
Working Memory in the Oldest-Old: Evidence from Output Serial
Position Curves

Emily M. Elliott,
Louisiana State University

Katie E. Cherry,
Louisiana State University

Jennifer Silva Brown,
Louisiana State University

Emily A. Smitherman,
Louisiana State University

S. Michal Jazwinski,
Tulane University School of Medicine

Qingzhao Yu,
Louisiana State University Health Science Center

Julia Volaufova, and
Louisiana State University Health Science Center

for the Louisiana Healthy Aging Study*

Abstract
We examined adult age differences in short-term and working memory performance in middle-
aged (45–64 years), young-old (65–74 years), old-old (75–89 years) and oldest-old adults (90
years and over) in the Louisiana Healthy Aging Study. Previous research suggests that measures
of working memory are more sensitive to age effects than simple tests of short-term memory
(Bopp & Verhaeghen, 2005; Myerson, Emery, White, & Hale, 2003). To test this hypothesis, we
examined output serial position curves of recall data from three span tasks: forward and backward
digit span and size judgment span. Participants’ recall patterns in the size judgment span task
revealed that the two oldest groups of adults showed the largest decreases in recall performance
across output serial positions, but did not differ significantly from each other. Correlation analyses
indicated the strongest negative correlation with age occurred with the size judgment span task.
Implications of these findings for understanding strategic processing abilities in late life are
discussed.
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In the year 2009, the number of people in the United States aged 65 or older accounted for
13% of the population (or 39 million people). This number is projected to grow to 20% of
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the population by the year 2050 (or 88.5 million; US Census, 2009). Recent demographic
trends also indicate major increases in the segment of the population whose age falls into the
category of “oldest-old,” yet research into the cognitive capabilities of individuals is limited
(Bäckman, Small, Wahlin, & Larsson, 2000). Focusing research efforts on the oldest
segment of the adult population is therefore an important challenge for psychology.

In recent years, there has been increasing interest in the role of working memory (WM) as a
critical component of adult cognition (Babcock & Salthouse, 1990; Bopp & Verhaeghen,
2005). WM is considered an active portion of the memory system; it is “a temporary storage
system under attentional control that underpins our capacity for complex thought”
(Baddeley, 2007, p. 1). A number of important cognitive functions have been linked to WM
processes. For example, the link between WM and reading comprehension is well-
established (Daneman & Carpenter, 1980), as well as the relationship of WM and general
fluid intelligence (Salthouse & Pink, 2008; Gray, Chabris, & Braver, 2003). Given the
importance of WM to cognitive functioning, age-related differences have been investigated
to improve our understanding of the causes of decline in WM performance (Craik &
Bialystock, 2006; Dobbs & Rule, 1989). The current study continued in this line of research
by conducting an in-depth investigation of adult age differences in three measures of
memory span, and extended previous research by including a large number of participants
who fall into the age category of oldest-old (90 + years of age).

Researchers investigating the causes of age-related differences in WM have proposed
several views, including single mechanism views (such as processing speed declines, e.g.,
Salthouse, 1996) and multiple mechanism views (such as dynamic contextual control and
output forgetting, e.g. Maylor, Vousden, & Brown, 1999). The work ofMaylor et al. (1999)
was interpreted within the broader framework of a frontal-function hypothesis, given the
large role of the frontal cortex in controlling behavior and its links to WM performance
(Engle, 2001). Older adults may be more likely to suffer from changes in functioning of the
frontal lobes, which leads to decreased executive functioning abilities (Myerson, Emery,
White, & Hale, 2003). This change may also be interpreted in terms of the increased
cognitive load that results from tasks requiring the coordination of processing and storage
(see Barrouillet, Bernardin, & Camos, 2004, for a discussion of cognitive load).

One matter of theoretical and practical importance concerns the assessment of the constructs
of short-term and working memory. In particular, measurement practices have varied, with
some researchers using simple span tasks requiring only repetition of items, such as the
forward digit span task, and others using more complex span tasks requiring additional
processing along with repetition, such as the backward digit span task (see Unsworth &
Engle, 2007, for a discussion). Recent research suggests that both forward and backward
digit span tasks can be used to effectively assess WM (Shelton, Elliott, Hill, Calamia, &
Gouvier, 2009) in a sample of college-aged adults; however, the use of simple and complex
span tasks with older adults, especially those older than 90 years of age has not been
undertaken to date.

