
In describing working memory (WM), Baddeley and 
Hitch (1974) suggested a multiple-component model, hy-
pothesizing divisions between the maintenance of different 
information types. There is considerable evidence suggest-
ing separate systems for maintenance of verbal and visuo-
spatial information (for review, see Baddeley, 1998; Smith 
& Jonides, 1998). Dissociations between visuospatial in-
formation types, such as objects and locations, have also 
been identified (e.g., Logie, 1995). Research has also sug-
gested that visuospatial WM tasks are composed of distinct 
“processing” and “storage” components, and, furthermore, 
that “storage” may be dissociated into distinct visual form 
and spatial components (Duff & Logie, 1999).

Other evidence suggests that different types of informa-
tion are not so independently maintained. Some evidence 
suggests individual nonspatial features of objects (e.g., 
color and shape) are integrated within WM to form a uni-
fied object identity representation (Luck & Vogel, 1997; 
Vogel, Woodman, & Luck, 2001). In contrast, other results 
suggest that the “binding” among features of objects is an 
additional, nonobligatory, and attention-demanding process 
requiring extra capacity (Wheeler & Treisman, 2002). In 

addition, some studies have shown that spatial configura-
tion and other contextual information can influence WM 
performance, even when this information is not task rele-
vant (Jiang, Olson, & Chun, 2000; Postle, 2003). Inherent in 
this debate is the underlying question concerning the nature 
of the representation of information actively maintained in 
visual WM. Although some forms of irrelevant information 
may influence WM performance through influences on per-
ceptual processing of the test stimuli, it is unclear whether 
this information is part of the representation actively main-
tained in WM. The goal of the present experiments was to 
ascertain whether the identities and locations of objects 
held in WM necessarily have an integrated active represen-
tation, or whether the relationship between an object and its 
identity can be actively represented in WM or not, accord-
ing to whether that information is task relevant. To probe 
this question, we used the interaction between WM and the 
effect of selective attention on visual processing.

The terms attention and working memory, as used here, 
refer to systems that, respectively, provide for (1) selective 
prioritization for processing a subset of perceptual infor-
mation and (2) short-term maintenance and manipulation 
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subjects performed a visual discrimination task measuring RT to 
identify a target that appeared unpredictably in one of two possible 
locations. Two cues marked the potential locations for the presenta-
tion of the target. Very soon after the cues appeared, the target and a 
distractor appeared, each superimposed on top of one of those cues. 
The subject’s task was to identify the target, which was either a 2 or 
a 5. Subjects were told that the cue images were irrelevant to the task 
and did not predict where the target would appear (see Figure 1). 
One cue matched information held in WM. The other cue matched 
information present in the sample but not relevant for the memory 
task; specifically, one cue matched the location but not the identity 
of one of the sample items, and the other matched the identity but 
not the location of one of the sample items. If the representations in 
WM for object identity and location are distinct, both types of in-
formation are maintained only when task relevant; and if both types 
of representations interact with selective attention, targets appearing 
atop the cue that matches the WM task-relevant aspect of the infor-
mation should receive a bias in processing. This predicted bias in 
processing should lead to faster target discrimination.

Subjects. After giving informed consent, 20 healthy Johns Hop-
kins undergraduates participated for course credit in all five experi-
ments. (Each experiment recruited a new group of 20 subjects.) All 
protocols were approved by the Homewood Institutional Review 
Board of Johns Hopkins University.

Stimuli. Twelve colorful abstract patterns (Figure 1) were cre-
ated, using Artmatic 2.1 (U&I Software). All patterns were initially 
unfamiliar, and each appeared equally often in all conditions. These 
stimuli, each measuring approximately 3.5º of visual angle in diam-
eter, were presented in 18 different locations centered about a fixa-
tion cross at a maximum distance of 6º of visual angle from fixation. 
These stimuli were used in all experiments.

