performance were attributable to differences in acquiring and/or
retaining information, the data were analyzed at the individual item level to distinguish gains (i.e.,
items not recalled on Trial n that were recalled on Trial n+1) and losses (i.e., items recalled on Trial
n that were not recalled on Trial n+1). Being a male, increased age, lower verbal episodic memory
ability, and lower vocabulary ability were associated with smaller gains and greater losses. Even
when controlling for the influence of other individual difference variables, being a male was still
associated with fewer gains across the majority of trials. These results suggest that one factor
contributing to sex differences in recall performance are differences in acquiring new items rather
than differences in retaining information across trials.
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Introduction
Many researchers have demonstrated that females tend to outperform males on verbal memory
tasks, while males tend to show superior performance to females on visuospatial tasks (e.g.,
de Frias, Nilsson, & Herlitz, 2006; Herlitz, Lovén; Thilers, & Rehnman, 2010; Herlitz, Nilsson,
& Bäckman, 1997; Herlitz & Rehnman, 2008; Lewin, Wolgers & Herlitz, 2001). However,
the female advantage on verbal materials is dependent on the type of memory assessment.
Specifically, females tend to recall more items on verbal episodic memory tests, but sex
differences are not evident on other forms of memory such as priming and semantic memory
(Herlitz et al., 1997). Multitrial verbal learning tasks, in which participants receive multiple
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study-test trials of the same items, are a common method for assessing sex differences in verbal
episodic memory, and females recall more items than males in these types of tasks (e.g.,
Bleecker, Bolla-Wilson, Agnew, & Meyers, 1988; Bolla-Wilson & Bleecker, 1986; Geffen,
Moar, O’Hanlon, Clark, & Geffen, 1990; Kramer, Delis, & Daniel, 1988; Van Der Elst, Van
Boxtel, Van Breukelen, & Jolles, 2005). While previous research on sex differences in
multitrial verbal learning has focused on the mean level of recall performance, the rationale
for the current project was that it may be informative to examine changes at the level of
individual items to determine whether sex differences in overall performance are primarily
associated with differences in acquiring new items, or with differences in retaining previously
recalled information. For example, two individuals could show the same overall mean increase
in performance across successive trials, but in one case it is because there are large gains but
also some losses, whereas in another case it is because there are modest gains but no failures
to remember previously recalled items. Decomposition of performance into gains (i.e., items
not recalled on Trial n that were recalled on Trial n+1) and losses (i.e., items recalled on Trial
n that were not recalled on Trial n+1) therefore has the potential to provide a more precise
depiction of the underlying mechanisms of the sex differences in multitrial verbal learning
while providing a characterization of changes in performance across successive trials.

Several studies have investigated age-related effects on multitrial verbal learning with this type
of decomposition of multitrial memory performance. For example, Davis et al. (2003) and
Dunlosky and Salthouse (1996) found that increased age was associated with fewer gains and
greater losses across successive trials, and a similar pattern of differences has been reported in
comparisons of healthy adults with Alzheimer’s patients (e.g., Moulin, James, Freeman, &
Jones, 2004; Woodard, Dunlosky, & Salthouse,1999). These studies therefore indicate that
poorer recall performance associated with normal aging and with some types of pathological
aging is associated with deficits in acquiring new information as well as declines in maintaining
previously recalled information. To our knowledge, however, no studies have decomposed sex
differences in multitrial verbal learning performance into gains and losses to assess the nature
of the female advantage in verbal memory tasks.

Because females often show superior memory performance on verbal episodic memory tests
(e.g., Herlitz & Rehnman, 2008), we were also interested in determining the extent to which
any observed sex differences in gains and losses might be partially mediated through sex
differences in a more general verbal episodic memory ability. All of the research participants
performed the Wechsler Memory Scale III (WMS-III; Wechsler, 1997b) Logical Memory test
and a paired-associates test (Salthouse, Fristoe, & Rhee, 1996) to provide measures of verbal
episodic memory. Four vocabulary tests were also administered and combined to use as an
additional predictor of performance because lower vocabulary scores have been associated
with poorer verbal recall performance (Bolla-Wilson & Bleecker, 1986).

