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Appreciation of the functional organization of the
mammalian visual system (Ungerleider & Haxby, 1994;
Ungerleider & Mishkin, 1982) has led to the widely ac-
cepted view that working and short-term memory1 for
objects (“what”) and locations (“where”) are computed
by at least partially discrete neural systems in monkeys
(Wilson, Ó Scalaidhe, & Goldman-Rakic, 1993) and hu-
mans (e.g., Courtney, Ungerleider, Keil, & Haxby, 1996;
McCarthy et al., 1996; Mecklinger & Muller, 1996). And
behavioral studies in humans confirm that working
memory for these two domains of information are sup-
ported by distinct visually based mental codes represent-
ing object identity and location, respectively (e.g., Della
Sala, Gray, Baddeley, Allamano, & Wilson, 1999; Hecker
& Mapperson, 1997; Smith et al., 1995; Tresch, Sinna-
mon, & Seamon, 1993). The purpose of the experiments
presented in this report, however, was to explore whether
spatial and object working memory may also differ along

an axis orthogonal to that dictated by the functional or-
ganization of the visual system: Object working memory
may automatically, obligatorily engage verbal coding
mechanisms, whereas spatial working memory may not.

This theoretical proposition arose from our experience
with spatial/object manipulations in memory tasks—
delayed recognition (Postle & D’Esposito, 1999; Postle,
Jonides, Smith, Corkin, & Growdon, 1997), conditional-
associative learning (Postle, Locascio, Corkin, & Grow-
don, 1997), and the n-back task (Postle, Stern, Rosen, &
Corkin, 2000). This research has indicated that partici-
pants often adopt a strategy of verbally encoding stimuli
in the object condition, although our tasks have used rel-
atively “nonverbalizable” Attneave shapes. Participants
in these studies of object memory were never instructed
to use verbal coding to mediate performance on the tests,
yet post-test debriefing suggested that the tendency to do
so was strong and was consistent across age groups (from
late teens to 80s), neurological status (healthy, Parkinson’s
disease, stroke, and medial temporal-lobe amnesia), and
testing environment (behavioral laboratory and fMRI lab-
oratory). We had not observed a similar tendency in tests of
spatial memory that were procedurally identical to the ob-
ject tasks and that were administered in the same session.

The idea that the representations of objects in working
memory include a semantic code can be seen as an ex-
tension of the simultaneous multiple encoding theory of
Wickens (1972, 1973), which holds that words can be en-
coded according to their semantic attributes, the physical
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characteristics of their presentation at the time of encod-
ing, and other attributes (such as language, frequency,
representing symbol, and imageability). Thus, Wickens
argued that words are encoded not only according to
their central function—the conveyance of meaning—but
according to attributes and contextual factors that can
vary independent of a word’s semantic content. We, in
turn, are proposing that the mnemonic representation of
visually presented object stimuli may encode not only
the visual features of the object (e.g., size, color, texture,
shape), but also verbal information associated by the in-
dividual with the visual stimulus. Furthermore, we pro-
pose that this association occurs automatically, such that
a verbal code is an inherent part of the working memory
representation of a visually presented object. Initially, we
could not specify whether this code is semantic or only
lexical (as would be the case with a name devoid of mean-
ing), although the results of the present study helped us to
sharpen this aspect of our claim. Furthermore, our empir-
ical observations led us to assert that the automaticity of
verbal coding does not extend to all visually presented in-
formation. Specifically, we posited that it does not apply
to the mnemonic representation of locations in space.

The theoretical and empirical literatures germane to
the mnemonic coding of visually presented objects and
locations are incomplete. It is widely assumed that loca-
tions in extrapersonal space are represented mentally in
a nonverbal analog code (Attneave, 1972). Posner re-
ported (Posner & Konick, 1966) and replicated (Posner,
1967) data consistent with an important role for re-
hearsal in spatial working memory: Reproduction of a
visually guided movement showed minimal forgetting
across an unfilled 20-sec delay interval but substantial
forgetting when the delay was interpolated with a digit
classification task. Posner (1967) posited that the term
rehearsal need not be restricted to verbal processing but
could apply to any case in which information retention
required central processing capacity. Posner and Konick
emphasized introspective reports of participants in con-
cluding that the memory code employed to remember a
spatial location was largely nonverbal, but they did not
test this idea directly.

