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Abstract
In functional neuroimaging studies of episodic retrieval (ER), activations in prefrontal, parietal, anterior cingulate, and thalamic regions
are typically attributed to episodic retrieval processes. However, these activations are also frequent during visual attention (VA) tasks,
suggesting that their role in ER may reflect attentional rather than mnemonic processes. To investigate this possibility, we directly compared
brain activity during ER and VA tasks using event-related fMRI. The ER task was a word recognition test with a retrieval mode component,
and the VA task was a target detection task with a sustained attention component. The study yielded three main findings. First, a common
fronto-parietal-cingulate-thalamic network was found for ER and VA, suggesting that the involvement of these regions during ER reflects
general attentional processes. This idea is compatible with some of the interpretations proposed in the ER literature (e.g. postretrieval
monitoring), which may be rephrased in terms of attentional processes. Second, several subregions were differentially involved in ER
versus VA. For example, the frontopolar cortex and the precuneus were more activated for ER than for VA, possibly reflecting retrieval
mode and processing of internally generated stimuli, respectively. Finally, the study yielded an unexpected finding: some medial temporal
lobe regions were similarly activated for ER and VA. This finding suggests that the medial temporal lobes may be involved in indexing
representations within the focus of consciousness, regardless of whether they are mnemonic or perceptual. Overall, the present results
suggest that many of the activations attributed to specific cognitive processes, such as episodic memory, may actually reflect more general
cognitive operations.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Episodic memory retrieval has been the focus of dozens
of positron emission tomography (PET) and functional MRI
(fMRI) studies. These studies have associated episodic retrieval (ER) with activations in a distributed network of brain
areas, including prefrontal cortex (PFC), parietal, anterior
cingulate, thalamic, precuneus, and medial temporal lobe
(MTL) regions (for reviews, see [6,52]). In general, episodic
memory researchers have attributed the involvement of these
different regions to distinct aspects of ER. For example,
right PFC activations have been attributed to the evaluation of recovered information (postretrieval monitoring: e.g.
[28,50,51]), lateral parietal activations, to the processing of
spatial aspects of the study episode [62], and anterior cingulate activations, to the initiation of retrieval operations
[9].
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These accounts illustrate the widespread practice in
functional neuroimaging of interpreting activations only in
terms of the particular cognitive function being investigated.
Yet, when one reviews functional neuroimaging data across
several cognitive functions, it is obvious that the same brain
regions can be activated by different functions [11]. For
example, many of the regions activated during ER tasks,
including PFC, parietal, anterior cingulate, and thalamic regions, also tend to be activated during visual attention (VA)
tasks (for reviews, see [25,29]). Moreover, these regions are
generally assumed to be critical components of a brain network for attention [41,48]. Since ER tasks normally require
attention, whereas attention tasks rarely require episodic
memory, it is more parsimonious to assume that some of the
PFC, parietal, anterior cingulate, and thalamic activations
during ER reflect general attentional operations rather than
specific mnemonic processes.
On the other hand, it is also possible that particular PFC
and parietal subregions recruited by ER tasks are not the
same ones recruited by VA tasks. For example, activations
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Fig. 1. Behavioral methods.

in left PFC tend to be more frequent during ER tasks than
during VA tasks [11]. Also, frontopolar activations (e.g.
Brodmann Area—BA 10) are among the most common
during ER, but are rarely found during VA [11]. Beyond
PFC, precuneus and MTL regions are often activated during ER but they are uncommon during VA [11]. However,
these differences are suggested by cross-study comparisons
(e.g. [11]), which are typically confounded with differences
in stimuli, imaging methods, and significance thresholds.
In order to clearly identify similarities and differences between the activation patterns for ER and VA, it is necessary
to compare these two functions within-subjects and under
similar conditions. Several functional neuroimaging studies
have compared different cognitive functions within-subjects
[4,7,35,43,44,49], but a direct comparison between episodic
memory and attention has never been attempted. This was
the goal of the present study.
The paradigm is summarized in Fig. 1. Subjects studied a list of words before scanning, and during scanning
they randomly performed ER and VA trials. Each trial consisted of two phases. During the first phase of ER trials,
participants generated the mental set of ER (retrieval mode,
[61]), and during the second phase, they made a Remember/Know/New response to a word cue. During the first
phase of VA trials, participants sustained attention to a symbol on the screen to determine if it blipped once, twice, or
never during a 12 s interval, and during the second phase,
they made the Once/Twice/Never response. Because only
no-blip trials were included in the analyses, the memory
component of the VA condition was minimal.
We made two predictions. First, we expected overlapping
activations for ER and VA in PFC, parietal, anterior cingulate, and thalamic regions [11]. Given that sustained attention
has been associated with a right lateralized fronto-parietal
network (for reviews, see [17,54]), we expected overlaps
to occur primarily in the right hemisphere. Second, we expected several regions to be more activated for ER than for

VA, including left PFC, frontopolar, precuneus, and MTL
regions [11].

