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Abstract

The posterior medial parietal cortex and the left prefrontal cortex have both been implicated in the recollection of past episodes. In order
to clarify their functiona significance, we performed this functional magnetic resonance imaging study, which employed event-related
source memory and item recognition retrieval of words paired with corresponding imagined or viewed pictures. Our results suggest that
episodic source memory is related to a functional network including the posterior precuneus and the left lateral prefrontal cortex. This
network is activated during explicit retrieval of imagined pictures and results from the retrieval of item—context associations. This suggests
that previously imagined pictures provide a context with which encoded words can be more strongly associated.

© 2003 Elsevier Inc. All rights reserved.

Introduction

The ability to remember connects us with our world and
past as well as potentialy influences our future. In recent
years, models of human memory have become increasingly
sophisticated. Despite differing terminologies, one can frac-
tionate the conscious, or explicit, aspect of this ability into
three parts: semantic, working, and episodic memory (e.g.,
Schacter and Tulving, 1994; Eichenbaum and Cohen,
2001). Roughly speaking, semantic memory comprises gen-
eral world knowledge, such as word meaning and word use;
it stores, retrieves, and attaches this information to stimuli,
for example, knowing the meaning and practical use of the
word “lethean.” Working memory refers to the short-term
maintenance and manipulation of information during pro-
cessing, such as remembering that lethean means “forget-
ful” long enough to integrate its meaning into a context.

Finally, episodic memory is employed for storage and
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recall of previous experiences or episodes, and it alows
people to reflect upon their personal past, such as knowing
from which personal experience their knowledge of lethean
derived. Entailing more than just event memory and event
recall, some have suggested that episodic memory neces-
sarily includes a special awareness for subjective time
known as autonoetic consciousness; it enables people to
mentally travel backward in time and knowingly retrieve
information from a given personal experience (e.g., Badde-
ley, 2001; Tulving 2002; Wheeler, 2000). In other words,
episodic memory allows current knowledge to be associated
with past experiences. This kind of memory is dependent
upon retrieving contextual aspects, such as time and place,
and is the focus of the current study.

Two kinds of memory tasks have commonly been used
to test episodic memory in neuroimaging: item recognition
and source memory (Rugg and Henson, 2003). Item recog-
nition tasks commonly require an old/new decision to be
made regarding a testing item; however, afeeling of famil-
iarity may be sufficient for a correct answer even in the
absence of specific recall of the encoding episode (e.g.,
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Mandler, 1980). In contrast, source memory tasks demand
explicit recall of contextual information, where subjects
must remember not only an item but a so the context within
which it was presented. When testing source memory, re-
trieval contexts have consisted of the spatial or temporal
location of dots, words, or pictures at presentation or the
semantic manner in which words were encoded (eg.,
Cansino et al., 2002; Dobbins et a., 2002; Henson et a.,
1999; Nolde et al., 1998a; Nyberg et a., 1996; Ranganath et
al., 2000; Rugg et al., 1999). Because one must distinguish
between trial-specific aspects of recollection and familiar-
ity, neither blocked designs nor a dependence on item rec-
ognition tasks can exhaustively examine episodic retrieval;
however, an event-related design coupled with a source
memory task, as used in the present study, offers an alter-
native (Rugg et a., 2002; Rugg and Wilding, 2000).

In an effort to further clarify aspects of episodic memory
and the distinction between item and source memory, Jo-
hansson et a. (2002) conducted an EEG-based event-related
potential (ERP) study, where words presented during en-
coding were accompanied either by a matching visua pic-
ture of the word or a matching image that the subject
imagined. Two types of recognition tasks were then used.
During old/new item recognition, only the word was of
concern; however, during source memory the encoding con-
text of the word, that is, the word-picture connection, as-
sumed importance. Subjects were asked to remember the
word and the type of associated picture, whether the picture
had been viewed or imagined. This study found an old/new
effect of earlier onset and greater magnitude for retrieved
items that had been imagined rather than viewed. In addi-
tion, when compared with item recognition, the source
memory task elicited a greater and longer response over
prefrontal regions.