Procedure. Figure 1A depicts the trial sequence, which was the 
same for all experiments. Each trial began with a 1-sec instruction, 
indicating which aspect of the sample stimulus was to be remem-
bered: identity (“WHAT”); location (“WHERE”); or, for Experiments 
2, 4, and 5, both (“AND”). Next, three sample images were presented 
simultaneously for 1 sec. A delay of 1, 2, or 3 sec followed, after 
which the cue images for the target discrimination task were pre-
sented. A semitransparent block figure eight was superimposed on 
each cue image. These cue images with the block eights superim-
posed did not provide any clues to whether the target would appear 
on top of one or the other. Then two bars from each of the figure 
eights were removed, transforming one into a “2” or “5” (target), and 
the other into an “E” or “3” (distractor). With the press of one of two 
buttons, subjects responded as quickly and accurately as possible that 
the target was a “2” or a “5.” Presenting the cues with figure eights 
first, and changing both figure eights into one of two possible targets 
and one of two possible distractors, ensured that the attention bias 
between the competing locations would not be influenced by sudden 
changes in the display or by a search template for either a particular 
target or a particular distractor. The cues and superimposed block 
eights were presented for 180 msec before the targets and distractors 
appeared, on the basis of previous neurophysiological data in experi-
ments involving monkeys, indicating that this would be the minimal 
time required for attention to resolve competition between the two 
cue locations during visual search (Chelazzi et al., 1998).

The WM delay then continued for a total of 7 sec from the end of 
the sample so that the total delay length was the same for all WM 
trials, although the timing for the appearance of the discrimination 
task within that delay was unpredictable. The trial concluded with 
the presentation of the test image, for which subjects made a match/
nonmatch judgment. During the WHAT WM task, a “match” occurred 
when the test item was the same pattern image as any of the three 
sample items for that trial. During the WHERE WM task, a match oc-
curred when the test item appeared in the same location as any of the 
three sample items. During the WHAT task, the test item always ap-
peared in a location not used at sample or during the discrimination 
task. During the WHERE task, the test item was always a pattern image 
not used at sample or during the discrimination task. Buttonpress 

of information necessary for performance of complex 
tasks. Attention is thought to act as a gate to WM; what is 
attended is allowed entry to WM. In addition, it has been 
suggested that selective attention can serve as a rehearsal 
mechanism subserving WM maintenance (Awh, Jonides, 
& Reuter-Lorenz, 1998). The purpose of WM, however, is 
not only to remember what has occurred, but also to use 
this information to affect future behavior and direct atten-
tional resources for future processing of expected stimuli. 
Neurophysiological studies support the “biased compe-
tition” model of visual attention, in which information 
maintained in WM may serve as a “top-down” signal that 
influences the outcome of mutually inhibitory perceptual 
representations (e.g., Chelazzi, Duncan, Miller, & Desi-
mone, 1998). Thus, interactions between attention and 
WM appear to work in both directions. One consequence 
of these interactions is that selective attention effects on 
perceptual processing during the delay period of an unre-
lated WM task are often congruent with the contents of 
WM (e.g., Downing, 2000).

This interaction between attention and WM may not 
be obligatory or automatic. Investigations using WM and 
visual-search dual tasks show that attending to an item 
does not automatically enter it into WM, and WM for 
a specific item does not necessarily hinder attention to 
other items (Downing & Dodds, 2004; Woodman & Luck, 
2004; Woodman, Vogel, & Luck, 2001). Others have ar-
gued, however, that WM does automatically influence 
selective attention (Olivers, Meijer, & Theeuwes, 2006; 
Soto, Humphreys, & Blanco, 2005). Taken together, these 
previous results suggest that WM does automatically bias 
attention, although this bias may sometimes be overridden 
by stronger biases from other task demands. In any case, 
under conditions in which WM and attention do interact, 
perceptual processing biases can be used to probe the na-
ture of the representation of information held in WM.

In the present set of five experiments, differences in re-
action times (RTs) during a perceptual discrimination task 
embedded within the delay of a WM task were used as 
indicators of the representation maintained in WM. These 
studies bolster and extend previous results (e.g., Awh et al., 
1998; Downing, 2000; Olivers et al., 2006), demonstrating 
that both spatial and nonspatial WM can, in certain circum-
stances, interact with perceptual selective attention. Fur-
thermore, we demonstrate that, to the extent that the WM 
representation interacts with attention, active maintenance 
in WM of the relationship between an object and its loca-
tion depends on whether this relationship is task relevant.

EXPERIMENT 1

Experiment 1 explored whether the need to selectively 
maintain the location versus the identity of an object in 
WM differentially affects biasing of attention in an unre-
lated task during the WM delays.

