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Objectives. In 2 experiments, we examined the oft-replicated finding of age-related differences in accuracy at retriev-
ing items stored in working memory, but outside the focus of attention. Specifically, we investigated whether such differ-
ences could be explained by (a) age-related differences in coping with the dual-task nature of swapping items into and 
out of the focus of attention and/or (b) age-related differences in resistance to interference.

Method. We used a modified version of the N-Back task with stimuli of different levels of difficulty, and experimental 
manipulations aimed at isolating the dual-task and interference effects.

Results. We found both explanations lacking: We obtained a dual-task cost (Experiment 1) and an interference cost 
(Experiment 2), as well as a large age effect (Cohen’s d = 1.6 in Experiment 1 and 0.7 in Experiment 2) but neither the 
dual task nor the interference effect was sensitive to age.

Discussion. These findings, combined with previous failures to find an explanation for the age effects, suggest that 
item availability after a focus switch might be an important new and fundamental variable—a cognitive primitive—
potentially necessary for a full understanding of age effects in higher order cognition.
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WORkING memory is a temporary memory buffer—
lasting for a few seconds at most—serving to both pas-

sively store and actively manipulate information (Baddeley 
& Hitch, 1974; kane, Bleckley, Conway, & Engle, 2001; 
Miyake & Shah, 1999). A crucial feature of this system is 
its limited capacity, known to decrease considerably with 
advancing age: Older adults’ capacity on working memory 
tasks such as reading span or operation span is about 74% 
that of younger adults (Bopp & Verhaeghen, 2005). One 
particular determinant of working memory capacity that 
appears to be consistently age sensitive is the availability 
of information once it leaves the core structure of working 
memory, that is, the focus of attention (Chen & Li, 2007; 
Oberauer, 2002; Vaughan, Basak, Hartman, & Verhaeghen, 
2008; Verhaeghen, 2012; Verhaeghen & Basak, 2005; 
Zhang, Verhaeghen, & Cerella, 2012).

What is this focus of attention? Many models of working 
memory, most notably embedded-process model of Cowan 
(1995, 2001), posit a hierarchy of availability and acces-
sibility within working memory. Such models maintain that 
only a small subset of the information available in the world 
(one to four items, depending on the task; Verhaeghen, 
Cerella, & Basak, 2004) is immediately accessible to the 
individual; these items are said to reside in the focus of 
attention (Cowan, 1995). If more information needs to be 
stored than the focus can handle, the excess is held inside a 

larger, “activated” portion of long-term memory, subject to 
interference and possibly decay (we have labeled this “the 
outer store”; Verhaeghen et al., 2004). Most tasks that tap 
into working memory, such as operation span, N-Back, or 
running span, create overflow of the focus of attention and 
thus require material to be stored into and retrieved from the 
outer store. In the case of N-Back, for instance (a modified 
version of which we will use here), subjects pay attention 
to only a single item at a time, store the intervening items 
into the outer store, and access them one at a time as needed 
for comparison with the item on screen. This operation has 
been labeled focus switching (Voigt & Hagendorf, 2002); its 
two constituent processes (the swapping in and the swap-
ping out, respectively) are (a) transfer of items from the 
focus into the outer store and (b) access to representations 
stored inside the outer store, which are then loaded into the 
focus of attention.

In our own work with the N-Back task, we have noted a 
particular age sensitivity in the process of focus switching: 
Older and younger adults are equally (and highly) accurate 
in a 1-Back version of the task, that is, when comparisons 
occur within the focus of attention, but age differences in 
accuracy emerge when N > 1, that is, when items need to 
be transferred into and accessed from the outer store. (The 
presence of the focus switching process in this paradigm is 
verified by a step in response time [RT] between N = 1 and 
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N = 2.) Importantly, these age differences do not interact 
with N, or the number of items stored inside the outer store, 
suggesting that it is the focus-switching process per se and 
not the working memory load that drives the age effect 
(Bopp & Verhaeghen, 2009).

