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One of the most influential findings in cognitive neu-
roscience is that there is a division of labor in visual pro-
cessing into what are colloquially known as “what” and
“where” processing. These types of information are car-
ried by two different neural processing streams, one ven-
tral, the other dorsal. This anatomical division is thought
to govern the neural workings of visual perception: The
ventral stream is used for perceiving the identity of items,
and the dorsal stream for perceiving where items are lo-
cated in space (Ungerleider & Mishkin, 1982; see also
Milner & Goodale, 1995).

The ventral stream begins in primary visual cortex
(V1) and travels through inferior temporal cortex. The
dorsal stream also begins in V1, but it travels a more su-
perior route through posterior parietal cortex (Living-
stone & Hubel, 1988; Mishkin, Ungerleider, & Macko,
1983). It has been theorized that this anatomical and cog-
nitive division continues to some degree into the frontal
lobes and influences how the frontal lobes process work-
ing memory information. Single-unit recordings in the
frontal lobes of nonhuman primates suggest that areas in
dorsal prefrontal cortex respond selectively to the main-
tenance of location information in visual working memory
(VWM). Neurons that are more lateral and ventral, on the
inferior prefrontal convexity, respond selectively to the
maintenance of object or featural information (Chafee &
Goldman-Rakic, 1998; Funahashi, Bruce, & Goldman-
Rakic, 1989, 1990; O’Scalaidhe, Wilson, & Goldman-

Rakic, 1999; Wilson, O’Scalaidhe, & Goldman-Rakic,
1993).

These findings have been the impetus for numerous
neuroimaging studies of working memory for location
versus identity or featural qualities of items. Although this
field has been popular for research in neuroimaging, the
data are highly inconsistent. Many studies report a dorsal-
ventral segregation of working memory processes (Baker,
Frith, Frackowiak, & Dolan, 1996; Courtney, Ungerleider,
Keil, & Haxby, 1996; Haxby, Petit, Ungerleider, & Court-
ney, 2000; Smith, Jonides, Koeppe, Awh, Schumacher, &
Minoshima, 1995), but a significant number of experi-
ments do not find such segregation (D’Esposito, Ballard,
Zarahn, & Aguirre, 2000; Nystrom et al., 2000; Postle,
Stern, Rosen, & Corkin, 2000).

Researchers have offered a number of explanations for
the inconsistencies found in neuroimaging experiments.
Some (e.g., Nystrom et al., 2000; Postle & D’Esposito,
2000) have suggested that some neural regions in pre-
frontal cortex are not organized by stimulus modality but
rather by type of processing (i.e., by processing rather
than by the nature of the information being processed;
Stern et al., 2000). Others have argued that objects may
be a “representational middle ground,” (e.g., Marshuetz
& Bates, 2004) containing both spatial and object prop-
erties, or that the object and spatial memory results may
be clouded because sometimes objects or spatial loca-
tions are verbalizable (e.g., Fletcher & Henson, 2001).
We argue that there may be yet another explanation for
the ambiguity seen in the neuroimaging literature: Infor-
mation about “what” inherently carries information about
“where.” In other words, spatial information may be inci-
dentally encoded along with object information at the be-
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havioral level. In tasks lacking such behavioral divisions,
then, one might also expect to see a lack of neural division.

If a consistent behavioral distinction between object
and spatial working memory is observed, this would lend
credibility to the hypothesis that the human brain has an
anatomical distinction as well. What is the existing evi-
dence for and against behavioral divisions between ob-
ject and spatial working memory? Logie (1995) found
that recall of a sequence of locations, but not of simulta-
neously presented colors, was disrupted when partici-
pants were asked to make unseen arm movements during
the retention interval. Conversely, color memory, but not
location memory, was poorer when participants were
shown irrelevant pictures during the retention interval.
From these findings, he concluded that spatial and object
memory are separable.

Tresch, Sinnamon, and Seamon (1993) used a similar
task in which participants were required to remember ei-
ther one shape or one location. During the retention in-
terval one of three things could happen: (1) nothing;
(2) a color discrimination task in which participants were
required to judge whether a color patch was more red or
more blue; or (3) a motion discrimination task in which
participants were required to find a stationary item among
many moving items. After the retention interval, partic-
ipants were required to identify either the location or the
shape of the item being held in memory. The results of
two experiments showed (1) that a motion discrimination
task interfered with spatial but not object memory and
(2) that color discrimination interfered with object but not
spatial memory. Taken with the results of Logie (1995)
and others (Hecker & Mapperson, 1997), these results
provide convincing evidence that at least under some con-
ditions, location memory and object memory are separate.