Method
Participants

Table 1 contains the demographics of the participants classified by gender and divided into
three age groups. The data set included 1,630 females and 867 males ranging from 18 to 97
years of age from nine studies. Participants were recruited from the community through
newspaper advertisements, flyers and referrals from other participants, and had to have
completed at least a high school level of education to be eligible to participate. Increased age
was associated with greater amount of education (r = .17, p < .01), and males (coded as 0 with
females coded as 1) had significantly more education than females (r = −.08, p < .01). A 2
(Sex: Male vs. Female) × 3 (Age Group: Young, Middle, Older) ANOVA produced similar
results, with main effects of sex, F (1, 2482)1= 13.60, and age group, F (2, 2482) = 30.06,
p’s <.01. LSD post hoc tests revealed significant differences between all three age groups.
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However the Age × Sex interaction on years of education was not significant, F (2, 2482) =
2.19. Increased age was associated with somewhat lower ratings of subjective health on a scale
from 1 (excellent”) to 5 (poor), r = .16, p < .01, but there were no sex differences in the health
ratings, r = −.04, p >.05. This same pattern of results was obtained when conducting a 2 (Sex:
Male vs. Female) × 3 (Age Group: Young, Middle, Older) ANOVA on health scores, with the
only significant finding being a main effect of age group, F (2, 2491) = 18.82, p <.01. The age-
adjusted scaled scores from the WMS-III Logical Memory test (1997b) and the WAIS-III
vocabulary test (1997a) are also included in the table to indicate the representativeness of the
sample. Because the scaled scores have a mean of 10, and a standard deviation of 3, the sample
can be inferred to consist of high functioning participants, and this was evident both in the
entire sample and in each of the three different age groups.

Procedure
The participants completed the Word List Recall test of the WMS-III (Wechsler, 1997b) along
with other cognitive ability tests in a two hour session. Vocabulary ability was assessed with
the WAIS Vocabulary (Wechsler, 1997a), Picture Vocabulary (Woodcock & Johnson, 1990),
Antonym Vocabulary (Salthouse, 1993), and Synonym Vocabulary (Salthouse, 1993) tests.
Verbal episodic memory ability was assessed with a story recall task (WMS-III Logical
Memory, Wechsler, 1997b) and a paired associates task involving unrelated words (Salthouse
et al., 1996). Z-scores were computed for the Paired-Associates and Logical Memory tests,
and these scores were averaged to form a composite verbal episodic memory ability variable.
In addition, Z-scores were computed for the four vocabulary tasks and were averaged to form
a composite vocabulary ability variable.

The Word List Recall task consisted of two lists, List 1 and List B, each containing twelve
words read at a rate of approximately 1 second per word. The words in the list were presented
in the same order across trials. Immediately after hearing each list the participants recalled as
many words as they could remember in any order. Following the fourth recall trial of List 1,
the experimenter read the distracter list, List B, which the participants immediately attempted
to recall. After the participants recalled words from List B, they were asked to recall as many
words from List 1 that they could remember. Unlike Trials 1 through 4 of List 1, the
experimenter did not read the words before participants attempted to recall the words on Trial
5.

Results
Figure 1 displays the mean number of words recalled across trials by sex and age, arbitrarily
divided into three age groups. Consistent with previous multitrial verbal learning studies the
average number of words recalled increased across trials (Trials 1–4), and it decreased
following the intervening distracter list (Trial 5). Furthermore, 3 (Age Group: Young, Middle,
Older) × 2 (Sex: Male vs. Female) ANOVAs on mean recall performance revealed that
increased age and being a male was associated with fewer items recalled across all trials, F’s
> 19.87, p’s <.01. It can be seen that the functions were nearly parallel, although the age × sex
interactions were significant, in the direction of larger female advantage at older ages.

To investigate correlates of recall performance, we first computed simple correlations between
recall performance and the individual difference variables of sex, age, verbal episodic memory
ability based on the paired associates and story recall composite score, and vocabulary ability.
The simple correlations represent the relationship between one of the individual difference
variables and recall performance while ignoring the influence of the other individual difference

1Note the degrees of freedom do not equal 2491 because not all participants reported their years of education.

Krueger and Salthouse Page 3

Pers Individ Dif. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



variables, and these values are shown in the top left half of Table 2. As expected, females
(coded as 1) outperformed males (coded as 0) on every recall trial, as indicated by the positive
sex-mean recall correlations on each trial. In addition, increased age, lower verbal episodic
memory ability, and lower vocabulary ability were associated with fewer words recalled.

Because there were significant correlations among sex, age, vocabulary, and verbal episodic
memory, we were interested in examining the influences of sex and age after controlling for
vocabulary and verbal episodic memory ability. The right half of Table 2 contains the semi-
partial correlations representing the unique influence of the individual difference variable (e.g.,
sex) on the target variable (e.g., Mean Recall Trial 1) after controlling for the influence of the
other individual difference variables (e.g., age, verbal episodic memory ability, and vocabulary
ability). Sex-related effects remained on the majority of the trials after controlling for the
influence of age, verbal episodic memory ability, and vocabulary ability.