This finding leads to an obvious question: Is this loss in 
accuracy of items after a focus switch a fundamental aspect 
of the cognitive system, one that is particularly vulnerable 
to aging, or can this result be reduced to a deeper deficit in 
a known process?

Some of our recent work has tackled this question. So 
far, we have found the former proposition more attractive 
than the latter. Specifically, we examined three alterna-
tive mechanisms and found them all lacking. A first pos-
sible alternative explanation is age-related slowing—older 
adults may lose information at a higher rate than younger 
adults if they are disproportionally slower at executing the 
focus switch, by which time the to-be-accessed item has 
possibly disappeared from the outer store. In all of our stud-
ies, we have consistently found the dynamics of the focus-
switching operation to be intact: The focus-switch cost in 
response time is identical for younger and older adults once 
general slowing is taken into account. A  second possible 
explanation concerns the dynamics of search processes. 
If older adults are slower at accessing the “location” of a 
representation in the outer store, or use different search 
processes altogether, accuracy might suffer. In two experi-
ments, we (Lange & Verhaeghen, 2009) examined serial 
position curves for search times in (among others) forward, 
backward, and random search through working memory. 
The serial position curves of older adults echoed those of 
younger adults closely; a simple linear rescaling of the 
younger adult data reproduced the older-adult data. This, 
then, strongly suggests that younger and older adults use the 
same retrieval processes, regardless of the type of search; 
older adults are just overall slower in executing those pro-
cesses. A third possible explanation concerns the keeping-
track requirement inherent in these tasks—if older adults 
are less capable of associating the item with its position in 
the sequence, item information might get lost more often. 
This, however, turns out not to be the case: Older adults 
seem to be just as able as younger adults to keep track of an 
item’s position in a sequence (Bopp & Verhaeghen, 2009; 
Lange & Verhaeghen, 2009; see also Vaughan et al., 2008, 
Experiment 2).

Recent work of ours has uncovered one new potential 
source of the accuracy decline after a focus switch. When 
transfer to the outer store and access to that store are com-
bined on a single trial, accuracy suffers (Zhang et al., 2012; 
this study examined younger adults only). This dual-task 
situation is endemic in N-Back tasks, the task most often 
used to measure age deficits in accuracy after a focus switch.

The task we used to uncover this accuracy decline is a 
variant on the N-Back task. In this task, we require subjects 
to make an identity judgment on each trial (i.e., is the item 

currently on the screen identical to the one seen N posi-
tions back?), and we record both response time and accu-
racy. Items are presented in N columns; when a column is 
“filled,” stimulus presentation proceeds on the next “row.” 
Columnizing the presentation reduces the participant’s need 
to keep track. The task now effectively becomes: Is the item 
currently onscreen the same as the one presented earlier 
in the same column? To examine dual-task (i.e., transfer-
and-access) costs, we restricted the number of rows to three 
(i.e., the number of stimuli are 3N). By doing so, we were 
able to isolate the component processes of the focus-switch 
operation: The first row requires only transfer to the outer 
store, the third row requires only access to the items from 
the second row, and the second row requires both access to 
the items from the first row and transfer of the items from 
the second row. The stimuli we used were abstract figures 
of varying complexity (obtained by varying the number of 
blocks in a 3 ×3 grid; Figure 1). Our experiment revealed 
that the necessity to access and transfer items within the 
same trial altered the nature of processing: Access times 
consistently increased with complexity, but transfer was 
only sensitive to complexity when performed in isola-
tion; when performed in conjunction with access, transfer 
became indifferent to stimulus complexity. Crucial in the 
present context is that the need to simultaneously access 
and transfer items also incurred an accuracy cost: Accuracy 
for the third row (i.e., accuracy for items studied when both 
access and transfer were engaged) was markedly lower than 
that of the second row (i.e., accuracy for items studied when 
only transfer was engaged). This suggests that the dual-task 
situation (i.e., access-and-transfer) must be responsible for 
at least part of the decline of accuracy after a focus switch.

