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Jon S. Simon®*, Adrian M. OwerP, Paul C. Fletchet, Paul W. Burges3

 Institute of Cognitive Neuroscience, Department of Psychology, University College London, 17 Queen Square, London WCIN 3AR, UK
b MRC Cognition and Brain Sciences Unit, 15 Chaucer Road, Cambridge CB2 2EF, UK
€ Brain Mapping Unit, Box 189, Department of Psychiatry, University of Cambridge, Addenbrooke’s Hospital,
Hills Road, Cambridge CB2 2QQ, UK

Received 21 July 2004; received in revised form 21 January 2005; accepted 8 February 2005
Available online 9 March 2005

Abstract

Recollective memory can involve the retrieval of many different kinds of contextual information, including where and when an event took
place, as well as our thoughts and feelings at the time. The brain regions associated with this ability were examined in an event-related fMR
experiment, where participants made decisions about words or famous faces which were presented either on the left or right of a monito
screen. Subsequently, the studied words and faces were again presented and participants underwent fMRI brain scanning while recollectir
either which of the decisions they had made on each item (“task memory”), or whether it had been presented on the left or right of the
screen (“position memory”). A functional dissociation was observed within anterior prefrontal cortex (principally Brodmann’s area 10), with
activation in lateral regions associated with remembering either type of information (relative to baseline), and a medial anterior PFC region
showing significantly greater activation during the “task memory” conditions. These results suggest different roles for lateral and medial
anterior prefrontal cortex in recollection.
© 2005 Elsevier Ltd. All rights reserved.
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According to a number of prominent theories of mem- recordings suggest PFC involvement in memory for thought
ory, recollection of previously experienced events involves processes as well as perceptual details relating to a past
not only an ability to remember the events themselves (e.g.,event Johnson, Kounios, & Nolde, 1996Recently, func-
where and when an event took place, and who was involved)tional neuroimaging has begun to elucidate more precisely
but also our personal reactions to those events (e.g., ourthe prefrontal brain regions involved in recollecting this kind
thoughts and feelings at the tim@&urgess & Shallice, 1996 of context informationDobbins, Foley, Schacter, & Wagner,
Johnson & Raye, 1981Johnson, Hashtroudi, & Lindsay, 2002 Eldridge, Knowlton, Furmanski, Bookheimer, &
1993 Schacter, Norman, & Koutstaal, 1998ilving, 1983. Engel, 2000 Henson, Rugg, Shallice, Josephs, & Dolan,
The integration of these different aspects of the “context” in 1999 Henson, Shallice, & Dolan, 1998lyberg et al., 1996
which an event occurred enables the recollection of the eventRanganath, Johnson, & D’Esposito, 20®0ugg, Fletcher,
in such rich detail that we can feel as if we are ‘re-living’ Chua, & Dolan, 199§ but the issue of whether different brain
the experience. Cognitive neuroscience has provided exten+egions are associated with memory for previous thought pro-
sive evidence that the prefrontal cortex (PFC) and medial cesses versus perceptual details has yet to be examined.
temporal lobe (MTL) play central roles in recollective mem- Anterior PFC (approximating Brodmann'’s area 10) is one
ory function Aggleton & Brown, 1999Fletcher & Henson,  candidate prefrontal area that might be involved in the rec-
200% Simons & Spiers, 2003 and event-related potential  ollection of context details. Previously, it has not been clear