Familiar objects can be represented in many different
codes. For example, tests of comparison of serially pre-
sented representational object stimuli (e.g., line draw-
ings of buildings and photographs of cars) have revealed
evidence for multiple levels of representational codes, in-
cluding a visual object code and a nonvisual semantic
code that may or may not be verbal (Bartram, 1976). Other
work has suggested that this semantic code is, in fact, ver-
bally mediated and that participants’ expectations about
the nature of a probe stimulus (either a picture of or the
name for a well-learned schematic face) in a delayed-
recognition test was a more important determinant of the
accessibility of the verbal code versus the pictorial code
associated with an item than was the modality (verbal or
pictorial) in which the target stimulus had been presented
(Tversky, 1969).

Most relevant to the present question are investiga-
tions using abstract object stimuli that do not inherently
represent objects in the real world. Cermak (1977) dem-
onstrated that (13-sec) delayed-comparison memory for
abstract outline figures was sensitive to the ease with
which target and probe stimuli could be interpreted as rep-
resenting the same objects (e.g., a hippopotamus head or
a human face). Although these results demonstrated that
semantic interpretation of an object can have an impor-
tant influence on working memory, they did not address
whether the use of semantic codes is fundamental to the
short-term retention of information about objects or
whether it is strategic. This is because Cermak’s experi-
mental procedures deliberately induced subjects to es-
tablish semantic codes for studied items. 

More recently, a study by Simons (1996) directly com-
pared working memory for spatial or object characteris-
tics of complex pictures with those of objects in an array.
Simons reported that object memory can be considerably
worse than spatial memory, and that only object memory
was sensitive to experimental manipulations intended to
block verbal labeling. On the basis of these results, Simons
proposed that memory for objects and for spatial layout
are mediated by fundamentally different mechanisms,
with successful working memory for objects requiring
verbal encoding, but that for spatial layouts requiring au-
tomatic encoding without verbal mediation. Simons’s
data, however, do not satisfactorily address the present
question concerning the role of verbalization in object
versus spatial working memory. The problem is that Si-
mons’s data contain a difficulty confound: Performance in
object conditions was significantly lower than that in spa-
tial conditions in each of his experiments. His data, there-
fore, are equally consistent with the alternative view that
verbalization strategies in working memory are dependent
on task difficulty rather than on stimulus material.

The experiments presented here were designed to test
conclusively two related hypotheses: that a verbal code
is fundamental to the representation of objects in work-
ing memory and that the representation of locations in
working memory does not require a verbal code. We used
a dual-task procedure for these studies, in which a pri-
mary working memory task was performed in parallel
with a series of distractor trials. The logic was that inter-
actions between distractors featuring different domains
of information (e.g., motion vs. words) and working
memory tasks also containing different stimulus infor-
mation domains would reveal some of the mental codes
that support spatial and object working memory perfor-
mance (Crowder, 1993; Posner, 1978).

We used the n-back task, a continuous performance
working memory task in which participants view the se-
rial presentation of stimuli and judge whether each is a
repetition of the stimulus that appeared n stimuli previ-
ously. For example, in a two-back test, the third item of
the series A B A is a two-back match, whereas the third
item of the series C B A is not. This task is believed to
engage several mental operations, including: (1) encod-
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ing a stimulus into working memory; (2) maintenance of
this mnemonic representation despite the subsequent
presentation of additional interfering, attentionally salient
stimuli; (3) shifting attention back to this mnemonic rep-
resentation when necessitated by task contingencies;
(4) discriminating between this mnemonic representa-
tion and the stimulus on the screen, and guiding behav-
ior with the outcome of this discrimination; and (5) re-
tagging each still-relevant mnemonic representation
with a new positional code to reflect the updating of the
contents of working memory that must happen with the
appearance of each new stimulus (Jonides et al., 1997;
Postle et al., 2000). 

To simplify the interpretation of predicted primary
task–secondary task interactions, we designed this ver-
sion of the procedure in an interleaved manner such that
each distraction trial occurred during the interstimulus
interval (ISI) of the n-back task. That is, the distractor
onset occurred after the offset of the preceding n-back
stimulus, and the distractor offset occurred prior to the
onset of the next n-back stimulus. In this way, we sought
to focus the effects of distractors on processes (2) and (5)
from the previous paragraph. Thus, any interactions be-
tween distractor-task and n-back performance could be
ascribed primarily to effects on the maintenance and/or
control of working memory representations,2 as opposed
to encoding-related or response-related processes.

EXPERIMENT 1

Our design employed the logic of dual-task interfer-
ence that if a secondary task interferes selectively with
performance on primary task A as compared with pri-
mary task B, one can infer that primary task A and the
secondary task draw on common cognitive resources
(Crowder, 1993; Posner, 1978). The primary task in this

experiment, the n-back working memory task (Cohen
et al., 1994; Gevins & Cutillo, 1993), varied according to
two factors—stimulus domain (object vs. spatial) and dif-
ficulty (easy vs. difficult). The factor of stimulus domain
embodied our theoretical proposition. The factor of dif-
ficulty permitted us to sort out the relative importance of
stimulus domain versus difficulty in the predicted pattern
of primary task–secondary task interactions. 

