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Abstract

Schmeichel (2007) reported that performing an initial task before completing a working
memory span task can lower span scores and suggested that the effect was due to depleted
cognitive resources. We show that the detrimental effect of prior tasks depends on a match
between the stimuli used in the span task and the preceding task. A task requiring participants to
ignore words reduced performance on a subsequent word-based verbal span task but not on an
arrow-based spatial span task. Ignoring arrows had the opposite pattern of effects: reducing
performance on the spatial span task but not the word-based span task. Finally, we show that
antisaccade, a non-verbal task that taxes domain general processes implicated in working
memory, did not influence subsequent performance of either a verbal or a spatial span task.
Together these results suggest that while span is sensitive to prior tasks, that sensitivity does not
stem from depleted resources.

Keywords: Working Memory, Resource Depletion, Prior Task Effects, Ego Depletion,

Interference, Cognitive Control, Executive Attention
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The Stability of Working Memory: Do Previous Tasks Influence Complex Span?

Human cognition is limited and psychologists have long been interested in understanding
these limits. Perhaps the most influential example of this tradition is George Miller’s famous
“magical number seven” (1956); a proposed limit on the number of items that can be stored in
short-term memory. While the details continue to be debated (see Cowan, 2001 for an extensive
review), the notion that there is a fundamental limit on the amount of information that can be
recalled after a short delay remains a staple of short-term and working memory theories'. Some
propose that there is a focus of attention that is limited in the number of items it can hold
(Cowan, 2001, 2010; Oberauer, 2002), others that time based decay of information in working
memory limits storage (e.g., Baddeley, Thomson, & Buchanan, 1975; Towse, Hitch, & Hutton,
1998), others that the ability to form and break arbitrary bindings is critical (Oberauer, 2005),
still others suggest that working memory (Kane, Conway, Hambrick, & Engle, 2007) and both
working and long-term memory (Hasher, Lustig, & Zacks, 2007; Hasher, Zacks, & May, 1999;
Healey, Campbell, Hasher, & Ossher, 2010) are limited by the efficiency of attentional
mechanisms that control various sources of interference, and there are other views as well (see
chapters in Conway, Jarrold, Kane, Miyake, & Towse, 2007). All of the views share the notion
that some aspect or aspects of the cognitive system places an upper limit on successful recall.

One of the key findings of the last several decades of working memory research is that
the severity of the limit varies among individuals and that the individual differences correlate
with a wide range of other cognitive abilities, such as reading comprehension, problem solving,
and reasoning (e.g., Daneman & Carpenter, 1980; Conway et al., 2005; De Beni, Borella, &
Carretti, 2007; Kyllonen, 1996; Daneman & Merikle, 1996). Indeed it has been suggested that

the same mechanisms that limit working memory also place limits on fluid intelligence, a
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construct thought to reflect domain-general thinking and reasoning abilities critical to complex
cognition (Kane et al., 2007; Healey, Zacks, Hasher, & Helder, 2011). Much of this work has
used complex span tasks to measure working memory limits. These tasks interleave presentation
of a short list of to-be-remembered stimuli (e.g., 2-7 words) with a processing task (e.g., solving
simple equations). The number of items participants can recall in these tasks is thought to reflect
the underlying working memory limit (e.g., the efficiency of interference control, the size of the
focus of attention, etc.).

Thus, variations among individuals in working memory limits have broad implications
for cognitive functioning. But within an individual, is the working memory limit fixed or
variable? Most theories treat working memory limits, either implicitly or explicitly, as a
relatively stable characteristic of a given individual. An invariant working memory makes
intuitive sense; given that many theories postulate a causal link between working memory and
fluid intelligence (e.g., see chapters in Conway et al., 2007), a variable limit would seem to
imply variable intelligence. Despite this profound implication, there is a paucity of work on
within-individual variation. Therefore, we pose a critical, but largely unanswered question: Is a
person’s working memory limit stable or are the mechanisms that limit working memory labile?

Of course, experimental studies have identified numerous variables and manipulations
that influence performance on span tasks. However, many manipulations alter how much
information is successfully recalled without actually altering the underlying limiting mechanism.
Consider chunking: An individual’s span can be dramatically increased if prior knowledge
permits linking several distinct items together into a single unit. Chunking does not directly
increase the storage capacity of the system but rather reduces the number of distinct units that

need to be stored, leaving the underlying limit unchanged. Proactive interference effects provide



The Stability of Working Memory 5

a similar example. Imagine we give two groups identical lists of words to remember, for group A
this is the first list they have learned, but group B has already learned 10 similar lists. We expect
group B to recall fewer words than group A because of proactive interference from the prior lists
(Underwood, 1957). Group A and Group B do not fundamentally differ in the ability to control
interference, group B simply has more interference to control (see Lustig & Hasher, 2001).

Changes in recall accuracy caused by factors such as ease of chunking and amount of
proactive interference result not from changes to the memory system itself, but from external
factors that alter the demands (e.g., the number of chunks to be stored or the amount of
interference to be resolved) placed on an unchanged system. Therefore, we refer to such changes
as “extrinsic”. By contrast, “intrinsic” changes reflect differences in the memory system itself.
The clearest example is a brain lesion; an episodic memory task places exactly the same extrinsic
demands on a hippocampal amnesiac and a healthy control, but the two differ in their ability to
deal with those demands. Similarly, individual differences in memory ability likely reflect
intrinsic differences. For example, while exposing different groups to different levels of
interference on a memory task will create extrinsic differences in recall accuracy, even within a
group some individuals will recall more than others. Such individual differences likely arise due
to variation in some fundamental aspect of the memory system, such as the ability to control or
regulate interference (Healey et al., 2010).

The distinction between the amount of interference on a given task and an individual’s
ability to control interference helps highlight the extrinsic/intrinsic distinction: Variations
between tasks in the amount of interference produce extrinsic differences in accuracy but
variations among individuals in the ability to control interference produce intrinsic differences.

In general if memory accuracy changes as characteristics of the task (memoranda,
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encoding/retrieval conditions) change, then the change may be extrinsic. If accuracy changes in
the absence of any changes to the task conditions, it is likely an intrinsic difference.

The extrinsic/intrinsic distinction becomes critical when interpreting the relationship
between span scores and other cognitive measures such as fluid intelligence: if two participants
had different span scores because one happened to study easily chunked lists and another studied
difficult to chunk lists (an extrinsic difference), we would not expect to see corresponding
differences in their fluid intelligence scores. If, however, two participants had different span
scores because one had more efficient attention-regulation processes (an intrinsic difference), we
may indeed expect fluid intelligence differences. That is, extrinsic changes are unlikely to impact
other aspects of cognition whereas intrinsic changes are. The question is, are there any
manipulations that produce intrinsic changes in an individual’s working memory limits?

