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Objectives. The sources of age differences in short-term memory for spatial locations were explored in 2 experi-
ments that examined factors related to input, to maintenance, and to output.

Method. In each experiment, 4 dots were presented briefly, followed after a retention interval by a probe dot,
which was judged to either match or not match one of the 4 memory-set dots.

Results and Discussion. Results showed that poorer performance by older adults could be attributed indepen-
dently to reduced visual acuity, to less effective use of rehearsal strategies, and to differences in response biases.
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GE differences in verbal short-term or working mem-

ory have been studied extensively (for reviews, see
Hoyer & Verhaeghen, 2006 and Zacks, Hasher, & Li,
2000). Age differences in visuospatial working memory
have received less attention, although some studies have
attempted to determine whether age differences are greater
or lesser in one than the other (Allen, 1991; Allen,
Kaufman, Smith, & Propper, 1998a; Jenkins, Myerson,
Joerding, & Hale, 2000; Myerson, Emery, White, & Hale,
2003; Salthouse, 1995; Schear & Nebes, 1980; Shelton,
Parsons, & Leber, 1982; Tubi & Calev, 1989; but also see
Cattaneo, Bhatt, Merabet, Pece, & Vecchi, 2008). Other
questions, too, have been asked and answered. Hartley,
Speer, Jonides, Reuter-Lorenz, and Smith (2001) demon-
strated that verbal and visual working memory, which are
dissociated in younger adults, also appear to be largely dis-
sociated in older adults. Rowe, Hasher, and Turcotte
(2008) demonstrated that proactive interference in visual
short-term memory was greater in older than in younger
adults as had been found previously for verbal working
memory (Lustig, May, & Hasher, 2001; May, Hasher, &
Kane, 1999). What have not been fully addressed are the
origins of age-related differences in visual short-term
memory. Why do older adults perform less well than
younger adults? We can identify at least three possible loci
of age differences, corresponding to differences at the
stages of input, retention, and recall. First, at input, one
possibility is that the perceptual registration of the stimulus
may be less precise. Second, during retention, older adults
may lose precise information through simple decay or
through failure to use maintenance mechanisms or opera-
tions employed by younger adults. Third and finally, at re-
call, older adults may have a different decision criterion for

how close a probed location must be to a remembered loca-
tion for a match response to be given. The three reasons are
not mutually exclusive.

Visual short-term or working memory has been studied
extensively in younger adults (for recent summaries, see
Luck, 2007 and Luck & Hollingworth, 2008). One of the
most commonly used procedures involves sequential com-
parison (e.g., Luck & Vogel, 1997). A to-be-remembered
visual display is presented, and then, after a retention inter-
val (RI), a new display is presented and the individual is
asked to determine whether the new display matches the
original display in some particular way. Allen and col-
leagues (1998b) reported the results of one sequential com-
parison experiment that explored whether age-related
differences in spatial memory reflected primarily early
stimulus-encoding stages or later processing stages. In their
Experiment 2, they manipulated the number of locations in
which a stimulus whose location was to be remembered
could appear. Older adults were more affected by an in-
crease in the number of locations than younger adults, con-
sistent with an age difference in the precision of initial
encoding. This interaction was not qualified by higher order
interactions with other manipulations, so the authors con-
cluded that there were also age differences in later stages.
Allen (1991) had previously reported that younger and
older adults did not differ in response biases that would
have been suggestive of age differences in output processes.

In an attempt to provide a more systematic and definitive
examination of the contributions of input, retention, and
output factors, we revisited the question raised by Allen and
colleagues (1998b). In the experiments reported here, we
briefly displayed four dots simultaneously as a memory set;
after a RI, we presented a probe that either matched one of

© The Author 2011. Published by Oxford University Press on behalf of The Gerontological Society of America. 435

All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.
Received August 20, 2009; Accepted February 13, 2011
Decision Editor: Elizabeth A. L. Stine-Morrow, PhD

9102 ‘2z aung uo uebIydlA Jo Aisieaiun e /Blo'seulnolpioixorABoouosehoosydAsd)/:dny wouy papeojumoq


http://psychsocgerontology.oxfordjournals.org/

436 HARTLEY ET AL.

Table 1. Participant Characteristics: Number and Mean Age, Education, Self-Rated Health, and Snellen Visual Acuity (SDs in parentheses)

n Age (years) Education (years) Rated health (1-10) Visual acuity (/20)?
Experiment 1
Younger 24 19.67 (0.96) 13.46 (0.83) 8.54 (1.22) 21.25 (5.57)
Old 24 76.11 (6.72)° 16.82 (2.86) 7.98 (1.70) 31.88 (12.75)°
Experiment 2
Younger 24 19.93 (2.15) 13.67 (1.63) 7.04 (1.43) 20.42 (3.88)
Older 22 75.34 (6.17)° 15.50 (1.92) 8.36 (0.95) 30.45 (8.99)°

2Visual acuity was determined by obtaining the individual’s complete contrast sensitivity function (Vision Contrast Test System, Vistech Consultants, Dayton,

OH) and then converting to conventional Snellen units.
b Younger and older adults differed significantly, p < .05.

the memory-set dots or mismatched by a manipulated dis-
tance. The stimuli were small dots that could appear over a
wide area of the visual display rather than characters or
symbols appearing in only seven possible locations as Allen
had used (Allen, 1991; Allen et al., 1998a, 1998b). We
selected a single set size of four, as did Allen, because it was
a nontrivial memory load but also was likely to be within
the short-term span of most younger and older adults. Our
intention was to select a task load that would result neither
in floor effects for older adults nor in ceiling effects for
young adults. In our first experiment, we probed for age dif-
ferences in input or output; in the second experiment, we
probed for age differences during the retention period.

The broader theoretical question we intended to address
was whether any age differences we observed could be ac-
counted for by a change in a single mechanism or whether
changes in independent mechanisms seem more plausible.
We will return to this issue in the Discussion.