Method
Overall experimental design. Subjects performed a delayed-

recognition task, requiring the WM maintenance of either the iden-
tity or location of fractal-like pattern images. During the delay, 
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Figure 1. (A) Trial event sequence and timing, which were common to all experiments. An example 
trial from Experiment 2 is shown, with the perceptual discrimination task using the CONJUNCTION 
and NONCONJUNCTION target types within the delay period of an AND working memory recognition 
task. In this example, the subject would have made a speeded buttonpress response to indicate that 
a “2” was present and then a “nonmatch” buttonpress response with the other hand; although the 
test image is one of the patterns in the memory sample set and it is in one of the sample locations, 
it is not the correct conjunction of the two. During the discrimination task, the “2” appears as the 
NONCONJUNCTION target and thus the discrimination task reaction time is expected to be slower than 
if it had appeared atop the other cue image, which matches the remembered conjunction informa-
tion. The dashed line circles shown in the test screen illustrate the other two sample locations but did 
not appear in the actual experiment. The test item was presented together with two phase-scrambled 
images, which were irrelevant to the task and were used only to balance visual input for the sample 
and test phases for a planned, subsequent fMRI experiment with these tasks. The test item and the 
irrelevant phase-scrambled stimuli were clearly distinguishable to the subjects. (B) Some potential 
cues and target types for an example memory set.
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These results suggest that the representation for WM 
maintenance that interacts with attention is task dependent, 
and that representations of spatial and nonspatial informa-
tion in WM are dissociable. Although the samples presented 
are identical for the WHAT and WHERE WM tasks, the infor-
mation maintained and the corresponding bias in perceptual 
attentional selection during the memory delay differ.

EXPERIMENT 2

Experiment 1 suggests that location and identity infor-
mation in WM are dissociable when only one or the other 
type of information is task relevant. However, it does not 
specifically address the degree to which the representa-
tions of these information types may be dissociated or in-
tegrated with one another when both are task relevant.

Method
The overall experimental design and task timing were the same 

as in Experiment 1, but the particular information to be maintained 
and the nature of the cues for the target discrimination were differ-
ent. In Experiment 2, subjects performed two different WM tasks 
requiring the maintenance of both identity and location information. 
During the OR task, the test stimulus was considered a match if either 
the pattern or the location matched that of one of the three sample 
stimuli. During the AND task, a test item was considered a match only 
if the matching sample pattern was in the same location that it had 
occupied at sample. Thus, the AND task but not the OR task required 
subjects to hold in WM the relationship (“conjunction”) between the 
sample patterns and their locations.

For the 2/5 discrimination task during the delay period of the AND 
and OR WM tasks, both cues matched identity and location informa-
tion present in the memory sample set. As in Experiment 1, this 
information was irrelevant for the 2/5 discrimination task: Subjects 
were instructed merely to decide as fast as they could whether a 2 
or 5 was present on either cue. One cue was one of the sample pat-
terns appearing in the location where it originally appeared (labeled 
a “CONJUNCTION target” for the analysis). The other cue was one of 
the other two sample patterns appearing in the location originally oc-
cupied by the third sample pattern (labeled a “NONCONJUNCTION tar-
get” for the analysis). This condition necessitates using three items 
in the WM sample set; we kept this memory load consistent across 
all five experiments.

As in Experiment 1, the 2/5 discrimination task RT was analyzed 
using an ANOVA with WM task (AND, OR) and target type (CONJUNC-
TION, NONCONJUNCTION) as factors. If the WM representation is com-
posed of separate and independent identity and location information 
stores, cues matching identity and location information from the 
sample should be processed equally, whether or not it is conjoined 
in the cue as it was at sample. Conversely, if the WM representation 
is an integrated whole, CONJUNCTION targets would receive priori-
tization during the AND task. If these integrated object-in-location 
representations are the default in WM, even when this information 
is not task relevant (and may interfere with OR task performance), 
CONJUNCTION targets would also be prioritized during the OR task.