Additionally, the use of serial position information has been central in the development of
current theoretical views of working memory (Baddeley, 2007). Researchers examine the
performance on each individual item within a list in a memory span task to look for
trademark patterns of primacy (improved performance at the beginning of a list) and recency
(improved performance at the end of a list). Examining serial position curves in recall can
provide additional information about strategic processes that participants may engage in
during a task. Very little research exists examining output serial order information in older
adults (e.g., Golomb, Peelle, Addis, Kahana, & Wingfield, 2008; Maylor et al., 1999), and
even less research exists investigating this important component of memory functioning in
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the oldest-old. In the Golomb et al. study, younger and older adults’ free and serial recall of
uncategorized word lists was examined. They found that older adults (M = 73 years) showed
greater declines in serial recall performance than the younger adults (M = 20 years). Follow-
up analyses examining the positions of the recalled items, relative to other items in the lists,
revealed that older adults were less able to utilize order information. One specific example
of this was that the contiguity effect differed by age; in free recall, younger adults tended to
recall items together when these items had been originally presented together. Golomb et
al.’s detailed analyses of order demonstrated that older adults have greater difficulty
utilizing temporal context information, and furthermore, that older adults may try to rely on
semantic information even when it is not helpful. However, the older adults were younger
than the oldest group in the current sample, and further investigation of these issues with an
older group is needed to reveal new information about the use of order information in very
late life.

The primary objective of the current research was to provide new evidence on the strategic
processing abilities of very old adults. In particular, we examine hypotheses regarding age
sensitivity in three different span tasks; we used both forward and backward digit span tasks,
and the size judgment span task (SJS; Cherry, Elliott, & Reese, 2007) to evaluate WM
performance. In the SJS task, participants heard items spoken aloud, and were asked to
recall them in order of physical size, from smallest to largest. The items included were
everyday, concrete objects and animal names that were chosen for the ease with which a
visual image could be created, thus allowing participants of varying educational and
socioeconomic backgrounds to participate in the task (see also Cherry & Park, 1993).
Important to consider within the SJS task was that, different from many WM measures that
include both storage and processing concurrently, the processing demands most likely
occurred after the items were been presented. Although it was possible that participants
could try to encode new items while concurrently beginning the process of reordering them,
this process would be increasingly difficult to manage as list length increased. Thus,
particularly for longer list lengths, it seemed reasonable to assume that participants encoded
the list of items, and then engaged in a process of reordering them prior to beginning recall.
This process is similar to other tasks involving reordering of items, such as backward digit
span or Letter-Number Sequencing tasks that are commonly included in the Wechsler Adult
Intelligence Scale versions of assessment (Wechsler, 1997; see also Myerson et al., 2003).
This property of the SJS task may place it at an intermediate level of difficulty between
simple span tasks and more complex span tasks involving concurrent storage and processing
demands (see the meta-analysis by Bopp & Verhaeghen, 2005), which makes it appropriate
for use with the oldest-old segment of the population. Furthermore, this reordering of the
items may be different from other types of tasks that involve separate item and order
information, in which deficits in temporal context have been found with increased age
(Hartman & Warren, 2005; Maylor et al, 1999).

The current focus on output serial position effects within both simple repetition and
reordering tasks appears to be the first of its kind, especially with the inclusion of a large
number of individuals 90 years of age and older. Given the known changes in WM
performance over the lifespan, we hypothesized that significant age group differences would
emerge, with the largest decreases in performance occurring in the oldest-old group. On the
assumption that all three span measures tap into the global construct of WM (see Unsworth,
Spillers, & Brewer, 2010; Shelton et al., 2009), this prediction should hold true across the
three span measures included here. However, if forward digit span is less resource
demanding than the other two span measures (i.e., backward digit span and SJS), then one
might expect to observe no significant age differences in the forward digit span task, but age
group differences in the other two measures. Alternatively, previous research indicates that
older adults have shown declines in temporal context information, and that this type of
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information may be more sensitive to age than other types of associative memory (Hartman
& Warren, 2005). Furthermore, research using the n-back paradigm demonstrated that these
declines in temporal context affected performance on the n-back task to a greater degree
than probable declines in item information (as assessed through item recognition and
responses to lures; McCabe & Hartman, 2008). As mentioned earlier, the demands of the
SJS task required that a participant be able to retain item information and then separate this
information from the original order information to be able to report the items back in terms
of their physical size. Thus, it is possible that older adults would rely upon item information
and semantic knowledge, which do not show the same age-related declines as temporal
order information, when performing the SJS task. In this case, the differences across the age
groups may be less pronounced than in other types of WM tasks (such as complex span
tasks; Lustig, May, & Hasher, 2001; McCabe & Hartman, 2003).