Of greatest interest were the gains and losses across successive trials computed for individual
items. Gains were measured as the proportion of items not recalled on Trial n that were recalled
on Trial n+1. For example, an individual who recalled 4 out of 12 items on Trial 1 would have
8 items that could be acquired on Trial 2. If 2 of the 8 items were recalled on Trial 2, the
individual would have a gain proportion of 0.25 (i.e., 2/8). Losses were calculated as the
proportion of items recalled on Trial n that were not recalled on Trial n+1. For example, if a
person failed to recall 2 of the 4 previously recalled items, the loss proportion would be 0.5
(i.e., 2/4). Proportional analyses were selected as our primary measure of gains and losses
instead of absolute analyses (i.e., number of items gained or lost) because absolute analyses
were subject to misleading ceiling effects in the gain measure. Specifically, since the word list
was relatively short, individuals who recalled many items on the early trials (e.g., Trial 1 and
2) had few items that could be gained on later trials (e.g., Trials 3–5).

The left half of Table 2 displays the simple correlations among gains and losses and the
individual difference variables. Being a male was associated with a smaller proportion of
intertrial gains and greater losses across trials, with the exception of losses between Trial 1 and
Trial 2. The proportional analyses also revealed that increased age, lower verbal episodic
memory ability, and lower vocabulary ability were associated with smaller gains and greater
losses across trials.

Similar to the mean recall analyses, simultaneous regression analyses were conducted to
examine the unique associations between the individual difference variables and gains and
losses. Statistically independent relations of sex were observed for gains, but the majority of
the sex differences on losses were no longer significant after controlling for verbal episodic
memory ability, vocabulary ability, and age. Interestingly, even when verbal episodic memory
ability was controlled, there were still unique age-related effects on both gains and losses.

In order to examine the robustness of the results, the analyses on the gains and loss variables
were repeated using absolute numbers instead of proportions. To minimize artifacts attributable
to potential ceiling effects in the gains measure, absolute analyses were restricted to participants
who recalled nine items or fewer on the third recall trial (N = 923). The results of these analyses
are reported in the bottom of Table 2. Notice that although the magnitudes of some of the
relations were smaller with the absolute measures, the qualitative pattern was similar to that
with the proportion measures and there was still a significant female advantage in the absolute
number of gains from Trial 3 to 4 and no significant sex differences in the absolute number of
losses across any trials. These results are therefore consistent with the conclusion that sex
differences appear to be largely manifested through differences in gaining new items across
trials.
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A final analysis was conducted in order to assess whether sex differences are more pronounced
among individuals at different levels of performance. The procedure consisted of computing
Z-scores for the sum of Trials 1–4, partialling the influence of age from the z-scores, and then
determining the values of these age-partialled residuals at successive percentiles separately for
males and females. Figure 2 portrays the relation between performance at each percentile for
females as a function of performance for the corresponding percentile for males. The interesting
information in this type of plot are the parameters of the regression equation, as the intercept
indicates the baseline difference between the two groups, and a slope different from 1.0
indicates that the group differences vary as a function of the level of performance. As displayed
in the figure, the intercept was .27, indicating an overall advantage for females. However, the
slope of .90 was significantly less than 1, which means that the female advantage was smaller
among the highest performing individuals. That is, application of the regression equation leads
to a predicted advantage (i.e., deviation above the positive diagonal) of .41 for females among
individuals performing at the 10th percentile of their respective distributions, but to a predicted
advantage of .18 for individuals performing at the 90th percentile of their respective
distributions. Thus, as depicted in the figure, at higher percentiles there was less deviation from
the diagonal, which indicates that sex differences are smaller among the highest performing
individuals. Follow up correlational analyses indicated that individuals performing at higher
percentiles were more educated, r = .16, and had higher self-reported health, r = −.10, p’s < .
01.

Discussion
The results reported above are consistent with previous research documenting that males recall
fewer words than females in verbal memory tests (e.g., Bleecker et al., 1988; Bolla-Wilson &
Bleecker, 1986; Geffen et al., 1990). Sex differences were still apparent on most of the recall
trials after controlling for the influence of age and vocabulary ability. A novel finding in the
current study was that unique sex differences were apparent even when controlling for a broad
episodic verbal memory ability based on the average Z-scores of paired associates and story
recall tests. Overall, these results suggest that sex differences in verbal recall performance are
not simply attributable to differences in broad verbal episodic memory or level of vocabulary
abilities. Furthermore, another novel aspect was that the observed sex differences in recall
performance were smaller among the highest performing individuals. This finding is intriguing
because it implies that whatever is responsible for the sex difference may interact with the level
of ability of the individual.