Most manipulations known to influence working memory span, such as the chunking and
interference effects discussed above, likely reflect extrinsic changes. For example, classic word
length and phonological similarity effects are likely examples of extrinsic changes (e.g., word
length determines how many words will fit within an unchanging phonological loop; Baddeley et
al., 1975). Another example of extraneous changes is seen in the release from proactive
interference paradigm (e.g., Wickens, 1970). Here, performance increases are due to the
decreasing need to resolve interference, not increased efficiency of interference resolution.
Mnemonists can remember tremendously long lists of specific types of stimuli, but there is
evidence that this feat relies on strategies that circumvent rather than alter the underlying limiting
mechanisms (Ericsson, Delaney, Weaver, & Mahadevan, 2004). Another example is the drop in
memory performance associated with reminding people of their membership in a group

stereotyped as poor performers on a given task (i.e., stereotype threat; Chasteen, Bhattacharyya,
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Horhota, Tam, & Hasher, 2005; Hess, Hinson, & Hodges, 2009; Inzlicht & Ben-Zeev, 2000;
Spencer, Steele, & Quinn, 1999). Evidence suggests that participants experiencing stereotype
threat devote attention to suppressing anxiety engendered by the threat, thereby increasing the
extrinsic demands on the system and lowering the amount of attention they can devote to the
memory task (Johns, Inzlicht, & Schmader, 2008; Schmader & Johns, 2003).

Are there examples of true intrinsic changes in working memory ability? Schmeichel
(2007) reported a reduction in span scores that may be consistent with an intrinsic change.
Schmeichel had participants view a video that showed a woman being interviewed, without
sound, in one corner and random words in another corner. Experimental participants were asked
to ignore the words and focus only on the woman; control participants were given no instructions
about the words. Participants then completed a complex span task. Those who had been asked to
ignore the words had lower span scores than the control participants. Schmeichel argued that
ignoring words requires the same executive control processes that limit working memory and
that engaging those processes during the video task transiently reduces their efficiency which
leads to poor performance on the subsequent span task. If this interpretation is correct it would
constitute an intrinsic change in the working memory limit as it is not the demands on the system
that change but rather the ability of the system to handle the demands.

Schmeichel’s study was motivated by a theory of self-control from the social psychology
literature. While the terminology is often very different, the concept of self-control is actually
very similar to the concept of executive control in cognitive psychology (see Robinson,
Schmeichel, & Inzlicht, 2010). Schmeichel’s task requires participants to control the tendency to
look at the irrelevant words. Another common self-control task involves restraining any outward

expression of emotion while watching highly emotional video clips (Baumeister, Bratslavsky,
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Muraven, & Tice, 1998). These self-control tasks are conceptually very similar to measures of
executive control such as the Stroop and antisaccade tasks, which require restraint of prepotent
responses (Butler, Zacks, & Henderson, 1999; Roberts, Hager, & Heron, 1994) and have been
argued to measure the same underlying mechanisms that limit working memory (Kane, Conway,
Bleckley, & Engle, 2001; Miyake, et al., 2000).

Thus, working memory and self-control may both be limited by closely related
mechanisms. Unlike most theories of working memory, however, theories of self-control
explicitly state that limits vary within individuals. Specifically, completing one self-control task
is said to transiently reduce the effectiveness of self-control mechanisms thereby impairing ones’
ability to perform a second self-control task immediately afterward. The negative impact of one
task on a subsequent task has been labeled “resource depletion” (Baumeister, et al., 1998;
Baumeister, Vohs, & Tice, 2007). We prefer to avoid the term “depletion” when referring to the
basic effect of reduced performance on the second task, as it prematurely assumes the
explanation, in favor of the more theory-neutral, if less euphonious, term “subsequent-task
effects”. We use resource depletion to refer specifically to the proposed resource-based
explanation of the effect.

The idea that working memory is so labile that simply being asked to ignore words for a
few minutes can dramatically reduce its efficiency suggests important consequences for current
theories of working memory limits, especially given the close and possibly causal link between
working memory and fluid intelligence. It is therefore critical to determine whether any
subsequent-task effects on complex span truly reflect resource depletion (i.e., intrinsic changes to

the system).
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Experiment 1

Schmeichel (2007) reported two other studies that could be considered conceptual
replications of the study described above. However, the magnitude of the subsequent task effects
observed were sometimes small or non-significant and varied both across studies and with the
method used to calculate span score. Given the potential implications of working memory
depletion, any ambiguity in the results suggests that replication of the basic finding is critical.
We provide such a replication in Experiment 1 using the most psychometrically valid span
administration and scoring procedures (Conway et al. 2005). We explore alternative, non-
depletion based explanations for the effect in subsequent experiments.

Method

Participants

For each experiment reported here we recruited a unique sample of undergraduates from
introductory psychology classes at the University of Toronto. All participants spoke English
since early childhood and were compensated with either course credit or $10. Thirty-eight
students participated in Experiment 1, 19 in each condition.
Materials and Procedure

All of the experiments followed the same basic procedure: Participants first completed
either a hi-demand cognitive task or a lo-demand version of the same task. They then filled out a
brief mood scale, and finally completed a complex span task. In Experiment 1 the initial task was
to watch a video of a woman being interviewed while ignoring (hi-demand) or not ignoring (lo-
demand) words, which appeared in the lower right corner of the screen; the complex span task

was operation span.
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Video Task. The video task was modeled after the one used by Schmeichel (2007). Figure
la shows a representative frame of the video. Participants in both conditions were told that they
would be watching a silent 6 min video of a young woman being interviewed. They were told
that the study was about nonverbal personality assessments and that they would be asked to
make person-perception judgments about the woman. The top left portion of the video frame
showed a woman sitting at a table having a conversation with an off-camera individual. The
bottom right portion of the screen presented common one-syllable words in black font against a
white background at a rate of 6 words per second.

Hi-demand participants were given the following additional instructions: “Please focus
on the woman throughout the video and do not read or look at any words that may appear on the
screen. If you find yourself looking at the words, please redirect your gaze to the woman as
quickly as possible”. Lo-demand participants were not given any specific instructions about the
words. That is, hi-demand, but not lo-demand, participants were required to control the prepotent
tendency of stimulus onsets to capture attention as well as the tendency to read words once they
had captured attention.

Mood scale. As is common in the depletion literature we administered the Brief Mood
Inspection Survey (BMIS; Mayer & Gaschke, 1988) after the video task to determine if any
differences in working memory scores are related to mood. The BMIS measures mood by having
participants rate the extent to which they are currently feeling eight pleasant emotions (e. g.,
content, peppy, happy) and eight unpleasant (e. g., jittery, nervous, gloomy) on a 7-point scale (1
= definitely do not feel; 7 = definitely feel). A final pleasant-unpleasant mood score is calculated
by subtracting the summed rating for the unpleasant emotions from the summed rating for the

pleasant emotions, yielding a score ranging from 49 (pleasant) to -49 (unpleasant).
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Operation span. The target words were 4—7 letter, 1-2 syllable common nouns. There
was no overlap between the words used in the video task and the span target words. The
equations (e.g., (2 x 2) + 3 = 7) were composed of two numbers that were multiplied or divided,
a third number that was added to or subtracted from the result, and a final answer. The task
consisted of 12 operation span trials; 3 trials at each set size (the number of equation/word pairs
per trial) from 2 to 5. The same random trial order was used for each participant.