2. Method
2.1. Subjects
The subjects were 20 young adults (13 males) Duke
University students/staff, with a mean age of 22.6 years
(S.D. = 3.68). They were healthy, right-handed, English native speakers, with no history of neurological or psychiatric
episodes. All subjects gave informed consent to a protocol
approved by Duke University Institutional Review Board.
2.2. Behavioral methods
2.2.1. Materials
The critical materials were concrete words selected from
the MRC Psycholinguistic Database (http://www.psy.uwa.
edu.au/MRCDataBase/mrc2.html). The words were 4–6 letters in length, and of moderate frequency. Half of the words
referred to living things and half to nonliving things.
2.2.2. Procedure
After completing health and MRI screening questionnaires and practicing the tasks to be performed in the scanner, subjects were placed in the scanner and anatomical scans
were conducted. Following the anatomical scans and before the functional scans, subjects studied a list of 40 words
(36 targets, 2 primacy fillers, 2 recency fillers), presented
at a rate of 3 s per word. Subjects made a living/nonliving
decision to each word and were also instructed to remember the words for a subsequent memory test. In the scanner, all stimuli were projected using an LCD projector to
a screen located about 70 cm behind the subjects’ crown,
which subjects could see via an angled mirror attached to
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the head coil. Responses were recorded using a 3-button
MR-compatible response box. During functional scanning,
subjects performed ER and VA trials in a random order.
Each trial lasted 30 s and had two phases, each consisting
of a stimulus (3 s) followed by fixation (12 s). In both tasks,
subjects made a 3-choice response to the second stimulus,
which was always a single letter string. They were encouraged to respond while the word was on the screen (3 s), and
responses beyond this interval were not computed.
In ER trials, the first stimulus was the instruction to perform the ER task, and the second stimulus was the cue
word. Subjects responded to the cue word by indicating
whether they remembered having read the word in the study
list before scanning (Remember response), whether they believed the word was in the study list but could not retrieve any specific detail about its occurrence within the
list (Know response), or whether they thought the word
was not included in the study list (New response). The
Remember-Know paradigm was not included to compare
Remember and Know trials, which was precluded by the
total number of old words scanned (36), but to encourage subjects to use a recollection-based retrieval strategy.
In VA trials, the first stimulus was the instruction to perform the VA task, and the second stimulus was a response
screen. Following the instruction screen, subjects had to
stare continuously at the fixation symbol (a letter “B”) in
order to determine if it “blipped” (a brief disappearance)
once, twice, or never during the 12 s interval. When the response screen was presented, subjects entered their response
(once, twice, never). Only no-blip trials were included in the
analyses.
Functional scanning consisted of 12 runs, and each run
included 6 critical trials: 3 ER trials with studied words, and
3 VA trials with no blips. Additionally, each run contained
several filler trials that were not included in the analyses: an
average of 1.0 ER trial with new words, and 0.5 VA trials
with blips. VA trials with blips functioned as “catch trials”
and were not included in the analyses. There were also trials
of a working memory task, whose results were reported in
a previous publication [7]. Across the 12 runs, there were a
total of 36 old-word ER trials and 36 no-blip VA trials. Only
trials in which the word was correctly classified as part of
the study list (ER trials) or in which the absence of blips was
correctly noted (VA trials) were included in the analyses.
With accuracy levels around 93–97%, subjects contributed
about 34 trials to each condition.
2.3. fMRI Methods
2.3.1. Anatomical scanning
A T1-weighted sagittal localizer series was first acquired. The anterior (AC) and posterior commissures (PC)
were identified in the mid-sagittal slice, and 34 contiguous
oblique slices were prescribed parallel to the AC–PC plane.
High-resolution T1-weighted structural images were acquired with a 450 ms TR (repetition time), a 9 ms TE (echo