It is the age sensitivity of this mechanism we wish to 
investigate here. More precisely, our research question is: 
Do older adults show a larger decrease in accuracy than 
younger adults do when items were committed to working 
memory in the dual-task situation of simultaneous access 
and transfer? We note here that the complexity manipulation 
allows us a rather high-resolution answer to this question: 
We have three complexity levels, and thus six data points 
(three levels of stimulus complexity by single-transfer vs. 
dual-task-transfer) per age group to test this hypothesis.

Additionally, our variant on the N-Back paradigm allows 
for a fresh investigation into a more traditional explanation 
for age-related changes in working memory, namely an age-
related deficit in resistance to interference (often seen as 
the result of a breakdown in “inhibition”; Hasher & Zacks, 
1988; possibly also a side effect of age-related deficits in 
maintaining goal-relevant information; De Jong, 2001). 
Given that items stored outside the focus of attention are by 
definition susceptible to interference, age-related differences 
in resistance to interference seem a natural candidate for a 
causal explanation for age-related differences in accuracy 
after a focus switch. The role of interference can easily be 
investigated in a paradigm where we now ask our participants 



764 VERHAEGHEN AND ZHANG

to compare the stimuli in successive rows with those 
from row 1.  In this scenario, the successive rows require 
access only, but the amount of intervening and potentially 
interfering stimuli increases with the number of probe items 
presented, likely driving down accuracy over successive 
rows. This was verified in Zhang and colleagues (2012), with 
younger adults and using three rows: Rows 2 and 3 yielded 
identical response times, unlike row 2 and row 3 of the 
experiment described previously, where row 2 (additionally 
implicating transfer) yielded longer response times than row 
3. Accuracy did, however, decline significantly from row 2 
to row 3. Because the accuracy decline from row 2 to row 
3 in Zhang and colleagues, although significant, was not 
dramatic, we increased the number of rows from 3 to 6 in 
this study, in order to give this hypothesis a fair chance.

In sum, then, we report results from two experiments. 
In Experiment 1, a three-row N-Back paradigm was used 
to examine the influence of the dual-task requirement of 
access and transfer on age-related differences in accuracy. 
If such differences exist, they would be signaled by an age-
by-row interaction, such that the expected drop in accuracy 
from row 2 to row 3 is larger in older adults than in younger 
adults. (This effect in turn might interact with stimulus com-
plexity—one might expect that if older adults lose informa-
tion at a higher rate, more complex information might be 
more susceptible to this effect.) In Experiment 2, we used 
a six-row N-Back experiment, probing access from row 1 

only. If a purported age-related breakdown in resistance 
to interference were responsible for the age-related differ-
ences in accuracy after a focus switch, we would expect 
an age-by-row interaction such that later rows, where the 
build-up of interference is larger, yield larger age-related 
differences. (This effect in turn might interact with stimu-
lus complexity—one might expect that if older adults suffer 
from a breakdown in resistance to interference, more com-
plex information might be more susceptible to this effect.)

Experiment 1

Method

Participants.—Twenty-two older adults (M
age

  =  71.0, 
SD

age
 = 6.6; M

education
 = 15.3, SD

education
 = 2.2) participated in 

return for a $10 hr−1 fee. The 29 young adults (M
age

 = 19.9, 
SD

age
  =  2.1; M

education
  =  14.1, SD

education
  =  1.8) included in 

the experiment were those included in Experiment 2 in 
Zhang and colleagues (2012). None of our participants 
indicated being colorblind. Older adults had significantly 
lower Digit-Symbol Modalities scores than younger adults 
(40.86 vs. 66.93, t(49) = 7.27, p < .001), as well as lower 
Shipley Vocabulary scores (26.14 vs. 30.79, t(49) = 2.54, 
p < .014). This is somewhat unusual in samples of this sort 
(older adults generally tend to score higher on vocabulary 
tests that younger adults; Verhaeghen, Steitz, Sliwinski, & 

Figure 1. The checkerboard stimuli as used in all both experiments. Each row represents all nine stimuli within each C value (C = 1, 2, 4, 5, 7, and 8, respectively).