The primary goal of the current study was to decompose the sex differences in multitrial recall
into gains and losses, which to our knowledge has not previously been done. Our results
replicated those of prior studies which have found adult age differences in both gains and losses
(Davis et al., 2003; Dunlosky & Salthouse, 1996). With the exception of losses from Trial 1
to Trial 2, males were found to have smaller across-trial gains and larger across-trial losses
than females.

Higher vocabulary ability has been associated with better recall performance (Bolla-Wilson &
Bleecker, 1986), and our results are consistent with this finding. The decomposition of the
word recall performance indicated that higher vocabulary was primarily associated with an
advantage in retention of information, such that higher-vocabulary individuals lost fewer items
across trials.

Since sex differences in verbal learning, particularly in across-trial gains, were independent of
other individual difference variables, the question arises as to what is responsible for these
differences? One possibility is that sex differences in recall performance are due to differences
in organization of the to-be-remembered information. For example, females have been reported
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to be more likely to use semantic clustering in multitrial verbal learning tests with categorized
word lists (Kramer et al., 1988). However, when controlling for verbal intelligence these same
researchers did not find sex differences in clustering by item position, which is the most
plausible type of organization with the repeated lists of unrelated words used in the current
study.

Another potential explanation for the sex differences may involve differences in item-specific
processing because intertrial gains have been attributed to this type of processing (See Mulligan
& Lozito, 2004, for a review). It is therefore possible that females, to a greater extent than
males, may attend to more attributes of specific items (e.g., rhymes or semantic associates of
the words), which may facilitate across trials gains. Further, in tests of verbal learning females
tend to show more cerebral blood flow in the left temporal pole, an associative cortex region
postulated to be involved in sensory integration and knowledge representations (Ragland,
Coleman, Gur, Glahn, & Gur, 2000). Other neuroimaging evidence also indicates sex
differences in regional activation, with increased relative glucose metabolic rate (rGMR) in
BA 12 being associated with better verbal memory performance in females in a multitrial
learning task, while males showed an increase in BA 24 (Hazlett et al., 2010). Nyberg, Habib,
and Herlitz (2000) have noted sex differences near BA 44/45 in verbal episodic memory tests.
It is therefore possible that differences in activation across the frontal lobe in varying BA
regions may help to potentially explain the sex differences in multitrial verbal learning tasks.

In addition to sex differences in regional activation, researchers have also noted differences in
brain structure (e.g., Chen, Sachdev, Wen, Anstey, 2007; Leonard et al., 2008; Sullivan,
Rosenbloom, Desmond, & Pfefferbaum, 2001), and there appears to be a link between brain
matter volume and multitrial verbal learning performance. Specifically, Gur et al. (1999)
demonstrated that females had a higher percentage of gray matter volume while males had a
higher percentage of white matter volume, but interestingly a comparison of the slope of the
regression line on white matter volume indicated that increased white matter in females was
associated with better verbal learning performance. The authors suggested that more
somatodendritic tissue in the gray matter allowed for greater connectivity among neurons, with
females more efficiently using their available white matter, possibly contributing to better
verbal task performance. Likewise, Luders et al. (2004) have also demonstrated anatomical
sex differences in brain structure, with females displaying more complexity in frontal and
parietal regions of the brain compared to males. In light of the studies indicating sex differences
in regional activation within the frontal lobe (e.g., Hazlett et al., 2010; Nyberg et al., 2000),
the finding that sex variations in complexity within the frontal regions of the brain may warrant
further investigation of whether these differences are correlated with verbal episodic memory
performance.

Overall, while the underlying mechanisms for why sex differences in multitrial verbal learning
are unclear, the results from the current study suggest that the sex differences in recall
performance are primarily manifested in the efficiency of gaining new items across trials rather
than differences in retaining information. Furthermore, the results suggest that the sex
differences are smaller among the highest performing individuals.

It is important to note that males may encode information to the same extent as females but
fail to retrieve the information at the time of test, or males may encode fewer items when
studying. Although it is not possible to determine whether the sex differences are primarily
attributable to encoding or to retrieval differences in this study, our results suggest that sex
differences in multitrial learning studies are not due to males failing to retain information across
trials but rather are manifested in the gain of fewer new items. The discovery that sex
differences are larger among lower performing individuals is also intriguing and worth
pursuing in future research.
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Figure 1.
Number of words recalled across trials by sex and age, arbitrarily divided into three groups,
with standard error bars.
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Figure 2.
Percentile plot for recall residuals by sex.
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