The distractor tasks were administered as discrete tri-
als that occurred during each ISI of the block of n-back
stimuli. They were yes/no discrimination tasks that re-
quired syntactic judgments of words or attentional track-
ing of moving stimuli (the former designed to tax verbal
resources, the latter to tax “dorsal stream” visual pro-
cessing resources; Figure 1). We predicted that stimulus
domain and distractor type would interact, reflecting a
greater effect of verbal distraction on object than on spa-
tial n-back performance, and the converse for motion
distraction, regardless of the level of difficulty of the n-
back task.

Method
Participants. We recruited 45 participants, ranging in age from

18 to 30, from the University of Wisconsin–Madison community.
However, nearly half of them were unable to perform the verbal dis-
traction task above chance level and thus were excluded from the
study. Twenty-four participated in the experiment.

Tasks. Testing was conducted on Macintosh computers with pro-
gramming in MacTCL. The n-back task consisted of serial presen-
tation of stimuli (2-sec exposure duration), with the participants
pressing one of two keys in response to each stimulus, indicating
whether each stimulus was a repetition of the stimulus that appeared
n stimuli previously. The “yes” key was depressed with the right
hand and the “no” key with the left. The ISI separating n-back stim-
uli was 6 sec, and there were 40 n-back stimulus presentations per
block (yielding a block duration of 5 min, 14 sec). The shapes used
in the object n-back tests were those from the set introduced by Att-
neave and Arnoult (1956) that had been rated with the lowest asso-
ciation value in normative testing of a large set of the shapes (i.e.,

Figure 1. Schematic illustration of the experimental procedure from a block pairing object n-back with verbal dis-
traction. Gray arrows point to the response required by the corresponding trial epoch.
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fewer than 30% of the participants could associate them with a real
shape; Vanderplas & Garvin, 1959). In the object n-back task, any
of nine possible Attneave shapes that each looked distinctive ap-
peared at the center of the screen; each shape was used an average
of 4.4 times in each block. In the spatial n-back tasks, the stimuli
were identical black circles appearing in any of nine possible loca-
tions on the screen (the nine equally sized quadrants that would be
created by dividing the screen with two vertical and two horizontal
lines); all locations were used an average of 4.4 times in each block. 

Difficulty was operationalized as the n that was selected for the
n-back task. It is generally assumed that varying the n in this task
effects parametric changes in the difficulty, or “load,” of this task,
rather than fundamental changes in the kinds of mental processes
recruited by the task. Evidence for this assumption includes the fact
that reaction time (RT) varies linearly as a function of n in the n-
back task (Braver et al., 1997), just as it varies as a function of load
in the item-recognition task (Sternberg, 1966). Similarly, neuro-
imaging signal in several subregions of prefrontal and parietal cortex
has also been shown to vary monotonically as a function of load in the
n-back task (Braver et al., 1997; Cohen et al., 1997; Jonides et al.,
1997), and these brain regions have been shown in several (indepen-
dent) neuropsychological and neuroimaging studies to contribute to
the maintenance of information in working memory. 

Object working memory was tested in blocks of one-back and
two-back trials and spatial working memory in blocks of two-back
and three-back trials. Pilot studies indicated that object n-back per-
formance is inferior to spatial n-back performance at any given n,
and thus we selected different ns for tests employing the two dif-
ferent stimulus domains in an effort to equate the absolute level of
difficulty between them. For each block of n-back stimuli, there
were 8 stimuli requiring a “yes” response and 32 requiring a “no”
response. The sequence of stimuli and the position of “yes” trials
within each block were determined pseudorandomly, with the con-
straint that no two-back or three-back matches occurred in one-
back blocks, no one-back or three-back matches in two-back
blocks, and no one-back or two-back matches in three-back blocks.
N-back performance was converted to d′ for analysis. 

There were three levels of distraction: motion, verbal, and no-
distraction. Only 1 distractor task occurred during each n-back ISI,
so that 39 distractor tasks were performed during each block that
paired primary and secondary task performance. The distractor
tasks were designed such that their trials did not span the entire
length of the n-back ISI, and such that their response mode was ver-
bal. This was done to simplify the interpretation of any interference
that we might observe between distractor and working memory
task, because that could be interpreted as competition for common
resources at the level of the maintenance of central representations,
rather than at the level of stimulus encoding or of preparation for
motor output. Such an interpretation would map most directly onto
our theoretical proposition about the nature of the mental codes rep-
resenting information in working memory. The dependent measure
of each distractor task was accuracy. 