765WORKING MEMORY WORKING

Cerella, 2003). Therefore, the odds are set against older 
adults performing well.

Stimuli and Complexity-Effect Pilot Experiment
Stimuli were black and white checkerboard patterns cre-

ated by blackening C (with C = 1, 2, 4, 5, 7, or 8) cells of an 
invisible 3 × 3 matrix in a pseudorandom fashion. The num-
ber of possible stimuli is large; in this and the subsequent 
experiment, only nine patterns were used for each value of 
C, in analogy with the nine digits used in the standard digit 
versions of the N-Back task. Figure 1 depicts the full set of 
stimuli in black and white. Our earlier work (Zhang et al., 
2012) examining response times for both a visual search 
and a 3-Back task confirmed that stimulus complexity 
increased from 1-cell to 2-cells and from 2-cells to 4-cells, 
and then decrease from 5 to 7 and from 7 to 8.

Procedure
The WM task was an identity-judgment 3-Back proce-

dure (Verhaeghen & Basak, 2005), with items presented in 
three rows of three columns. The first row was study-only. 
From the second row on, participants indicated whether the 
current item was identical to the item presented three posi-
tions back. In practice, this meant that participants indicated 
whether the item currently on screen matched the item pre-
sented in the same column as the current item but in the 
previous row. Each column was depicted in a different color. 
(The column/color scheme was meant to aid participants 
in keeping track, to emphasize the memory aspect of the 
task over the executive-control aspect.) Figure  2A shows 
a black-and-white rendition of a sample stimulus set for a 
single trial as it would appear on the computer screen if all 
the items remained visible. The size of each checkerboard 
was 3.2 cm × 3.6 cm; the checkerboards were separated by 
a horizontal gap of 4.7 cm and a vertical gap of 1.3 cm. In 
practice, only one pattern was shown at any time; the order 
of presentation was the conventional reading pattern for the 
English language: left to right, top to bottom. Presentation 
of successive stimuli in the top row was self-paced, initiated 
by pressing the space bar; from the second row on, partici-
pants pressed one of two keys to indicate their answer. The 
“/” key signified a match; the “z” key signified a mismatch. 
As soon as a key was pressed, presentation of the current 
stimulus was interrupted and the next stimulus appeared; 
presentation was thus self-paced. Viewing distance was not 
fixed; participants were allowed to choose the distance they 
felt most comfortable with. Participants were instructed to 
be both fast and accurate. All participants were tested in a 
single session of about 60–90 min in duration. Participants 
were encouraged to take breaks between blocks. A  total 
of 120 trials were presented, 20 trials for each value of C, 
yielding 1,080 responses (360 from the first row, 360 from 
the second row, and 360 from the third row).

Figure 2. A sample trial from each of the experiments, at complexity level 
2, if all the stimuli were to remain onscreen, with the correct answer added. 
Stimuli were shown one at a time, in a reading pattern (left to right, then on 
the next line, etc.); each column was depicted in a different color. Presentation 
times were subject paced. In Experiment 1 (panel A), stimuli for rows 2 and 
row 3 were compared with those in the row above it; in Experiment 3 (panel B), 
stimuli in rows 2–6 were compared with those in row 1.
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Results and Discussion

Accuracy.—The main interest in the present experiment 
was on age-related differences in accuracy (Figure  3A). 
More specifically, we were interested in a potential row-by-
age interaction, which would signify age-related difficulties 
with simultaneous memory access and memory transfer. 
In row 2, subjects access the memory representation of 
the stimuli remembered from row 1; they also transfer the 
new stimuli into the outer store. In row 3, they access the 
memory representation of the stimuli remembered from 
row 2. Thus, accuracy for row 2 reflects accuracy for items 
transferred into the outer store under full attention; accu-
racy for row 3 reflects accuracy for items transferred under 
divided attention (i.e., transfer in the presence of access). 
This result was not obtained: None of the interactions was 
significant, Fs < 2.27, ps > .11, ηps

2  < 0.01; for the row-
by-age interaction, F(1, 49) = 0.58, MSE = 0.01, p =  .45, 
ηp
2  = 0.01. Thus, even with this complex stimulus set, older 

adults were not more susceptible to working memory dual-
task effects than younger adults are.