Results and Discussion
No difference in percentage correct was found between 

WM tasks [AND, 79; OR, 76; t(19)  1.6, p  .1]. Results 
for RT on the discrimination task are shown in Figure 3. 
There were no main effects of WM task [AND, 990 msec; 
OR, 978 msec; F(1,19)  0.215, p  .1] or target type 
[CONJUNCTION, 971 msec; NONCONJUNCTION, 996 msec; 
F(1,19)  1.353 and 3.685, respectively; ps  .07]. There 
was a significant interaction between WM task and target 

responses were made with one hand for the discrimination task and 
with the other for the WM recognition task, counterbalanced across 
subjects. WM tasks were blocked with 32 trials of the same task 
condition (WHAT or WHERE) performed consecutively. Task blocks 
occurred in an ABBA fashion, counterbalanced across subjects. Be-
fore data collection began, subjects were trained on 16 trials of each 
WM task, including the discrimination task, with feedback regard-
ing recognition performance.

Analysis. The critical dependent variable was the RT for making 
the 2/5 discrimination judgment. In each trial of both WM tasks 
(WHAT or WHERE), if the target (2 or 5) appeared atop the cue that 
matched the identity of a sample, it was deemed a “PATTERN target” 
in the analysis. If the target appeared atop the cue matching a loca-
tion used at sample in that trial, it was deemed a “LOCATION target” 
(Figure 1B) in the analysis. A repeated measures ANOVA on the 
2/5 discrimination RT was performed with WM task type (WHAT or 
WHERE) and target type (PATTERN or LOCATION) as factors. Only trials 
in which subjects responded correctly to both the 2/5 discrimination 
and the WM delayed recognition test were included in the analysis.

Results and Discussion
No difference in percentage correct was found between 

WM tasks [WHAT, 77; WHERE, 80; t(19)  1.4, p  .1]. 
The results for RT on the 2/5 discrimination task are shown 
in Figure 2. There were no main effects of WM task [WHAT, 
931 msec; WHERE, 919 msec; F(1,19)  0.215, p  .1] 
or target type [PATTERN, 928 msec; LOCATION, 923 msec; 
F(1,19)  0.099, p  .1]. There was, however, a significant 
interaction between WM task and target type [F(1,19)  
20.903, p  .01]. Post hoc tests showed discrimination RT 
was different for LOCATION versus PATTERN target types dur-
ing both the WHAT and WHERE tasks (HSD, p  .01), and 
the difference between target types varied, according to 
the type of information being held in WM. Subjects were 
faster to process LOCATION targets when they were doing 
the WHERE WM task, and were faster to process PATTERN 
targets when they were doing the WHAT WM task.
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Figure 2. Reaction times (RTs) for the 2/5 perceptual discrimi-
nation task in Experiment 1, according to working memory task 
(WHAT or WHERE) and whether the target appeared on the cue that 
matched the sample location (“Location target”) or on the cue 
that matched the sample pattern image (“Pattern target”).
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EXPERIMENT 3

Method
Experiment 3 used the WHAT and WHERE WM tasks from Experi-

ment 1 and the CONJUNCTION and NONCONJUNCTION targets from 
Experiment 2. If when subjects are required to remember only one 
piece of information the relationship between an object’s identity 
and its location is represented by default, then the CONJUNCTION tar-
gets should receive a bias in selection over NONCONJUNCTION targets 
during the WHAT and WHERE WM task delays, as they did during the 
AND task of Experiment 2.

Results and Discussion
No difference in percentage correct was found between 

WM tasks (WHAT, 81; WHERE, 82; t(19)  0.32, p  .1]. 
A repeated measures ANOVA on discrimination task RT 
data (shown in Figure 3) revealed no main effect of WM 
task or target type, and no interaction between the two 
[F(1,19)  0.215, 0.099, and 0.064, respectively; p  .1]. 
When the CONJUNCTION and NONCONJUNCTION targets were 
presented during WHAT or WHERE delays, no differences 
were seen in the 2/5 discrimination RTs (Figure 3). This 
result is different from that in Experiment 2, where the 
CONJUNCTION and NONCONJUNCTION targets were presented 
during the AND and OR task delays. During the AND task, 
the conjunction between spatial and nonspatial informa-
tion was specifically relevant to task performance. During 
the OR task, subjects may have specifically inhibited this 
information. During the WHAT and WHERE tasks, however, 
this conjunction information was irrelevant. The results 
indicate that in this case, the conjunction information does 
not appear to be represented in WM, in that it does not 
interact with the selection of visual information during the 
memory delay. It is possible that the conjunction may be 
represented in WM during the WHAT and WHERE tasks, but 

type [F(1,19)  22.604, p  .01]. Post hoc tests showed 
that RTs to the two target types were different during the 
AND task (HSD: p  .01), but not during the OR task. Sub-
jects were faster to decide whether the target was a 2 or 
a 5 when the target appeared on the cue consisting of the 
matching pattern in its sample location (the CONJUNCTION 
target) during the AND but not the OR WM task.