Motion distractor trials (modified from He, Cavanagh, & Intrili-
gator, 1996) were designed to tie up processing resources of the
dorsal visual stream (i.e., the “where” system). These trials began
with seven circles of identical size arranged in a distinctive array,
with two of the circles (randomly selected) colored red and the re-
maining five colored gray. After an initial presentation of 500 msec,
the two red circles changed color to gray, and the seven circles
moved about the screen in random directions at a speed of
9.2 cm/sec. The circles stopped moving 1.5 sec after trial onset, and
two of the gray circles changed color to red; the probability that
these two circles would be the same as the two that were highlighted
at the beginning of the trial was .5. The participants responded ver-
bally “same” or “diff ” to indicate whether the two highlighted cir-
cles matched those that had been highlighted at the beginning of the

trial. (The participants were trained prior to the experiment to use the
truncation “diff ” for different, so that the verbal responses for match
and nonmatch trials would contain the same number of syllables.) 

Verbal distractor trials were designed to tie up syntactic, and per-
haps semantic, resources that are engaged when one assigns a ver-
bal label to an object. These trials presented an abstract word, and
the participants indicated verbally whether the word was a “noun”
or an “ad.” (The participants were trained prior to the experiment to
use the truncation “ad” for adjective.) Successful performance of
this syntactic category judgment task required access to syntactic
knowledge and may have also entailed activation of semantic infor-
mation about word stimuli. Abstract word stimuli ranged in fre-
quency from 0 to 33 occurrences per million (Kučera & Francis,
1967) and were judged to be abstract by the investigators. Examples
of stimuli include wile, terse, and limpid. (Although the distractor
tasks were also expected to create articulatory suppression, there
were no obvious disparities in the extent of suppression because
each required a single monosyllabic response on each trial.)

Procedure. Testing was performed in 14 blocks, corresponding
to all possible n-back/distraction combinations (including “no-
distraction” blocks in which one block of n-back was performed
with each type of stimuli and at each level of difficulty and “no-
memory” blocks in which 39-trial blocks of distraction were per-
formed alone). Partial counterbalancing was achieved by construct-
ing 14 � 14 Latin square tables that specified 14 different block
orders for testing. Each block appeared once in the first position of
a row, and each participant was tested in the order specified by the
row corresponding to that participant’s order of recruitment. The
order of testing blocks in the first row of each table was determined
randomly, and a new table was constructed (with a new randomly de-
termined first-row order) each time a table was filled. Analyses per-
formed on pilot data confirmed that this procedure prevented possi-
ble contamination of our results with practice or order effects.

We trained the participants on each condition of the working
memory and distractor tasks, in individual and dual-task presenta-
tions, prior to data collection. Training consisted, minimally, of per-
formance of one complete block of each working memory and dis-
tractor task alone, plus simultaneous performance of one block of
working memory plus distraction. (The working memory condition
and distractor type used for training on the dual-task procedure
were selected arbitrarily.) Training blocks were repeated if partici-
pants expressed or displayed difficulty understanding or executing
instructions. The vast majority of participants required only a sin-
gle exposure to each training block before they were ready to pro-
ceed to the experiment. Testing forms used for training were not
used during data collection. 

Design and Analysis. Our 3 � 2 � 3 repeated measures design
crossed n-back stimulus domain (spatial, object, no memory) with n-
back difficulty (easy, difficult) with distractor type (motion, verbal,
no distraction) for a total of 14 testing blocks per subject (the diffi-
culty factor did not apply to no-memory blocks; the no-memory/no-
distractor cell was empty). n-back difficulty was operationalized as
one-back (“easy”) and two-back (“difficult”) for object working
memory and as two-back (“easy”) and three-back (“difficult”) for
spatial working memory. 

Results
The results indicated that the two working memory

tasks were roughly equated for difficulty (Figure 2). The
distraction results, in contrast, revealed that the verbal
distraction task was markedly more difficult than the
motion distraction task (Table 1). An omnibus 2 (n-back
stimulus domain) � 2 (n-back difficulty) � 3 (distrac-
tion task) analysis of variance (ANOVA) of working
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memory-task performance revealed a borderline main
effect of n-back stimulus domain [F(1,23) � 3.43,
MSe � 4.18, p � .08], and reliable main effects of diffi-
culty [F(1,23) � 38.35, MSe � 4.16, p � .0001] and of
distraction [F(2,46) � 45.38, MSe � 4.28, p � .0001].
The only significant interaction was that of n-back stim-
ulus domain � distraction [F(2,46) � 3.36, MSe � 2.51,
p � .05; all unreported Fs � 1.0]. 