More recently, Jiang, Olson, and Chun (2000) showed
that VWM for the location of items was not influenced by
the color or shape of items. To show this, they tested VWM
for location but changed one unattended feature of the
memory image, such as color or shape. For instance, if the
memory image had blue squares placed in various loca-
tions, on the probe image the squares would be changed to
green. The results showed that color and shape changes
were easily ignored and caused no memory interference.

However, like the neuroimaging literature, the behav-
ioral literature is not entirely consistent. For instance,
Downing (2000) required participants to hold a centrally
located sample object in VWM. After 1.5 sec, two objects,
one matching the sample object and the other novel,
were presented simultaneously at right and left locations.
These stimuli were task-irrelevant. After 40 msec, a target
shape was presented at either the left or the right location,
and the participant was required to make a speeded re-
sponse. Responses were faster when the target shape ap-
peared in the same location as the object matching the
memorized object. This result showed that the location
of the memorized object was incidentally encoded into
memory and was used to guide attention to a location.

In addition, Jiang et al. (2000) found that incidental
encoding of “where” influences VWM of “what.” Par-

ticipants were required to remember briefly presented
colors or shapes over a short retention interval; memory
for location was not required. When there was a mis-
match between the locations of the memory and probe
images, VWM for color or shape was impaired. Other
experiments showed that this influence of “where” on
“what” was based on the relative location of all items,
not on absolute location. In the same set of experiments,
Jiang et al. (2000) instructed participants to remember
the color of randomly placed squares. Three conditions
were tested by manipulating locations of the colored
squares on the probe image. The results showed that per-
formance remained unchanged from baseline when the
configuration of colored squares expanded outward, so
that absolute locations changed but relative locations were
unchanged. Performance was harmed when the initial
configuration of color squares changed to a new configu-
ration (e.g., both absolute and relative locations changed).
These results suggest that VWM for objects also has
linked information about the relative location of objects.

How can the results of Hecker and Mapperson (1997),
Logie (1995), and Tresch et al. (1993), suggestive of a
division between object and spatial memory, be recon-
ciled with those of Jiang et al. (2000)? One possibility
lies in the displays used by Jiang et al.(2000). In multi-
element memory displays, any one of the items might be
“changed” on the probe display, so participants need to
remember all items as efficiently as possible. Participants
may not have had time to fixate each object, but instead
looked to the center of the display and mentally formed a
configuration to sustain their memory for individual
items. Thus, the spatial configurations employed by Jiang
et al. (2000) may have been strategically encoded when
participants were asked to remember color or shape, be-
cause there were many items to encode. In other words,
perhaps spatial and object working memory are strictly
divided, but that participants can choose to chunk a set of
objects in a configuration in order to aid remembering.

To reconcile the divergent findings, in this article we
further test the hypothesis that location information is
linked to object information in VWM by testing memory
for a single item, as did Tresch et al. (1993). We per-
formed this experiment to rule out the hypothesis that
participants in studies using multielement displays (e.g.,
Jiang et al., 2000) remember spatial location strategi-
cally when asked to remember color or shape because
they have many items to encode. If memory for a single
object is disrupted by location change, this result would
help rule out the strategic hypothesis of spatial encoding
and suggest, instead, that location memory is tightly
linked to object memory.

In addition, we were interested in further exploring
what type of location information is remembered when
encoding object attributes. Jiang et al. (2000) provided
some data relating to this issue. They found that memory
for object attributes in a multielement display is differ-
entially affected by absolute versus relative location in-
formation. These types of location changes are analo-
gous to changes in different types of spatial reference



VISUAL WORKING MEMORY 187

frames. A spatial reference frame is a relational system
consisting of located objects, reference objects, and the
spatial relations that lie between the different object
types (Shelton & McNamara, 2001). Absolute location
change is defined as any change in position so that ob-
jects differ from the starting position. Relative location
change is defined as a position change that affects the
position of the target item relative to a background con-
text or reference frame. Relative location changes are
analogous to position changes relative to some environ-
mental reference frame.