Using a paradigm similar to the one described above, this
event-related functional MRI (fMRI) study examined the
neural correlates of explicit source memory retrieval, where
previously imagined items were expected to produce a more
robust response than previously viewed items, as suggested
by Johansson et a. (2002). When adapted to fMRI, the
single, two-task retrieval session of this paradigm presents
an opportunity to isolate the effects of episodic retrieval
from the confounds of further encoding during the retrieval
task, mixed correct and incorrect responses, and general
task-specific effects (e.g., Rugg and Wilding, 2000). Given
its associative and more complex nature, this study specif-
icaly addresses questions regarding two areas that have
been consistently linked with episodic memory: the poste-
rior medial parietal cortex (precuneus) and the prefrontal
cortex (PFC).

In brief, activation of the posterior medial parietal cortex
has been a ubiquitous finding in neuroimaging studies of
episodic memory (e.g., Cabeza and Nyberg, 2000; Rugg and
Henson, 2003). Activation of the precuneus has been pro-
posed to play a crucial role in mental imagery used during
recall, such as during imagery of concrete nouns (e.g.,

Grasby et a., 1993; Fletcher et a., 1995; Shallice et al.,
1994). However, evidence suggests that the precuneus can
be functionally disassociated into an anterior and posterior
part and that the posterior precuneus rather plays a more
general role in episodic retrieval (Buckner et al., 1996;
Fletcher et al., 1998). A more recent study found posterior
precunueal activation during a paired word associate mem-
ory task using both concrete and abstract nouns as well as
two presentation modalities (auditory or visual) thereby
suggesting a function in episodic memory that is indepen-
dent of both the imagery content of words and differing
presentation modalities (Krause et a., 1999). Thus, the
precuneus has been implicated in episodic tasks employing
associations of word pairs, whether abstract or concrete, and
a least two presentation modalities. Here, we employ
word-picture associations using two types of pictures as
context.

The prefrontal cortex is clearly involved in aspects of
memory encoding and retrieval, and lesion studies implicate
the PFC in source memory (e.g., Shimamura, 1995). Neu-
roimaging studies have noted that source memory retrieval
yields left-lateralized PFC activation and that learning-re-
lated decreases during source memory retrieval are left-
dominant (Dobbins et al., 2002; Nolde et al., 1998a; Peters-
son et al., 2001). The left lateral PFC may allow and guide
access of semantic knowledge (e.g., Friederici, 2002; Ha-
goort et al., 2002; Poldrack et a., 1999; Wagner et a.,
2001). Other hypotheses suggest that the left lateral PFC can
be expected during complex tasks of episodic retrieval and
plays a more general role, possibly in selection of relevant
information and inhibiting irrelevant information or speci-
fying search parameters (Fletcher and Henson, 2001; Nolde
et a., 1998b; Thompson-Schill et al., 1999). Here, we ex-
amine the PFC during an isolated aspect of source memory.

This study suggests more specific roles for the precuneus
and PFC during episodic memory retrieval. Specifically,
study design alows inferences to be made regarding con-
textual association since, during the source memory task but
not the item recognition task, a conscious association be-
tween item and learning context is required. Results relate
also to the retrieval differences of imagined versus viewed
contextual information. Further, activation resulting from
intertask (source memory minus item recognition) compar-
isons or those using different contextual information (imag-
ined minus viewed) should be largely devoid of semantic
retrieval effects, thereby separating the cerebral activation
effects of episodic memory from semantic memory.

Experimental procedures
Participants
Twenty-one healthy, right-handed volunteers (10 female)

with an average age of 24 years (range 20-28, SD = 2.8)
participated in the study. All were prescreened, had no
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history of previous neurological conditions, and gave writ-
ten informed consent. The ethics committee of Karolinska
Hospital/Institutet approved the study protocol.

Experimental stimuli

From a pool of 120 common concrete nouns, 60 words
were randomly selected and divided into sets of 10 words.
These six sets were matched for word length (means 5.1—
6.4 letters, range 3-10 letters) and frequency (means 3.8—
5.6 per million, range 1-12 per million). Words were se-
lected and paired with corresponding black-and-white line
drawings (Snodgrass and Vanderwart, 1980) as in Johans-
son et a. (2002). A one-word noun could easily describe
each of these drawings, and this label was suitably concrete
to evoke a corresponding mental image. Word sets were
assigned to encoding and retrieval trial types such that
material was counterbalanced temporally and with respect
to stimulus type.