We followed up the omnibus ANOVA with a 2 (stim-
ulus domain) � 2 (difficulty) � 2 (distraction) ANOVA
that only considered the two theoretically motivated lev-
els of distraction: motion and verbal. This ANOVA found
no main effect of n-back stimulus domain [F(1,23) �
2.06, MSe � 3.50, n.s.], but reliable main effects of diffi-
culty [F(1,23) � 21.87, MSe � 4.15, p � .0001] and of
distraction [F(1,23) � 7.16, MSe � 2.80, p � .05], and
just one significant interaction, that of n-back stimulus
domain � distraction [F(1,23) � 7.26, MSe � 2.25, p �
.05]. This interaction reflected the fact that the effect of
concurrent verbal distraction was markedly greater on
object n-back performance than on spatial n-back per-
formance, a result consistent with our prediction that ob-
ject n-back performance would be disproportionately
sensitive to verbal distraction. We did not, however, find

evidence for the other half of the predicted crossover
interaction, that spatial n-back performance would be
disproportionately sensitive to motion distraction. The
absence of this predicted effect might be due, in part, to
a tradeoff of secondary task performance for primary
task performance, as suggested by the analysis of dis-
tractor task performance that is reported in the following
paragraph.

Inspection of distractor performance (Table 1) con-
firmed that the verbal distractor task was, indeed, mark-
edly more difficult than the motion distractor task. The
three-factor ANOVA revealed a main effect of distractor
[F(1,23) � 83.43, MSe � 45.42, p � .0001]. No other
main effects or interactions achieved significance. De-
spite the absence of a three-way interaction [F(1,23) �
2.64, MSe � 6.86, p � .12], we performed post hoc 2 (n-
back stimulus domain) � 2 (n-back difficulty) ANOVAs
of performance with each distractor task to explore the
possibility of a secondary task–primary task tradeoff, as
was suggested by inspection of the data in Table 1. The
ANOVA of motion distractor task performance revealed
main effects of n-back stimulus domain [F(1,23) �
10.10, MSe � 1.06, p � .005] and of n-back difficulty
[F(1,23) � 8.30, MSe � 1.82, p � .01], and an inter-

Table 1
Experiment 1: Distractor Task Performance

Motion Distraction Verbal Distraction

No Concurrent Concurrent Spatial Concurrent Object No Concurrent Concurrent Spatial Concurrent Object
n-Back n-Back n-Back n-Back n-Back n-Back

Difficulty % Correct SEM % Correct SEM % Correct SEM % Correct SEM % Correct SEM % Correct SEM

Easy 97.4 .9 97.5 .8 73.4 3.7 76.2 2.4
97.9 .4 77.8 2.1

Difficult 93.6 1.3 97.0 .8 75.3 2.8 74.9 2.2

Figure 2. Experiment 1: Results of n-back performance.

Working Memory
Difficulty/ Distraction

Easy/None

Easy/Motion

Easy/Verbal

Difficult/None

Difficult/Motion

Difficult/Verbal

8

6

4

2

0
Two-back Three-back One-back Two-back

Spatial Object

Working Memory Task



208 POSTLE, D’ESPOSITO, AND CORKIN

action between the two [F(1,23) � 4.50, MSe � 2.07,
p � .05]. This interaction reflected the fact that motion
distractor performance was sensitive to the difficulty of
the concurrent spatial n-back task, but not to the diffi-
culty of the concurrent object n-back task. The analo-
gous ANOVA of verbal distractor task performance, in
contrast, revealed no significant effects. 

Discussion
The results of Experiment 1 indicated that object n-

back performance was markedly more sensitive to verbal
than to motion distraction, a pattern that differed from
that seen with spatial n-back performance. Whether they
also displayed the converse effect is unclear, because the
apparent lack of a selective effect of motion distraction
on spatial n-back performance may have been achieved
at the expense of a tradeoff with motion distractor task
performance. Thus, the results were consistent with our
prediction that object n-back performance would be
more sensitive to verbal than to motion distraction, and
they were equivocal with respect to the selective sensi-
tivity of spatial n-back performance. (Note that the latter
effect was not of great theoretical import to our study, be-
cause it is well established that dorsal stream visual dis-
traction can disrupt working memory for locations [e.g.,
Hecker & Mapperson, 1997; Tresch et al., 1993]. Rather,
greater disruption of spatial working memory perfor-
mance by the motion distractor task would rule out a dif-
ficulty explanation of the effect of verbal distraction on
object working memory.) Thus, these results offer pre-
liminary evidence that is consistent with our proposition
that object working memory engages verbal coding
mechanisms, whereas spatial working memory does not. 