We tested the influence of location on object memory
by instructing participants to remember a single face, the
memory item. After a short delay, the probe image was
presented. It contained either the same face or a differ-
ent face, to which the participant made either a “same”
or “different” response. In addition, location of the face
was manipulated in two separate conditions: In the local
change condition, the memory item changed position
relative to a surrounding reference frame. This condition
had both relative and absolute changes in location. In the
global change condition, both the memory item and the

reference frame changed positions, so that the memory
item retained its position relative to the frame. This con-
dition had only absolute location change. These condi-
tions were compared to a no-change condition that had
no location change of any sort (Figure 1). In all cases,
participants were instructed to ignore location changes.
If absolute location is incidentally encoded in conjunc-
tion with objects, then response times (RTs) should be
slower in the local and global change conditions as com-
pared to the no-change conditions. If relative location is
incidentally encoded in conjunction with objects, then
RTs should be slower in the local change condition only.
If location is not encoded when participants are required to
remember objects, RTs should be similar in all conditions.

EXPERIMENT 1

Experiment 1 tested VWM for a single item. Given that
single-item memory tasks are easy, we were concerned
about ceiling effects. Our pilot work showed memory for
faces to be more difficult to retain than memory for col-
ors or simple objects; thus, for Experiment 1 we used

Memory Image

a)

b)

c)

Figure 1. An illustration of the stimuli used in Experiment 1. The memory image
was similar in all conditions and was followed by a 1,600-msec interstimulus interval
and one of three types of probe image: (a) no-change condition; (b) global change con-
dition; or (c) local change condition. Real rather than cartoon faces were used in the
actual experiment.



188 OLSON AND MARSHUETZ

faces as stimuli. Because participants only had to re-
member a single item and we expected accuracy to be
high, RT was used as the dependent measure.

Method
Participants. Seventeen naive students and staff from Yale Uni-

versity participated in each experiment for payment. All had normal
color vision and normal or corrected-to-normal visual acuity.

Stimuli. The face stimuli subtended 2º � 2.5º of visual angle.
Faces had no hair or salient distinguishing features, such as large
moles, and were grayscale. All faces had a neutral expression and
were similarly posed. Faces appeared in one of four positions rela-
tive to a central fixation cross within a white box outlined in black.
The box subtended 9º � 9º of visual angle. The box could appear
in any of four locations on the uniformly gray background (sub-
tending 18º � 18º of visual angle). Twelve faces were used.

Design. VWM of faces was tested in a probe change detection
paradigm (Jiang, Chun, & Olson, 2004; Jiang et al., 2000; Olson &
Jiang, 2002). Each trial was composed of a memory display and a
probe display separated by a brief blank interval. The memory display
contained one face presented at random locations within the white
box and on the background. The probe display contained either the
same face or a different face. The observers’ task was to detect
whether the face was the same or different, irrespective of position.

There were three types of probe displays: no-change, local change,
and global change. In all conditions, the identity of the face changed
on one half of all trials. In the no-change condition, the spatial lo-
cation of the face and white box remained invariant. In the local
change condition, the face moved to a new position within the white
box on the probe image, although the position of the white box did
not change. The horizontal and vertical movements were 5º, and the
diagonal movements were about 7º. Thus, both the absolute and rel-
ative locations of the face changed in this condition. In the global
change condition, the face and the white box moved to new positions
on the screen, but the face remained in the same location relative to
the white box. Thus, only the absolute location of the face changed.

Procedure. Participants initiated each trial by a barpress. Tim-
ing was set to the refresh rate of the computer. A red fixation point
(0.2º � 0.2º) was presented for 507 msec, followed by a brief pause
and the memory display of 267 msec. Participants were free to
move their eyes. After a blank retention interval of 1,600 msec, the
probe display was presented until a response key was pressed. Ob-
servers were instructed to memorize the face on the memory dis-
play and to detect whether the face on the probe display was the
same as the previous face. They were told to ignore location, be-
cause the face would move about on the screen, and to answer as
quickly as possible. Responses were entered via keypress: “Z” for
same face and “X” for different face. A response prompter, located
in the lower left corner of the screen, reminded participants of the
proper keypress after each trial. Visual feedback concerning the ac-
curacy of response was provided after each trial.

Each observer completed 10 practice and 120 experimental tri-
als (i.e., 3 conditions � 2 probe types � 20 cases). Trials from all
conditions were randomly intermixed and presented in a different
random order for each participant.

Equipment. All observers were tested individually in a room
with normal interior lighting. All experiments were carried out on a
Macintosh computer with a 19-in. screen using MacProbe software
(Hunt, 1994). The unrestricted viewing distance was approximately
57 cm, at which 1 cm on screen corresponds to 1º visual angle.