Experimental design

Volunteers participated in a word—picture association
task that required one blocked fMRI encoding session (data
not reported here) and one fMRI retrieval session compris-
ing two blocks, one for each of the two event-related tasks
(Fig. 1). During encoding, presented words were followed
by either a visually perceived matching picture (“viewed”
trial) or a blank screen prompting subjects to imagine a
matching image (“imagined” tria). During retrieval two
conditions were present: an item recognition task, where
subjects answered “old” or “new,” and a source memory
task, where subjects answered “viewed,” “imagined,” or
“new.” For example, an imagined retrieval trial means that
the subject had seen the word previously and had imagined
apicture with that word. Three of the stimuli word sets were
used for the item recognition task (old viewed, old imag-
ined, and new trials), and three of the word sets were used
for the source memory task (viewed, imagined, and new
trials).

Each subject participated in one encoding and one re-
trieval session. Sessions lasted approximately 8 min each
and were separated by 1-2 min when the subject counted
backward from 100 by 3. Subject responses were recorded
via a finger-response pad. The first (thumb), second, and
third fingers were used for the 3-point rating during encod-
ing, the two-choice item recognition task (first and second
fingers only), and the three-choice source memory task. All
subjects trained outside the camera before MR scanning and
reported excellent understanding of the instructions in a
postexperiment interview.

Encoding

Blocked encoding consisted of four tria types: viewed,
viewed baseline, imagined, and imagined baseline, where
“viewed” or “imagined” refers to whether the picture of the

Viewed Encoding Imagined Encoding

apple

Viewed Retrieval Imagined Retrieval

apple

Correct Response: “viewed” (SM) or “old” (IR) Correct Response: ‘imagined” (SM) or “old” (IR)

SM = source memory task; IR = item recognition task

Fig. 1. Experimental design of blocked encoding and event-related retrieval
sessions. (A) Blocked encoding consisted of viewed and imagined tridls,
where subjects viewed aword and either viewed a corresponding picture or
imagined a corresponding mental image. (B) Retrieval consisted of an
event-related source memory task and an event-related item recognition
task; trial types appeared the same to subjects, but answering instructions
differed. For this example, during source memory correct answers would
be “viewed” and “imagined,” respectively. However, during item recog-
nition correct answers would be “old” and “old,” respectively. New words
and baseline words were intermixed during retrieval.

word-picture pair was visually perceived or imagined (Fig.
1). Words were presented for 1 s followed by 3.5 sto view
or imagine a picture; a fixation cross appeared for 1.5 s
between trials. For viewed trials, an accompanying black-
and-white picture followed the presented word; for imag-
ined trials, a blank screen followed the presented word.
Subjects were asked to subjectively rate their affection to-
ward the viewed or imagined picture on a 3-point scale. For
baseline trids, presented words were either “Knappl,”
“Knapp2,” or “Knapp3,” where knapp is translated as but-
ton from Swedish; subjects responded according to the
number following “knapp.” During viewed baseline, a non-
figurative picture followed the presented word; subjects
were instructed to view these pictures passively. During
imagined baseline, a fixation cross followed the presented
baseline word.
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Encoding trials were presented as 33-s blocks (5 trids +
3-s instructions), which were temporally balanced within
sessions and counterbalanced across sessions and subjects.
Encoding sessions included 16 blocks consisting of 40 en-
coded words and 40 baseline trials.

Retrieval

Each event-related retrieval session included two tasks:
an item recognition task (old/new) and a source memory
task (viewed/imagined/new). Each of the two tasks con-
tained four trial types for a total of 8 retrieval tria types.
Words were presented for 1 s followed by 2 s of a blank
screen. Subjects were required to answer within this 3-s
period; they were instructed to answer as quickly as possible
but without accidentally choosing incorrectly. Three sec-
onds of fixation cross separated every trial.