The current research investigated adult age differences in memory for temporal order using
three tasks, which vary in level of difficulty. The forward digit span task is a simple
repetition task, and relies heavily upon temporal order information. The backward digit span
task also uses a small, closed set of items, and additionally requires participants to reorder
these items. Both of these tasks tap temporal order information without a large contribution
from semantic knowledge. If the oldest adults rely upon the combination of semantic and
temporal order information more heavily than their younger counterparts, we may find
poorer performance by the oldest-old adults in the forward and backward digit span tasks,
relative to the SJS task which includes semantic information. Vocabulary level is a factor to
consider when discussing the role of semantic knowledge in the SJS task. Vocabulary level,
often treated as a proxy for verbal intelligence, might be expected to play a larger role in the
SJS task than for the tasks requiring the recall of simple digits. However, vocabulary
knowledge does not show large declines across the lifespan (Cherry et al., 2008). We
included a measure of vocabulary in the current study to assess the role of verbal
intelligence in the performance of the span tasks.

Our second objective was to examine recall performance on the span tasks using multiple
methods of scoring which account for overall levels of performance and output serial
position performance. We expected that overall performance levels would differ among the
age groups, as seen in previous research using span measures and the SJS (Bopp &
Verhaeghen, 2005; Cherry & Park, 1993; Cherry et al., 2008); however, the interaction of
type of span measure and age group was of specific interest. Furthermore, detailed analyses
were conducted using output serial position in these recall tasks, and age-related differences
were evaluated using output serial position as the dependent measure (see also Maylor et al.,
1999). Based on prior research, we expected to observe a significant interaction of age group
with output serial position within each span measure. The comparison of the three types of
span tasks in this population provided an opportunity to examine the hypothesis that larger
effects of aging would emerge in the more complex tasks, relative to the simplest task (the
forward digit span task; see Bopp & Verhaeghen, 2005; Myerson et al., 2003).

Method
Participants

Participants were drawn from the Louisiana Healthy Aging Study (LHAS), an ongoing
multidisciplinary study of the determinants of longevity and healthy aging conducted in
collaboration with Louisiana State University (LSU) Agricultural and Mechanical College,
LSU Health Sciences Center in New Orleans, Tulane University, the University of Alabama
at Birmingham, and the Pennington Biomedical Research Center in Baton Rouge, LA.
LHAS participants are sampled randomly from the Voters Registration 2000 files for those
age 20 to 64 years old and from the Medicare Beneficiary Enrollment Data file of the Center
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for Medicare and Medicaid Services (CMS) for those age 65 years older and above for the
eight parishes (counties) constituting the Greater Baton Rouge community. Participants
included 48 middle aged (45–59 years), 40 young old (60–74 years), 40 old-old (75–89
years) and 90 of the oldest-old (90+ years), for a total of 218 participants. All scored at least
a 25 on the Mini-Mental State Exam (MMSE; Folstein, Folstein, & McHugh, 1975) and
were free of neurologic impairment due to stroke or other trauma to the brain at the time of
testing (see Table 1). Although participants completed a battery of tests, the current focus is
on the forward and backward digit span tasks and the SJS task (see Cherry et al., 2008, for
more details on the procedure). Participants in this study were compared on level of
education, using a collapsed version of educational attainment that reduced the categories to
two: either high school or above, or less than high school. A χ2 test of independence
revealed no significant association between educational attainment and age group, χ2 (3)=
3.69, p = 0.29

Procedure
Participants were administered a number of different measures across two sessions. The
measures of interest for the current investigation included a short form of the Wechsler
Adult Intelligence Scale Vocabulary subtest (Jastak & Jastak, 1964) and the MMSE
(Folstein et al., 1975) for a global indication of cognitive functioning, as well as the primary
measures of interest, the forward and backward digit span tasks and the SJS task.
Administration for all three tasks was stopped once a participant did not answer any
sequences correctly at a given list length, or if the participant requested that the task be
stopped.

During the forward digit span task, participants were read aloud lists of digits, and asked to
repeat them back in the same order that they were originally presented. Lists began with
three digits and two lists of each length were administered, until the length of 9 digits was
reached. The backward digit span task was administered in a similar fashion, with the
exception that participants were asked to repeat the items in backwards order from the
original presentation. Lists began at two items in length, and continued until 8 items, with
two lists at each length. In the SJS task, participants were read a list of easily-imagined
objects, and were asked to repeat them back in order of physical size, from smallest to
largest. For example, in a list length of three items, a participant might hear, “frog, piano,
hairpin” and the correct response would be “hairpin, frog, piano”. The administration of the
task began with practice sequence, two items in length. The test sequences consisted of list
lengths 2–8, with three instances of each length.