time), a 24 cm field of view (FOV), a 2562 matrix, and a
slice thickness of 3.75 mm. A second series of 46 oblique
T1-weighted images perpendicular to the AC–PC was then
acquired using the same imaging parameters.
2.3.2. Functional scanning
Thirty-four contiguous gradient-echo echoplanar images
(EPIs) sensitive to blood-oxygen level dependent (BOLD)
contrast were acquired parallel to the AC–PC plane, using
the same slice prescription described above for the near-axial
structural images. The EPIs were acquired with a 3 s TR,
40 ms TE, one radio frequency excitation, 24 cm FOV, 642
image matrix, and a 90◦ flip angle. Slice thickness was
3.75 mm, resulting in cubic 3.75 mm3 isotropic voxels.
2.3.3. Image preprocessing
All image preprocessing and statistical analyses were performed using SPM99 (http://www.fil.ion.ucl.ac.uk/spm/).
Functional images were corrected for acquisition order,
and realigned to correct for motion artifacts. Anatomical
images were coregistered with the first functional images
for each subject, and then both anatomical and functional
images were spatially normalized to a standard stereotactic space, using the Montreal Neurological Institute (MNI)
templates implemented in SPM99. Subsequently, the functional images were spatially smoothed using an 8 mm
isotropic Gaussian kernel. They were proportionally scaled
to the whole-brain signal, which was not significantly correlated with any of the activations identified by subsequent
statistical contrasts.
2.3.4. Statistical analyses
Statistical analyses were separately performed for Phase
1 and Phase 2. For each subject, task-related activity was
identified by a convolving vector of the onset times of the
stimuli with a synthetic hemodynamic response (HDR) and
its temporal derivative. Phase 1 and 2 were modeled by separate covariates. The general linear model, as implemented
in SPM99, was used to model the effects of interest and
other confounding effects (e.g. session effects and magnetic
field drift).
Two types of group analyses were conducted using
random-effects models. First, to identify regions similarly
involved in ER and VA we performed three steps: (a) compared each condition to the implicit baseline (each contrast:
P < 0.033); (b) calculated the conjunction of the two activation maps (joint probability: 0.033∗0.033 = P < 0.001,
e.g. [1]); (c) eliminated from the conjunction map those
voxels that showed significant differences between conditions (see next sentence). Second, to identify brain regions
differentially activated by ER and VA, the two conditions
were directly compared to each other using a standard significance threshold (t > 3.58: P < 0.001). In both types
of analyses, the risk of false positives was minimized by
excluding activations with less than 20 contiguous voxels
(e.g. [23]).
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The time-courses of fMRI activations were examined by
manually drawing regions-of-interest around the activation
peaks in the T-map images, and extracting the mean raw
MRI signal of the voxels in each ROI for each subject and
for each condition. The raw MRI signal was converted to
percent signal change from the first image in the trial. The
ROI tracing and data extraction were accomplished using
software developed at the Brain Imaging and Analysis Center (BIAC) of Duke University. The xyz coordinates provided
by SPM, which are in MNI brain space, were converted
to xyz coordinates in Tailarach and Tournoux’s (TT) brain
space [59] using software available online (http://www.mrccbu.cam.ac.uk/Imaging/mnispace.html).
3. Results
3.1. Behavioral data
Mean correct responses were 93.4% for ER and 97.2% for
VA. A one-way ANOVA analysis indicated that this difference was nonsignificant (F (1, 19) = 4.2, P > 0.05). Most
ER hits were Remember responses (76.9%). Mean reaction
times (RTs) were 1711 ms for ER and 993 ms for VA. A
one-way ANOVA indicated that this difference was significant (F (1, 19) = 128.8, P < 0.01). Thus, accuracy was
similar for ER and VA tasks but RTs were slower for ER
than for VA.
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3.2. fMRI data
Table 1 and Fig. 2 show brain regions that were significantly activated during both ER and VA compared to baseline. Consistent with our prediction, overlapping activations
were found in right PFC (BAs 9, 47, BA 6: Fig. 2B-D),
dorsal parietal (BA 7, Fig. 2E), anterior cingulate (BA 32,
Fig. 2A), and thalamic (Fig. 2F) regions. Unexpectedly, similar activations for ER and VA were also found in MTL
regions bilaterally (Fig. 2G). Overlapping activations were
also observed in basal ganglia (caudate, globus pallidus)
and cerebellar regions. Consistent with the sensory and motor demands of the tasks compared to the fixation baseline,
common activations were also found in visual and sensorimotor cortices. As illustrated by Fig. 2, the time-courses of
common activations were very similar for ER and VA. This
finding suggests that these regions performed similar functions during the two tasks.
Table 2 and Fig. 3 show brain regions that were differentially involved in ER or VA. Consistent with our predictions, left PFC (e.g. BA 45: Fig. 3B), frontopolar (BAs 10:
Fig. 3A), and precuneus (e.g. medial BA 7: Fig. 3L) regions
were more activated for ER than for VA. Other regions that
were differentially involved in ER included posterior parietal
(left > right, BA 40/39: Fig. 3C), left middle temporal (BA
21, Fig. 3D), and medial PFC (BA 8/32; Fig. 3J) regions.
The posterior parietal region (BA 40/39) was more ventral

Table 1
Regions similarly activated by SA and ER tasks
Region

BA

Lat

Ph

x

y

z

T-SA

T-ER

A.
B.
C.
D.

32
9
47
6
6
7
7
7

M
R
R
R
M
L
R
L
R
L
L
M
1
R
L
R
R
L
L
R
L
L
R
R
L
L

2
2
2
1
2
1
1
2
1
1
2
2
−15
1
2
2
2
2
2
2
1
2
2
1
2
2

4
45
45
26
−4
−30
26
−30
15
−15
−11
8
−29
15
−19
19
11
−11
−30
30
−33
−23
34
11
−41
−37

27
16
18
0
−1
−56
−56
−52
−29
−29
−18
−14
−2
−33
−29
−29
4
4
−63
−51
−87
−81
−84
−80
−22
−19

30
27
−8
66
49
55
55
48
−2
−2
8
8
4.6
−2
−2
−5
7
3
−19
−19
8
−12
−5
7
56
56

5.7
5.2
5.8
3.9
9.3
3.8
3.7
3.4
4.4
4.8
9.3
6.4
3.0
4.5
3.9
2.1
4.3
3.7
6.8
8.5
11.0
9.7
11.8
9.3
8.6
7.9

4.9
3.2
5.7
4.8
7.5
3.1
4.6
2.7
3.7
3.0
8.7
6.0

Anterior cingulate Ctx.
Dorsolateral PFC
Ventrolateral PFC
Dorsomedial PFC

E. Dorsal parietal Ctx.

F. Thalamus

G. Medial temporal lobe (MTL)

L

Caudate
Globus pallidus
Cerebellum
Occipital Ctx.

Sensorimotor Ctx.

19
19
18
17
3
4

4.1
7.0
4.5
4.6
4.8
7.3
7.9
10.5
9.9
10.0
12.2
10.0
7.7

Notes: capital letters correspond to letters in Fig. 2. BA: Brodmann Area; Ctx.: cortex; Lat: lateralization (L: left, R: right, M: medial); Ph.: phase; T: T
score; xyz: coordinates form Talairach and Tournoux’s (1988).

394

R. Cabeza et al. / Neuropsychologia 41 (2003) 390–399
Table 2
Brain regions differentially engaged by ER and VA tasks
Region
ER > VA
A. Anterior PFC
B. Ventrolateral PFC
Dorsolateral PFC
C. Posterior parietal ctx.

D. Lateral temporal ctx.
J. Medial frontal ctx.
K. Retrosplenial ctx.
L. Precuneus/cuneus

Parahippocampal gyrus
Sensorimotor
VA > ER
E. Perisylvian/Insular ctx.