Analysis of variance (ANOVA) further revealed that, 
as expected, older adults were less accurate than younger 
adults, F(1, 49) = 30.51, MSE = 0.02, p < .001, ηp

2  = 0.38, 
that accuracy was higher in row 2 than in row 3, F(1, 
49)  =  34.89, MSE  =  0.01, p < .001, ηp

2   =  0.42, with a 
dual-task cost of 0.059 (0.845 vs. 0.786) on average, and 
that accuracy was lower for more complex shapes, F(2, 
98) = 48.74, MSE < 0.01, p < .001, ηp

2  = 0.50.

Response time.—RT analyses were conducted on cor-
rect responses only. To remove outliers, RT distributions 
were truncated at three interquartile ranges above or below 
the median, to remove potential high-leverage points from 
the calculation of the mean RT. The percent of correct RTs 
which were removed as outliers was 2.4% in older adults 
and 2.1% in young adults.

Inspection of Figure 3B (RT as a function of age, complex-
ity, and row) shows that older adults are generally slower than 
young adults. Additionally, for both young and older adults, 
the complexity effect appears larger in row 1 than in row 2 
and row 3, which show a similar-sized effect. Additionally, 
row 2 RTs are generally elevated above row 3 RTs. These 
observations were confirmed in an ANOVA with stimulus 
complexity and row as within-subject factors and age group 
as the between-subject factor. The main effect of age was 
significant, F(1, 49) = 54.11, MSE = 1,569,955.03, p < .001, 
ηp
2  = 0.53. There was a significant main effect of row, F(2, 

98) = 23.00, MSE = 214,257.16, p < .001, ηp
2  = 0.32, and of 

complexity, F(2, 98) = 38.85, MSE = 757,70.43, p < .001, 
ηp
2   =  0.44, as well as a significant complexity-by-row 

interaction, F(4, 196) = 9.92, MSE = 46,124.99, p < .001, 
ηp

2  = 0.17. The figure suggests that rows 2 and 3 are paral-
lel, and that row 1 has a steeper RT by complexity slope 
than rows 2 and 3. This was borne out in a formal analysis: 
The row-by-complexity effect was not significant for row 2 
versus row 3, F(2, 98) = 0.22, MSE = 13,881.72, p = .80, ηp

2  
< 0.01; but it was for row 1 versus row 2, F(2, 98) = 13.86, 
MSE = 40,881.41, p < .001, ηp

2  = 0.22, and row 1 versus row 
3, F(2, 98) = 10.05, MSE = 44,650.54, p < .001, ηp

2  = 0.17. 
We also obtained a significant age-by-row interaction, F(2, 
98)  =  4.88, MSE  =  214,257.16, p  <  .01, ηp

2   =  0.09. This 
interaction did not, however, survive logarithmic transfor-
mation, F(2, 98) = 0.96, MSE = 0.01, p = .39, ηp

2  = 0.02. The 
three-way interaction was not significant, F(4, 196) = 1.25, 
MSE = 46,124.99, ηp

2  = 0.03.
The elevated response time for row 1 replicates a result 

from Zhang and colleagues (2012). The finding could indi-
cate one of two things: Either subjects are extra cautious 
while performing the transfer operation in row 1, where 
it is performed in isolation, or they move into an all-too-
fast transferring mode in the subsequent row, where trans-
fer occurs in the dual-task context of transfer plus access. 
We argue, as we did in Zhang and colleagues (2012), that 

Figure 3. Results from Experiment 1. Panels A and B depict accuracy and RT, respectively, as a function of stimulus complexity (1–3), separated by row and age 
group (young vs. old).
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the former interpretation is more likely. One indication of 
possible over-caution in row 1 is the lack of interaction 
between row and complexity in the accuracy data. That is, 
accuracy for the third row is determined (in part) by the 
complexity-insensitive transfer occurring in row 2, whereas 
accuracy for the second row is determined (in part) by the 
complexity-sensitive transfer occurring in row 1.  If the 
longer transfer times for more complex stimuli observed 
in row 1 mattered, we would expect an accuracy drop for 
higher levels of complexity in row 3 compared with row 
2. We did not observe this drop in either age group, sug-
gesting that both groups are simply overly cautious when 
processing the row 1 stimuli.