Results
The significance level was set to .05 for all analyses. Participants were first compared, using
two separate one-way ANOVAs, to assess age-related differences in performance on the
vocabulary and MMSE measures. There were no significant age differences on the
vocabulary scores (p = 0.09), but there were significant differences on the MMSE, F (3, 214)
= 15.84, MSE = 1.84 (see Table 2). This analysis was followed by a Tukey’s HSD using the
harmonic mean sample size, to correct for unequal groups. The post-hoc analysis revealed
that the oldest-old group had significantly lower MMSE scores than the three other age
groups, which did not differ. The oldest-old age group was examined more closely by
dividing the participants into groups, based on their total MMSE scores, and calculating the
mean of the SJS score for each group. The means were very similar across the range of
MMSE scores (see Appendix A) suggesting that even though the oldest-old age group had a
lower overall mean MMSE, relative to the other age groups, that performance on the SJS
task was not differentially affected across MMSE scores within this age group.
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Scoring of the three span tasks was done in two steps, to provide global and specific indices
of performance (see Table 1 for descriptive statistics). An overall span score, referred to as
the FDS Score, BDS Score, or SJS Score, was calculated by counting the number of list
lengths in which perfect recall was achieved, with an additional half a point for list lengths
in which at least one list was answered correctly (for example, all three lists at list length 2
and 3, plus one list length correct at list length 4 = span score of 3.5). The specific index of
performance, referred to as either FDS, BDS, or SJS Proportion, was calculated by giving
credit for each individual item correctly recalled, regardless of whether or not the entire
sequence was recalled correctly across the range of possible list lengths (2–9 for FDS, 2–8
for BDS and SJS). This method allowed for a proportion of correct recall to be calculated for
each sequence, by dividing the number of correctly recalled items by the total number of
items available in that sequence.

Methods of Scoring: Overall Scores
The analyses began with an age group by span measure mixed-model ANOVA to examine
the main effects and potential interaction of age group with type of span measure (see Figure
1 for the means and standard errors). This analysis revealed significant main effects of age
group [F (3, 214) = 13.33, MSE = .04, ηp

2 = .16], span measure [ F (2, 428) = 28.90, MSE
= .014, ηp

2 = .12], and a significant interaction of these two factors, [F (6, 428) = 2.75, MSE
= .014, ηp

2 = .04]. To investigate the hypothesis that the age groups will have differential
patterns of performance on the three span measures, the significant interaction was followed
by one-way ANOVAs for each task separately.

A one-way ANOVA on the overall SJS score yielded a significant age group effect, F (3,
214) = 28.78, MSE = .45. A Tukey’s HSD using the harmonic mean sample size to correct
for unequal groups revealed that the middle-aged group and the young-old groups did not
differ from each other, but that both differed from the old-old and oldest-old groups, which
also did not differ from each other. For a detailed look at the differences, the frequency
counts of each SJS score, by age group, are presented in Appendix B.

This same analysis was conducted on the overall BDS score, with a significant age group
effect, F (3, 214) = 3.31, MSE = .86. The Tukey’s HSD revealed that the means of the four
age groups differed only for the two extremes, M = 3.94 for the old-old age group and M =
4.42 for the young-old age group.

Finally, the FDS score was examined in a similar analysis, resulting in a significant age
group effect, F (3, 214) = 3.68, MSE = .96. The Tukey’s HSD post-hoc analysis indicated
that the youngest age group had a significantly higher mean score (M = 6.06) than the other
age groups, which did not differ from each other.

Methods of Scoring: Proportions
Performance across the list lengths was examined using the proportion correct scores as the
dependent measure, for the different age groups. First, results from the SJS task will be
discussed, followed by the BDS and FDS tasks. Due to floor effects at the longest list
lengths, these highest list lengths were removed from the following analyses to make the
comparison of the proportion correct measures more comparable to the “score” measures.
That is, these higher lists would not be included in the scores unless they were answered
correctly; the proportion correct measure can include one correct item within an otherwise
completely incorrect list, thus “artificially” lowering the proportion correct scores by
including the highest list lengths.

Due to floor effects at list lengths of 7 and 8 in the SJS task, these lists were dropped from
the remaining analyses. A mixed-model type ANOVA was conducted on the average
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proportion correct scores to adjust for the repeated measures on the same subject at different
list lengths. The main effects are age group, list length and we also include the age group by
list length interaction in the model. The analysis revealed significant main effects of age
group [F (3, 214) = 35.79, MSE = .08, ηp

2 = .32], list length [ F (4, 856) = 889.76, MSE = .
027, ηp

2 = .81], and a significant interaction of these two factors, [F (12, 856) = 9.74, MSE
= .027, ηp

2 = .12]. These significant findings can be described as a decrease in the mean
performance scores across both increasing age and increasing list length, with a significant
drop in proportion correct scores for the two oldest age groups at the longest list lengths (see
Figure 2A).