On each trial an equation and a target word were presented together on the same screen
(e.g., (2x2)+3=7 SMOKE) and the participant read the equation aloud, verified its accuracy
by saying “yes” or “no”, and then read the target word aloud. As soon as the participant finished
reading the target word the experimenter advanced the program to the next equation/word pair.
Participants were instructed to begin reading the equations as soon as they appeared on screen
and were reminded of this instruction whenever the experimenter noticed the participant pausing
before beginning reading.

Once all of the equation/word pairs for a trial had been presented the participants were
prompted to recall all of the target words from that trial by saying them aloud in the same order
they were presented. Partial credit scoring (Conway et al., 2005) was used: An item was
considered recalled if its output position matched its presentation position and credit was given
for a correctly recalled item even if other items in the trial were not recalled. For all experiments
we report span scores as a percentage of the targets recalled.

Data Screening and Analysis
In each experiment outliers were identified and excluded based on a 1.5 times inter-

quartile range rule (Tukey, 1977)*. The number of excluded participants for each experiment is
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reported in table 1; the sample sizes reported in the method sections reflect final sample sizes
after exclusions. We report Cohen’s d as a measure of effect size.

As mentioned, most studies in the depletion literature examine mood scores to rule out
the possibility that mood differences between the cognitive demand conditions influence
subsequent task performance. To streamline the result sections of individual experiments we
analyze mood data from all of the experiments here. See Table 1 for the mood scores from each
experiment (mood data were lost for 3 participants due to experimenter error). The magnitude
and direction of the difference in mood scores between conditions fluctuated from study to study
and was significant only in Experiment 5. The critical question is not so much whether mood
differed between demand conditions but whether mood differences account for any differences in
span scores. To test this possibility, we converted span scores to z-scores within each study and
then correlated the z-scores with mood scores, collapsing across studies. Mood did not correlate
with span z-score for the hi-demand (#(133) = -.08) or lo-demand (7(136) = .04) conditions, nor
when collapsing across conditions (#(269) = -.02), indicating that mood did not influence span
scores. As a final check for any influence of mood, we reran all of the hi-demand/lo-demand
comparisons reported in the paper with mood score included as a covariate. Mood score was not
a significant covariate in any of these analyses, further confirming that mood does not drive
subsequent task effects. Therefore, for brevity and clarity we do not discuss mood data in
subsequent experiments and report standard t-tests and ANOV As rather than analyses of
covariance.

Results and Discussion
Hi-demand participants recalled an average of 54.3% (SD = 12.2) of the words,

substantially fewer words than the 69.8% (SD = 11.4) recalled by lo-demand participants, #36) =
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4.06, p <.001, d = 1.35, replicating the Schmeichel (2007) finding. See Table 2 for a summary of
the difference between the hi- and lo-demand conditions for this and all experiments. Participants
in the two conditions were exposed to exactly the same materials during the experiment, the only
difference being that the hi-demand participants were told to avoid looking at the words during
the video task. This small change in instructions was sufficient to reduce average span accuracy
in the hi-demand condition by 15.6% relative to the lo-demand condition.

Given that complex span scores are widely viewed as a reliable and important predictor
of fluid intelligence (Kane et al., 2007), a drop in recall accuracy of 15.6% is quite startling. The
interpretation of this reduction is therefore of critical importance. Does it reflect a genuine
reduction in working memory capacity, as suggested by the depletion perspective, which under
some views of relationship between working memory capacity and fluid intelligence would
imply that asking someone to ignore words for six minutes induces a general cognitive
impairment? Or is there an alternative explanation for the present finding?

Experiment 2

The effect in Experiment 1 seems like a good candidate for an intrinsic reduction in
working memory: Both groups completed exactly the same span task using exactly the same
materials under what seem to be identical encoding/retrieval conditions. That is, the change
appears to have occurred in the absence of any extrinsic alterations to the task conditions.
However, consider again proactive interference effects, which we have argued constitute
extrinsic changes. If two people study exactly the same list of words, a person who has already
studied several lists will recall fewer words from the final list than someone who has not studied
other lists (Underwood, 1957). The two people do not have fundamentally different memory

systems, their systems simply have different levels of interference to contend with. That is,
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lingering effects of past stimuli can alter memory performance without fundamentally altering
the memory system (Postman & Underwood, 1973; Lustig, Hasher, & Zacks, 2007). Could
lingering extrinsic effects account for the results of Experiment 1?

In Experiment 1, the video task presented a list of words. The operation span task also
presented lists of words. Could this similarity in material between the initial video task and the
subsequent span task have produced the reduced span scores observed in Experiment 1? If so,
replacing the distracting words in the video task with new stimuli that are not similar to the
words used in operation span should eliminate the effect. Below we discuss possible mechanisms
through which ignoring stimuli in one task could impair memory for similar stimuli in a later
task, but for now we focus on using stimulus-similarity to test a key prediction of depletion
theory. Specifically, depletion theory predicts that subsequent task effects should be insensitive
to changes in the particular stimuli used in the two tasks, provided that the underlying resource
demands are maintained. Indeed much of the depletion literature has focused on showing that
depletion effects can be found with a range of superficially dissimilar tasks provided that each
requires self-control.

In this study, we pitted the discrepant predictions of the depletion and stimulus-similarity
accounts against each other by removing the similarity among stimuli while maintaining the need
for self-control. We did so by replacing the word-based operation span task with rotation span, a
non-verbal complex span task that uses arrows instead of words as the memoranda. If similarity
between the words in the video task and the words in operation span produced the subsequent-
task effect in Experiment 1, rotation span should show no subsequent task effect. If however, the

effect in Experiment 1 was due to depleted control resources, a similar effect should be seen for
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rotation span, which taps the same executive control processes as operation span (Kane et al.,
2004).

Given that we are predicting a null effect it is important to have sufficient power to detect
a non-zero effect if, contrary to our hypothesis, one does exist. A sample size of 13 participants
per condition gives a 1-f§ power value of .95 to detect an effect of the size observed in
Experiment 1 with o = .05 and a 1-tailed test. We exceeded that minimum sample size and tested
at least 22 participants per condition here and in subsequent experiments in which we predicted a
null effect to ensure that we had adequate power to detect even smaller effects, should they exist.
Participants

Twenty-five undergraduate students participated in both the hi-demand and lo-demand
conditions.
Materials and Procedure

The video task was identical to the one used in Experiment 1, that is, words served as the
to be ignored (or not) stimuli. After the video, participants completed the mood scale followed
immediately by rotation span.