Results and Discussion
In all experiments, RTs exceeding 4,000 msec were

discarded. Accuracy was high for all participants (�91%)
in all conditions, and there was no difference in accuracy
between conditions [F(2,32) � 1.84, p � .18].

Incorrect trials were discarded, and a repeated mea-
sures analysis of variance (ANOVA) tested the effects of
condition on RT. Mean RT as a function of condition is
plotted in Figure 2. The main effect of condition was sig-
nificant [F(2,32) � 20.01, p � .0001]. Planned compar-
isons showed that there was no difference between the
global change and no-change conditions, although there
was a small trend in the direction of global change being
slower [t(16) � 1.70, p � .10]. This result suggests that
changes in only absolute location have minor effects on
VWM. However, RTs in the local change condition were
slower than those in the global change and no-change
conditions [t(16) � 4.43, p � .0001; t(16) � 6.13, p �
.0001]. Because absolute location changed in both the
global and local change conditions, these findings sug-
gest that VWM for faces is dependent on memory for
relative location but is only negligibly dependent on
memory for absolute location. In sum, these findings
suggest that VWM encodes and stores the spatial loca-
tion of items relative to a salient reference frame. Per-
formance was harmed when an item changed position
relative to the white box, even though it was not neces-
sary to encode spatial position for the task.

EXPERIMENT 2

Faces are a peculiar stimulus class and have many
unique properties, including the need to encode them
configurally (Farah, Wilson, Drain, & Tanaka, 1998).
Experiment 2 tested VWM for a single novel object in
order to assess whether the effects observed in Experi-
ment 1 generalize to other stimulus classes.

Method
Participants. Fifteen naive students or staff from Yale Univer-

sity participated for payment.
Stimuli and Procedure. Most aspects of the stimuli and proce-

dure are similar to those reported for Experiment 1, with the fol-
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Figure 2. Results from Experiment 1. Response time (RT) as a
function of condition.
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lowing exceptions: One novel object appeared in one of four posi-
tions relative to a central fixation cross within a white box outlined
in black on a gray background. Novel objects were similar to those
used by Jiang et al. (2000). Novel objects were black and approxi-
mately the same size as the faces, subtending 2º � 2.5º of visual
angle. Timing was the same as reported for Experiment 1. Each ob-
server completed 10 practice and 90 experimental trials (i.e., 3 con-
ditions � 2 probe types � 15 cases).

Results and Discussion
There was no difference in accuracy between condi-

tions (F � 1, n.s.). Incorrect trials were discarded, and a
repeated measures ANOVA tested the effects of condition
on RT (Figure 3). The main effect of condition was sig-
nificant [F(2,28) � 3.54, p � .043]. Planned comparisons
showed that there was no difference between the global
change and no-change conditions (t � 1), suggesting that
changes in absolute location had little or no effect on
VWM. However, RTs in the local change condition were
significantly slower than those in the no-change condition
[t(14) � 2.63, p � .014] and were also slower than those
in the global change condition, although the difference
fell short of significance [t(14) � 1.66, p � .11].

These results replicate the findings reported in Experi-
ment 1, although the difference between the local and
global change conditions is not as robust. Nevertheless,
the results point to the same conclusion: VWM for objects
includes incidentally acquired location information. Lo-
cation relative to a salient reference frame is more criti-
cally tied to objects than is absolute location information.

EXPERIMENT 3

Experiments 1 and 2 showed that information about
relative location was linked to object working memory.
Recall that for our purposes, relative location was defined

as location relative to a salient surrounding but task-
irrelevant enclosing frame. However, one possibility is
that an enclosing reference frame created, in effect, a new
“object.” Furthermore, it is important to characterize the
boundary conditions for a frame of reference in order to
begin to get a theoretical handle on what exactly a “ref-
erence frame” is. Experiments 3, 4, and 5 were designed
to address the question of what constitutes a good refer-
ence frame for VWM and to rule out the possibility that
it is necessary to form a new object via a salient enclos-
ing boundary in order to observe our effects. To do this,
we imposed different artificial reference frames on the
display. Experiment 3 tested a minimal reference frame,
a small fixation cross. The display did not have the salient
white box provided in Experiments 1 and 2 and only pro-
vided a small fixation cross for spatial reference. Exper-
iment 4 examined whether the size of the reference frame
relative to the target object was critical. To test this, par-
ticipants were shown a display that was similar to that
used in Experiment 3, except that the central cross was
very large relative to the stimuli. Experiment 5 examined
whether other objects can serve as a reference frame.