Similar analyses were conducted for the BDS task, and performance was very poor on the
highest list length (list length 8). The following analysis only included list lengths 2–7 (see
Figure 2B). The mixed-model type ANOVA revealed significant main effects of age group
[F (3, 214) = 2.76, MSE = .16, ηp

2 = .04], and list length [ F (5, 1070) = 645.35, MSE = .
039, ηp

2 = .75]. The interaction of these two factors was marginally significant, p = 0.07.
The change in performance across the age groups in the BDS task was similar to that
observed in the SJS task. The average BDS score decreased as the age and/or list length
increased.

The FDS task also demonstrated floor effects at the longest list length. The current analysis
includes only lists 2–8 (see Figure 2C, which begins with list length 3 due to ceiling effects
at list length 2). The results for the FDS task were very similar, revealing two significant
main effects, list length [F (6, 1284) = 994.47, MSE = .006, ηp

2 = .82], and age group [ F (3,
214) = 4.80, MSE = .24, ηp

2 = .06], with a significant interaction, [ F (18, 1284) = 1.69,
MSE = .006, ηp

2 = .02]. The reduction in overall level of difficulty of the FDS task is
observed by noting that participants continued to perform well into higher list lengths as
compared to the two previous span measures.

Output Serial Position Effects
To examine performance more closely in the SJS task, list length 4 was chosen, as it was not
constrained by either ceiling or floor effects for the different age groups (see Figure 2A).
The average of performance on each item within list length 4 was the dependent measure in
this analysis of output serial position effects (see Figure 3A). An item was scored in the
correct output serial position if it was reported in the correct order of physical size, from
smallest to largest item. A mixed-model type ANOVA accounting for the repeated measures
of SJS over the same subject with the main effects of age group, serial position and age
group by serial position interaction was conducted, revealing significant main effects of age
group [F (3, 214) = 21.60, MSE = .21, ηp

2 = .23], serial position [F (3, 642) = 72.99, MSE
= .03, ηp

2 = .25], and a significant interaction of these two factors, [F (9, 642) = 6.03, MSE
= .03, ηp

2 = .08]. This interaction was followed up with a series of repeated-measures
ANOVAs separately for each age group. Although each age group revealed a significant
main effect of serial position [middle-age, F (3, 141) = 5.31, MSE = .01, ηp

2 = .10; young-
old, F (3, 117) = 11.54, MSE = .02, ηp

2 = .23; old-old, F (3, 117) = 28.71, MSE = .04, ηp
2

= .42; oldest-old, F (3, 267) = 49.59, MSE = .04, ηp
2 = .36], follow-up pairwise comparisons

reveal that positions 1 and 2 differed significantly from positions 3 and 4 in the middle-age
and young-old age groups. All positions differed from each other for the old-old age group,
and all pairings except for the positions 3 and 4 were different in the oldest-old age group.
Thus, the pattern of output serial positions differed among the age groups, with the
exception that the two youngest groups of participants displayed the same patterns in their
output serial position curves.

The backward digit span task was analyzed at list length 5, again, to avoid ceiling or floor
effects (see Figure 2B). The serial position effects appear in Figure 3B. A mixed-model type
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ANOVA revealed a significant main effect of serial position [F (4, 856) = 99.97, MSE = .06,
ηp

2 = .32], and a significant interaction of the factors of age group and serial position, [F
(12, 856) = 1.87, MSE = .06, ηp

2 = .03]. However, the main effect of age group was not
significant (p = .41). The significant interaction was followed up with a series of repeated-
measures ANOVAs separately for each age group. The results of these analyses were
significant for each age group [middle-age, F (4, 188) = 17.17, MSE = .05, ηp

2 = .27;
young-old, F (4, 156) = 20.86, MSE = .06, ηp

2 = .35; old-old, F (4, 156) = 18.63, MSE = .
05, ηp

2 = .32; oldest-old, F (4, 356) = 70.46, MSE = .06, ηp
2 = .44]. Pairwise comparisons

revealed that each age group showed a similar pattern across the serial positions, with
positions 1 and 2 showing much higher levels of performance, and differing significantly
from all positions, whereas positions 3, 4, and 5 did not differ from each other. The oldest-
old showed the largest differences in performance at the later serial positions where only
positions 3 and 5 are not significantly different.