These results indicate that the actively maintained rep-
resentations during the OR task differ from those during 
the AND task. The conjunction of identity and location in-
formation is represented in WM, as reflected in the bias 
of selective attention for matching object–location con-
junctions, during delays in the AND task only. During the 
OR task, the relationships between the to-be- remembered 
patterns and their locations are irrelevant to successful 
completion of the WM task, so both the CONJUNCTION 
and NONCONJUNCTION targets are equal candidates for 
the allocation of attention during the 2/5 discrimination 
task.

This result suggests that the relationship between an ob-
ject and its location is not necessarily actively maintained 
in WM. This result is consistent with work showing that 
color and location information may be maintained in par-
allel without either interfering with the other (Magnussen, 
2000; Wheeler & Treisman, 2002). Given the nature of 
the OR task, however, it is not possible to assess the degree 
to which the integration may occur when only identity or 
location information is relevant to WM task performance. 
It is possible that the conjunction representation is indeed 
the default, but the independent judgments for identity 
and location matches required in the test of WM in the 
OR task encouraged an active “unbinding” of the patterns 
and their locations that would not happen in the WHAT or 
WHERE tasks.
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Figure 3. Reaction times (RTs) for the 2/5 perceptual discrimination task in Experiments 2 and 3, according to working memory 
task (AND or OR) and whether the target appeared on the cue that matched the sample pattern in the location where it was presented 
at sample (“Conjunction target”) or on the cue that matched a sample pattern image but was in the location of the other sample 
item (“Nonconjunction target”).
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Method
Experiment 4 utilized the AND and WHAT WM tasks and the CON-

JUNCTION and PATTERN target types. It was expected that during WM 
maintenance in the “AND” task, attention would be biased toward a 
target containing the conjunction of identity and location informa-
tion, as during Experiment 2. It was unclear whether, when both 
target cue types matched the relevant information, the addition of 
matching irrelevant location information to one target cue (CON-
JUNCTION target) would bias selection during the WHAT task over the 
target that matched only the relevant information (PATTERN target).

Results and Discussion
No difference in percentage correct on the WM tasks 

was found [AND, 85; WHAT, 87; t(19)  1.6, p  .1]. Re-
sults for the 2/5 discrimination task RT are shown in Fig-
ure 4. A repeated measures ANOVA revealed a main ef-
fect of WM task and target type, as well as an interaction 
between the two [F(1,19)  9.614, 4.221, and 9.108; p  
.01, .01, and .05, respectively]. Post hoc tests showed that 
RTs for the CONJUNCTION and PATTERN target types were 
different during AND (HSD, p  .01), but not during WHAT 
WM task performance. Discrimination RTs are faster for 
CONJUNCTION targets, which consist of a matching pattern 
in its sample location, relative to PATTERN targets only dur-
ing the AND WM task, when this relationship between the 
pattern and its location is task relevant. Again, attentional 
biasing favors the behaviorally relevant information of the 
WM task. Additional task-irrelevant information (match-
ing location in the CONJUNCTION targets during the WHAT 
delays) does not affect selection between the discrimina-
tion task cues when maintenance requires the representa-
tion of identity information only.

EXPERIMENT 5

The motivation for Experiment 5 was similar to that of 
Experiment 4: to test whether irrelevant information is rep-
resented in WM in such a way that a target cue matching 

in such a way that it is not reflected in the bias of selective 
attention. However, when the conjunction is task relevant 
(as in the AND task of Experiment 2), this relationship is 
clearly part of the representation maintained in WM and 
interacts with selective attention. It appears, therefore, that 
the conjunction representation is not present in the WHAT 
and WHERE tasks in the same manner as in the AND task.