All words were presented a pseudorandom manner such
that each of the four trial types (viewed, imagined, new,
baseline) were balanced temporally and were presented an
equal number of times both midway and at the end of each
retrieval section. Each retrieval task was preceded by one
6-s instruction screen and employed 20 old words, 10 new
words, and 10 baseline words (“Knapp#’). During baseline
trials, subjects answered according to the number following
knapp; source memory retrieval employed Knappl,
Knapp2, and Knapp3, while item recognition used only
Knappl and Knapp2. Each retrieval session consisted of a
source memory and item recognition task. The presented
order of the retrieval tasks was balanced across subjects.

fMRI procedure

A GE Signa 5. X 1.5-T scanner was employed to obtain
T2*-weighted echo-planar images (acgq. matrix 64 X 64,
voxel 3.5 X 3.5 X 3.4 mm, TE 40 ms, TR 4.2); 42 dlices
were acquired in consecutive, ascending order with 3-mm
slice thickness and 0.4-mm interslice spacing. One hundred
twenty-six volumes were acquired during the encoding ses-
sion, and 118 volumes during the retrieval session. Visual
infformation was presented via back-projection onto a
screen, which was viewed by subjects using a binocular—
mirror apparatus attached to the head coil.

fMRI data analysis and modeling

Image preprocessing was performed using SPM99 soft-
ware (Wellcome Dept. of Neurology, UK; http://www fil.
ion.ucl.ac.uk). All statistical modeling was performed using
the general linear model (GLM) as implemented in SPM 99
(Friston et al., 1995).

Preprocessing

For each subject, images were realigned to the first vol-
ume and resampled using truncated sinc interpolation. Slice
timing correction to the middle dlice was performed for
event-related (retrieval) sessions. T1-weighted anatomical

image volumes were coregistered to the mean T2*-weighted
echo planar image (EPI), and spatialy normalized to an
approximate Talairach space (Talairach and Tournoux,
1988) as defined by the SPM99 MNI T1 template. The
transformation parameters thus obtained were applied to the
EPI time series, using trilinear interpolation. Finally, images
were smoothed using a 12-mm FWHM isotropic Gaussian
filter.

Retrieval sessions: first level

Trial lengths were considered to be the time between the
onset of word presentation and subject response, i.e., when
the subject pressed a button. Every trial type was modeled
as a series of variable length boxcars convolved with the
SPM99's default canonical HRF. Additionaly, temporal
derivatives of the trial types were modeled as separate
regressors. Nonbaseline events were sorted into correct
(e.g., saying a word was old when it was), incorrect (e.g.,
saying a word was new when in fact it had been seen
before), and failure to answer (e.g., when the subject did not
answer within 3 s) responses. Eight correct and eight incor-
rect trial types yielded a total of 16 distinct “event-types’
plus event instructions that were al modeled separately.
Linear contrasts of parameter estimates for use in a second-
level analysis included regressors for correct responses
only. Data were high-passfiltered (range 34-96 s) and
low-pass-filtered (Gaussian 4 s FWHM).

Retrieval comparisons

Parameter estimates were compared in three genera
ways: within the source memory task, between the source
memory and item recognition tasks, and within the item
recognition task. Given the results of Johansson et al. (2002)
regarding imagined vs viewed and the source memory vs
item recognition tasks and the desire to isolate aspects of
source memory, comparisons of this study center on the
source memory (SM) imagined trials, where this trial type
may give the most robust signal. A total of eight trial types
were used and are as follows: SM viewed, SM imagined,
SM new, SM baseline, item recognition (IR) viewed, IR
imagined, IR new, and IR baseline. Comparisons are as
follows:

(1) SM imagined vs SM new

(2) (SM imagined — SM baseline) vs (IR imagined —
IR baseline)

(3) SM imagined vs SM viewed

(4) SM old/new effect vs IR old/new effect

(5) SM viewed vs SM new

(6) IR imagined vs. IR new

(7) IR viewed vs IR new

(8) (SM new — SM basdline) vs (IR new — IR baseline)