Method
Participants. Thirteen naive students from Yale University par-

ticipated for payment.
Stimuli and Procedure. Most aspects of the stimuli and proce-

dure were similar to those reported in Experiment 1, with the fol-
lowing exceptions: Stimuli appeared on a plain white background
(RGB 255). Faces appeared within one of four cells in an invisible
box, with a small black cross marking the center of the invisible box.
The small cross was the same size as the fixation cross used in Ex-
periments 1 and 2. Timing was the same as reported for Experi-
ment 1. Each observer completed 10 practice and 90 experimental
trials (i.e., 3 conditions � 2 probe types � 15 cases).

Results and Discussion
A repeated measures ANOVA tested the effects of

condition on accuracy. Accuracy was not affected by
condition, although the effect approached significance
[F(2,24) � 2.73, p � .086]. We investigated this result
further; t tests showed that it was driven by an accuracy
difference of the local condition as compared with the
no-change condition, [M � .93 vs. .88; t(12) � 2.23, p �
.036]. The comparison between local and global change
conditions approached significance [M � .93 vs. .89;
t(12) � 1.73, p � .097]. Thus, there is some indication
that accuracy was higher in the local change condition,
but because the accuracy analyses were post hoc, this
finding must be interpreted with caution.

Incorrect trials were discarded, and a repeated mea-
sures ANOVA tested the effects of condition on RT per-
formance. RT was not affected by condition (F � 1, n.s.).
Data were further analyzed using planned comparisons
that found no differences between conditions (all ts � 1).

These results suggest that the effect reported in Ex-
periment 1 is dependent on a salient reference frame that
is proximal to the stimuli (i.e., the computer monitor was
not sufficient to serve as a frame of reference). They also
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Figure 3. Results from Experiment 2, in which participants
were required to remember one novel shape. Response time (RT)
as a function of condition.
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demonstrate that a small central stimulus that does not aid
the viewer in defining the boundaries of relative space
cannot define relative location (Experiment 3). Thus, it
appears that reference frame usage is highly flexible, yet
it relies on at least two properties—relatively close spa-
tial proximity and size relative to the stimuli.

EXPERIMENT 4

The results of Experiment 3 suggest that a small cross
does not provide a good reference frame for encoding
relative location, and we have suggested at least two po-
tential properties that a “good” reference frame must
have—proximity and a similar size scale to that of the
other stimuli. In Experiment 4, we tested the latter hy-
pothesis using a large cross at the center of the display
rather than a small fixation cross.

Method
Participants. Nineteen naive students from Yale University par-

ticipated for payment or credit.
Stimuli and Procedure. Most aspects of the stimuli and proce-

dure were similar to those reported for Experiment 3, with the fol-
lowing exceptions: Stimuli appeared on a plain white background
(RGB 255). Faces appeared within one of four cells in an invisible
box, with a large black fixation cross in the center of the invisible box.
The large cross subtended 9º � 9º of visual angle. Timing was the
same as reported for Experiment 1. Each observer completed 10 prac-
tice and 90 experimental trials (e.g., 3 conditions � 2 probe types �
15 cases).

Results and Discussion
A repeated measures ANOVA tested the effects of con-

dition on accuracy. Accuracy was unaffected by the condi-
tion manipulation [F(2,36) � 1.25, p � .25]. Incorrect tri-
als were discarded, and a repeated measures ANOVA
tested the effects of condition on RT. The main effect of
condition was significant [F(2,36) � 3.83, p � .031]. Data
were further analyzed using planned comparisons that
showed slower RTs in the local versus the global change
condition [t(18) � 2.18, p � .036] and in the local change
versus the no-change condition [t(18) � 2.57, p � .015].
There was no difference between the global change and no-
change conditions (t � 1, n.s.). Data are shown in Figure 4.

These results suggest that a large fixation cross makes
a good reference frame and that the relative size of the
frame matters.

EXPERIMENT 5

Experiment 5 investigated whether distractor stimuli
alone, without sharing any common spatial location or
connected surface, could serve as a reference frame to
encode the relative location of the face (see Figure 5). A
cluster of small objects can form a small object under
some circumstances, when items are arranged into a
gestalt grouping. In order to avoid this sort of configural
processing, we created displays with random placement
of objects, devoid of any clear grouping cues. In Exper-
iment 5, two novel shapes were presented in random lo-

cations near the face. Participants were told to ignore the
shapes and to remember just the face.