The pattern of results emerging implies that representa-
tions within WM are specifically dependent on the task 
demands. It appears that active representations reflect only 
task-relevant information, including the relationship be-
tween an object and its location, and that only this relevant 
information results in a bias of attention for processing 
visual information during the delay. Experiments 4 and 
5 further tested the possibility that irrelevant information 
may be represented in WM and interact with perceptual 
selective attention.

EXPERIMENT 4

Experiments 2 and 3 used CONJUNCTION and NONCON-
JUNCTION targets. These target types contain both matching 
identity and location information, differing only in whether 
these pieces of information are correctly conjoined. Al-
though these experiments suggested that this conjunction 
is not automatically represented, it is still possible that ir-
relevant identity or location information is represented, in-
dependent of the relationship between a particular pattern 
and its location. Such a representation could result from 
incidental encoding of the irrelevant feature upon encoding 
of the relevant feature. If so, during WHAT or WHERE tasks, a 
target matching both task-relevant and task- irrelevant infor-
mation should be attended preferentially over one matching 
only task-relevant information. Experiment 4 investigated 
whether WM representations during the WHAT task would 
reflect irrelevant location information in addition to rel-
evant pattern-identity information.
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Figure 4. Reaction times (RTs) for the 2/5 perceptual discrimination task in Experiments 4 and 5, according to working memory 
task and target type. 
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that this biasing appears to be automatic (Olivers et al., 
2006; Soto et al., 2005). There can be multiple biasing 
signals that influence attention, however. The interaction 
between WM and attention can be either facilitative or 
inhibitory and might be observed only in situations where 
other task demands on selective attention do not dominate 
competition (Woodman & Luck, 2007). It is also possible 
that the effects on RT for processing of the target were due 
to faster processing of the underlying cue stimulus rather 
than reflecting a shift in selective attention to the location 
of the matching cue. Nevertheless, regardless of the nature 
of this influence and what other factors might interfere, 
when such influences of the contents of WM on visual 
processing are observable, as in the present experiments, 
they can provide valuable information about the nature of 
the representation of information in WM.

Another potential source of bias in visual processing 
is the tendency for novel images to attract or capture at-
tention (e.g., Johnston, Hawley, Plewe, Elliott, & DeWitt, 
1990). The competing stimuli in the present experiments 
were equally familiar, with both stimuli matching either 
relevant or irrelevant aspects of the sample stimuli. All 
stimuli were repeatedly used throughout the experiments, 
chosen for each trial from a single stimulus set; novelty 
was, therefore, likely not a factor in the biasing of atten-
tion to one or the other discrimination target.

The present results highlight the importance of task rel-
evance and demonstrate that the contents of WM interact 
with selective attention in a very task-specific manner. 
During delay periods, when matching task-relevant and 
task-irrelevant information were in competition, perfor-
mance differences on the perceptual discrimination task 
favored a representation of the WM task-relevant infor-
mation. The results are consistent with those of a previ-
ous study by Olivers et al. (2006). In that study, when 
the shape of a sample object was held in WM, a shape-
 matching distractor affected subsequent search, but a 
color-matching distractor did not. Similarly, when the 
color of the sample object was remembered, the matching 
color interfered, but the matching shape did not. The pres-
ent study demonstrated an additional level of specificity 
for this interaction. When both the discrimination target 
and distractor contained matching task-relevant informa-
tion, the addition of matching task-irrelevant information 
had no effect on biasing (e.g., CONJUNCTION targets dur-
ing the OR, WHAT, and WHERE trials of Experiments 2, 3, 
4, and 5). Furthermore, selective attention was biased to 
the CONJUNCTION targets relative to other target types only 
during the AND WM task. During the AND WM task trials, 
subjects were specifically queried at test regarding which 
pattern had been presented in which location. This inte-
gration of spatial and nonspatial information is possible 
during the WHAT, WHERE, and OR tasks, but maintenance 
of this information is not necessary for performance. In 
Experiment 2, both the CONJUNCTION and NONCONJUNC-
TION targets contained matching spatial and nonspatial 
information. During the AND task, attentional selection 
favored the CONJUNCTION target; during the OR task, how-
ever, no differences were observed. This result suggests 
that the integration of spatial and nonspatial information 

both relevant and irrelevant information from the sample 
stimulus will be preferentially attended over a target cue 
that contains only matching relevant information. Whereas 
Experiment 4 tested whether irrelevant matching location 
information would bias attention during the WHAT task, 
Experiment 5 tested whether irrelevant matching pattern 
information would bias attention during the WHERE task.