EXPERIMENT I

The first possible reason for age differences in perfor-
mance is that there may be differences in perceptual regis-
tration. Probably, the most important determinant of
registration accuracy is visual acuity. Lowered visual acuity
(and, more broadly, contrast sensitivity) is ubiquitous in old
age (e.g., Ivers, Mitchell, & Cumming, 2000; Klein, Klein,
Lee, & Cruickshanks, 1999; Klein, Klein, Lee, Cruickshanks, &
Gangnon, 2006). With lower acuity, the location of a stimu-
lus dot will be less precisely registered. We could say then
that the parcellation of the visual field is coarser in older
adults or that their perceptual receptive fields are larger
by loose analogy with the receptive fields defined by the
number of retinal cells that map to a single ganglion cell in
the optic nerve. There may be other input-related factors
beyond acuity that could affect the registration of the stimu-
lus. To determine whether those were present, we computed
the signal detection measure of sensitivity (d') and asked
whether age differences in sensitivity remained after visual
acuity had been removed as a covariate.

The third of the possible reasons for age differences in
visual short-term memory performance is that there may be
differences at the time of recall. The primary source of such
a difference would be a more lenient decision criterion for
how close a probed location must be to a remembered

location for a match response to be given. This would result
in reduced accuracy, resembling that produced by perceptual
factors but for a very different reason. To explore age differ-
ences in decision criteria, we calculated the signal-detection
theory measure, beta (B). At the point where the criterion is
set to discriminate between matching and nonmatching stim-
uli, B is the ratio of the likelihood of a matching stimulus to
a nonmatching stimulus. An ideal decision maker would set
the criterion such that B was 1.0, that is, the stimulus was
equally likely to be a match or a mismatch. A f§ less than 1.0
would indicate that the criterion was set so that there was a
response bias toward giving a “match” response; a 3 greater
than 1.0 would indicate a bias toward a “mismatch” response.

METHOD

Participants

The older participants in all these studies were volunteers
from the local community; the younger participants were un-
dergraduate student volunteers. Volunteers were paid $10 for
their participation. The characteristics of those participating
in Experiment 1 as well Experiment 2 are given in Table 1.

Procedure

The procedure was a sequential recognition task for vi-
suospatial location. Each trial began with a “READY” mes-
sage for 1 s. A blue fixation dot was present alone for 1 s
and then four yellow memory-set dots were added, pre-
sented around the circumference of an imaginary circle 13
cm (or 16° with an approximate viewing distance of 46 cm
[No chin rest was used. Participants positioned their chair
so that their abdomen touched the table holding the monitor
while they were sitting upright. Distance from the eye to the
center of the screen was measured for five individuals and
averaged 46 cm.]) in diameter. The fixation point, the mem-
ory-set dots, and the probe dot all measured 2 pixels square
(approximately 1.5 mm or .2°). Each dot was presented at a
randomly chosen location within the central 40 degrees of
one of the four quadrants. (To avoid confusion, the symbol, °,
is used to indicate degrees of visual angle subtended by a
stimulus, whereas the word, “degrees,” is used to indicate
the relative location of stimuli on the imaginary 360 degree
circle around which stimulus dots were presented; of the
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Figure 1. Mean proportion correct in Experiment 1 for younger and older
adults as a function of mismatch (in degrees around the imaginary circle on
which targets were displayed) between memory-set item and probe (bars show
standard error).

360 degrees of the imaginary circle). After 500 ms, the
memory-set dots were erased. The blue fixation dot re-
mained present for a RI after which a white probe dot was
added. The RI was randomly chosen from 500, 1,000,
2,000, or 3,000 ms. The position of the probe dot could ex-
actly match the position of one of the four memory-set dots
or it could be displaced by 5—10 degrees—a near mismatch,
20-25 degrees—a moderate mismatch, or 35-40 degrees—a
far mismatch. (The mismatches correspond, approximately,
to 6-11, 23-28, and 40-45 mm on the display.) The exact
displacement within the range and whether the displace-
ment was clockwise or counterclockwise was determined at
random. The probe dot remained visible for 1 s and then the
entire display was replaced by a request for a decision about
whether the locations had matched, with the responses
given with the index and middle finger of the right hand us-
ing the period (.) and slash (/) keys of a standard keyboard.
There were 16 practice trials followed by 192 experimental
trials, divided into four blocks of 48 trials, with RIs and
proximities of the probe to the target randomly intermixed.
Stimulus generation and response collection were con-
trolled by E-Prime (Schneider, Eschmann, & Zuccolotto,
2002) running on Intel-based PCs.

REsuULTS

Analysis of variance (ANOVA) was carried out on the
proportion correct as a function of the within-subjects vari-
ables proximity (match, 5-10, 20-25, and 3540 degree
mismatch) and RI (500, 1,000, 2,000, and 3,000 ms) and the
between-subjects variable age group (young or old). Pre-
liminary analysis showed there were no significant effects
involving the RI (the largest nonsignificant F' was 1.74).
Specifically, for younger adults, the proportion correct was
0.77 with a 500 ms RI and 0.75 with a 3,000 ms RI; for
older adults, the proportion correct was 0.65 at both 500 and
3,000 ms RI. Otherwise, results involving RI are not de-
scribed. There were significant main effects of age group,
F(1,46) = 25.79, p < .001, N ,priar = -36, and of proximity,

F(3, 138) = 286.35, p < .001, M xpar = -86. Accuracy was
lower for older adults (M = 0.65, SE = 0.01) than for youn-
ger adults (M = 0.74, SE = 0.01). It was highest for far mis-
matches of 3540 degrees (M = 0.93, SE = 0.01),
intermediate for matches (M = 0.82, SE = 0.02) and moder-
ate mismatches of 20-25 degrees (M = 0.76, SE = 0.02), and
lowest for near mismatches of 5-10 degrees (M = 0.26, SE =
0.02). The interaction of age group and proximity was
significant, F(3, 138) =3.59, p = .015, n12>ARTIAL =.07. As can
be seen in Figure 1, this occurred because accuracy was sig-
nificantly different for older adults than for younger adults
with moderate mismatches, #(46) = 4.92, p < .001, and with
far mismatches, #(40) = 3.21, p = .002, but not for matches,
1(40) = 1.44, p = .155, or near misses, #(40)=1.61,p =.115.