Stronger inference, however, requires us to resolve sev-
eral empirical shortcomings of Experiment 1. First, al-
though we were able to avoid the confound of disparate
levels of difficulty in the working memory tasks (a con-
cern in interpreting the results of Simons, 1996), we intro-
duced a new difficulty confound: that of disparate levels of
difficulty in our two distractor tasks. Second (and perhaps
relatedly), the second half of the predicted crossover inter-
action—that spatial n-back performance would be more
sensitive to motion than to verbal distraction—was only
realized in the tradeoff of motion distractor task perfor-
mance for spatial n-back performance. Third (and most
certainly relatedly), the demands of the verbal distrac-
tion task resulted in the exclusion of nearly half of the
participants who had been randomly selected for this
study, a fact that may have introduced a selection bias as
well as bias resulting from incomplete counterbalancing.
Finally, the effect of n-back difficulty on our results was
unclear: Whereas the absence of any reliable interactions
with the factor of n-back difficulty indicates that such
effects were not detectable in the working memory data,
n-back difficulty clearly did interact with distractor task
performance. For all these reasons, Experiment 2 was de-
signed to assess the replicability of the qualitative pattern
of results from Experiment 1 but to avoid its confounds.

EXPERIMENT 2

This experiment replicated the procedure of Experi-
ment 1 with the exception of the verbal distractor task,
which was modified in two ways. First, it was designed
to be easier, thereby bringing its difficulty level closer to
that of the motion distractor task. (The goal of a distrac-
tor task in dual-task interference designs is to tie up re-
sources of a putative mental code, but to avoid, as much
as possible, increasing difficulty in a nonspecific man-
ner. Thus, for Experiment 2, we opted to make the ver-
bal distractor task easier, instead of making the motion
distractor task more difficult.) Second, the verbal dis-
tractor task required semantic, rather than syntactic, pro-
cessing, thereby permitting more precise theoretical in-
terpretation of the selective interference that it may
produce. Logically, the disruptive effects of the verbal
distractor task from Experiment 1, by requiring a syntac-
tic comparison, could have been at the level of a syntac-
tic code, a semantic code, or both. As we reconsidered
the design of this distractor task for the present experi-
ment, however, we reasoned that the a priori likelihood
that mnemonic representations of objects incorporate a
syntactic code was low, particularly in view of evidence
that even word stimuli are not encoded into working
memory according to their grammatical characteristics
(Goggin, 1974; Wickens, 1973). Thus, the redesign of the
verbal distraction task (detailed below) permitted us to
refine our original theoretical proposition by specifying
that one way in which visually presented objects are rep-
resented in working memory is with a semantic code. 

Method
Participants. Seventy adults ranging in age from 18 to 30, all

from the University of Wisconsin–Madison community, partici-
pated in this experiment. 

Tasks. The apparatus and tasks were identical to those used in
Experiment 1, with the exception of modifications to the verbal dis-
tractor task. Each trial in the modified verbal distractor task pre-
sented two nouns simultaneously, and the participants were in-
structed to make an animacy judgment (i.e., “living” or “nonliving”)
about each and to say aloud whether the two were the “same” or
“diff,” with respect to animacy. (Thus, a trial presenting SENTIMENT

and HOUND required a response of “diff,” whereas trials presenting
FORK and IGNORANCE or LOBSTER and BOSS required a response of
“same.”) The nouns had a written frequency ranging from 20–40 per
million (Kučera & Francis, 1967).

Procedure. Counterbalancing, training, and testing procedures
were all the same as in Experiment 1.

Design. Again, the 3 � 2 � 3 repeated measures design crossed
n-back test (spatial, object, no memory) with difficulty (easy, dif-
ficult) and distractor type (motion, verbal, no distraction) for a total
of 14 testing blocks per subject. Difficulty was operationalized as
one-back and two-back for object working memory, and as two-
back and three-back for spatial working memory. Analysis strate-
gies and predictions were the same as in Experiment 1.