Rotation Span. Our version of rotation span was based on the one used by Miyake,
Friedman, Rettinger, Shah, Hegarty (2001), and is designed to be a spatial analog of verbal
complex span tasks. On each trial, participants have to remember the orientation of several
arrows, the presentation of which is interleaved with a spatial processing task (mental rotation).
For the mental rotation task an uppercase letter (G, R, or F) was presented in the center of a
roughly circular “blob” shape. The letter was rotated from its usual upright position by some
multiple of 45° and was either a normal letter or a mirror image version of a normal letter (i.e.,

rotated 180° around the vertical axis). The participants’ task was to indicate if the letter was a
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normal or a mirror image version by saying “yes” (normal) or “no” (mirror image). After the
participant responded to the letter, an arrow was presented which originated from the center of
the blob and pointed in one of 8§ directions (i.e., 0°, 45°, 90°, 135°, 180°, 225°, 270°, or 315°).
Participants were to remember the orientation of each arrow. A trial consisted of 3 to 6
letter/arrow pairs. There were two trials at each set size.

Once all of the letter/arrow pairs for a trial had been presented, the participants were
given a response sheet with 6 empty blob shapes and were asked to recall the orientations of the
arrows from that trial by drawing them in the same order in which they were presented. Recall
was scored using the same partial credit scheme used for operation span.

Results and Discussion
Contrary to the findings of Experiment 1, there was no difference in rotation span scores between
the hi-demand (M = 67.4%, SD = 19.8) and lo-demand conditions (M = 69.4%, SD = 15.1), t(48)
=0.40, d = 0.12. That is, whereas asking participants to ignore words before completing
operation span dramatically lowered their span scores, asking them to ignore words before
completing rotation span had no effect. The absence of any effect is inconsistent with a depletion
account of Experiment 1. For a depletion account to remain viable one would have to argue that
operation span requires substantial self-control, but rotation span requires very little. The results
are, however, consistent with an stimulus-similarity account: ignoring words prior to memorizing
words impairs memory, but ignoring words prior to memorizing arrow directions does not impair
memory.
Comparison of Experiments 1 and 2
The stimulus-similarity account predicts that the effect of ignoring words in the initial

task should interact with the type of memoranda in the span task, whereas the depletion account
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predicts subsequent task effects regardless of memoranda. As a direct test of these two
hypotheses, we combined the results of Experiments 1 and 2 and tested for a demand condition
(lo versus hi) by span memoranda (verbal in Experiment 1 versus spatial in Experiment 2)
interaction. Differences between operation span and rotation span (e.g., they use different types
of stimuli and different numbers of stimuli) make it difficult to interpret the main effect of span
type. We therefore converted recall accuracy to z-scores within each experiment, eliminating the
effect of span type. An ANOVA performed on these z-scores indicates that the impact of
ignoring/not ignoring words does indeed interact with type of span task, F(1, 84) = 6.00, p =
.016, with the effect of ignoring being greater for the word-based operation span than the arrow-
based rotation span. This interaction supports the conclusion that stimulus similarity drives the
subsequent task effect observed in Experiment 1, and supplements the unambiguous results
within each experiment: ignoring words impaired memory for words in Experiment 1 but
ignoring words did not impair memory for arrow directions in Experiment 2.
Experiment 3

A clear prediction of the stimulus-similarity account is that while ignoring words prior to
memorizing arrows had no impact on memory in Experiment 2, ignoring arrows before
memorizing arrows should impact memory. That is, replacing the words in the video with arrows
at various rotation angles should reduce rotation span scores. In contrast, under a depletion
account, there is no clear reason to expect that ignoring arrows during a video should be more

detrimental to subsequent memory span performance than ignoring words.
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Method

Participants

The reported data are from 19 students in the hi-demand condition and 18 in the lo-
demand condition.
Materials and Procedure

This experiment was identical to Experiment 2 except for the to-be-ignored information
in the video. The video presented the same woman being interviewed in the upper left corner.
However, instead of words, a series of arrows was presented in the lower right corner (see Figure
1b for an example frame). The arrows were presented within a circular outline and randomly
cycled through 8 directions (i.e., 0°, 45°, 90°, 135°, 180°, 225°, 270°, or 315°). Note that these are
the same 8 orientations used for the to-be-remembered arrows in the rotation span task. Under a
depletion account the overlap in stimuli should have no effect. The circle outline and arrows
were presented in black against a white background at a rate of 6 arrows per second; the same
rate used for words in the original video). The physical size of the arrows on screen was
approximately equal to that of the words in the original video. As with the word-distraction
video, the arrow-distraction video was 6 min long and was played without sound. Instructions in
the hi- and lo-demand conditions were identical to those given in experiment 1, except that
references to “words” were changed to references to “arrows”. After viewing the video,
participants completed the mood scale and then rotation span using exactly the same stimuli and
procedure as in Experiment 2.

Results
Rotation span showed a clear subsequent-task effect: hi-demand participants recalled an

average of only 52.3% (SD = 20.3) of the arrows whereas lo-demand participants recalled an
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average of 65.0% (SD = 14.5), 1(35)=2.17, p < .05, d = 0.73.
Experiment 4

The pattern of data reported so far is consistent with a stimulus-similarity account:
ignoring words led to subsequent impairment on a word-based span task (Experiment 1) but not
on an arrow-based span task (Experiment 2), whereas ignoring arrows led to impairment on an
arrow-based span task (Experiment 3). To complete the picture we tested the impact of ignoring
arrows on the word-based operation span task. The stimulus-similarity prediction is obvious:
ignoring arrows should have no impact on operation span. The depletion account makes the
opposite prediction: ignoring arrows should impair operation span performance.

Method

Participants

We report data from 27 participants in the hi-demand condition and 22 in the lo-demand
condition.
Materials and Procedure

The original interview video with distracting words contains two potential sources of
verbal interference: the distracting words and the speaking woman. While there is no sound, the
woman’s mouth movements, facial expressions, and hand gestures are clearly visible. Together
these non-auditory cues may be sufficient for some participants to understand some of what is
being said, creating a potential source of verbal interference. To avoid confounding the verbal
nature of the to-be-ignored material with the verbal nature of the to-be-attended material, we
created a new video. In place of the woman, the new video showed a 6 min, time-lapse film of
clouds moving across a mountain range (see Figure 1c). At several points in the video, the

camera angle changes to give a different perspective on the range. The video shows purely
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landscape scenes with no people and no objects other than mountains, trees, and clouds. The
cloud video occupied the same area in the upper left proportion of the screen as did the interview
scene and the same distracting arrow display used in Experiment 3 occupied the lower right
corner. All participants were read the following cover story before watching the video; “We are
interested in how people make nonverbal assessments of visual scenes. You will be watching a
6min video without sound of a variety of natural landscapes, later you will be asked to answer
some questions about the scenes.” Hi-demand participants were given the following instructions
about the arrows; “Please focus on the landscapes throughout the video and do not look at any
arrows that may appear on the screen. If you find yourself looking at the arrows, please redirect
your gaze to the landscapes as quickly as possible.” Lo-demand participants were given no
instructions about the arrows.