The two age groups differed significantly in measured
visual acuity, F(1, 46) = 13.99, p = .001, 1 \eruar = -23. To
explore the contributions of visual acuity to the observed
age differences, we repeated the age comparisons at each
distance, this time with variance due to visual acuity re-
moved through analysis of covariance (ANCOVA). When
this was done, visual acuity accounted for a significant pro-
portion of the variance in accuracy for the match condition,
F(1,46) = 6.20, p = .017, M} ,gya. = -12, the near-mismatch
condition, F(1, 46) = 5.19, p = .028, M},ema. = -10, the
moderate-mismatch condition, F(1, 46) = 5.84, p = .020,
Moagma, = -12, and the far-mismatch condition, F(1, 46) =
7.53, p = .009, N; sepiar = -14. When acuity was removed as
a covariate, the age difference in the remaining variance
was nonsignificant for the matching condition, F(1, 46) =
0.01, p = .895, significant for near mismatches, F(1, 46) =
5.20, p = .028, significant for moderate mismatches, F(1,
46) =11.29, p =.002, and nonsignificant for far mismatches,
F(1,46)=2.82,p=".10.

ANOVA was also carried out on the signal detection sen-
sitivity measure, d'. The measure was obtained for each of
the mismatch conditions (which can be thought of as no-
signal conditions) relative to the match (or signal) condi-
tion. As aresult, there were three levels of the within-subjects
variable, proximity (near, moderate, and far mismatch).
There were significant main effects of age group, F(1, 46) =
16.73, p < .001, N ,ora. = -27, and of proximity, F(2, 92) =
396.16, p < .001, M pma = -90. Sensitivity was lower for
older adults (M = 1.31, SE = 0.14) than for younger adults
(M =2.11, SE = 0.14). It was highest for far mismatches of
3540 degrees (M =2.80, SE = 0.06), intermediate for mod-
erate matches (M = 1.92, SE = 0.12), and lowest for near
mismatches of 5-10 degrees (M = 0.40, SE = 0.06). The
interaction of age group and proximity was significant, F(3,
138) =3.59, p =015, Npsgpuar = -07- As seen in Figure 2, the
interaction occurred because the significant superiority of
younger adults over older adults was smaller for the near
mismatches than for the farther mismatches.

To determine whether there were age differences in sen-
sitivity after accounting for visual acuity, we again carried
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Figure 2. Sensitivity (d') from Experiment 1 for near-miss, moderate-miss,
and far-miss conditions relative to match condition for younger and older adults
(bars show standard error).

out ANCOVAs. These showed that the age differences re-
mained significant in the near-mismatch condition, F(1, 46) =
8.28, p = .006, and the moderate-mismatch condition,
F(1,46)=4.20, p =.011, but not in the far-mismatch condi-
tion, F(1, 46) =3.22, p =.079.

We also computed B for the each of the mismatch condi-
tions relative to the match condition to determine whether
there were differences in criterion setting. To permit the cal-
culations for all cases, for those with perfect accuracy, the
proportion correct was arbitrarily set at 0.99; when accu-
racy was zero, the proportion correct was set at 0.01. There
was a significant main effect of proximity, F(2, 92) =71.35,
p <.001, N}, ema = -61, with a bias toward the “match” re-
sponse for near misses (M = 0.73, SE = 0.04), relatively lit-
tle bias for moderate misses (M = 1.04, SE = 0.12), and a
bias toward “mismatch” for far mismatches (M =2.42, SE =
0.19). There was no effect of age group, F(1, 46) = 2.42,
p = 127, Woema. = -05. The interaction of age group
and proximity was significant, F(2, 92) = 5.85, p = .004,
Noarria = -11. The results are shown in Figure 3. Tests of the
simple main effect of proximity for each age group showed
that, for older adults, there was no significant change from
near mismatch to moderate mismatch, with a small bias to-
ward the “match” response both for near misses and for
moderate misses but a large increase in bias toward mis-
match for far misses. Younger adults shifted from a bias to-
ward “match” for near misses (M = 0.59, SE = 0.06) to a
slight bias toward “mismatch” for moderate misses (M =
1.27, SE = 0.24) and, as with older adults, showed a large
increase in bias toward “mismatch” for far misses. Another
approach to these data is to use one-sample 7 tests to ask
whether the response bias for each group differed signifi-
cantly from 1.0 (no bias). For near mismatches, both younger
and older adults were significantly below 1.0, favoring a
“match” response, #(46) = —6.55, p < .001, and #(46) =
—2.55, p = .018, respectively. For moderate mismatches,
older adults were significantly below 1, #(46) = -2.33, p =
.029, whereas younger adults did not differ, #(46) =1.14, p =
.264. For far mismatches, both younger and older adults
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Figure 3. Decision criteria () from Experiment 1 for near-miss, moderate-
miss, and far-miss conditions relative to match condition for younger and older
adults. Values less than 1.0 indicate a bias toward a “match” response; values
greater than 1.0 toward a “mismatch” response (bars show standard error).

were significantly above 1.0, favoring a “mismatch” re-
sponse, #(46) = 6.22, p < .001 and #(46) = 4.27, p < .001,
respectively. From either perspective, the results are clear.
The decision-criterion settings for older adults produced
more errors for moderate and far mismatches but fewer er-
rors for near mismatches.

The final question we asked was whether there were age
differences in accuracy beyond those accounted for by the
input factor, visual acuity, together with the output factor,
decision bias. We tested for this by comparing younger and
older adults for each of the mismatches with both acuity and
B removed as covariates. (Recall that § is defined for each
mismatch condition relative to the match condition, so the
comparison cannot be made for matches.) When this was
done, we found that the age differences in proportion cor-
rect remained significant for near mismatches, F(1, 46) =
8.29, p = .006, and moderate mismatches, F(1,46)=6.92,p =
.012, but not for far mismatches, F(1, 46) = 0.52, p = .400.