Comparison (1) examines imagined retrieval success,
while comparisons (2) and (3) alow the explicit retrieval of
context and context type to be isolated, respectively. Fur-
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Table 1
Source memory (SM) and item recognition (IR) activation
Area X,z (mm) Brodmann area Zscore  Voxe Pcorr.  Cluster P corr.
SM imagined vs SM new L precuneus, parietal cx -6, —64, 30 7,19,29,30,31,39,40 554 0.001 0.000
(Fig. 2A) L posterior precuneus -6, —70, 36 7 5.37 0.003
L parietal cx —48, —52,44 39,40 493 0.02
R lateral parietal cx 34, —70, 40 7,19, 40 5.04 0.013 0.010
L lateral prefrontal cx —42, 40, 12 10, 44, 45, 46, 47 4.66 0.058 0.000
intracluster maxima —38,52,4 10 4.63 0.064
—38, 34,26 9 4.59 0.076
—44, 48,8 10 454 0.091
—46, 28, 20 45, 46 4.42 0.137
—42,18,5 45, 47 424 0.241
—26, 54,18 10 333 0.983
SM imagined vs. IR imagined L lateral prefrontal cx —58, 18, 14 44, 45 4,58 0.072 0.012
(Fig. 2B) L posterier precuneus —12,-64,46 7 4.53 0.086 0.068
R cingulate gyrus 12, —48, -2 30 3.98 0.446 0.017
SM imagined vs. SM viewed L lateral prefrontal cx —48, 26, 24 44, 45, 46 3.96 0.454 0.035
(Figs. 2C and D) L posterior precuneus —18,-66,40 7 3.93 0.488 0.116
SM old/new vs IR old/new L ant insulg, frontal opcm  —40, 20, 8 44, 45 4.54 0.082 0.019
(Fig. 3)
SM viewed vs SM new L posterior precuneus -10, -68,26 7 3.53 0.88 0.120
IR viewed vs IR new L posterior precuneus -2, —64,42 7 3.69 0.752 0.091

Note. Comparisons were performed between source memory and item recognition, within source memory, and within item recognition retrieval tasks.

Abbreviations: ant, anterior; cx, cortex; L, left; opcm, operculum; R, right.

ther, comparison (4) may suggest differencein SM retrieval
success vs IR retrieval success. As in Johansson et al.
(2002), the other three old/new effects of comparisons (5)—
(7) were examined. Finally, comparison (8) was examined,
asit would display memory effects independent of retrieval
SUCCESS.

Retrieval sessions: second level

Images constituting subject-specific linear combinations
of the parameters obtained at the first level, e.g., contrasts
spanning parameter estimates for each individual subject,
were created. These 21 images, one for every subject, were
entered into one second-level model (a one-sample t test)
for each contrast, yielding a random effects model (Holmes
and Friston, 1998).

Inference

All inferences were based on the SPM{t} valuesfrom the
second-level analysis. SPM{t} vaues were thresholded at
the P < 0.001 uncorrected (t = 3.55) level; the number and
size of connected clusters of suprathreshold voxels were
recorded. Corrected (for multiple nonindependent compar-
isons) cluster-level P values were calculated for each cluster
based on their spatial extent (Friston et al., 1994). Clusters
with a corrected P value less than 0.1, which yielded ~150
voxels, were considered significant. In addition, given our
focused interest on the medial posterior parietal cortex, two
precuneal areas with cluster P values of 0.116 and 0.120
were examined due to the activation of this area in other

second-level contrasts (Table 1) and in other episodic mem-
ory studies.

Results
Behavioral performance

Overal, subjects were more accurate during new trials
than during old trials, and reaction times during the source
task were longer than reaction times during the item recog-
nition task (Table 2). During retrieval, accuracy was 90.00%
(SD = 9.72) for source memory, 93.02% (SD = 6.40) for
item recognition, and 91.51% (SD = 6.50) overall. Regard-
ing accuracies, a two-way ANOVA employing factors of
task and item type demonstrated a margina main effect of
item type (F(2,120) = 3.0, P = 0.055) but did not demon-
strate a main effect of task (F(1,120) = 2.2, P = 0.141) or
interaction of task and item type (F(2,120) = 05, P =
0.619). New trials showed a greater accuracy when com-
pared to old trials (paired t test, T(40) = 2.4011, P = 0.011).
Regarding reaction times, a two-way ANOVA employing
factors of task (source memory vs item recognition) and
item type (viewed vs imagined vs new) demonstrated a
strong main effect of task (F(1,120) = 21.7, P = 0.00005)
but no main effect of item type (F(2,120) = 0.1, P = 0.378)
or interaction of task and item type (F(2,120) = 2.2, P =
0.115).