Results
The results indicated that the two working memory

tasks were again of roughly equivalent difficulty (Fig-
ure 3). Unlike in Experiment 1, however, the difficulty
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level of the verbal distractor task was close to (although
still significantly lower than) that of the motion distrac-
tor task (Table 2). The 2 (stimulus domain) � 2 (diffi-
culty) � 3 (distraction) omnibus ANOVA revealed a bor-
derline main effect of n-back stimulus domain [F(1,69) �
3.19, MSe � 7.97, p � .08], reliable main effects of dif-
ficulty [F(1,69) � 194.99, MSe � 4.16, p � .0001] and
of distraction [F(1,69) � 75.79, MSe � 4.84, p � .0001],
and just one significant interaction, that of n-back stimu-
lus domain � n-back difficulty [F(1,69) � 6.69, MSe �
3.72, p � .01; all unreported Fs � 2.5].

The 2 (stimulus domain) � 2 (difficulty) � 2 (distrac-
tion) ANOVA, which focused on the two levels of dis-
traction that were theoretically motivated (motion vs.
verbal) revealed no main effect of stimulus domain
[F(1,69) � 0.90, MSe � 7.43, n.s.] or of distraction
[F(1,69) � 0.72, MSe � 4.06, n.s.], a reliable main effect
of difficulty [F(1,69) � 195.16, MSe � 3.07, p � .0001],
a significant interaction of n-back stimulus domain � n-
back difficulty [F(1,69) � 9.20, MSe � 2.96, p � .005],
and a significant interaction of n-back stimulus domain �
distraction [F(1,69) � 4.24, MSe � 2.68, p � .05]. The
latter interaction was of principal theoretical importance,
because it indexed differential effects of the two distrac-
tors on the two primary tasks. (Post hoc pairwise com-

parisons performed to assess this interaction in detail in-
dicated that the effect on spatial n-back of motion dis-
traction was not greater than the effect of verbal distrac-
tion [t(69) � .71, n.s.], and that the effect on object
n-back of verbal distraction was not greater than that of
motion distraction [t(69) � 1.82, p � .07].) Returning to
the 2 � 2 � 2 ANOVA, neither the interaction of n-back
difficulty � distraction [F(1,69) � 2.01, MSe � 3.58,
n.s.] nor the three-way interaction [F(1,69) � 0.03,
MSe � 4.34, n.s.] were significant.

The 2 (distraction task) � 2 (n-back stimulus do-
main) � 2 (n-back difficulty) ANOVA assessing distrac-
tor performance revealed reliable main effects of distrac-
tor [F(1,69) � 36.80, MSe � 0.004, p � .0001], n-back
stimulus domain [F(1,69) � 14.56, MSe � 0.001, p �
.0001], and n-back difficulty [F(1,69) � 10.92, MSe �
0.002, p � .0001], but no significant interactions. 

Discussion
The results of Experiment 2 were, again, consistent

with our prediction, in that object n-back performance
displayed greater sensitivity to semantic distraction,
whereas spatial n-back performance displayed greater
sensitivity to motion distraction (Figure 3). (Note that
the latter effect was only observed in the difficult condi-

Table 2
Experiment 2: Distractor Task Performance

Motion Distraction Verbal Distraction

No Concurrent Concurrent Spatial Concurrent Object No Concurrent Concurrent Spatial Concurrent Object
n-back n-back n-back n-back n-back n-back

Difficulty % Correct SEM % Correct SEM % Correct SEM % Correct SEM % Correct SEM % Correct SEM

Easy 97.1 .4 97.9 .4 93.5 .7 94.3 .8
97.4 .4 91.8 .8

Difficult 95.1 .5 97.3 .4 92.8 .7 93.1 .8

Figure 3. Experiment 2: Results of n-back performance.

Working Memory
Difficulty/ Distraction

Easy/None

Easy/Motion
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tion, perhaps because the easy condition left sufficient
resources unoccupied, making it more sensitive to the
nonspecific difficulty of the distractor task than to the
mental code that it tapped.) Importantly for our theoreti-
cal claim, the n-back stimulus domain � distraction
interaction took the form of a crossover interaction,
thereby making its interpretation more straightforward
than was the case in Experiment 1. With regard to diffi-
culty, the absence of interactions between the factors of
n-back difficulty and distraction indicated that this pat-
tern of domain-specific interference effects did not vary
as a function of working memory task difficulty. 

Distractor task performance was also easier to interpret
in Experiment 2. Perhaps most salient was that fact that,
unlike in Experiment 1, no participant was dropped from
the data set due to unsatisfactory performance of a dis-
tractor task. Also important for the interpretation of the
results was the fact that there was no evidence of primary–
secondary task tradeoffs. The apparent ceiling effect of
the motion distraction task would only present a prob-
lem if there were no evidence that this task disrupted per-
formance on the primary task, a situation that did not
occur. There did remain an overall difference in the dif-
ficulty of the verbal versus the motion distractor tasks.
As mentioned above, this may account for the quantita-
tively greater effect of verbal-than-motion distraction on
spatial two-back performance. But because this disparity
in difficulty did not override the interaction of distractor
task with n-back stimulus domain, we can assume that
each distractor task occupied a comparable amount of re-
sources (either semantic or visual-attentional) during its
performance with each of the primary memory tasks.