DiscussIioN

The results of Experiment 1 confirmed earlier findings
that visual short-term memory accuracy was lower in older
adults than in younger adults. The age differences in
proportion correct were, however, significant only for the
moderate- and far-mismatch conditions. Furthermore, the
results showed that both input factors, perceptual registration,
and output factors, response bias, contributed significantly
to the observed age differences. The results allow the pos-
sibility of age differences in processing that occurred during
the RI, but this is not certain as we will explain.

Poorer visual acuity in older adults was hypothesized to
be an important input factor that could in theory contribute
to age differences. The results showed that acuity was in fact
lower in older adults and that acuity accounted for a signifi-
cant proportion of the variance in accuracy in all four of the
proximity conditions. When acuity was removed as a covari-
ate, the age differences were significant in the near-mismatch
and moderate-mismatch conditions. The results show that
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acuity differences were not important for exact matches
and that the poorer performance by older adults with far
mismatches was completely accounted for by acuity differ-
ences. For the more difficult mismatch conditions, near and
moderate, age-related variance in the proportion correct re-
mained after the effects of acuity were removed. For the
near mismatch, the formerly nonsignificant age difference
in accuracy became significant, indicating that acuity effects
had in fact masked other age differences. Thus, the propor-
tion correct was affected by input processes. To isolate fac-
tors not related to output, we also calculated the measure of
sensitivity, d'. Despite the label, sensitivity does not reflect
only early perceptual processes. Rather it reflects the opera-
tion of all factors except for decision processes, which
would operate at the time of output. Such factors could in-
clude both input and retention factors but not output factors.
When the effects of visual acuity were removed from d’ as a
covariate, significant age-related variance remained for the
near- and moderate-mismatch conditions. This means either
that there are other perceptual processes beyond visual acu-
ity contributing to the age differences in accuracy or that
there are processes operating during retention or both.

Analysis of the measure of decision criterion, B, showed
that differences in decision bias operating at the time of re-
sponding also contributed to the age differences in accu-
racy. For probes that were 5-10 degrees from the target
location, both younger and older adults showed a bias to-
ward an incorrect “match” response. When the probe was
10-20 degrees further displaced, younger adults adjusted
their bias so that it was in favor of a “mismatch” response,
whereas the older adults did not. With probes at 35-40 de-
grees, both younger and older adults had adjusted their de-
cision criterion to strongly favor a “mismatch” response,
albeit more so for the younger adults. These results show
that, independent of the precision of the perceptual repre-
sentation, older adults had a larger field in which they were
biased to judge a mismatch as actually matching. If there
are factors affecting the RI, their effects must be seen in the
near- and moderate-mismatch conditions because only in
those conditions was there significant age-related variance
after both acuity and B had been removed as covariates.

We found no loss of information in either group with an
increasing RI. Allen (1991) found a greater loss from a 100
ms RI to a 10,100 ms RI in older than in younger adults,
although both conditions had a 100 ms pattern mask, and
the latter condition had a 10 s distractor task, whereas our
RI was unfilled. It is highly likely that the absence of either
a mask or a distracting task in Experiment 1 allowed addi-
tional processing during the RI that was not possible in Al-
len’s experiment.

EXPERIMENT 2
The results of Experiment 1 allowed the possibility that
age differences in visual short-term memory may also be

due to differences in processes operating during the early
portion of the RI. It is well established that rehearsal, either
overt or covert, plays an important role in the retention of
verbal material (e.g., Rundus, 1971). Baddeley (1986) pro-
posed that the eye movement or visual attention control sys-
tems may play a similar role in maintaining visuospatial
information in active memory. More recently, Awh has pro-
vided empirical evidence in support of this proposal (Awh
& Jonides, 1998; Awh, Jonides, & Reuter-Lorenz, 1998;
Awh et al., 1999). Awh and colleagues (1999) developed a
procedure specifically designed to interfere with retention
strategies involving maintaining the focus of attention. Dur-
ing the RI, they presented a reversing black and white annu-
lar checkerboard, reasoning that this would disrupt
attentional maintenance. We adopted this procedure in Ex-
periment 2; otherwise, the procedures were substantially
similar to those of Experiment 1. If maintenance of the fo-
cus of visual attention is critical to maintaining the location
of the to-be-remembered location, then the appearance of
the reversing annular checkerboard should disrupt it.

The critical prediction for Experiment 2 concerns the dif-
ferences between younger and older adults. One theoreti-
cally plausible account is that younger adults routinely
make use of attention-based visuospatial encoding—
rehearsal processes but that older adults either do not do so
or do not do so as well. If this were the case and if the ap-
pearance of the reversing annular checkerboard during the
RI interfered with these processes, then we would expect
the performance of younger adults to drop toward the level
of older adults when the reversing stimulus interferes. If
older adults are not employing these processes, the presence
of the reversing stimulus should have little effect on them.

METHOD

Participants

Twenty-four younger adults and 22 older adults from the
same populations as Experiment 1 participated in Experi-
ment 2.

Procedure

The procedure was generally similar to that of Experi-
ment 1 but with several differences. On each trial, four
white dots (subtending 0.8° at a viewing distance of 46 cm)
were presented on a black background, arrayed on the cir-
cumference of an imaginary circle (22.0° in diameter), and
then removed. The dots were placed randomly around the
entire circumference with the restriction that no dot could
be nearer than 20° to another dot. The dots were displayed
for 500 ms. After a 2,500 ms RI, a white probe circle (1.2°
in diameter) appeared. Either the circle surrounded the posi-
tion of one of the dots (a match) or it missed the nearest
target dot by 15-25 degrees (similar to the moderate-miss
condition in Experiment 1) or it missed the nearest target
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Table 2. Means and Standard Errors (in parentheses) for Accuracy, d', and [ for Younger and Older Participants in Experiment 2 as a Function
of Interference (absent or present during retention) and Target-Probe Proximity