In addition to subject accuracy, an IR index was calcu-
lated for viewed and imagined items in both the source
memory and theitem recognition tasks. This IR index (*cor-
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Table 2
Reaction times and accuracy for each of the six nonbaseline trials involved in retrieval
Viewed Imagined New
RT % Correct IR index SM index RT % Correct IR index SM index RT % Correct
Source memory 1540 87.14 0.93 0.85 1720 89.05 0.92 0.88 1467 93.81
(294) (12.70) (0.12) (0.16) (327) (13.38) (0.11) (0.15) (344) (11.17)
Viewed Imagined New
RT % Correct IR index RT % Correct IR index RT % Correct
Item recognition 1276 92.86 0.90 1266 90.00 0.88 1326 96.19
(386) (9.02) (0.12) (370) (14.19) (0.14) (339) (5.90)

Note. Reaction times are displayed in milliseconds and accuracy in percentages. Standard deviations are in parentheses. The Item Recognition (IR) Index
is calculated as the fraction of correct old responses minus false alarms, while the Source Memory (SM) Index is the fraction of correct source attributions

minus the source specific false alarms.

rect old responses’ minus “false alarms”) was based on all
correct “old” judgments, regardless of whether the source
attribution was correct. Further, a SM index was calculated
for items in the source memory task, and this SM index
(“correct source attributions” minus “source-specific false
alarms”) accounted for discrimination of source. A two-way
ANOVA employing factors of task (source memory vsitem
recognition) and item type (viewed vs imagined) for the IR
indices did not display a main effect of task (F(1,80) = 1.6,
P = 0.205) or item type (F(1,80) = 0.5, P = 0.467), or an
interaction of task and item type (F(1,80) = 0.1, P =
0.716). The SM indices were likewise not statistically dif-
ferent (F(1,40) = 0.3, P = 0.560).

Imaging data

In general, data of episodic retrieval were markedly left-
lateralized with, for example, no instances of significant
right PFC activation. (Strong bilateral activation was seenin
baseline comparisons.) However, due to the relatively small
number of trials per subject, these data may underestimate
activation of episodic retrieval. Encoding data were not
considered in this study.

In general, the comparison of SM imagined vs SM new
(Fig. 2A) examines a specific retrieval success that presum-
ably comprises both the recognition for a studied word and
the explicit knowledge that an imagined picture was en-
coded with that word. However, the dependence of this
retrieval success on the explicit retrieval of source is not
clear; thus we test SM imagined vs IR imagined with ap-
propriate baseline trials subtracted (Fig. 2B). During IR
imagined trials, even though source information may be
recalled, we expect that its retrieval is either tentative or
implicit. Further, the source information retrieved during
SM imagined trials is source-specific and may differ from
viewed source information, although we expect the imag-
ined source to yield a stronger signal, thus SM imagined vs
SM viewed (Fig. 2C). Findly, in an attempt to characterize
the difference between intertask retrieval success on the
whole, we compare the old/new effects of each task (Fig. 3).

As expected from the results of Johansson et al. (2002),
SM imagined trials minus SM new trials displays a robust
old/new effect yielding large areas of activation in the
medial and left lateral parietal regions and the left lateral
PFC, and a smaller area in the right lateral parietal cortex
(Fig. 2A; table 1). In order to examine the effects of explicit
context retrieval, IR imagined trials were subtracted from
SM imagined trials, and activation was seen in the posterior
precuneus and left lateral PFC (Fig. 2B; Table 1). The
effects of retrieval due to encoding context type were ex-
amined via the SM imagined vs SM viewed comparison,
showing similar activation in the posterior precuneus and
left lateral PFC (Figs. 2C and D; Table 1). As readily
calculated from Table 1, loca maxima in the posterior
precuneus were within 14 mm for each of these three con-
trasts, whereas the left PFC cluster for the SM imagined
minus IR imagined comparison was approximately 16 mm
posterior and lateral to maxima in the other two compari-
sons, which were themsalves less than 5 mm apart (Table 1).