Experiment 2

Method

Participants.—Twenty-one older adults (M
age

  =  68.5, 
SD

age
 = 7.0; M

education
 = 15.5, SD

education
 = 2.5) participated in 

return for a $10 hr−1 fee. The 23 young adults (M
age

 = 20.4, 
SD

age
  =  1.7; M

education
  =  14.6, SD

education
  =  2.0) participated 

in return for course credit or a $10 hr−1 fee. None of our 
participants indicated being colorblind. As is usual for such 
samples, older adults had significantly lower Digit-Symbol 
Modalities scores than younger adults (45.57 vs. 59.91, 
t(42)  =  2.54, p  =  .015), but higher Shipley Vocabulary 
scores (35.05 vs. 30.43, t(42) = −3.62, p < .001).

Procedure.—Experiment 2 was identical to Experiment 
1, with two exceptions: There were now six rows of three 
stimuli each, and comparisons in rows 2 to 6 were made to 
the stimuli from row 1 (Figure 2B).

Results and Discussion

Accuracy.—The main interest in the present experiment 
was on age-related differences in accuracy (Figure  4A). 
More specifically, we were interested in the row-by-age 
interaction, which would signify age-related difficulties 
with resistance to interference. Subjects are required to 
retain and repeatedly access a memory representation of the 
initial row of three stimuli. As more and more stimuli inter-
vene, interference is likely to build up, and if older adults 
would be more susceptible to the effects of such interfer-
ence, we expect their performance to decline more steeply 
than that of younger adults.

The data did show the expected interference effect—
accuracy declines markedly over successive rows, F(4, 
164) = 13.53, MSE < 0.01, p < .001, ηp

2  = 0.25. The size 
of the effect, however, is identical in younger and older 
adults, as signaled by the absence of a reliable age-by-row 
interaction and age by row-by-complexity level interac-
tion, Fs < 1.09, ps > .37, ηps

2  < 0.01. Note that the lines 

for younger and older adults in Figure 4A are very close 
to parallel; ours is indeed a null result not simply predi-
cated on a lack of statistical power. Additionally, in accord-
ance with Experiment 1, older adults were less accurate 
than younger adults, F(1, 41) = 5.78, MSE = 0.10, p = .02, 
ηp
2  = 0.12, and more complex stimuli led to lower accuracy, 

F(2, 82) = 30.09, MSE = 0.01, p < .001, ηp
2  = 0.42.

Response time.—The percent of correct RTs removed as 
outliers was 2.2% for older adults and 1.5% for young adults 
(for the data, see Figure 4B and C). ANOVA revealed that 
older adults were slower, F(1, 41) = 100.00, MSE = 1.62 × 
106, p < .001, ηp

2  = 0.71, that more complex stimuli led to 
slower response time, F(2, 82) = 49.51, MSE = 97,373.28, 
p < .001, ηp

2   =  0.55, that response time decreased over 
rows, F(5, 205)  =  155.26, MSE  =  592,539.22, p < .001, 
ηp
2  = 0.79, and that this decrease was larger for more com-

plex stimuli, F(10, 410) = 8.32, MSE = 30,535.80, p < .001, 
ηp
2   =  0.17. The complexity-by-age group interaction was 

not significant, F(2, 82) = 2.55, MSE = 97,373.28, p = .105, 
ηp
2  = 0.06, but the row-by-age group interaction was, F(5, 