F. Occipitotemporal ctx.

G. Anterior parietal ctx.

H. Dorsolateral/ant. PFC
Ventrolateral PFC
Posterior PFC

I. Medial Parietal Ctx.

BA

Lat

Ph

x

y

z

T

10
47
45
9
9/46
40
39
39
21
8/32
23/31
31
7
18
27
4
3

L
L
L
L
L
L
L
R
L
M
M
M
M
M
L
L
L

2
2
2
2
2
2
1
1
2
2
2
1
2
2
2
1
1

−19
−45
−49
−49
−45
−49
−41
45
−55
−4
0
0
−4
−4
−15
−30
−34

63
43
30
16
24
−56
−71
−68
−40
31
−31
−68
−67
−90
−40
−19
−30

11
−6
16
31
26
41
31
27
−5
40
33
25
35
18
2
64
53

7.6
4.7
7.7
6.3
6.1
7.4
5.3
6.4
6.8
5.7
10.0
6.9
7.0
5.9
4.1
4.5
4.6

13
13
13
22
22
37
19
19
17
19
40
40
7
46/10
44/45
6
6
6/44
6
6
5
7/5

L
L
R
R
L
R
L
R
L
R
R
L
R
R
R
R
R
R
M
L
M
L

1
2
2
2
2
2
2
2
1
1
2
2
2
2
2
1
2
2
2
2
2
2

−41
−45
41
55
−49
55
−49
41
−15
38
52
−63
30
26
45
49
49
55
8
−59
−8
−19

8
0
4
−4
0
−54
−72
−76
−95
−81
−32
−28
−48
49
37
0
6
8
−5
5
−31
−45

−4
0
0
4
0
−1
7
14
1
−5
23
25
54
22
2
7
45
10
56
14
50
57

4.8
7.3
8.3
9.0
7.7
8.4
6.5
4.6
6.3
5.6
8.0
7.6
5.9
5.3
4.3
6.0
7.7
7.9
6.7
7.8
8.1
4.9

Notes: Capital letters correspond to letters in Fig. 3. For abbreviations,
see notes of Table 1.

Fig. 2. Brain regions similarly activated during ER and VA and their
corresponding activation time-courses. The numbers on the left indicate
the Y coordinate of each coronal slice. In the plots, the Y-axis indicates
percent signal change from the first image in the trial, and the X-axis,
the image number within a trial (each image: 3 s). The white squares
symbolize the presentation of a stimulus at the beginning of trial phase.

than the dorsal parietal region (BA 7) showing similar activity for ER and VA, and the medial PFC region (BA 8/32)
was more dorsal than the anterior cingulate region (BA 32)
showing overlapping activity for ER and VA (compare activations to the star symbols in Fig. 3). An MTL region (left
parahippocampal gyrus), more posterior than the one showing overlapping activations, was more activated during ER
than VA (see Table 2). As indicated by the time-course plots
in Fig. 3, most ER activations occurred during both phases,
even if some of them were more pronounced during Phase
2. The medial frontal activation was specific to Phase 2, and
the precuneus/cuneus activation was specific to Phase 1.
Regions that were more activated during VA than ER included Sylvian/insular, occipitotemporal, anterior parietal,
PFC, and medial parietal regions. Sylvian/insular activations
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Fig. 3. Brain regions differentially involved in ER or VA, and their corresponding activation time-courses. The top brain images show activations projected
to the lateral cortical surface of a 3D rendered template. The bottom brain image shows midline activations on a normalized sagittal slice. In the plots,
the Y-axis indicates percent signal change from the first image in the trial, and X-axis indicates the image number within a trial (each image: 3 s). For
comparison, the yellow stars indicate the approximate location of the overlapping cortical activations shown in Fig. 2A–E. The white squares symbolize
the presentation of a stimulus at the beginning of trial phase.
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were bilateral (BAs 13, 22, Fig. 3E) and extended over the
superior temporal gyrus (BA 22). Occipital activations were
bilateral and medial, and in the right hemisphere they extended into the posterior temporal cortex (BA 37, Fig. 3F).
Anterior parietal activations were bilateral (BA 40, Fig. 3G),
and more ventral than those common for the two tasks (BA
7). PFC activations included right dorsolateral (BA 46/10,
Fig. 3H), right ventrolateral (BA 44/45), and bilateral posterior (BA 6) regions. The right dorsolateral region showing
greater activity for VA than for ER was more anterior than
the one similarly activated for the two tasks (compare activation with star symbol in Fig. 3). Finally, VA was associated with an anterior medial parietal region (BA 5, Fig. 3I).
As indicated by the activation time-courses in Fig. 3, some
Sylvian/insular and PFC regions showed differences during
both phases, whereas occipito-temporal, lateral and medial
parietal activations occurred primarily during Phase 2.

4. Discussion
The results were generally consistent with our predictions.
First, we found overlapping activations during ER and VA in
PFC, parietal, anterior cingulate, and thalamic regions (see
Fig. 2A-F). Second, left PFC, frontopolar, and precuneus
regions were more activated during ER than for VA (see
Fig 3A, B, and L). Finally, the study yielded an unexpected
finding: an MTL region was similarly activated during ER
and VA (see Fig. 2G). Below, we discuss (i) the common
fronto-parietal-cingulate-thalamic network, (ii) the regions
differentially involved in ER and VA, and (ii) the activation
overlap in MTL.
4.1. Common fronto-parietal-cingulate-thalamic network
for ER and VA
As illustrated by Fig. 2, ER and VA shared a network
of regions that included right PFC, lateral parietal, anterior
cingulate, and thalamic regions. As noted in the Introduction,
although these regions tend to be frequently activated during
both ER and VA [11], it was uncertain if the activations
for ER and VA would actually overlap. The present study
provides clear evidence not only that they overlap, but also
they show very similar time-courses (see Fig. 2). The fact
that these regions were similarly activated during an ER task
and during a VA task with no episodic memory component
suggests that the involvement of these regions during ER
is not related to specific memory processes but to general
attentional operations.
Actually, some of the memory-related interpretations proposed in ER studies can be easily rephrased in terms of
simpler attentional processes. For example, the role of right
dorsolateral PFC in ER has been attributed to the evaluation
of the retrieval output, or postretrieval monitoring [28]. This
idea is supported by evidence that activity in this region tends
to be greater in ER conditions in which confident responses