When compared with item recognition, Johansson et al.
(2002) found that source memory was associated with a
mean prefrontal ERP old/new effect (i.e., SM imagined plus
SM viewed minus SM new trials) of greater magnitude and
longer duration. Therefore, we compared the two old/new
effects of source memory with those of item recognition and
found a significant activation in the anterior insula and
frontal operculum (Fig. 3, Table 1). This activation is pri-
marily due to the old/new effects of source memory (Fig.
3B). Hence, the mean old/new effect of source memory
contributes to this left prefrontal activation more than the
mean old/new effect of item recognition. Finaly, given the
study of Johansson et al. (2002), specific old/new effects for
SM viewed, IR imagined, and IR viewed trials were also
considered. For the comparisons SM viewed vs SM new and
IR viewed vs IR new, only activation in the left posterior
precuneus was significant (Table 1; the former of these two
activations was marginally significant). No significant acti-
vation was seen in the IR imagined vs IR new or SM new
vs IR new comparison.
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Fig. 3. Anterior insula and frontal operculum activation thresholded at P < 0.001 (t = 3.55) with an extent greater than ~150 voxels displayed on an axial
anatomical slice with an accompanying graph showing the contribution of individual old/new effects to this comparison. (A) Source memory old/new effect
minus item recognition old/new effect, where each old/new effect comprises old trials (viewed and imagined) minus new trials. (B) Parameter estimates for
each of the four old/new effects contributing to the activation at its peak coordinate (—40, 20, 8).

Discussion

Data suggest that the posterior precuneus activates dur-
ing retrieval due to explicit revival of contextual associa-
tions (Fig. 2), that the left lateral prefrontal cortex is more
active during source memory than item recognition (Fig.
2B) and during retrieval of imagined rather than viewed
contexts (Fig. 2C), and that a left-lateralized network con-
sisting of these two regionsisinvolved in complex episodic
retrieval as isolated from effects of semantic retrieval.

Medial posterior parietal cortex

Previoudly, activation of the precuneus has been pro-
posed to play a crucial role in the mental imagery of epi-
sodic retrieval (e.g., Grasby et al., 1993; Fletcher et al.,
1995; Shallice et a., 1994). However, evidence suggests
that the functional role of the precuneus may need to be
elaborated, and more recent evidence suggests that the pre-
cuneus plays a more genera role in episodic retrieval and
can be functionally disassociated into an anterior and pos-
terior part (Buckner et al., 1996; Fletcher et al., 1998). For
example, in a more recent study, posterior precuneal acti-
vation was observed during a paired word associate memory
task employing both concrete and abstract nouns as well as
two different presentation modalities (auditory or visual),
thus suggesting a function in episodic memory that is inde-

pendent both of the imagery content of words and of dif-
fering presentation modalities (Krause et al., 1999).
Current results (Fig. 2) show that the posterior precuneus
is activated during the explicit retrieval of source informa-
tion and that it also appears to be preferentially activated by
an imagined rather than a visualy perceived context. Given
the previously noted activation during word-pair association
and here during what is essentially word—picture associa-
tion, the posterior precuneus may activate during regenera-
tion of previous contextual associations. Its apparent pref-
erential activation during retrieval of an imagined context
may represent the revival of relatively stronger associations.
Thisisin agreement with the noted generation effect, where
self-generated associations are remembered more accurately
than perceived associations (e.g., Lockhart, 2000); it has
also been noted that self-generation of a target word
strengthens association with its context (Marsh et al., 2001).
In addition to the comparisons in Fig. 2, the posterior
precuneus was also activated during SM viewed minus SM
new and IR viewed minus IR new comparisons. These
old/new activations suggest that the posterior precuneus is
sensitive to the quality or amount of information retrieved,
as previous studies also suggest (Nyberg et al., 2000; Rugg
et a., 1998). However, no significant activation was seen in
the IR imagined minus IR new comparison. One possible
explanation is that subjects retrieved the imagined contexts
less readily than the viewed pictures when they were not