Age group Younger participants Older participants
Interference
condition Proximity Match Moderate mismatch Far mismatch Match Moderate mismatch Far mismatch
No interference Proportion correct 0.77 (0.03) 0.65 (0.04) 0.90 (0.02) 0.75 (0.03) 0.52 (0.04) 0.84 (0.02)
d a 1.30 (0.17) 2.29 (0.20) a 0.82 (0.18) 1.88 (0.20)
B a 0.80 (0.14) 1.96 (0.16) a 0.55(0.14) 1.49 (0.32)
Interference Proportion correct 0.57 (0.03) 0.60 (0.02) 0.77 (0.03) 0.65 (0.03) 0.54 (0.03) 0.75 (0.03)
d a 0.46 (0.09) 1.04 (0.15) a 0.54 (0.09) 1.17 (0.15)
B a 0.72 (0.09) 1.62 (0.20) a 0.68 (0.09) 0.92 (0.20)

aNot defined for match condition; computed relative to match condition in mismatch conditions.

dot by 40-50 degrees (similar to the far-miss condition).
Matches, moderate mismatches, and far mismatches were
equally likely. The participant’s task was to indicate with a
right-hand key press whether the probe matched or did not
match one of the target dot positions. The instructions em-
phasized the accuracy of the response. There were two
blocks of trials, each consisting of 24 practice trials and 144
experimental trials. In one of the blocks, the RI was un-
filled; in the other, a black and white annular grid 26.6° in
height and 30.3° in width appeared during the RI, identical
to that used by Awh and colleagues (1999). The annular grid
reversed eight times per second, with black blocks becom-
ing white and white, black. The order of the two blocks was
counterbalanced across participants.

RESULTS

The descriptive statistics for Experiment 2 are given in
Table 2. Only those analyses that directly address the hy-
potheses are described here. For the no-interference control
condition, there were significant effects of age group, F(1,
44) = 5.00, p = .030, nf,ARTIAL = .10, proximity, F(2, 88) =
76.30, p < .001, n?,ARHAL = .63, and of the interaction of age
group and proximity, F(1, 44) = 3.27, p = .042, N \emar =
.07. A test of the simple main effect of age group for the
moderate-mismatch condition showed that accuracy for
younger adults was higher than for older adults, F(1, 44) =
8.40, p = .006, and this remained true even after visual acu-
ity was removed as a covariate, F(1, 44) = 4.96, p = .031.
The two groups did not differ significantly for the match and
far-mismatch conditions. The analysis central to the predic-
tion was the interaction of interference—dot present or dot
absent—with age group. This interaction was significant,
F(1, 44) = 5.68, p = .022. Without interference, younger
adults (M =0.77, SE = .02) were significantly more accurate
than older adults (M = 0.71, SE = .02), whereas when inter-
ference was present, younger (M = 0.65, SE = .02) and older
adults (M = 0.65, SE = .01) were indistinguishable.

Discussion
The results of the control condition in Experiment 2
replicated the findings of Experiment 1. The important

additional finding was that visuospatial interference from
the reversing annular checkerboard during the RI erased
age differences in performance. (We carried out an addi-
tional experiment, not reported here in detail, that was iden-
tical to Experiment 2 except that a small colored dot—rather
than the reversing stimulus—appeared along the circumfer-
ence during the RI. This sudden onset would have attracted
attention to that location and should have disrupted mainte-
nance processes based on focal attention. This led to small
decreases in performance that were equivalent in the two
age groups. We can conclude, first, that maintenance strate-
gies based on focal attention are less important than those
based on attention to the whole field and, second, that they
are used equivalently by younger and older adults.) The
results of Experiment 2 mean that there must be some op-
eration or mechanism employed to encode and retain visuo-
spatial information in the absence of interference, a
mechanism that younger adults use and that older adults do
not. It is tempting to call this mechanism “visuospatial re-
hearsal,” by analogy with rehearsal in verbal short-term
memory. There is, however, no consciously applied strategy
equivalent to the subvocal repetition that is blocked, for ex-
ample, by articulatory suppression, so the term would sim-
ply be alabel rather than an explanation. We can, nevertheless,
reach the clear conclusion that age differences in both en-
coding and retention processes contribute to age differences
in visuospatial short-term memory performance. From the
additional experiment summarized earlier, we can conclude
further that the processes responsible for age differences in-
volve the whole field rather than movements of focused spa-
tial attention. It is important to note that because we did not
vary the RI in Experiment 2, we cannot reach any conclu-
sions about the rate of loss from the visual short-term store
when poststimulus encoding and rehearsal are prevented.

General Discussion

These two experiments confirmed that each of the three
theoretically possible sources of age differences does in
fact play a role in poorer visuospatial short-term memory
performance in older adults than in younger adults. The
first source of reduced accuracy is impaired perceptual reg-
istration in older adults at input. Experiment 1 showed that
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measured visual acuity was lower in older than in younger
adults and that recognition accuracy was significantly cor-
related with visual acuity. The second source of reduced
accuracy is that, beyond perceptual contributions, younger
adults must have been carrying out encoding and mainte-
nance processes involving the whole field that older adults
were not. When these processes were interfered with in Ex-
periment 2, the performance of younger adults was indistin-
guishable from that of younger adults. The third source of
reduced accuracy is that, beyond perceptual and mainte-
nance contributions, younger adults showed stronger deci-
sion biases to respond correctly at output for moderate and
far mismatches.