cannot be easily made and additional monitoring is required
[26,27]. Since monitoring involves continuous attention to
the retrieval output, and sustained attention has been associated with right PFC activations (e.g. [3,15,16,37,46,47]),
right PFC activations during ER may be described in terms
of sustained attention processes.
A basic role in attention processes would also account
well for the involvement of lateral parietal, thalamic, and anterior cingulate regions in ER. During ER tasks, lateral parietal activity tends to be greater when information is successfully retrieved from long-term memory (e.g. [12,27,31,33]).
Although these parietal activations during ER have been attributed to episodic memory processes (e.g. retrieval success), they may reflect attentional shifts [32] elicited by the
successful recovery of information [52]. For example, it is
possible that when the memory search is successful, the focus of attention shifts from the processing of the retrieval
cue to the processing of the information recovered. Likewise, the thalamus may play a role in orienting of attention
[48] during retrieval. Finally, anterior cingulate activations
during ER may reflect the involvement of attentional processes during target detection [48]. This idea could explain
why anterior cingulate activity during ER tends be greater
for recall than for recognition tasks [9,10] because the former involves detecting a target among several candidate responses.
Since both ER and VA tasks required attentional processes
whereas only the ER task required mnemonic processes, it
is parsimonious to attribute overlapping activations to attentional processes. However, it is also possible that overlapping
activations reflected a different type of process shared by ER
and VA tasks. For example, these tasks shared not only attentional processes but also simple sensorimotor operations.
Although it is unlikely that simple sensorimotor operations
can account for all overlapping activations, further research
is required to investigate this alternative interpretation.
4.2. Differences in activation between ER and VA
Before discussing differences in activation between ER
and VA tasks, two caveats are in order. First, given that the
two tasks differed in RTs, there is a chance that some differences in activation reflect differences in task difficulty.
To investigate this possibility, we correlated the fMRI signal in the regions that were more activated for ER than for
VA with RTs during ER. If ER activations reflected ER difficulty, then one would expect significant correlations between these activations and RTs during ER, but none of the
correlations was significant (all P > 0.1). Second, since the
ER and SA tasks were not matched in all possible respects,
differences in activation should be interpreted with caution.
For example, even though visual and verbal aspects of the
stimuli were matched (see Fig. 1), subjects retrieved words
during the ER task but stared at a fixation letter during the
VA task. Thus, the ER task was probably more dependent
on verbal processing and the VA task, in visual processing.
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Also, the distribution of cognitive demands across the two
phases of the trials was not identical for the ER and VA, and
this precludes a simple interpretation of differences in the
timing of activations across tasks. Therefore, the differential
activations discussed in this section should be considered
preliminary results that require replication and clarification
from future studies.
Consistent with our predictions, activity in left PFC and
frontopolar regions was greater for ER than for VA. The differential involvement of left PFC in ER (e.g. Fig. 3A and
B) was accompanied by a differential involvement of right
PFC in VA (e.g. Fig. 3H). This hemispheric asymmetry is
consistent with our recent proposal [10] that left PFC is involved in semantically-guided information production [8,24]
whereas right PFC is involved in monitoring and verification
[28,51,55]. Thus, left PFC activations during ER may reflect
greater verbal/semantic demands in the ER task, and right
PFC activations during VA may reflect greater sustained attention demands in the VA task. The verbal/semantic component of the ER task could also account for left temporal
activations during ER (see Fig. 3D). As for frontopolar activity during ER (BA 10; see Fig. 3A), this activation developed during Phase 1, consistent with several studies that associated frontopolar activity during ER with retrieval mode
(e.g. [7,9,19,36,45]).
Also consistent with our predictions, the precuneus and
neighboring regions (e.g. Fig. 3K-L) were more activated
during ER than during VA. Although these regions are
among the most typical activations in functional neuroimaging studies of ER (e.g. [11,52]), their role in ER is still
unclear. Precuneus activity during ER was originally attributed to imagery processes [21,22] but subsequent studies
found that this area is activated during ER regardless of
imagery [5,34]. Activity in the precuneus and neighboring
areas tend to be greater when retrieval is successful [12,30],
suggesting that these regions are involved in processing recovered information. Thus, one may speculate that whereas
lateral parietal regions are involved in orienting attention
to both external and internal stimuli (see Fig. 2E), medial
parieto-occipital regions are involved in orienting attention
to internally generated stimuli (see Fig. 3L).
4.3. Overlap of ER and VA activity in MTL
The finding of overlapping activity in MTL was unexpected because MTL has been strongly associated with
episodic memory processes (for a review, see [57]) but not
with attention processes. Thus, we predicted that MTL regions would be more activated for ER than for VA. Although
a left posterior parahippocampal region was differentially
involved in ER (see Table 2), a more anterior MTL region
showed a very similar pattern of activation for ER and for
VA (see Fig. 2G). MTL regions have been associated with
other cognitive functions besides ER. For example, we recently found that MTL regions were similarly activated for
ER and for working memory [7]. Since MTL is assumed
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to keep an index of memory representations [2,18,39],
we speculated that these indexes are involved not only
in recovering stored long-term memory traces but also in
maintaining transient working memory representations ([7],
see also [49]). However, the present results suggest that
the representations accessed by MTL are not necessarily
mnemonic representations. Since only no-blip trials were
computed for the VA task, the memory demands of this task
were minimal or null; participants just stared at the fixation
symbol waiting for a blip.
Thus, activity in some MTL regions seems to reflect
indexing of representations in the focus of consciousness,
regardless of whether these representations originate in
long-term memory, working memory, or the senses. This
idea is consistent with Moscovitch’s proposal that MTL is
a module specialized in automatically registering the conscious experience [42]. Also, this idea is consistent with
evidence that MTL activity during ER differs for old items
associated with different forms of consciousness (remembering versus knowing: [20]) but is similar for old and
new items associated with similar forms of consciousness
(veridical versus illusory recognition: [12,56]).
The hypothesis that activity in some MTL regions reflects
indexing of conscious representations entails some problems
but these problems seem more apparent than real. First, the
indexing hypothesis suggests that MTL activations should
be found in almost every cognitive task, but this is not the
case. A possible explanation is that MTL regions are activated during both target and control tasks, and hence, they
are subtracted out in many neuroimaging studies. In the
present study, for example, if we had used VA as a control
task, we would have missed the MTL activations. Second,
the indexing hypothesis suggests that MTL lesions should
impair conscious processing in general, but they do not. Although MTL lesions are associated with episodic memory
deficits (for a review, see [58]), they do not usually disrupt
working memory, attention, or other conscious processing
tasks. This is not a real problem because the hypothesis is
that MTL indexes the contents of consciousness not that it
produces them. This point was clear in Moscovitch’s original proposal [42]. Finally, the indexing hypothesis seems
inconsistent with reports that MTL lesions can impair forms
of nonconscious (implicit) memory, such as trace conditioning (e.g. [60]), perceptual learning [13], and memory-guided
eye movements [53]. However, recent evidence indicates
that trace conditioning is not truly implicit [14,40] and that
perceptual learning is not really impaired by hippocampal
lesions [38]. In sum, the hypothesis that MTL is involved in
indexing conscious representation is not incompatible with
available data and ideas about MTL function.