The forward digit span task had overall higher levels of performance, and was thus
examined at list length 7 (see Figure 2C). The serial position effects for the forward digit
span task are depicted in Figure 3C. As before, a mixed-model type ANOVA was
conducted, revealing significant main effects of age group [F (3, 214) = 3.30, MSE = .99,
ηp

2 = .04], serial position [F (6, 1284) = 30.66, MSE = .04, ηp
2 = .13], and a significant

interaction of these two factors, [F (18, 1284) = 1.63, MSE = .04, ηp
2 = .02]. Repeated-

measures ANOVA were conducted separately to examine the interaction in more depth. The
current task asked participants to listen to a sequence of digits, and to repeat them back in
forward order. Thus, one would expect to see traditional patterns of performance in recall
from the auditory modality: primacy (better recall at the beginning of the list) and recency
(better recall for the final item in the list) with poorer performance for the items in the
middle of the list. Although it is easy to note the primacy effects (see Figure 3C), the
recency effects are less clearly observed, especially in the older age groups of participants,
and the middle-aged group showed the most traditional serial position curve. This
interpretation was supported by the findings from the ANOVAs and the pairwise
comparisons. All four age groups demonstrated significant changes across serial positions,
[middle-age, F (6, 282) = 16.71, MSE = .04, ηp

2 = .26; young-old, F (6, 234) = 6.17, MSE
= .05, ηp

2 = .14; old-old, F (6, 234) = 3.41, MSE = .05, ηp
2 = .08; oldest-old, F (6, 534) =

11.97, MSE = .04, ηp
2 = .12]. The pairwise comparisons indicated that all serial positions

differed from the first position in the middle-aged group (demonstrating primacy); however
in the young-old group only positions 3, 4, and 5 differed significantly from position 1. In
contrast, the old-old age group revealed the flattest curve, with no significant differences
emerging among the 7 serial positions. Finally, the oldest-old revealed strong primacy
effects, with all but position 2 differing significantly from position 1.

Correlation Analyses
A comparison of the Scores and the Proportion measures (including the list lengths indicated
previously for each task) was conducted to address the second objective of the study which
was to determine which of these methods allowed for a stronger relationship with other
indicators of cognitive aging. For this analysis, correlations were conducted with the
multiple methods of scoring SJS, BDS, and FDS, the MMSE, and vocabulary (see Table 3).
MMSE and vocabulary scores were chosen for inclusion in the correlation analyses as
indicators of global cognitive functioning and verbal intelligence, respectively. In the first
analysis, age was included as a variable, and in the second, the correlations were conducted
with age partialled out. In terms of the level of difficulty hypothesis of the three span tasks,
the patterns of correlations suggested that the SJS, with similar outcomes for both scoring
measures, was strongly and negatively correlated with age (r’s = − 0.55 and – 0.58 for the
SJS score and SJS proportion, respectively). The other two span measures, FDS and BDS,
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had correlations with age of similar magnitudes to each other, again regardless of scoring. In
particular, the r values were − 0.23 and – 0.26 for FDS score and FDS proportion,
respectively, whereas the r values, in order, were − 0.21 and – 0.20 for BDS score and BDS
proportion. This pattern of correlations would argue against an increasing level of difficulty
as one moved from the FDS task, to BDS. It instead suggests that the demands of the SJS
task were more strongly related to differences with increased age, and the FDS and BDS
shared similar relationships to each other with age.

These relationships were explored by examining the correlations of the span tasks with the
MMSE and vocabulary scores as indicators of cognitive functioning. The MMSE total score
was strongly correlated with age (r = − 0.41), as were the measures of SJS span (r’s = 0.37
and 0.36 for the SJS score and SJS proportion, respectively). In contrast, FDS was not
correlated with MMSE, suggesting that the requirements of these two tasks differed greatly.
Furthermore, these correlations went to zero when age was partialled out. The BDS
measures shared modest, but significant correlations with the MMSE (r’s = 0.22 and 0.27 for
BDS score and BDS proportion, respectively). Finally, the relationship between vocabulary
scores and the SJS task was considered to determine if vocabulary as a proxy for verbal
knowledge contributed significantly to overall performance on the SJS task. The correlation
was positive and significant (r = .30), although this relationship was not heavily driven by
contributions of vocabulary knowledge differentially for the different age groups, given that
this relationship did not decrease much in strength when age was partialled out (rpartial = .
26). The relationship of vocabulary scores and age was not very strong overall (r = −.15).

General Discussion
Recent demographic trends reveal large increases in the percentages of the oldest members
of our society. It is increasingly important to understand the cognitive functioning of older
adults, with special emphasis placed on the oldest-old segment (those 90 + years of age).
The current study addressed this concern by conducting an in-depth analysis of performance
on three measures of memory in a sample of participants ranging in age from 45 to 96 years
of age, with a total of 90 participants in the 90 + age group. We were interested in potential
differences in strategic processing across the age groups, as well as the sensitivity of three
measures of memory span to reveal such differences.