The new video captures what, under a depletion account, are the critical features of the
original: a relatively boring scene presented along with potentially attention-capturing peripheral
stimuli. Indeed, because the cloud video lacks the potentially interesting social aspects of the
interview video, it may actually require more cognitive control for participants to sustain their
attention on the cloud video than on the interview video. After watching the cloud video,
participants completed the mood scale and the same version of operation span used in
Experiment 1.

Results and Discussion

Instructions to ignore the arrows produced no deficit in operation span scores, #(47) = -
0.43, d = -0.13, indeed the hi-demand participants (M = 57.3%, SD = 11.7) numerically
outperformed the lo-demand participants (M = 55.6%, SD = 14.0). Experiments 1-4 suggest that

subsequent-task effects impact span tasks only when there is a match between the stimuli ignored
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in task 1 and those remembered in task 2. This pattern is predicted by an stimulus-similarity
account, but is inconsistent with depletion theory.
Comparison of Experiments 3 and 4

As with Experiments 1 and 2, we tested for a demand condition (lo versus hi) by span
material (verbal versus spatial) interaction by combining the results of Experiments 3 and 4. We
again converted recall accuracy to z-scores within each experiment, eliminating the effect of
span type. The interaction falls just short of traditional significance levels, F(1, §2) =3.49, p =
.065. We stress that because this test depends on a cross-task and cross-experiment comparison,
it should be considered as a supplement to the main finding within each experiment: ignoring
arrows impaired memory for arrows (Experiment 3) but ignoring arrows did not impair memory
for words (Experiment 4), a perfect reversal of the pattern found with ignoring words in
Experiments 1 and 2. This pattern of results is exactly what one would predict if stimulus-
similarity produces subsequent task effects but makes little sense under a depletion account.

Discussion of Experiments 1-4

Experiments 1-4 showed that, using the video task as an initial task, subsequent-task
effects emerged only when the stimuli participants ignored in the initial task were similar to the
stimuli they had to remember in the span task, even though all versions of the video task should
have tapped the same control processes implicated in complex span. While this pattern rules out
resource depletion as an explanation, it does not point clearly to an alternative account. The main
aim of this paper is to test depletion theory. However, before moving on to a more direct test of
the depletion hypothesis in Experiments 5 and 6, we offer some speculation on how ignoring

stimuli at one point in time could impair later memory for similar stimuli.
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There is considerable evidence that younger university students (but not older adults) are
quite adept at dealing with distraction from both external and internal sources (e.g., memory
interference). However, this ability to ignore distraction generally comes at the cost of reduced
access to the ignored information at a later point (Campbell, Hasher, & Thomas, 2010; Rowe,
Valderrama, Hasher, & Lenartowicz, 2006, see Healey, Campbell, & Hasher, 2008 for a review).
For example, a recent study found that when participants resolved competition between two
similar words (e.g., allergy and analogy) to solve a word fragment (e.g.,a 1 gy), the rejected
word was subsequently less accessible in memory (Healey, Campbell, Hasher, & Osher, 2010;
see Anderson, Bjork, & Bjork, 1994; Anderson & Spellman, 1995 for related findings). Similar
effects have been found when participants ignore externally presented distraction (e.g., the
negative priming effect; see May, Kane, & Hasher, 1995 for a critical review).

Could ignoring one type of stimuli (e.g. words) during the video task reduce later access
to similar stimuli, while leaving access to other types of stimuli (e.g., arrows) unaffected? If
access to an entire class of stimuli, such as words, were impaired in this manner it could lead to
difficulty encoding, and thus remembering the words on a subsequent span task. One
complication is that in studies showing reduced access, usually only the specific words that were
previously rejected or ignored show reduced accessibility, not words in general. However, as
these studies use a mix of relevant and irrelevant words, it would be counterproductive to reduce
access to all words (or arrows in the arrow version of the task). If, however, all words are
declared irrelevant, as they are in the video task, it may be possible and efficient for the system
to reduce access to words (or arrows) in general. Of course, much work would be needed to

determine if access to an entire class of stimuli could be reduced in this manner (see Postman,
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Stark, & Fraser, 1968 for evidence that to reduced availability of entire classes of responses
contributes to retroactive interference in paired associate learning is related).

Neuroimaging evidence suggests a subtly different way in which ignoring stimuli at one
point could impair later processing of similar stimuli. Gazzelley, Cooney, Rissman, and
D’Esposito (2005) showed participants a series of pictures; some of faces, others of scenes (e.g.,
a sunset). When told to ignore the scenes and memorize the faces, young adults showed
decreased activity in the parahippocampal place area, a region involved in processing scenes.
That is, instructions to ignore a particular type of stimuli lead to reduced activity in brain areas
responsible for processing that type of stimuli. In these studies, reduced processing is an
appropriate response to the task demands. If, however, such reduced processing continued even
when the task changes, it could contribute to stimulus-similarity dependent subsequent task
effects. Using the current Experiments 1 and 2 as examples, if participants suppress processing
of words during the video task and inappropriately continue to do so once the task ends, it would
likely disrupt encoding of words during operation span in Experiment 1, but to the extent that the
suppression of processing is stimulus-specific, it should not disrupt encoding of arrows during
rotation span in Experiment 2. Supporting the possibility that reduced processing could continue
across task boundaries, recent studies have shown that brain activity (Barnes, Bullmore, &
Suckling, 2010) and patterns of functional connectivity (Grigg & Grady, 2010) related to one
task can take considerable time to dissipate after the task ends. Note that under this interpretation
subsequent task effects occur because inappropriately strong cognitive control, in the form of
suppressing processing, is exerted during the subsequent task. This suggestion is almost the

opposite of the depletion theory claim that control is weakened on the subsequent task.
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Clearly many issues would need to be resolved, and many other possible explanations
explored, before these speculations could be developed into a coherent account of subsequent
task effects observed here. For now we simply make the empirical observation that ignoring
words in the video task impacts subsequent span performance only when the ignored material is
similar to the memoranda in the span task; an observation that is inconsistent with depletion
theory. In the last two experiments provide a final, direct test of depletion theory, as applied to
working memory.