5. Conclusions
The present study yielded three main findings. First, consistent with previous functional neuroimaging evidence, the
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study identified a fronto-parietal-cingulate-thalamic network
common to ER and VA. This finding suggests that many of
the right-lateralized PFC and parietal activations frequently
found during ER reflect general attentional processes rather
than specific mnemonic operations. Second, several subregions were differentially involved in ER versus VA. For example, left PFC was more activated for ER than for VA,
possibly reflecting semantically-guided information production, whereas right PFC was more activated for VA than for
ER, possibly reflecting monitoring processes. Frontopolar
cortex was differentially involved in ER, possibly reflecting retrieval mode. The precuneus and neighboring regions
were more activated for ER than for VA, suggesting that
these areas are involved in processing internally generated
information. Finally, the study yielded an unexpected finding: some MTL regions were similarly activated during ER
and during VA. This overlap suggests that some MTL regions are involved in processing information within the focus of consciousness. Overall, the present results suggest
that many of the activations attributed to specific cognitive
processes, such as ER operations, may actually reflect more
general cognitive operations. Thus, to understand the role
of different brain regions in cognitive processes, it is critical to compare brain activity across functions directly and
within-subjects, as in the present study.

Acknowledgements
We thank Ron Mangun and Gregory McCarthy for support
and encouragement, Harlan Fichtenholtz and the personnel
at the Brain Imaging and Analysis Center of Duke University for assistance with data collection and analyses, and
Barry Giesbrecht, Morris Moscovitch, and two anonymous
reviewers for insightful comments on previous versions of
the manuscript. Requests for reprints should be addressed to
R.C. (cabeza@duke.edu).
References
[1] Allan K, Dolan RJ, Fletcher PC, Rugg MD. The role of the
right anterior prefrontal cortex in episodic retrieval. Neuroimage
2000;11:217–27.
[2] Alvarez P, Squire LR. Memory consolidation and the medial temporal
lobe: a simple network model. Proceedings of the National Academy
of Sciences of the United States of America 1994;91:7041–5.
[3] Benedict RH, Lockwood AH, Shucard JL, Shucard DW, Wack D,
Murphy BW. Functional neuroimaging of attention in the auditory
modality. Neuroreport 1998;9:121–6.
[4] Braver TS, Barch DM, Kelley WM, Buckner RL, Cohen NJ, Miezin
FM, et al. Direct comparison of prefrontal cortex regions engaged by
working and long-term memory tasks. Neuroimage 2001;14:48–59.
[5] Buckner RL, Raichle ME, Miezin FM, Petersen SE. Functional
anatomic studies of memory retrieval for auditory words and visual
pictures. Journal of Neuroscience 1996;16:6219–35.
[6] Cabeza R. Functional neuroimaging of episodic memory retrieval. In:
Tulving E., editor. Memory, consciousness, and the brain: the tallinn
conference. Philadelphia: The Psychology Press, 1999, pp. 76–90