Method
Participants. Eight naive students from Yale University partic-

ipated for payment.
Stimuli. Many aspects of the stimuli and procedure were similar

to those reported for Experiment 1. The background was white.
Faces were drawn from the same set used in Experiments 1 and 2.
Novel shapes were the same as those used in Experiment 2. Each
item was located within one cell of an invisible 3 � 3 matrix, with
the middle square excluded. This 3 � 3 matrix appeared in one
quadrant of the computer screen.

Design. Face memory was tested in a change detection task. The
memory image contained one face plus two novel shapes, which all
appeared simultaneously. The probe image also contained one face
and two novel shapes. As before, there were three types of probe
displays: no-change, local change, and global change. In the local
change condition, the location of the face changed relative to the
novel shapes. In the global change condition, the entire configura-
tion of face � novel shapes moved to a new location. In all condi-
tions, the identity of the face changed on one half of all trials.

Procedure. Participants were instructed to remember the face and
to ignore the shapes. They were also instructed to ignore locations of
items because location was irrelevant to the task, and to respond as
quickly as possible while still trying to be accurate. The memory
image was shown for 534 msec, followed by an interstimulus inter-
val of 1,600 msec and a probe image until response. Viewing time for
the memory image was increased from that used in Experiments 1–4
because more stimuli were present on the memory image.

Each observer completed 10 practice and 90 experimental trials
(i.e., 3 conditions � 2 probe types � 15 cases).

Results and Discussion
A repeated measures ANOVA tested the effects of

condition on accuracy. Accuracy was unaffected by the
condition manipulation (F � 1, n.s.). Incorrect trials and
RTs greater than 4,000 msec were discarded. A repeated
measures ANOVA tested the effects of condition on RT.
The main effect of condition was significant [F(2,14) �
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Figure 4. Results from Experiment 4. Participants were re-
quired to remember one face near a large fixation cross. Re-
sponse time (RT) as a function of condition.
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5.42, p � .018]. Data were further analyzed using planned
comparisons that showed slower RTs in the local change
versus the global change condition [t(7) � 2.94, p �
.011] and in the local change versus the no-change con-
dition [t(7) � 2.75, p � .016]. There was no difference
between the global change and no-change conditions
(t � 1, n.s.). Data are shown in Figure 6.

These results suggest that objects that do not share
spatial overlap and that are incidental to the memory task
can serve as a reference frame for the to-be-remembered
object. These results are somewhat contradictory of those
reported in Experiment 4B by Jiang et al. (2000), who
found that a combination of top-down and bottom-up
cues allowed participants to ignore elements in the mem-
ory display and thereby to exclude them from the spatial
reference frame that was encoded with the color infor-
mation. This discrepancy is most likely due to the fact
that the items that were ignored by participants in Jiang
et al.’s study—12 white squares—could easily be grouped
together into a separate configuration using the gestalt
principle of similarity. Experiment 5 used two items with
different shapes that were not easily grouped by most

gestalt grouping principles (although grouping by prox-
imity is arguable).

EXPERIMENT 6

The prior experiments showed that under a variety of
conditions, VWM encodes and stores information about
relative location. To understand the generality of this ef-
fect better, in Experiment 6 we tested whether verbal
working memory encodes and stores information about
relative location. Many researchers have suggested that
VWM is separate from the verbal short-term store in the
nature of the information it encodes (e.g., Baddeley,
1986; Logie, 1995). However, when verbal information
is presented visually, it is possible that some visual in-
formation, such as spatial coding, is maintained in work-
ing memory. A strong version of the separation of the
verbal and visual stores would predict that little or no vi-
sual information is maintained by verbal working mem-
ory. A weak version of the separate-store theory would
predict that some visual information is preserved for vi-
sually presented verbal information.

Memory Image

a)

b)

c)

Figure 5. An illustration of the stimuli used in Experiment 5. The memory image
was similar in all conditions and was followed by a 1,600-msec interstimulus interval
and one of three types of probe image: (a) no-change condition; (b) global change con-
dition; or (c) local change condition. Real rather than cartoon faces were used in the
actual experiment.
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Method
Participants. Twelve naive students from Yale University par-

ticipated in this experiment for payment.
Materials. Most aspects of the stimuli and procedure were sim-