GENERAL DISCUSSION

Our results extend those of Simons (1996) in three
ways. First, they confirm the greater sensitivity of object
than of spatial working memory performance to manip-
ulations of verbal processing under conditions that rule
out the confounding factor of working memory task dif-
ficulty. Indeed the object working memory tasks were
marginally easier than their spatial analogues in the pres-
ent study, yet they were nonetheless more sensitive to
verbal distraction. These results are, therefore, consistent
with the hypothesis that a verbal code makes an important
contribution to the retention of object identity informa-
tion in working memory. Second, our results specify that
within the category of verbal processing, a semantic code
contributes to object working memory. Third, they estab-
lish that the dependence of object working memory on a
semantic code can be localized to maintenance-related
processes. (We assume that this semantic code is initially
associated with the stimulus representation at the time of
encoding [Potter, 1993], although our data do not address
this possibility directly.)

The demonstration that working memory for objects
depends on semantic, as well as visual, codes, can be seen
as an extension of the multiple encoding model of Wick-

ens (1973). Whereas this model asserts that word stimuli
are encoded not only according to their semantic and lex-
ical attributes, but also according to a wide array of con-
textual information that is unrelated to their linguistic
content, the present data (together with those of Simons,
1996, and of Postle, Idzikowski, Della Sala, Logie, &
Baddeley, in press) suggest that memory for objects may
necessarily incorporate a semantic component, regard-
less of the seeming abstractness of those objects, or of
the demands of the task. If semantic coding is indeed an
obligatory aspect of object working memory, one impli-
cation of these conclusions is that models of working
memory that posit that different domains of information
are processed by different systems (e.g., an articulatory
loop vs. a visuospatial scratch pad, as in the multiple-
component model [Baddeley & Hitch, 1974; Baddeley
& Logie, 1999; Logie, 1995]) may need to be modified
to acknowledge the multiplicity of representational codes
that can represent visual information in parallel.

The temporal localization of the verbal distraction ef-
fect to the delay period of the working memory task sug-
gests at least two important directions for future inquiry.
First, are nonmaintenance-related working memory pro-
cesses (i.e., those associated with encoding and response)
also dependent on a verbal code? And second, which of
the many theoretically dissociable maintenance-related
processes (e.g., rehearsal, storage, and the control pro-
cesses that govern them [Kieras, Meyer, Mueller, & Sey-
mour, 1999], redintegration [Schweickert, Guentert, &
Hersberger, 1990], maintenance of ordinal position [Hen-
son, 1999], attention shifting [Garavan, 1998], central ex-
ecutive function [Baddeley, 1986; Cowan et al., 1998])
are sensitive to verbal distraction? The answers to these
questions may have implications that extend beyond
working memory and that also inform our understanding
of the visual recognition and representation of objects. 

The results presented here are consistent with the hy-
pothesis that spatial and object working memory differ
fundamentally in that only object working memory de-
pends on verbal mediation (Simons, 1996). We believe
that our results are best understood from the perspective
that the representation of knowledge about objects over-
laps (computationally and neurally) considerably with the
mechanisms responsible for sensory perception (Chao,
Haxby, & Martin, 1999; Farah & McClelland, 1991;
Thompson-Schill, Aguirre, D’Esposito, & Farah, 1999).
From this perspective, our results arise necessarily from
the fact that visual perception of objects automatically re-
cruits semantic knowledge about related objects. 
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NOTES

1. The view that we are advancing about the short-term retention of
information does not require us to endorse theoretical models that either
do or do not distinguish between short-term memory and working mem-
ory (e.g., Miyake & Shah, 1999). For simplicity, and because the task
used in the studies described here is unambiguously a working memory
task, we will refer to the short-term retention of information as working
memory throughout this article.

2. Our methods did not permit us to distinguish among the multiple
mechanisms that support the maintenance of information in working
memory (e.g., storage and rehearsal; Kieras et al., 1999), nor to disso-
ciate strictly maintenance-related processes from the executive control-
related functions also implicated in n-back performance (e.g., shifting
attention and updating positional codes).

(Manuscript received July 31, 2001;
revision accepted for publication June 14, 2004.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