[7] Cabeza R, Dolcos F, Graham R, Nyberg L. Similarities and
differences in the neural correlates of episodic memory retrieval and
working memory. Neuroimage 2002;16:317–30.
[8] Cabeza R, Grady CL, Nyberg L, McIntosh AR, Tulving E, Kapur
S, et al. Age-related differences in neural activity during memory
encoding and retrieval: a positron emission tomography study. Journal
of Neuroscience 1997;17:391–400.
[9] Cabeza R, Kapur S, Craik FIM, McIntosh AR, Houle S, Tulving E.
Functional neuroanatomy of recall and recognition: a PET study of
episodic memory. Journal of Cognitive Neuroscience 1997;9:254–65.
[10] Cabeza R, Locantore JK, Anderson ND. Lateralization of
prefrontal cortex activity during episodic memory retrieval: evidence
for the production-monitoring hypothesis. Journal of Cognitive
Neuroscience, in press.
[11] Cabeza R, Nyberg L. Imaging Cognition II: an empirical review
of 275 PET and fMRI studies. Journal of Cognitive Neuroscience
2000;12:1–47.
[12] Cabeza R, Rao SM, Wagner AD, Mayer AR, Schacter DL. Can
medial temporal lobe regions distinguish true from false? An
event-related fMRI study of veridical and illusory recognition
memory. Proceedings of the National Academy of Sciences United
States of America 2001;98:4805–10.
[13] Chun MM, Phelps EA. Memory deficits for implicit contextual
information in amnesic subjects with hippocampal damage. Nature
Neuroscience 1999;2:844–7.
[14] Clark RE, Squire LR. Classical conditioning and brain systems: the
role of awareness. Science 1998;280:77–81.
[15] Cohen RM, Semple WE, Gross M, Holcomb HH, et al. Functional
localization of sustained attention: comparison to sensory stimulation
in the absence of instruction. Neuropsychiatry Neuropsychology and
Behavioral Neurology 1988;1:3–20.
[16] Cohen RM, Semple WE, Gross M, King AC, Nordahl TE. Metabolic
brain pattern of sustained auditory discrimination. Experimental Brain
Research 1992;92:165–72.
[17] Coull JT. Neural correlates of attention and arousal: insights from
electrophysiology functional neuroimaging and psychoparmacology.
Progress in Neurobiology 1998;55:343–61.
[18] Damasio AR. Time-locked multiregional retroactivation: a
systems-level proposal for the neural substrates of recall and
recognition. Cognition 1989;33:25–62.
[19] Düzel E, Yonelinas AP, Mangun GR, Heinze HJ, Tulving E.
Event-related brain potential correlates of two states of conscious
awareness in memory. Proceedings of the National Academy of
Sciences United States of America 1997;94:5973–8.
[20] Eldridge LL, Knowlton BJ, Furmanski CS, Bookheimer SY, Engle
SA. Remembering episodes: a selective role for the hippocampus
during retrieval. Nature Neuroscience 2000;3:1149–52.
[21] Fletcher PC, Frith CD, Baker SC, Shallice T, Frackowiak RSJ,
Dolan RJ. The mind’s eye—precuneus activation in memory related
imagery. Neuroimage 1995;2:195–200.
[22] Fletcher PC, Frith CD, Grasby PM, Shallice T, Frackowiak RSJ,
Dolan RJ. Brain systems for encoding and retrieval of auditory–verbal
memory: an in vivo study in humans. Brain 1995;118:401–16.
[23] Forman SD, Cohen JD, Fitzgerald M, Eddy WF, Mintun MA, Noll
DC. Improved assessment of significant activation in functional
magnetic resonance imaging (fMRI): use of a cluster-size threshold.
Magnetic Resonance in Medicine 1995;33:636–47.
[24] Gabrieli JD, Poldrack RA, Desmond JE. The role of left prefrontal
cortex in language and memory. Proceedings of the National
Academy of Sciences of the United States of America 1998;95:906–
13.
[25] Handy TC, Hopfinger JB, Mangun GR. Functional neuroimaging
of attention. In: Cabeza R, Kingstone A., editors. Handbook of
functional neuroimaging of cognition. Cambridge, MA: MIT Press,
2001, pp. 75–108.
[26] Henson RNA, Rugg MD, Shallice T, Dolan RJ. Confidence in
recognition memory for words: dissociating right prefrontal roles in

R. Cabeza et al. / Neuropsychologia 41 (2003) 390–399

[27]

[28]

[29]
[30]
[31]