Although the results are clear, there do remain important
and unanswered questions. One issue is that, although the
results show a clear contribution of impaired visual acuity
to poorer visuospatial memory performance in the older
adults, they do not rule out the possibility that there are
other perceptual processes operating at input as evidenced
by the variance remaining in d' after the effects of acuity
were removed. A converse possibility is that acuity is a very
good index of the functioning of a variety of perceptual pro-
cesses because every structure and stage in perceptual pro-
cessing—from the cornea through the retina to the thalamus
and on to the visual cortices—contributes to measured acuity.
As a result, acuity could be a very powerful marker for
the general intactness of the sensory nervous system and
could well be capturing most or all the input differences.
This would be consistent with the finding by Baltes and
Lindenberger (1997) that basic measures of visual acuity
accounted for a substantial portion of age-related variance
in cognitive performance. The question this possibility
raises is where in the perceptual system the age-related
changes whose effect we observed are localized. A second
issue concerns the finding in Experiment 2 that a reversing
annular checkerboard erased age differences. The results do
tell us that the maintenance processes used by younger
adults must involve the visual field as a whole (or at least a
large portion of it) and also that older adults either do not
employ these processes or employ inferior variants. The re-
sults do not tell us whether these processes are conscious,
deliberate, and strategic or, alternatively, passively acti-
vated. They do not tell us why older adults do not employ
them. Is there some executive failure to activate them? Have
the necessary substrates for their successful operation been
lost? A final issue is that we do not know whether input,
retention, and output factors interact. We do know because
of the analytic approaches we used—analysis of covariance
and signal-detection analysis—that there are independent
contributions of visual acuity, retention processes, and deci-
sion criterion. This does not rule out the possibility of inter-
actions involving other input and output processes that
might be operating.

There are also issues concerning the generalizability of
our findings. One is that both experiments used only visual

stimuli composed of four dots. As we explained, we did this
in an attempt—successful as it turned out—to avoid floor or
ceiling effects. The obvious question is to what extent our
conclusions would be modified with smaller or, more im-
portantly, larger memory loads. Another issue is that our
stimuli were patterns of dots. Although this may not seem
important, locations in everyday experience are marked by
objects, which may have names or, at least, be nameable.
Would the use of objects instead of abstract dots change the
nature of age differences, when ecologically representative
situations were studied?

Efforts at theoretical explanations for age-related differ-
ences are often directed at single, or at least simple and par-
simonious, principles that can account for the welter of
diverse findings. Examples have included impairment of ef-
fortful functions and sparing of automatic functions (Hasher
& Zacks, 1979), erosion of inhibitory processes (Hasher &
Zacks, 1988), and decline in central nervous system trans-
mission speed (Birren, 1974) or information processing
speed (e.g., Salthouse & Madden, 2008) or some other com-
mon cause (e.g., Baltes & Lindenberger, 1997). Allen and
colleagues (1998a, 1998b) proposed such an account spe-
cifically to account for age differences in visual short-term
memory (also see Allen, 1991, for an earlier account). They
attributed the poorer memory of older adults to greater sys-
temic entropy reflecting higher internal noise. A measure of
entropy can be extracted from accuracy. In a highly orga-
nized system, entropy is low and behavior is predictable; in
a disorganized system, entropy is high and behavior is un-
predictable. Because accuracy is lower in older adults than
in younger adults, their behavior on any trial is less predict-
able, and as a result, measured entropy is higher. The re-
ported results (Allen, 1991; Allen et al., 1998b) themselves
show that the simple generalization of greater entropy in
older adults is inadequate. The age differences in measured
entropy were exaggerated by shortening the time for which
the probe stimulus was presented and by reducing the dis-
tance between the location of the probe and target stimuli.
This means that a general and uniform age difference in
entropy is not sufficient to account for the results. Simi-
larly, our results do not lend themselves readily to expla-
nations by any single mechanism, with evidence for
distinguishable age differences in registration, retention,
and output processes.

For an explanation of the phenomena we observed, we
turn to the neural substrates of visual short-term memory.
Although this is reductionist, it does provide a principled
way to build a proposed theory of age differences in visual
short-term memory. The portion of variance explained by
visual acuity is very likely to reflect age changes in the pri-
mary visual system. Age changes in the eye are well estab-
lished, including loss of accommodative amplitude
(presbyopia), decrease in pupil size (senile miosis), in-
creased lens density, and lens yellowing (Spear, 1993). These
changes could produce blurring. Retinal cells, particularly
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rods, are lost (Curcio, Millican, Allen, & Kalina, 1992).
Because rods predominate in the periphery where our stim-
uli were likely viewed, this could contribute to less precise
localization. There is some loss of retinal ganglion cells
(e.g., Balazsi, Rootman, Drance, Schulzer, & Douglas,
1984), which could have the same effect. Extrapolating
from studies in primates, there is relatively little cell loss in
the lateral geniculate nucleus of the thalamus (Ahmad &
Spear, 1993), a way station along the path from retina to
visual cortex, or in striate cortex (e.g., Haug, Kuhl, Mecke,
Sass, & Wasner, 1984). However, there are reasons to be-
lieve that the connecting pathways may suffer impairment
(Spear, Kim, Ahmad, & Tom, 1996).

Converging evidence indicates that the principal buffer
for information in visual short-term memory is in the pari-
etal lobes, specifically on the right intraparietal sulcus
(IPS; Sheremata, Bettencourt, & Somers, 2010; Todd &
Marois, 2004). The information about spatial locations in
IPS is retinotopically mapped (Saygin & Sereno, 2008;
Sheremata et al., 2010). It is likely that the information is
maintained in retinotopic form during the RI by a feedfor-
ward—feedback loop involving the IPS and dorsolateral
prefrontal cortex (Donner et al. 2007; also see Goldman-
Rakic, 1988). The elimination of age differences by the
whole-field interference in Experiment 2 strongly impli-
cates impairment in this parietal-frontal cortico-cortical
network as a principal source of impaired visual short-term
memory in older adults. We think it highly likely that the
poststimulus encoding that was interfered with in Experi-
ment 2 involved the transfer of information from the visual
cortex to the IPS, and we speculate that without interfer-
ence, less information is lost in this transfer in younger
than in older adults. The absence of a RI effect in Experi-
ment 1 suggests that the feedforward—feedback loop that
carries out the actual rehearsal was as effective in older as
in younger adults.

Posterior—anterior connections from IPS to more medial
frontal areas such as the anterior insula, anterior cingulate
cortex, middle and inferior frontal gyrus, and frontal eye
fields have been associated with perceptual decisions (Kayser,
Buchsbaum, Erickson, & D’Esposito, 2010; Thielscher &
Pessoa, 2007). We speculate that the differences we ob-
served in decision criteria can be attributed to age-related
impairment either of the target frontal areas or of the con-
necting fibers.