Method
Experiment 5 used the AND and WHERE WM tasks and the CON-

JUNCTION and LOCATION target types.

Results and Discussion
No difference in percentage correct on the WM tasks was 

found [AND, 78; WHERE, 81; t(19)  1.5, p  .1]. Results 
for the 2/5 discrimination task RTs are shown in Figure 4. 
A repeated measures ANOVA revealed no significant main 
effect of target type [F(1,19)  3.212, p  .08]. There was 
a significant main effect of WM task and an interaction be-
tween WM task and target type [F(1,19)  7.635 and 6.882, 
p  .05 for both]. Post hoc tests showed that RTs to the 
CONJUNCTION and LOCATION target types were different dur-
ing AND (HSD, p  .01) but not during WHERE task perfor-
mance, indicating again that only WM task- relevant infor-
mation biases visual attention during the delay. Both pattern 
and identity information and the relationship between the 
two were relevant during the AND task; correspondingly, the 
CONJUNCTION target (matching all relevant information) was 
preferentially processed over the LOCATION target (which 
matched only part of the relevant information). During the 
WHERE WM task, the additional matching pattern informa-
tion in the CONJUNCTION target was not task relevant and did 
not bias visual attention for that target over the LOCATION 
target, which matched only the relevant information.

GENERAL DISCUSSION

The present experiments focused on the representation 
of information during active maintenance in WM as indi-
cated by its interaction with selective attention. In agree-
ment with recent previous studies, attention was biased 
specifically in favor of information matching the current 
WM representation (e.g., Awh et al., 1998; Downing, 
2000; Huang & Pashler, 2007; Olivers et al., 2006; Soto 
& Humphreys, 2006). This result generalized across five 
experiments, allowing us to draw the following conclu-
sions: that representations in WM that interact with se-
lective attention reflect task-relevant, not task-irrelevant, 
information; and that the relationship between an object 
and its location is actively maintained in WM only when 
such a relationship is task relevant.

The present results lend support to a biased competition 
framework of selective attention. During delay periods of 
the present experiments, one of two competing cues could 
receive prioritization. To the degree that the cue underly-
ing the target in the discrimination task matched the in-
formation represented in WM, its perceptual representa-
tion was biased, allowing its location to “win out” over 
its competitor and enhance the perceptual processing of 
the target at that location. Previous studies have indicated 
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Task instructions and seemingly small details of ex-
perimental design have the potential to change the nature 
of WM representations. One potentially important factor 
involved in whether irrelevant information is maintained 
in WM may be the frequency of task switches. If the WM 
tasks were randomly intermixed trial by trial, rather than 
blocked, as in the present experiments, subjects might 
have settled on a WM representation that could be used to 
perform either of the tasks, rather than opting to maintain 
distinct types of representations for each task and dynami-
cally switching between the appropriate maintenance task 
sets on a trial-by-trial basis; this possibility could be tested 
in future studies. Regardless of whether the type of WM 
representation is modified on each task trial, or only when 
subjects are faced with repeated trials in a task block, how-
ever, the present results indicate that WM representations 
are indeed malleable and can be created to best suit the 
needs and goals of the organism. The present results indi-
cate that irrelevant information is not maintained in WM 
when it is not immediately relevant and when it is not ad-
vantageous to maintain it in order to overcome potential 
switch costs in anticipated future trials.

It is unlikely that our results can be attributed to verbal 
recoding in WM. The abstract patterns used in the pres-
ent experiments were designed to be difficult to verbally 
label. Even with images that have familiar associated verbal 
labels, subjects tend to use dual visual and verbal codes 
for WM, rather than converting to a purely verbal code 
(Rämä, Sala, Gillen, Pekar, & Courtney, 2001). Although 
some highly imageable and familiar verbal cues have been 
shown to affect selective attention (Soto & Humphreys, 
2007), nonverbalizable visual WM representations have a 
more effective influence on selective attention than do ver-
balizable visual representations (Olivers et al., 2006). Thus, 
it is possible, indeed likely, that some of our subjects may 
have supplemented their visual WM representations with 
rehearsed verbal descriptions. However, this possibility 
does not change the interpretation that the present results 
reflect the representation of information in visual WM.