Experiment 5

In Experiments 1-4 we tested depletion theory by varying the type of stimuli participants
ignored in the video task and concluded that the observed subsequent task effects were due to
stimulus-similarity, not resource depletion. However, apart from demonstrations of subsequent
task effects, there is actually very little research establishing that the video task places demands
on the attentional control abilities that subserve complex span performance (Bunting, 2006;
Hasher et al. 2007, 1999; Kane et al., 2007, 2001; Lustig, May, & Hasher, 2001; May, Hasher, &
Kane, 1999; Rowe, Hasher, & Turcotte, 2010). Thus, it is possible that we failed to find true
depletion effects not because depletion theory is flawed, but because the video task does not
actually tap attentional control. Therefore, in Experiments 5 and 6 we replaced the video task
with the antisaccade task, a widely used attention control task (Roberts et al., 1994; Butler et al.,
1999) known to be related to complex span (Kane et al., 2001; Unsworth, Schrock, & Engle,
2004). In Experiment 5 antisaccade performance is followed by operation span, in Experiment 6
it is followed by a spatial complex span task. Using a well-validated attention control task as the
initial task provides a fair and direct test of depletion theory.

In the antisaccade task participants must identify a target that is presented very briefly on



The Stability of Working Memory 25

one side of the screen. However, before the target is presented a misleading cue is presented on
the opposite side of the screen. Given the rapid target presentation rate, participants are likely to
miss the target if the misleading cue captures their attention. Therefore, rapid and accurate target
identification requires exerting attentional control to avoid looking the distracting cue. The task
is well validated as a measure of attentional control. Antisaccade is also conceptually similar to
the video task used in the preceeding experiments as both involve ignoring salient peripheral
stimuli. Moreover, while anti-saccade shares deep similarities with complex span (i.e., in the
need to control attention), at a superficial level the two tasks are very dissimilar both in the types
of stimuli they use and in the sorts of actions participants perform on them, so there is no reason
to expect stimulus-similarity based subsequent-task effects. To test for subsequent task effects,
participants completed the hi-demand antisaccade task followed by operation span’. For a low
demand condition, a separate group of participants completed a prosaccade task, in which the cue
accurately predicts the target location reducing the need to control attention, followed by
operation span.
Method
Participants
Twenty-five undergraduate students were tested in the hi-demand condition and 22 were

tested in the lo-demand condition.
Materials and Procedure

Antisaccade Task. The task was based on the version used by Kane et al. (2001). On each
trial two boxes were displayed, one on either side of the screen, a flashing cue (an equal sign)
appeared briefly in one box, followed by the brief, masked presentation of a target letter (B, P, or

R). In the hi-demand antisaccade task the cue and target appear in different boxes, whereas in the
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lo-demand prosaccade task they appear in the same box. Thus, performing the task well requires
restraining the tendency to look toward the cue. In the lo-demand control condition, the cue and
target appeared in the same box (prosaccade), greatly reducing the need control attention. When
the goal is to measure individual differences in attention control, participants complete both the
pro and antisaccade versions, however given that our goal was not to measure, but to tax (or not)
attention control participants completed only one version.

The sequence of events within a trial was as follows: the word “READY?” was
presented at the centre of the screen and participants pressed the spacebar to begin the trial. The
screen then blanked for 400ms after which a central fixation cross was displayed along with two
empty boxes (a white frame against the black background), one on either side of fixation. The
fixation remained onscreen for an unpredictable interval (randomly selected from 200, 600,
1000, 1400, 1800, or 2200ms), after which it disappeared leaving only the two boxes. Fifty
milliseconds after fixation offset a cue appeared in one of the boxes for 100ms, disappeared for
50ms, then reappeared for 100ms, producing an attention-capturing, flashing effect (Roberts et
al., 1994). Then 50ms after the second cue offset, the target appeared in one of the boxes for
100ms followed immediately by a mask which consisted of an “H” displayed for 50ms followed
by an “8” displayed until a response was made. In the hi-demand condition, the cue and target
appeared in different boxes (antisaccade). Participants had to identify the target letter using the 1,
2, and 3 keys of the number pad, which were relabeled B, P, and R.

To familiarize participants with the response mapping and pacing of the task, all
participants began with 36 practice trials on which targets appeared at fixation (without cues).
After the initial practice, participants completed 54 trials of either the hi-demand (antisaccade) or

lo-demand (prosaccade) version of the task, depending on condition.
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Following the saccade task, participants completed the mood scale followed by the same

version of operation span used in previous experiments.
Results and Discussion

The demand level of the initial task had no impact on operation span, #(48) = 1.26, p =
21,d=0.37 (M =52.9%, SD = 16.0 for the antisaccade condition M = 58.7%, SD = 16.3 for the
prosaccade condition), indicating that the demanding antisaccade task did not deplete resources
needed for operation span. To ensure the antisaccade task was indeed more demanding than the
prosaccade task, we examined performance on the two saccade tasks. Participants in the
antisaccade condition correctly identified only 71.38% of the targets (SEM = 3.30%), whereas
participants in the prosaccade condition identified 94.1% (SEM = 0.93%), #(48) = 6.17, p <.001.

These results provide a strong test of the claim that working memory span is vulnerable
to resource depletion. Here, participants preformed a well validated, highly demanding task
(antisaccade) known to tap the same cognitive resources as complex span (Kane et al., 2001;
Unsworth et al., 2004), yet suffered no deficit on a subsequent span task.

Experiment 6

Depletion theory postulates a limited domain general resource that is responsible for tasks
as dissimilar as forcing ones’ self to eat radishes (Baumeister et al., 1998) and performing
complex span (Schmeichel, 2007). Experiments 1-4 showed that, using the video task,
subsequent task effects emerge only when the distracting material in the video is similar to the
memoranda in the span task. Experiment 5 showed that antisaccade, a validated measure of
attentional control abilities, does not produce subsequent task effects on operation span. Taken
together these results cannot be explained by an unembellished version of depletion theory.

However, a modified version of the theory may be consistent with the results. Specifically, it is
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possible that there are separate resources for verbal and spatial working memory tasks (e.g.,
Baddeley & Logie, 1999; Logie, 1996; Todd & Marois, 2004; but see also, Kane et al., 2004;
Miyake et al., 2001) and that the similarity-dependent effects observed in Experiments 1-4
reflect depletion of those domain specific resources rather than a domain general resource.
Similarly, antisaccade, which requires controlling allocation of attention to spatial locations, may
deplete only spatial resources, leaving verbal resources unimpaired and able to deal with the
demands of the verbal operation span. In the final experiment we test of the idea that domain
specific working memory resources are depletable by administering antisaccade, a task that
requires controlling the spatial allocation of attention, followed by the administration of a clearly
spatial complex span task.
Method

Participants

Twenty-three undergraduate students were tested in the hi-demand condition, and 25
were tested in the lo-demand condition.
Materials and Procedure

Participants completed the same antisaccade (or prosaccade in the lo-demand condition)
used in Experiment 5 followed by the highly spatial symmetry span task.