To summarize, we propose that age differences in visual
short-term memory are the result of independent changes in
three central nervous system networks: the optic tract; a
maintenance system involving occipital, parietal, and lateral
frontal areas; and an evaluative system involving parietal
and medial frontal areas.

FunbING

This research was supported by National Institute on Aging grant
AG13427 and by the Molly Mason Jones Fund.

ACKNOWLEDGMENTS

We are grateful for the suggestions of Patricia Reuter-Lorenz and
Edward E. Smith and for the assistance of Sara B. Festini, Kathryn Frazier,
and Patricia Krimmer in Experiment 1.

CORRESPONDENCE

Correspondence should be addressed to Alan Hartley, PhD, Department
of Psychology, Scripps College, 1030 Columbia Avenue, Claremont, CA
91711. E-mail: alan.hartley @scrippscollege.edu.

Deborah M. Little, PhD, is now at the Department of Neurology and
Rehabilitation and Department of Anatomy and Cell Biology, University
of Illinois at Chicago.

Nicole K. Speer, PhD, is now at the Western Interstate Commission for
Higher Education.

REFERENCES

Ahmad, A., & Spear, P. D. (1993). Effects of aging on the size, density, and
number of rhesus monkey lateral geniculate neurons. Journal of
Comparative Neurology, 334, 631-634. doi:10.1002/cne.903340410

Allen, P. (1991). On age differences in processing variability and scanning
speed. Journal of Gerontology, 46, P191-P201. doi:10.1093/geron;j/
46.5.P191

Allen, P., Kaufman, M., Smith, A., & Propper, R. (1998a). Age differences
in entropy: Primary versus secondary memory. Experimental Aging
Research, 24, 307-336. doi:10.1080/036107398244175

Allen, P, Kaufman, M., Smith, A., & Propper, R. (1998b). A molar entropy
model of age differences in spatial memory. Psychology and Aging,
13,501-518. doi:10.1037/0882-7974.13.3.501

Awh, E., & Jonides, J. (1998). Spatial selective attention and spatial
working memory. In R. Parasuraman (Ed.), The attentive brain
(pp- 353-380). Cambridge, MA: MIT Press.

Awh, E., Jonides, J., & Reuter-Lorenz, P. A. (1998). Rehearsal in spatial work-
ing memory. Journal of Experimental Psychology: Human Perception
and Performance, 24, 780-790. doi:10.1037/0096-1523.24.3.780

Awh, E., Jonides, J., Smith, E. E., Buxton, R. B., Frank, L. R., Love, T.,
Wong, E. C., & Gmeindl, L. (1999). Rehearsal in spatial working
memory: Evidence from neuroimaging. Psychological Science, 10,
433-437. doi:10.1111/1467-9280.00182

Baddeley, A. (1986). Working memory. Oxford, UK: Oxford University Press.

Balazsi, A. G., Rootman, J., Drance, S. M., Schulzer, M., & Douglas, G. R.
(1984). The effect of age on the nerve fiber population of the human
optic nerve. American Journal of Ophthalmology, 97, 760-766.

Baltes, P.,, & Lindenberger, U. (1997). Emergence of a powerful connec-
tion between sensory and cognitive functions across the adult life
span: A new window to the study of cognitive aging? Psychology and
Aging, 12, 12-21. doi:10.1037/0882-7974.12.1.12

Birren, J. E. (1974). Translations in gerontology: From lab to life: Psycho-
physiology and speed of response. American Psychologist, 29, 808-815.
doi:10.1037/h0037433

Cattaneo, Z., Bhatt, E., Merabet, L., Pece, A., & Vecchi, T. (2008). The
influence of reduced visual acuity on age-related decline in spatial
working memory: An investigation. Aging, Neuropsychology, and
Cognition, 15, 687-702. doi:10.1080/13825580802036951

Curcio, C. A., Millican, C. L., Allen, K. A., & Kalina, R. E. (1992). Aging
of the human photoreceptor mosaic: Evidence for selective vulnera-
bility of rods in central retina. Investigative Ophthalmology and
Visual Science, 34, 3278-3296.

Donner, T. H., Siegel, M., Oostenveld, R., Fries, P., Bauer, M., & Engel,
A. K. (2007). Population activity in the human dorsal pathway predicts
the accuracy of visual motion detection. Journal of Neurophysiology,
98, 345-359. doi:10.1152/jn.01141.2006

Goldman-Rakic, P. S. (1988). Topography of cognition: Parallel distributed
networks in primate association cortex. Annual Review of Neuroscience,
11, 137-156. doi:10.1146/annurev.ne.11.030188.001033

9T0Z ‘2z dunt uo ueb iy Jo AiseAlun ke /Bio'seulnolpioxo ABojouosehoosyoAsd/:dny wouy papeojumoqg


http://psychsocgerontology.oxfordjournals.org/

VISUOSPATIAL SHORT-TERM MEMORY 443

Hartley, A. A., Speer, N. K., Jonides, J., Reuter-Lorenz, P. A., & Smith,
E. E. (2001). Is the dissociability of working memory systems for name
identity, visual-object identity, and spatial location maintained in old
age? Neuropsychology, 15, 3-17. doi:10.1037/0894-4105.15.1.3

Hasher, L., & Zacks, R. T. (1979). Automatic and effortful processes
in memory. Journal of Experimental Psychology: General, 108,356-388.
doi:10.1037/0096-3445.108.3.356

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and
aging: A review and a new view. In G. H. Bower & G. H. Bower (Eds.),
The psychology of learning and motivation: Advances in research and
theory (Vol. 22, pp. 193-225). San Diego, CA: Academic Press.

Haug, H., Kuhl, S., Mecke, E., Sass, N. L., & Wasner, K. (1984). The sig-
nificance of morphometric procedures in the investigation of age
changes in cytoarchitectonic structures of human brain. Journal fiir
Hirnforschung (Journal of Brain Research), 25, 353-374.