In accord with previous behavioral (e.g., Baddeley, 
1998; Carlesimo, Perri, Turriziani, Tomaiuolo, & Calta-
girone, 2001; Della Sala, Gray, Baddeley, Allamano, & 
Wilson, 1999), neuroimaging (e.g., Courtney, Petit, Mai-
sog, Ungerleider, & Haxby, 1998; Sala & Courtney, 2007), 
and neurophysiology (review in Levy & Goldman-Rakic, 
2000) results, the findings suggest that visual WM can 
be fractionated into separable stores for spatial and non-
spatial information. On the other hand, the present results 
also suggest that the storage of this information is neither 
separately maintained nor combined into an integrated 
whole de facto (Rao, Rainer, & Miller, 1997); rather, spa-
tial and nonspatial information is combined only when 
integration is itself task relevant. There appears to be an 
optional interaction between the separate storage systems 
for spatial and nonspatial information within WM, result-
ing in a malleable representation scheme and the ability 
to create an integrated representation if the task demands 
it (Sala & Courtney, 2007). The results also have implica-
tions for cognitive models proposing distinct processing 
and storage modules in visuospatial WM (Darling, Della 

for active WM maintenance occurs only when necessary 
for completion of the WM task goal. When this conjunc-
tion is irrelevant to the task, WM maintenance apparently 
does not represent the information, insofar as attention is 
not biased to this matching information in a perceptual 
stimulus during the memory delay. These findings inform 
us about the nature of information representation in WM 
and the selectivity with which it interacts with attention.

These results may seem at odds with previous studies of 
irrelevant information in short-term and WM tasks. Previ-
ous studies have demonstrated that spatial configuration 
plays an integral role in visual short-term memory, with 
delays of 500–1,000 msec, even when such information 
is not explicitly relevant (Hollingworth, 2007; Hommel, 
2002; Jiang et al., 2000). Similar effects of irrelevant tem-
poral grouping or color context have been observed in a 
WM updating task (Postle, 2003). In all of these studies, the 
effects of irrelevant contextual information are seen during 
the memory task test performance. Such effects could be 
due to the irrelevant sample information’s having an effect 
during perceptual processing of the memory test stimuli. 
Our tasks were designed to probe the actively maintained 
representations by examining the interaction between WM 
and attention during the memory delay. Furthermore, our 
discrimination procedure was specifically designed to cre-
ate competition between relevant and irrelevant features of 
individual items maintained in WM rather than between 
matching and nonmatching relationships among items 
(Vidal, Gauchou, Tallon-Baudry, & O’Regan, 2005). Both 
the relevant information and the irrelevant information 
were present during the encoding of the memory sample 
set, and task-relevancy effects were symmetrical, regard-
less of whether the irrelevant information was the identity, 
the location, or the relationship between the two. In the pre-
vious studies, the effect was tested only unidirectionally: 
Irrelevant context affected memory performance.

The delay length is another potentially important differ-
ence between the present study and previous studies that 
did demonstrate effects of irrelevant spatial and contex-
tual information on WM. The delay length in most of these 
studies was much shorter (1 sec) than in the present one, 
in which the cues appeared 1,000–3,000 msec after the 
disappearance of the sample stimuli. The previous stud-
ies indicated that contextual information might be rep-
resented for some time within some component of short-
term memory or WM. Irrelevant features of individual 
objects have also been shown to influence attentional cap-
ture with very brief memory delays (Soto & Humphreys, 
2009). The present results, however, show that the actively 
maintained representations of individual items that influ-
ence biases in attention after more than 1 sec of memory 
delay specifically reflect relevant features rather than ir-
relevant ones. Resolution of competition between relevant 
and irrelevant information may be the result of a weaker 
or a slower influence of the irrelevant information, rather 
than of a lack of influence (Johnson, Hutchison, & Neill, 
2001). However, regarding interactions with selective at-
tention in Experiments 3, 4, and 5, any influence of the 
irrelevant information in addition to the relevant informa-
tion was not strong enough to be detectable.
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