205)  =  55.97, MSE  =  592,539.22, p < .001, ηp
2   =  0.58, 

and so was the three-way interaction, F(10, 410)  =  3.21, 
MSE  =  30,535.80, p < .01, ηp

2   =  0.07. The row-by-age 
group interaction survived logarithmic transformation, F(5, 
205) = 16.92, MSE = 0.11, p < .001, ηp

2  = 0.29, but neither 
the complexity-by-age group interaction, F(2, 82) = 0.95, 
MSE = 0.05, p = .39, ηp

2  = 0.02, nor the three-way interac-
tion, F(10, 410) = 0.61, MSE < 0.01, p =  .80, ηp

2  = 0.02, 
did. The age-by-row interaction was due to proportionally 
longer RTs in row 1, as illustrated in the Brinley plot in 
Figure 4C: When we restricted the analyses to rows 2–6, 
the row-by-age interaction on the logarithmic data was sig-
nificant, F(4, 164) = 2.59, MSE = 0.01, p = .038, ηp

2  = 0.06, 
but the interaction now went against the hypothesis (i.e., 
a trend for smaller proportional age differences for later 
rows); other F values for interactions involving age < 1.00. 
Thus, older adults in this experiment took proportionally 
more time than younger adults to commit the stimuli of the 
first row to memory. This might be a strategic shift to ward 
off the effects of interference.

General Discussion
The present two experiments were motivated by a sim-

ple question, originating from a set of consistent findings 
from our lab, namely that compared with younger adults 
older adults show a marked accuracy decrease in retrieving 
items from working memory as soon as these items leave 
the focus of attention. More specifically, the study was 
motivated by our equally consistent failure in finding an 
external explanation for this deficit (Bopp & Verhaeghen, 
2009; Lange & Verhaeghen, 2009; Vaughan et  al., 2008; 
Verhaeghen & Basak, 2005). The list of failed accounts 
so far includes age-related slowing, age-related changes in 
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retrieval dynamics, and age-related changes in the keeping-
track (or source memory) requirement. The current experi-
ments were designed to test two further hypotheses, namely 
(a) that the age-related drop in accuracy might be due to 
the dual-task requirement inherent in the kind of working 
memory tasks we (and many others) used in our previous 
work (viz., concurrent access and transfer vs. transfer or 
access only) and (b) that the age-related drop in accuracy 
might be due to an age-related decline in resistance to inter-
ference. Both of these mechanisms are plausible candidates 
for explaining the age-related deficit in working memory 
(e.g., dual-task performance is generally age-sensitive, e.g., 
Verhaeghen, 2011, and a decline in resistance to interfer-
ence has been proposed as a root cause of working mem-
ory deficits, e.g., Hasher & Zacks, 1988), and their failure 
would thus be diagnostic.

Our results can be succinctly summarized by stating that 
both accounts were found lacking. Experiment 1 demon-
strated that older adults’ dual-task cost were no larger than 
those of younger adults. Experiment 2 demonstrated that 
older adults were just as resistant to interference as younger 

adults. Experiment 2 additionally reconfirms the result from 
Experiment 1 that costs in accuracy can clearly arise when 
no dual-task situation is present, that is, when only access is 
required. Importantly, these two failures to obtain any age-
related effects in the cognitive processes of interest were 
not failures to obtain the effects of interest themselves: In 
Experiment 1, we observed a clear dual-task cost, and in 
Experiment 2, we observed a clear build-up of interference. 
Neither were these failures to obtain age-related effects arti-
facts of low statistical power: In both instances, F values 
were low (around 1 or smaller), effect sizes were very small 
(ηp

2  ≤ .01), and the figures show essentially parallel effects 
for both age groups. We also note that we gave the poten-
tial interactions plenty of opportunity to reveal themselves, 
using multiple levels of complexity in both experiments and 
a long series of interfering stimuli in the second.