We compared performance on three measures of memory span using both an all-or-none
scoring method, and a method that allowed for proportion correct scoring. Both scoring
methods revealed that adults had increasing difficulty with these tasks as age increased (see
Figures 2A-C). Importantly, output serial position data were examined to determine how the
demands of reordering the items in terms of their physical size would affect participants’
performance, relative to the output serial position curves of the two digit span tasks. The size
judgment span task placed additional demands upon the particpants, beyond simply
repeating the series of items. To perform this task correctly, participants had to maintain the
items during the encoding phase, and then reorder them prior to recall. The data suggested
that the oldest participants had the most difficulty with the size judgment span task, as
revealed by the overall scores, output serial position curves, and the significant, negative
correlation of the size judgment span task with age. Thus, the size judgment span task
revealed the most sensitivity to age-group differences. Our results are similar to Myerson et
al.’s (2003) findings in which the largest declines with increasing age were observed in the
Letter-Number Sequencing task, as compared to forward and backward digit span tasks. The
Letter-Number Sequencing task places similar demands on participants as the size judgment
task, in that participants must categorize the letters and numbers within the list of items
separately, and report them in their respective orders (alphabetical and numeric).
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The individual tasks were then examined in detail, using the output serial position curves as
an index of strategic processing. Typical serial position curves were not expected in the size
judgment span task, because it invovled reordering. All age groups revealed primacy effects
in the output serial position data for list length 4, and no recency. Primacy effects typically
relate to rehearsal of the items; however, in this reordering task the relationship between
input and output serial position is not always maintained. The high performance levels at
output serial position 1 indicate that the smallest item was tagged within the list, but
additional ordering by size became more difficult as the list continued, differentially for the
oldest adults.

The two younger age groups had serial position curves that remained relatively flat, while
the two older age groups had much larger drops in performance across the list items. The
marked decreases in memory of the later list items was much greater in the older two groups
of participants, suggesting that the requirements of not only retaining the items, but then
placing them in a specific order, was much more difficult for these older participants. This
pattern was reflected in the post-hoc comparisons of output serial position performance
within each age group. Interestingly, this post-hoc analysis did not show significant
differences in output serial position performance between the two oldest age groups,
suggesting that these participants may have been able to draw upon item information and
semantic associations. The use of semantic associations has shown less steep declines with
age, relative to item information (see McCabe & Hartman, 2008; Hartman & Warren, 2005).
Future research with the two oldest age groups should continue to investigate the trajectory
of the temporal context deficit. The work ofMaylor et al. (1999) supported the hypothesis of
context deficits, but did not include adults in the 90+ age range. Comparing the pattern of
performance in the size judgment span task to the backward digit span task illustrated the
differences in difficulty level of these two tasks, as a higher list length could be examined
without the problems of floor effects. Although both tasks required participants to do re-
ordering of the items, using familiar digits led to higher performance than ordering items by
their physical size. Similar findings of primacy effects emerged as with the size-judgment
span task, but the sharp differences among the four age groups were not observed. While the
recall performance of the oldest-old decreased more in the later serial positions, the pairwise
comparisons for the four age groups did not result in different patterns. All four age groups
showed primacy effects, as positions 1 and 2 differed significantly from positions 3, 4, and
5.

Finally, the forward digit span task was investigated, and revealed that this task was easier
than the other two, in terms of higher levels of performance at higher list lengths. List length
7 was examined in detail, and again, strong primacy effects were found in all age groups.
While the general bow-shaped pattern of serial recall was evident in all groups, it appeared
most clearly in the middle-aged group. The shape of the curve suggests that the middle-aged
group is relying more heavily upon rehearsal processes, while the older adults may be
employing multiple strategies to perform the task successfully. The oldest-old did not have
the lowest levels of performance across all of the list lengths in this task. The role of
experience with familiar digits, and the lower level of difficulty of the forward digit span
task may have allowed for the use of multiple strategies without major decrements in
performance across the age groups.

Taken together across the three span measures, the pattern of performance of the oldest-old
was not dramatically different than their younger counterparts. In many analyses, they
performed very similarly to the old-old age group. However, one methodological limitation
of the present research warrants brief mention. Those who participate in a multidisciplinary
study of healthy aging may be unusually high functioning. Conceivably, our results may
reflect selectivity in the direction of cognitive vitality in late life, which necessarily limits
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the generalizeability of these results. Notwithstanding the health of our oldest-old, the
MMSE scores were significantly lower in this age group, reflecting the presence of healthy
aging (see Table 2 and Appendix A). Future studies will continue to address the issues that
relate to longevity, and the potential relationship of longevity to cognitive functioning.