ilar to those reported for Experiment 1, with the exception that three
letters served as the memory stimuli instead of faces. It is well-
known that the memory capacity for visual items is lower than that
for verbal items (Luck & Vogel, 1997). Capacity for faces is around
2.5 items (Marshuetz & Olson, 2004), whereas that for letters is
around 7 items. To equate difficulty levels, we used three letters
rather than one. The memory image had three uppercase letters,
randomly drawn from a set of nine consonant letters. The letters ap-
peared in black Helvetica 22-point font. The probe image had three
lowercase letters that were also in black Helvetica 22-point font.
The three letters were grouped together and appeared in one of the
four cells in a white box on a gray background. Participants were
instructed to say the letters aloud as soon as they saw them, and to
rehearse them aloud. These instructions ensured that a verbal, not
a visual, strategy was used. As before, there were three types of
probe displays: no-change, local change, and global change. Tim-
ing was the same as reported for Experiment 1. Each observer com-
pleted 10 practice and 90 experimental trials (i.e., 3 conditions � 2
probe types � 15 cases).

Results and Discussion
A repeated measures ANOVA found that accuracy

was unaffected by the condition manipulation (F � 1,
n.s.). Incorrect trials and RTs greater than 4,000 msec
were discarded. A repeated measures ANOVA tested the
effects of condition on RT. The main effect of condition
was not significant [F(2,22) � 1.37, p � .280. Data were
further analyzed using planned comparisons that showed
no differences between conditions (all ps � .14). These
results suggest that verbal working memory does not
maintain representations of relative spatial location.

GENERAL DISCUSSION

Is object working memory separate from spatial work-
ing memory? This question has been debated by memory
researchers (e.g., Goldman-Rakic, 2000; Logie, 1995;

Miller, 2000). Although few behavioral studies have ex-
amined this question, those that exist have reported mixed
findings: Some studies have reported dissociations be-
tween object and spatial VWM (Hecker & Mapperson,
1997; Tresch et al., 1993), whereas other studies have re-
ported that object and spatial VWM are linked (Jiang
et al., 2000). One common sense reason for a linkage be-
tween object and spatial VWM would be that “what” and
“where” occur together in the real world. That is, objects
are always at a location relative to the viewer and also
relative to surrounding items in a scene. Because of this,
the segregation of object and location in working memory
tasks may reflect an artificial distinction (Rao, Rainer,
& Miller, 1997). The spatial location of objects and ob-
ject parts provides important information for our mem-
ory and perception: spatial location is needed to direct
actions at objects and to assign meaning and significance.
Our findings suggest that object memory and location
memory are linked in that VWM for objects carries with
it memory for the relative locations of the objects.

Experiment 1 showed that VWM for “what”—a face—
incidentally carries with it information about a particu-
lar type of “where”—relative location. Relative location
was manipulated by placing the face on a salient reference
frame. Responses were slower when the face changed
position relative to the reference frame. However, ab-
solute location of the face was not maintained by VWM,
as was demonstrated by the similar performance in the
baseline condition and a condition in which the face and
reference frame moved to an entirely new location but
maintained the same internal spatial relationship. Ex-
periment 2 generalized these results to nonface stimuli.
The results of Experiment 2 were less robust than those
found in Experiment 1, suggesting that faces may elicit
this response more strongly. This may be the case be-
cause participants attend more to relative location infor-
mation when the stimulus that must be remembered has
salient configural information.

Experiments 3, 4, and 5 were designed to examine the
question of what can serve as a reference frame for the
to-be-remembered object. This question was addressed
by testing face memory in the absence of a proximal, en-
compassing reference frame such as that used in Exper-
iments 1 and 2. Experiment 3 provided only a small fix-
ation cross for a reference frame, Experiment 4 provided
a large cross, and Experiment 5 provided two distractor
novel objects as references for relative spatial location.
The results of Experiment 3 suggest that a small fixation
cross is insufficient to serve as a space-defining refer-
ence. However, the results of Experiment 4 suggest that
a larger cross can be a sufficient reference frame. In ad-
dition, the novel objects used in Experiment 5 were an
excellent reference frame: RTs were slower when the
face moved to a new position relative to the novel ob-
jects, but remained unchanged when the entire configu-
ration of face � objects shifted to a new location. These
experiments provide further evidence that under free
viewing conditions, VWM for objects may not carry ab-
solute but does carry relative location information. In the
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Figure 6. Results from Experiment 5. Response time (RT) as a
function of condition.
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absence of a salient reference frame in Experiment 3,
there was no difference between the small location changes
of the local change condition and the larger location
changes of the global change condition.

Experiment 6 showed that verbal working memory does
not retain relative or absolute location information. When
participants remembered three letters, there was no per-
formance impairment when the letters moved either within
the reference frame or in absolute terms. This finding
suggests that location information may be selectively
maintained by visual but not by verbal working memory.