Symmetry Span. Like rotation span, symmetry span is a spatial analogue of the verbal
complex span tasks and correlates well with other complex span tasks as well as with fluid
intelligence measures (Kane et al., 2004; Unsworth, Brewer, & Spillers, 2009). We used
symmetry span rather than rotation span to increase the reliance on spatial abilities. Whereas the

relatively simple stimuli in rotation span could conceivably be encoded in a verbal manner (e.g.,
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the directions of arrows could be translated into hours on an clock), the complexity of symmetry
span makes verbal coding unlikely.

We used the automated version (Unsworth, Heitz, Schrock, & Engle, 2005) of symmetry
span (Kane et al., 2004). The task interleaves a series of symmetry judgments with presentation
of spatial locations within a matrix for later recall. Each symmetry judgment presents a pattern
formed by shading some cells in 8X8 matrix of white squares. Participants must indicate if the
pattern is vertically symmetrical by pressing a key. After making the symmetry judgment, a
blank 4X4 matrix is displayed and one of the cells turns red for 650ms. The participants must
remember the location of the red cell. After 2-5 symmetry judgments and to-be-remembered red
cells, a blank 4X4 matrix appears and participants must reproduce the pattern of red cells from
that trial by clicking on the cells in the order they were presented. There were three trials at each
set size (2-5). As before, partial credit scoring was used. Participants were given practice with
the symmetry judgment and the memory component separately before beginning the scored
trials.

Results

Whether participants completed the hi-demand antisaccade task or the lo-demand
prosaccade task had no impact on subsequent symmetry span scores. Indeed, antisaccade
participants were actually slightly more accurate on the span task (M = 74.3%, SD = 12.1) than
prosaccade participants (M = 69.2%, SD = 17.3), though the difference was not significant, #46)
=-1..17, p=.25,d = -0.35. As in Experiment 5, participants had much more difficulty with the
antisaccade task than the prosaccade task: Antisaccade participants correctly identified only

64.19% of the targets (SEM = 3.60%), while prosaccade participants identified 92.19% (SEM =
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1.90%), #(43) = 6.60, p <.001 (note that saccade data for 3 participants was lost due to a
computer backup error).

The fact that the highly spatial antisaccade had no impact on the spatial symmetry span
speaks against a modified version of depletion theory wherein domain specific verbal and spatial
resources are vulnerable to depletion. That is, the processes underlying complex span, whether
they are domain general or domain specific, do not suffer from resource depletion under the
conditions tested here.

General Discussion

The aim of this paper was to assess whether subsequent-task effects on complex span
occur because the initial task depletes the cognitive control resources needed for complex span.
A key feature of the depletion hypothesis is that subsequent-task effects should emerge whenever
the two tasks require the same resources. To test the depletion account, we maintained the need
for cognitive control in all tasks but varied the similarity among the stimuli that were to be
ignored in the initial task and those that were to be remembered in the span task. Subsequent-task
effects appeared only when there was a match between the to-be-ignored stimuli in the first task
and the to-be-remembered stimuli in the span task: Ignoring words impaired memory for words
(Experiment 1) but not memory for arrows (Experiment 2), while ignoring arrows impaired
memory for arrows (Experiment 3) but not memory for words (Experiment 4). That is,
subsequent-task effects depended not on deep similarities among the resources needed by the
tasks, as predicted by depletion theory, but rather on similarities among the stimuli. Perhaps
more damaging to the depletion account, antisaccade, a task known to tap the domain general
executive control components of span (Kane et al., 2001; Unsworth et al., 2004), did not produce

depletion effects on either verbal (Experiment 5) or spatial span (Experiment 6). Together these
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results suggest that subsequent-task effects on complex span are not due to depletion of resources
and do not represent the consequences of intrinsic changes to the working memory system.

It is important to note that while the current results strongly suggest that working memory
span is relatively immune to true resource depletion, they do not rule out the possibility that
other cognitive processes are susceptible to depletion. There is evidence that demanding self-
control tasks can produce subsequent-task effects on other common cognitive tasks. For
example, suppressing emotional reactions while watching provocative videos has been shown to
increase the incongruency effect on a subsequent Stroop task (Inzlicht & Gutsell, 2007).
Similarly, it has been found that performing a high interference, but not a low interference,
version of the recent-probes task, in which probe items must be matched to a current memory set
and interference is manipulated by varying whether the probe matches items in earlier memory
sets, reduced subsequent performance on both a verb generation task and a cued recall paired-
associates task (Persson, Welsh, Jonides, & Reuter-Lorenz, 2007). There is also evidence that
engaging in a self-control task can lower performance on some standardized tests (Schmeichel,
Vohs, & Baumeister, 2003). Such results may reflect true depletion.

Moreover, while complex span may not be vulnerable to true depletion effects, the
present findings, and those of Schmeichel (2007) clearly show that prior tasks can influence span
scores in unexpected ways. These subsequent task effects have important practical and
methodological implications. In most individual difference studies, complex span tasks are
embedded within a long series of other tasks (e.g., Kane et al., 2004; McCabe, Roediger,
McDaniel, Balota, & Hambrick, 2010; Miyake et al., 2001; Unsworth et al., 2009); the
susceptibility of complex span to subsequent-task effects is therefore a critical concern.

Designing task sequences to avoid contaminating results with subsequent-task effects will
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require understanding the factors responsible for such effects. Another concern is whether, in
addition to lowering mean performance on span tasks, subsequent-task effects change the pattern
of correlations between span and other aspects of cognition such as fluid intelligence.

Extrinsic Versus Intrinsic Changes

Above we introduced the distinction between differences in memory performance that
result from intrinsic changes to the memory system itself (e.g., the efficiency of interference
control mechanisms) versus from factors extrinsic to the memory system (e.g., the amount of
interference that must be resolved). This distinction is critical because only intrinsic changes are
likely impact other aspects of cognition which require memory, such as reasoning, whereas
extrinsic changes are likely to be limited to particular test tasks. The present data suggest that
resource depletion manipulations do not produce true intrinsic reductions in working memory
and instead depends on extrinsic factors such as the similarity of the materials used in the initial
task and the subsequent task.