[32]
[33]
[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

episodic retrieval. Journal of Cognitive Neuroscience 2000;12:913–
23.
Henson RNA, Rugg MD, Shallice T, Josephs O, Dolan
RJ. Recollection and familiarity in recognition memory: an
event-related functional magnetic resonance imaging study. Journal
of Neuroscience 1999;19:3962–72.
Henson RNA, Shallice T, Dolan RJ. Right prefrontal cortex and
episodic memory retrieval: a functional MRI test of the monitoring
hypothesis. Brain 1999;122:1367–81.
Kanwisher N, Wojciulik E. Visual attention: insights from brain
imaging. Nature Reviews 2000;1:91–100.
Kapur N. Focal retrograde amnesia in neurological disease: a critical
review. Cortex 1993;29:217–34.
Kapur S, Craik FIM, Jones C, Brown GM, Houlse S, Tulving E.
Functional role of the prefrontal cortex in retrieval of memories: a
PET study. Neuroreport 1995;6:1880–4.
Kastner S, Ungerleider LG. Mechanisms of visual attention in the
human cortex. Annual Review of Neuroscience 2000;23:315–41.
Konishi S, Wheeler ME, Donaldson DI, Buckner RL. Neural
correlates of episodic retrieval success. Neuroimage 2000;12:276–86.
Krause BJ, Schmidt D, Mottaghy FM, Taylor J, Halsband U, Herzog
H, et al. Episodic retrieval activates the precuneus irrespective of
the imagery content of word pair associates: a PET study. Brain
1999;122:225–63.
LaBar KS, Gitelman DR, Parrish TB, Mesulam M. Neuroanatomic
overlap of working memory and spatial attention networks:
a functional MRI comparison within subjects. Neuroimage
1999;10:695–704.
Lepage M, Ghaffar O, Nyberg L, Tulving E. Prefrontal cortex and
episodic memory retrieval mode. Proceedings of the National Academy of Sciences of the United States of America 2000;97:506–11.
Lewin JS, Friedman L, Wu D, Miller DA, Thompson LA, Klein SK,
et al. Cortical localization of human sustained attention: detection
with functional MR using a visual vigilance paradigm. Journal of
Computer Assisted Tomography 1996;20:695–701.
Manns JR, Squire LR. Perceptual learning, awareness, and the
hippocampus. Hippocampus 2001;11:776–82.
McClelland JL, McNaughton BL, O’Reilly RC. Why there are
complementary learning systems in the hippocampus and neocortex:
insights from the successes and failures of connectionist models of
learning and memory. Psychological Review 1995;102:419–57.
McGlinchey-Berroth R, Carrillo MC, Gabrieli JD, Brawn CM,
Disterhoft JF. Impaired trace eyeblink conditioning in bilateral,
medial-temporal lobe amnesia. Behavioral Neuroscience 1997;111:
873–82.
Mesulam M-M. Large-scale neurocognitive networks and distributed
processing for attention, language, and memory. Annals of Neurology
1990;28:597–613.
Moscovitch M. Memory and working-with-memory: a component
process model based on modules and central systems. Journal of
Cognitive Neuroscience 1992;4:257–67.
Nyberg L, Forkstam C, Petersson KM, Cabeza R, Ingvar M. Brain
imaging of human memory systems: between-systems similarities and
within-system differences. Cognitive Brain Research 2002;13:281–
92.
Nyberg L, Marklund P, Persson J, Cabeza R, Forkstam C, Petersson
KM, Ingvar M. Common prefrontal activations during working
memory episodic memory and semantic memory. Neuropsychologia
2003;41:371–7.

399

[45] Nyberg L, Tulving E, Habib R, Nilsson L-G, Kapur S, Houle S, et
al. Functional brain maps of retrieval mode and recovery of episodic
information. Neuroreport 1995;7:249–52.
[46] Pardo JV, Fox PT, Raichle ME. Localization of a human system
for sustained attention by positron emission tomography. Nature
1991;349:61–3.
[47] Paus T, Zatorre RJ, Hofle N, Caramnos Z, Gotman J, Petrides M,
et al. Time-related changes in neural systems underlying attention
and arousal during the performance of an auditory vigilance task.
Journal of Cognitive Neuroscience 1997;9:392–408.
[48] Posner MI, Petersen SE. The attention system of the human brain.
Annual Review of Neurosciences 1990;13:25–42.
[49] Ranganath C, D’Esposito M. Medial temporal lobe activity associated
with active maintenance of novel information. Neuron 2001;31:865–
73.
[50] Rugg MD. Event-related potential studies of human memory. In:
Gazzaniga MS., editor. The Cognitive neurosciences. Cambridge,
MA: MIT Press, 1995, pp. 789–801.
[51] Rugg MD, Fletcher PC, Allan K, Frith CD, Frackowiak RSJ, Dolan
RJ. Neural correlates of memory retrieval during recognition memory
and cued recall. Neuroimage 1998;8:262–73.
[52] Rugg MD, Henson RNA. Episodic memory retrieval: an (eventrelated) functional neuroimaging perspective. In: Parker AE, Wilding
EL, Bussey T., editors. The cognitive neuroscience of memory
encoding and retrieval. Hove: Psychology Press, in press.
[53] Ryan L, Nadel L, Keil K, Putnam K, Schnyer D, Trouard T, et
al. Hippocampal complex and retrieval of recent and very remote
autobiographical memories: evidence from functional magnetic
resonance imaging in neurologically intact people. Hippocampus
2001;11:707–14.
[54] Sarter M, Givens B, Bruno JP. The cognitive neuroscience
of sustained attention: where top-down meets bottom-up. Brain
Research Reviews 2001;35:146–60.
[55] Schacter DL, Curran T, Galluccio L, Milberg WP, Bates JF. False
recognition and the right frontal lobe: a case study. Neuropsychologia
1996;34:793–808.
[56] Schacter DL, Reiman E, Curran T, Yun LS, Bandy D, McDermott
KB, et al. 3rd Neuroanatomical correlates of veridical and illusory
recognition memory: evidence from positron emission tomography.
Neuron 1996;17:267–74.
[57] Squire LR. Memory and the hippocampus: a synthesis from findings
with rats, monkeys, and humans. Psychological Review 1993;99:195–
231.
[58] Squire LR, Knowlton BJ. The medial temporal lobe, the
hippocampus, and the memory systems of the brain. In: Gazzaniga
MS., editor. The cognitive neurosciences. 2nd ed. Cambridge, MA:
MIT Press, 1999.
[59] Talairach J, Tournoux P. A co-planar sterotactic atlas of the human
brain. Thieme, Stuttgart, Germany, 1988.
[60] Thompson RF, Kim JJ. Memory systems in the brain and localization
of a memory. Proceedings of the National Academy of Sciences of
the United States of America 1996;93:13438–44.
[61] Tulving E. Elements of episodic memory. Oxford: Oxford University
Press, 1983.
[62] Tulving E, Kapur S, Markowitsch HJ, Craik FIM, Habib R, Houle
S. Neuroanatomical correlates of retrieval in episodic memory:
auditory sentence recognition. Proceedings of the National Academy
of Sciences United States of America 1994;91:2012–5.