Why didn’t retinal or absolute location change affect
memory performance? An explanation is offered by Dill
and Fahle (1998). They used a visual memory task for
simple stimuli and found that accuracy decreased with
changes in retinal location. This effect was found only
under certain conditions, and disappeared after rotation
or contrast reversal of the to-be-remembered patterns,
suggesting that positional specificity in memory de-
pends on low levels of neural processing. Dill and Fahle
suggested that tasks that rely on higher levels of pro-
cessing will not show the effects of absolute location
change because higher levels of the brain, such as infe-
rior temporal (IT) cortex, have large receptive fields that
are insensitive to retinal location. Thus, absolute or reti-
nal location may not be encoded or remembered in mem-
ory tasks, such as ours, that require participants to re-
member complex stimuli that are presumably processed
by regions in or around IT.

Our results conflict with some earlier studies that have
reported a dissociation between object and spatial mem-
ory (Hecker & Mapperson, 1997; Tresch et al., 1993).
We discuss some reasons for the contradictory findings
in the following section. First, it is possible that Hecker
and Mapperson and Tresch et al. did not see an effect of
location interference on object VWM because this type
of interference may only interfere with coding of ab-
solute rather than relative location of items. Second, our
task and dependent measure (e.g., RT) depart from those
used previously to study the influence of location on object
working memory. RT is considered to be a more sensitive
measure of performance than accuracy. We suggest that
the effects of relative location on object processing may
be most apparent in VWM tasks that use an RT measure.
Third, prior studies that reported a dissociation between
object and spatial VWM required an explicit judgment
or attention toward the spatial task (Hecker & Mapper-
son, 1997; Tresch et al., 1993), whereas studies that have
reported a linkage between object and spatial VWM
used incidental spatial manipulations (Jiang et al., 2000).
Future studies should address how well the results outlined
in our article generalize to other tasks and procedures.

VWM and the Brain
Location may be coded in different ways for different

purposes in different neural subsystems. A viewer-
centered or egocentric reference is particularly important
when an immediate action, such as reaching or grasping,
must be performed on a target (Milner & Goodale, 1995).

A frame of reference based on other objects is useful when
multiple objects are presented simultaneously. These ob-
jects form a spatial layout and can serve as anchors for
one another (Jiang et al., 2000). When the spatial rela-
tionships among objects are part of the scene meaning,
“where” may actually be part of “what.” Such configural
processing has been convincingly shown for facial fea-
tures (Farah et al., 1998), and there is a great deal of ev-
idence suggesting that faces are processed in the ventral
visual stream (e.g., Kanwisher & Moscovitch, 2000).
There is also evidence that other stimuli that are defined
by the spatial relationships between features—scenes—
are processed in the anterior extent of the ventral visual
processing stream (Epstein & Kanwisher, 1998). We
propose that when input to the ventral stream consists of a
multielement visual pattern, a coherent representation of
the entire pattern may be encoded for working memory.
This encoding may occur because the spatial relationships
are meaningful; alternatively, even if the relationships
are not meaningful, attention may pick out one item for
selective encoding, but excess attentional resources may
nonetheless process some of the irrelevant distractors
and their relative positions.

Our findings cannot answer questions concerning the
functional divisions of the prefrontal cortex as it concerns
working memory. However, these findings do suggest
that a simple division of working memory areas along the
lines of “what” and “where” is probably too simplistic,
because the mnemonic encoding of location can be fur-
ther divided into a variety of different coordinate-based
systems.

Furthermore, these results suggest a reason for the
discrepant findings seen in the neuroimaging literature:
“What” and “where” may not appear to be cleanly divided
at the neural level because they are not clearly divided at
the behavioral level. It may be impossible to encode and
remember only object attributes in object working mem-
ory tasks because location is incidentally encoded in
most cases. The behavioral phenomena reported here are
likely the results of rich interconnectivity between the
“what” and “where” processing streams: Although nu-
merous neurophysiological reports have convincingly
demonstrated that object information and spatial infor-
mation travel through a set of segregated pathways (e.g.,
Livingstone & Hubel, 1988; Mishkin et al., 1983), espe-
cially in posterior neural regions, the information is
bound together via numerous ascending and descending
connections between the two pathways (e.g., Barbas &
Pandya, 1989; Bullier, Schall, & Morel, 1996; Pandya &
Barnes, 1987). Our findings result from such rich inter-
connectivity.
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