Are there any factors that do represent intrinsic changes? We suspect that developmental
changes in span (i.e., increases in childhood, decreases in late adulthood) are likely to reflect
intrinsic alterations to the underlying mechanisms. For example, elsewhere we have argued the
inhibitory mechanisms that regulate the flow of information into and out of memory become less
efficient with age and that this reduced inhibitory efficiency directly translates to reduced
working memory span (i.e., the system is intrinsically less able to deal with interference; Hasher
et al., 2007; 1999). On the opposite end of the development spectrum, Cowan (e.g., 2010) has
suggested the focus of attention increases in size during maturation, which would constitute an

intrinsic alteration of the system.
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Time of day effects are another potential instance of intrinsic change. Individuals often
perform best on cognitive tasks, including working memory tasks, when the time of testing
coincides with the peak of their circadian arousal pattern (see Hasher, Goldstein, & May, 2005
and Winocur & Hasher, 2002 for reviews). In these studies, only the synchrony/asynchrony
between the time of testing and arousal patterns is manipulated, suggesting that the demands
placed on working memory do not differ, but rather the ability to deal with those demands varies
across the day. There is also evidence that measures of fluid intelligence vary with circadian
arousal (Goldstein, Hahn, Hasher, Wiprzycka, & Zelazo, 2007).

The distinction between intrinsic and extrinsic sources of memory difference is clear in
most cases. For example, depletion of attentional resources would clearly be an intrinsic factor,
whereas similarity of stimuli is clearly an extrinsic factor. However, other factors that influence
memory performance are more difficult to classify as intrinsic or extrinsic to the memory system.
For example, level of motivation can influence performance on a memory task (Heitz, Schrock,
Payne, & Engle, 2008). One the one hand, motivation does not change the external demands
placed on the memory system, suggesting changes in performance are due to intrinsic factors. On
the other hand, it would be odd to say that individuals who are highly motivated to perform a
given task have intrinsically different memory systems than individuals with low motivation.
That is, motivation is intrinsic in the sense of being an internal, psychological factor, rather than
an external, environmental factor, but extrinsic in the sense that it can be thought of as external
to the memory system. This ambiguity raises the issue of interactions between different cognitive
systems. For example, a motivational system may modulate the degree to which the memory
system is engaged during a particular task. Indeed, Robinson et al. (2010) propose that depletion

effects arise from the interaction of three systems: a control system that prevents contextually
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inappropriate thoughts or actions (e.g., reading words in a Stroop task); a monitoring system that
detects potential failures of control; and a motivational system that modulates the control and
monitoring systems, so that when motivation is low, detection and correction of inappropriate
responses will be impaired. They suggest that many depletion effects may be due to reduced
motivation rather than to intrinsic alterations to the monitoring and control systems.

We would be inclined to classify changes in memory performance due to changes in
motivation as extrinsic because the locus of the change is outside the memory system, however,
at this level of subtlety the intrinsic/extrinsic distinction may be less useful. Rather the strength
of the intrinsic/extrinsic distinction is as a heuristic for discriminating between manipulations
that alter the way the memory system operates (an intrinsic change) and are therefore likely to
lead to performance differences on a range of tasks and extrinsic manipulations that simply
increase the demand a given task places on the memory system, and are therefore likely to be
task specific.

Summary and Conclusion

Considerable progress has been made in illuminating the mechanisms that limit working
memory and how they differ between individuals. But do memory limits also vary within
individuals? Depletion theory claims that engaging working memory resources on one task
reduces their efficiency, suggesting that limits do indeed vary within individuals (see also
Kahneman, 1973). Consistent with this claim, Schmeichel (2007) found that preforming a
difficult task, but not an easy task, prior to complex span lead to reduced span scores. It is critical
to determine if the reported reductions in span scores reflect intrinsic changes to the working
memory system, which given the strong and possibly causal link between working memory and

intelligence might be expected to translate to overall cognitive impairment. In a series of
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experiments we found that while initial tasks can reduce subsequent span scores, the effect does
not depend on deep similarity between the cognitive processes engaged by the two tasks, as
predicted by depletion theory, but rather depends on similarity between the stimuli used in the
two tasks. These results suggest that subsequent-task effects do not reflect intrinsic changes to

working memory limits.
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Footnotes
'There is a long and ongoing debate about whether there are distinct cognitive and neural
systems that correspond to the labels short-term and working memory (see Jonides et al., 2008
for a recent review). Our view is that there is sufficient overlap between the two terms to allow
us to use them interchangeably in the present context.
>To check for outliers, span scores within each condition were sorted into quartiles, the distance
between the upper and lower quartile boundaries was calculated (i.e., the inter-quartile range;
IQR), and any value either above the upper quartile boundary or below the lower quartile
boundary by more than 1.5 times the IQR was identified as an outlier and excluded from
analysis. When applied to a normal distribution the 1.5 IQR rule excludes approximately the
most extreme 1% of observations. This procedure eliminated between 0 and 4 participants per
experiment. Including these participants did not change the pattern of data, altering the lo-
demand minus hi-demand condition span score differences (see table 2) by less than 0.04 in all
cases.
*Determining if two tasks tap the same construct, such as attention control, is complicated by the
fact that all tasks measure multiple constructs. Therefore, even if two tasks tap exactly the same
construct, the correlation between them may nonetheless be low because they also measure many
non-overlapping constructs (e.g., in addition to cognitive control, antisaccade likely measures
differences in visual acuity, perceptual processing speed, experience with rapidly presented
visual material, and a host of other constructs). Some studies have found somewhat modest
correlations between antisaccade performance and complex span tasks (Miyake et al., 2000).
However, when more sensitive techniques such as latent variable analyses are used, the evidence

points toward a strong connection between complex span and antisaccade (Unsworth & Spillers,
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2010). Indeed few, if any tasks, that have a better-established link to complex span performance,
while also sharing a conceptual similarity to the video task and using stimuli dissimilar to those

used in the span tasks.
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Table 1

Number of outliers and mean mood scores (SD) by cognitive demand condition.

Experiment Hi-demand Lo-demand Hi-demand Lo-demand
Num Outliers Num Outliers Mood Score Mood Score
1 2 1 8.33 (9.70) 3.89(10.52)
2 0 0 8.25 (12.16) 4.72 (12.17)
3 0 1 2.21 (15.27) 6.61 (11.23)
4 4 0 4.95 (12.73) 5.65(11.38)
5 0 0 3.07 (8,24) 11.13 (10.54)
6 2 0 3.30(10.03) 0.08 (9.65)
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Table 2

Subsequent-task effects (lo-demand span recall minus hi-demand span recall) and the associated effect
size for each experiment.

Experiment Task 1 Task 2 Lo-Hi Difference Effect Size (d)
1 Interview/Words ~ Operation Span 15.55%" 1.35
2 Interview/Words  Rotation Span 2.00% 0.12
3 Interview/Arrows  Rotation Span 12.64%" 0.73
4 Clouds/Arrows Operation Span -1.60% -0.13
5 Antisaccade Operation Span 5.79% 0.37
5 Antisaccade Symmetry Span -5.09% -0.35

*p <.05
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EMBLEM

Figure 1. Example frames of the videos used in the various experiments. Panel A: Experiments 1
and 2. Panel B: Experiment 3. Panel C: Experiment 4. The examples are converted to black and
white but the original videos viewed by participants were in color, also the woman’s face has

been blurred here to preserve privacy, but was visible in the original videos.