Hoyer, W., & Verhaeghen, P. (2006). Memory aging. Handbook of the psy-
chology of aging (6th ed., pp. 209-232). Amsterdam, The Netherlands:
Elsevier.

Ivers, R., Mitchell, P., & Cumming, R. (2000). Visual function tests, eye
disease and symptoms of visual disability: A population-based
assessment. Clinical & Experimental Ophthalmology, 28, 41-47.

Jenkins, L., Myerson, J., Joerding, J. A., & Hale, S. (2000). Converging
evidence that visuospatial cognition is more age-sensitive than verbal
cognition. Psychology and Aging, 15, 157-175. doi:10.1037/0882-
7974.15.1.157

Kayser, A. S., Buchsbaum, B. R., Erickson, D. T., & D’Esposito, M.
(2010). The functional anatomy of a perceptual decision in the human
brain. Journal of Neurophysiology, 103, 1179-1194. doi:10.1152/
jn.00364.2009

Klein, B. E. K., Klein, R., Lee, K. E., & Cruickshanks, K. J. (1999).
Associations of performance-based and self-reported measures of visual
function. The Beaver Dam Eye Study. Ophthalmic Epidemiology, 6, 49—60.

Klein, B. E. K., Klein, R., Lee, K. E., Cruickshanks, K. J., & Gangnon, R. E.
(2006). Changes in visual acuity in a population over a 15-year
period: The Beaver Dam Eye Study. American Journal of Ophthal-
mology, 142, 539-549. doi:10.1016/j.2j0.2006.06.015

Luck, S. J. (2007). Visual short term memory. Scholarpedia, 2, 3328.
Retrieved from http://www.scholarpedia.org/article/Visual_Short_Term
_Memory

Luck, S. J., & Hollingworth, A. (2008). Visual memory. Oxford, UK:
Oxford University Press.

Luck, S.J., & Vogel, E. K. (1997). The capacity of visual working memory for
features and conjunctions. Nature, 390,279-281.doi:10.1038/36846

Lustig, C., May, C. P, & Hasher, L. (2001). Working memory span and the
role of proactive interference. Journal of Experimental Psychology:
General, 130, 199-207. doi:10.1037/0096-3445.130.2.199

May, C. P, Hasher, L., & Kane, M. J. (1999). The role of interference in
memory span. Memory & Cognition, 27, 759-767.

Myerson, J., Emery, L., White, D. A., & Hale, S. (2003). Effects of age,
domain, and processing demands on memory span: Evidence for

differential decline. Aging, Neuropsychology, and Cognition, 10,
20-27. doi:10.1076/anec.10.1.20.13454

Rowe, G., Hasher, L., & Turcotte, J. (2008). Age differences in visuospatial
working memory. Psychology and Aging, 23, 79-84. doi:10.1037/
0882-7974.23.1.79

Rundus, D. (1971). Analysis of rehearsal processes in free recall. Journal
of Experimental Psychology, 89, 63-77. doi:10.1037/h0031185

Salthouse, T. A. (1995). Differential age-related influences on memory
for verbal-symbolic information and visual-spatial information.
The Journals of Gerontology, Series B: Psychological Sciences and
Social Sciences, 50, 193-201.

Salthouse, T. A., & Madden, D. J. (2008). Information processing speed
and aging. In J. DeLuca, J. H. Kalmar, J. DeLuca & J. H. Kalmar
(Eds.),  Information processing speed in clinical populations
(pp. 221-241). Philadelphia, PA: Taylor & Francis.

Saygin, A. P, & Sereno, M. 1. (2008). Retinotopy and attention in human
occipital, temporal, parietal, and frontal cortex. Cerebral Cortex, 18,
2158-2168. doi:10.1093/cercor/bhm242

Schear, J. M., & Nebes, R. D. (1980). Memory for verbal and spatial
information as a function of age. Experimental Aging Research, 6,
271-281.

Schneider, W., Eschmann, A., & Zuccolotto, A. (2002). E-Prime user’s
guide. Pittsburgh, PA: Psychology Software Tools.

Shelton, M. D., Parsons, O. A., & Leber, W. R. (1982). Verbal and visuo-
spatial performance and aging: A neuropsychological approach.
Journal of Gerontology, 37, 336-341.

Sheremata, S. L., Bettencourt, K. C., & Somers, D. C. (2010). Hemispheric
asymmetry in visuotopic posterior parietal cortex emerges with
visual short-term memory load. Journal of Neuroscience, 30,
12581-12588. doi:10.1523/JNEUROSCI.2689-10.2010

Spear, P. D. (1993). Neural bases of visual deficits during aging. Vision
Research, 33, 2589-2609. doi:10.1016/0042-6989(93)90218-L

Spear, P. D., Kim, C. B., Ahmad, A., & Tom, B. W. (1996). Relationship
between numbers of retinal ganglion cells and lateral geniculate
neurons in the rhesus monkey. Visual Neuroscience, 13, 199-203.
doi:10.1017/S0952523800007239

Thielscher, A., & Pessoa, L. (2007). Neural correlates of perceptual choice
and decision making during fear-disgust discrimination. Journal of
Neuroscience, 27, 2908-2917. doi:10.1523/INEUROSCI.3024-
06.2007

Todd, J. J., & Marois, R. (2004). Capacity limit of visual short-term mem-
ory in human posterior parietal cortex. Nature, 428, 751-754.
doi:0.1038/nature02466

Tubi, N., & Calev, A. (1989). Verbal and visuospatial recall by younger and
older subjects: Use of matched tasks. Psychology and Aging, 4,
493-495. doi:10.1037/0882-7974.4.4.493

Zacks, R., Hasher, L., & Li, K. (2000). Human memory. The handbook of
aging and cognition (2nd ed., pp. 293-357). Mahwah, NJ: Lawrence
Erlbaum Associates.

9T0Z ‘2 aune uo weBIydi Jo Aisiealun e /Biospeulnolpiojxo’ABojouoseBoosyo/sdy/:dny wouy papeojumod


http://psychsocgerontology.oxfordjournals.org/