We did observe one clear (and quite large) age effect in 
latency: In Experiment 2, older adults were disproportion-
ately slower in their responses to the first row of stimuli. 
The most likely explanation is that older adults are overly 
cautious when transferring items into the outer store, taking 

Figure 4. Results from Experiment 2. Panels A and B depict accuracy and RT, respectively, as a function of row (1–6), separated by stimulus complexity (1–3), 
and age group (young vs. old), respectively. Panel C is a Brinley plot, showing older adults’ RT as a function of young adults’ RT.
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much more time than is needed. This interpretation origi-
nates in Experiment 1, where the data suggested that the 
extra time taken by both younger and older adults in row 
1 for transferring higher-complexity stimuli did not benefit 
performance for those stimuli compared with the perfor-
mance for stimuli which were transferred without differen-
tial regard to complexity (i.e., row 3 accuracy). For a clear 
test of this hypothesis, however, we would need additional, 
targeted experiments, for instance one in which study 
time for the first row is restricted. The finding of larger 
age-related slowing in the first row of Experiment 1 also 
casts doubt on an age-differential speed-accuracy trade-
off as a potential explanation for the lack of age effects in 
the dual-task cost: Older adults, compared with younger 
adults, speed up when transfer and access are combined, 
with apparently no ill results for the age-related difference 
in accuracy. At the very least, the data suggest a relative 
disconnect between accuracy data and response time data, 
an independence we have remarked on before (Verhaeghen 
& Basak, 2005).

If the lack of age-by-condition interactions in accuracy 
is the main result of our study, a second notable finding 
is the strong main effect of age on this measure. In both 
experiments, older adults performed strikingly less well 
than younger adults (Cohen’s d, or the mean standardized 
difference in accuracy between younger and older adults is 
1.59 in Experiment 1 and 0.74 in Experiment 2). This result 
is remarkable, because the differences manifest themselves 
even when the task is relatively undemanding—simple 
retrieval of a stimulus encoded under full attention just a 
few seconds earlier, as in row 2 of either experiment. This 
initial age-related difference then remains constant both in 
the face of dual-task demands (Experiment 1)  and in the 
face of increasing interference (Experiment 2).

Adding the latter result to our current and previous fail-
ures to find deeper explanations for the age-related decline 
in working memory accuracy makes it more and more 
tempting to ascribe these age-related differences to a fun-
damental, nonreducible deficit in a fundamental aspect of 
working memory functioning. We would like to reiterate 
that this was not a foregone conclusion: There were reason-
able arguments to be made that each of the aspects we exam-
ined, here and in our previous work, could be at the heart of 
age-related deficits in working memory performance.

What do we now know about this purported fundamen-
tal deficit? At this point, we can only speculate, after exclu-
sion of the five mechanisms described previously. It is 
clear that the age-related deficit has little to do with item 
accessibility—after general slowing is taken into account, 
older adults are typically just as fast as younger adults in 
accessing a memory representation (Lange & Verhaeghen, 
2009), implying that they access the correct memory “slot.” 
Therefore, it must be due to item availability—how well 
or how much of the memory representation is preserved. 
The latter aspect of item maintenance has sometimes been 

labeled a representation’s “resolution” or clarity (Fukuda, 
Vogel, Mayr, & Awh, 2010). Perhaps, then, older adults have 
lower resolution, murkier, noisier working memory repre-
sentations—a conjecture not out of line with venerable and 
mainstream ideas in cognitive aging (ketcham and Stelmach, 
2004; Li, Lindenberger, & Sikström, 2001; Welford, 1984). 
Testing the assertion that older adults’ working memory 
representations become noisier when items leave the focus 
of attention is precisely the subject of our current research. 
Additionally, if this age-related difference in the clarity of 
representations is indeed a fundamental cognitive deficit, 
one might expect it to cascade into more complex aspects of 
cognition. For instance, kane, Conway, Miura, and Colflesh 
(2007) found that accuracy of retrieval from the outer store 
is correlated with performance on fluid intelligence tests; 
age-related differences in memory resolution might then 
explain some of the age-related variance in more assembled 
types of cognition (see also Verhaeghen, 2012). This too is 
on our laboratory’s list of future projects.
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