Fig. 2. Left PFC and left posterior precuneal activations thresholded at P < 0.001 (t = 3.55) with an extent greater than ~150 voxels displayed on axial and
coronal anatomical slices. (A) Source memory imagined minus source memory new; transverse z = 12; coronal y = —64. (B) Source memory imagined minus
item recognition imagined (with appropriate baseline trials subtracted); transverse z = 14; corona y = —64. (C) Source memory imagined minus source
memory viewed; transverse z = 24; corona y = —66. (D) Parameter estimates for each subject during source memory imagined minus source memory viewed

with means displayed as horizontal lines.
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specificaly asked to consciously retrieve them, such as
during item recognition. This could be due to less informa-
tional content in the imagined pictures in accordance with
the idea that self-generated events generally contain less
perceptual and spatiotemporal information than perceived
events (e.g., see discussion of Marsh et a., 2001). In addi-
tion, ERP studies have supported the notion that parietal
old/new effects increase in a graded fashion with the
amount or quality of information retrieved (e.g., Wilding,
2000).

Left prefrontal cortex

It has been suggested that complex episodic memory
tasks require left PFC-mediated processes, and our results
support this conclusion (Nolde, 1998b, Fig. 2). Both neu-
roimaging and ERP studies employing source memory re-
trieval have also found left-lateralized PFC activation (Dob-
binset a., 2002; Nolde et a., 1998a; Ranganath et al., 2000;
Ranganath and Paller, 1999, 2000; Rugg et a., 1999). Spe-
cifically, in an attempt to parse the prefrontal processes of
source memory, Dobbins et al. identified regions in the left
PFC relating to lexical/phonological maintenance, con-
trolled semantic analysis/cue specification, and monitoring/
evaluating recollections, where these regions roughly cor-
responded to the posterior inferior frontal gyrus, anterior
inferior frontal gyrus, and the posterior middle frontal gy-
rus, respectively.

In our study, the left PFC activation that resulted from
the comparison of SM imagined minus IR imagined trias
(Fig. 2B, —58, 18, 14) isroughly in the superior part of the
anterior inferior frontal gyrus, an area specified by Dobbins
et a. (2002) as cue specification, which is the matching of
retrieval cue to characteristics of potentia information be-
ing retrieved. This is then as expected when comparing
source memory and item recognition. The other two left
PFC activations of our study (Fig. 2A and B, ~—46, 26, 20)
occupy an area generaly anterior to the posterior inferior
frontal gyrus. If retrieval success does not affect the three
processes of lexical maintenance, cue specification, and
monitoring (i.e., they are task specific), as suggested by
Dobbins et al. (2002), we would not expect activations that
result from intratask source memory comparisons to sub-
serve these processes. Rather, activation of this areamay be
related to item-specific processes important for the retrieval
of contextual associations.

Motivated by Johansson et al. (2002), examining inter-
task old/new effects may suggest differences between the
retrieval success of each task. When comparing the old/new
effects of source memory with those of item recognition, we
observed activation of the anterior insula and frontal oper-
culum. Previous studies have noted activation of the frontal
operculum bilaterally during a source memory and item
recoghition comparison (Rugg et al., 1999) and left-lateral-
ized activation during an incorrect vs correct source mem-
ory comparison (Takahashi et al., 2002). It was suggested

that the left-lateralized activation of the frontal operculum
may reflect effort to retrieve source information (Takahashi
et a., 2002), and our results would be consistent with this
notion.

Left prefrontal/precuneal network

This experiment gives an example where the left-later-
alized posterior precuneus and lateral PFC are engaged in
tandem during episodic retrieval. The common thread in the
three primary comparisons (Fig. 2) of our results is an
item-related effect associated with source memory retrieval
of an imagined picture. In addition to the left PFC proposed
to be involved in complex episodic retrieval (Nolde et a.,
1998b), other source memory studies have found posterior
precuneal activation (e.g., Dobbins et al., 2002). Reflective
processes of episodic memory may then include those me-
diated not only by the left laterad PFC but also by the
posterior precuneus.

Conclusions

We suggest that the precuneus activates during regener-
ation of contextual associations, such as needed during
source memory. In addition, these data are consistent with
the view that a context comprising an imagined picture
provides a stronger, although perhaps less vivid, context—
word association than does a visually perceived picture.
Further, the left lateral PFC appears to mediate the process-
ing of this contextual information. The activation of the left
PFC and posterior precuneus may then be a hallmark of
rich, personal memory that is dependent on retrieval of
source information.
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