In conclusion, these data provided a unique window into the strategic processing abilities of
the oldest-old in three memory tasks. Examining output serial position effects allowed for a
more detailed understanding of performance, and revealed changes across serial positions
for the different age groups. The pattern of results suggested that the two younger age
groups performed similarly, and that the two older age groups performed similarly. These
data confirmed previous findings that working memory abilities decrease with increasing
age, and supported the view that changes in the use of semantic knowledge may be less
sensitive to changes with age (see McCabe & Hartman, 2008; Hartman & Warren, 2005).
Furthermore, the use of complex measures, like the size judgment span task, which required
both memory for items and a reordering of these items, proved to be the most sensitive to
age differences, whereas the forward digit span task was less sensitive. Our results replicated
similar findings in the literature when forward and backward digit span tasks have been
compared across increasing ages (Bopp & Verhaeghen, 2005; Gregoire & Van der Linden,
1997; Myerson et al., 2003), and provided support for the view of aging that includes
frontal-function deficits, or changes in executive control (Myerson et al., 2003; Maylor et
al., 1999). In addition, these patterns were shown to exist in the oldest-old.
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Appendix A

Mean SJS Scores in the Oldest-Old as a Function of the MMSE Total Score

MMSE total M of SJS Score N

25 3.55 10

26 3.31 18

27 3.60 19

28 3.68 19

29 3.64 18

30 3.75 6

Appendix B

Means and Frequency Counts of SJS Score by Age Group

Middle Age Young Old Old Old Oldest Old

2.0 -- -- -- 4

2.5 -- -- -- 3

3.0 1 1 12 22

3.5 3 4 6 18

4.0 16 18 15 35

4.5 11 7 5 6

5.0 9 6 2 2

5.5 4 2 -- --

6.0 2 2 -- --

6.5 2 -- -- --

Total 48 40 40 90

Mean 4.56 4.33 3.74 3.57
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Figure 1.
This figure depicts the average span score for each of the three span measures for each of the
four age groups. Error bars represent standard error of the mean. FDS indicates forward digit
span, BDS indicates backward digit span, and SJS indicates size judgment span.
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Figure 2.
A. This figure depicts the average of the proportion correct scores for list lengths 2–6 in the
size-judgment span task for each age group. Error bars represent standard error of the mean.
B. This figure depicts the average of proportion correct scores for list lengths 2–7 in the
backward digit span task for each age group. Error bars represent standard error of the mean.
C. This figure depicts the average of proportion correct scores for list lengths 2–8 in the
forward digit span task for each age group. Error bars represent standard error of the mean.
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Figure 3.
A. This figure depicts the average of the proportion correct scores for output serial positions
1–4 for list length 4 in the SJS task, for each age group. Error bars represent standard error
of the mean.
B. This figure depicts the average of the proportion correct scores for output serial positions
1–5 for list length 5 in the backward digit span task, for each age group. Error bars represent
standard error of the mean.
A. This figure depicts the average of the proportion correct scores for output serial positions
1–7 for list length 7 in the forward digit span task, for each age group. Error bars represent
standard error of the mean.
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Table 1

Descriptive Statistics for All Participants

Mean Range SD Skew Kurtosis Reliability

Age 76.29 45–96 16.07 −.55 −1.25 --

MMSE 28.11 25–30 1.49 −.37 − .83 .98

Vocabulary 23.99 6 – 39 7.74 −.39 − .57 .96

SJS Score 3.96 2.00–6.50 0.78 .38   .85 .82

SJS Proportion 2–6 0.65 0.11–1.00 0.10 −.28   .03 .91

BDS Score 4.12 2.00–7.00 0.94 .62   .23 .75

BDS Proportion 2–7 0.63 0.17–0.98 0.11 .19 −.46 .92

FDS Score 5.69 2.50–8.50 1.00 .10 −.16 .72

FDS Proportion 2–8 0.50 0.19–1.00 0.13 .42 −.61 .91

Note: N = 218; MMSE refers to the Mini-Mental State Exam (Folstein et al., 1975; with the test-retest reliability estimate drawn from the 28-day
comparison in the original work); Vocabulary (Jastak & Jastak, 1964, with the split-half reliability estimate drawn from the original work);
Reliability indicates Cronbach’s alpha for all other variables. SJS refers to the size-judgment span task, BDS refers to the backward digit span task,
and FDS refers to the forward digit span task. “Score” refers to the all-or-none index of performance on the span tasks, while Proportion refers to
the proportion of correct items including list lengths 2–6 for the SJS task, 2–7 for the BDS task, and list lengths 2–8 for the FDS task.
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Table 2

Mean Total MMSE and Vocabulary Scores (and Standard Deviations) by Age Group

Age Group MMSE Vocabulary N

Middle Age 28.79 (1.37) 25.33 (7.78) 48

Young Old 28.78 (1.21) 24.93 (7.79) 40

Old Old 28.23 (1.23) 25.00 (7.15) 40

Oldest Old 27.39 (1.46) 22.40 (7.80) 90
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