how to account for the anomaly that some functional imag-
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whereas others have not (e.flyberg et al.,, 1996 One about study task goals, considering the judgements required,
possible explanation may relate to the different types of and making appropriate responses. Itis generally considered
context that were tested in the different experiments. In all that brain regions active during different kinds of information
previous studies that have examined brain regions associprocessing are reactivated during memory for such informa-
ated with recollecting which of two study tasks had previ- tion (e.g., visual processing areas during retrieval of visual
ously been undertaken, anterior PFC activation was observednformation;Wheeler, Petersen, & Buckner, 200The pos-
(Burgess, Maguire, Spiers, & O’Keefe, 2Q0@obbins et al., sibility that anterior PFC may be differentially involved in
2002 Kahn, Davachi, & Wagner, 2004Rugg et al., 1999 recollecting previous thought processes is, therefore, given
By contrast, studies that have used ostensibly very similar support by recent findings that anterior PFC may contribute
paradigms, but focused on perceptual features of context deto evaluating one’s ownurrent thought processe8(rgess,
rived more directly from the external environment (e.g., recol- Scott, & Frith, 2003 Christoff & Gabrieli, 2000 Frith &
lecting the position on a monitor screen target items had beenFrith, 2003 Gusnard, Akbudak, Shulman, & Raichle, 2001
presented), have given less clear-cut results. While some reKoechlin, Basso, Pietrini, Panzer, & Grafman, 1298 the
ported activation in anterior PFC&nsino, Maquet, Dolan,  present event-related fMRI study, we sought to explore this
& Rugg, 2002 Ranganath et al., 20pthers implicated dif- possibility directly by characterising anterior PFC responses
ferent regionsKlenson, Shallice, et al., 1998lyberg et al., during a recollection task in which subjects were required to
1996. recollect the way in which they had processed a study item as

Recollecting which of two study tasks were undertaken is opposed to recollecting the item’s spatial position. Further-
likely to primarily involve memory for aspects of contextthat more, we identified the extent to which activation was specific
might be thought of as “internally generateddbnson etal.,  to different stimulus types by examining recollection of task
1993, such as the processing operations engaged in thinkingand position for both word and face stimufiig. 1).

Study Phase Test Phase

Context Memory Conditions Baseline Condition

actor < chair

1=entertainment 2=politics w e
1 =living, 2 = nonliving

jazz

1=entertainment 2=politics

veto

1=pleasant 2=unpleasant

> mayor

1=pleasant 2=unpleasant

Fig. 1. Examples of the cues and stimuli used during the study and test phases. Study phase: task cues indicated whether entertainmentfslitics or ple
ant/unpleasant judgements were to be made on stimuli that were presented either on the left or right of the screen. Task and position were staghed in the
phase design. Test phase: context memory conditions involved recollecting whether stimulus had been presented on left or right of the syesaifepde)t

or whether entertainment/politics or pleasant/unpleasant task had been undertaken with stimulus (e.g., second example). Note that studjsaisiotest t
involved identical judgements with famous faces (entertainers and politicians) to determine stimulus-specificity of results.
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1. Methods the stimulus item related more to entertainment or to poli-
tics, and press the appropriate key on the keyboard. If the
1.1. Participants cue was “1=pleasant, 2=unpleasant”, participants made a

judgement as to whether the stimulus item seemed pleasant
Sixteen right-handed native speakers of English (6 male, or unpleasant to them. They were given 3.5s to make their
10 female), with normal or corrected-to-normal vision, took judgement, and were instructed to remember the position of
part in the experiment. The volunteers (mean age =22.8the stimulus item, and the task they carried out on it, for a
years, range 19-28) were screened using a comprehensiviater memory test in the scanner.
medical questionnaire and informed consent was obtained in  Following the study phase, participants entered the scan-
a manner approved by the Addenbrooke’s NHS Trust Local ner and undertook the test phase, trials of which involved the

Research Ethics Committee. presentation of a cue at the bottom of the display, indicating
the judgement participants were to make on the stimulus item
1.2. Design and materials when it was presented. After 500 ms, the stimulus item (ei-

ther a word or famous face presented during the study phase,

Participants were administered a study phase and a tesbr a non-studied baseline word or famous face) appeared in
phase. The study phase was undertaken prior to going intothe centre of the display. In order to reduce possible encoding
the MRI scanner, on a laptop computer in another room, and specificity influences, the cues consisted of graphical icons
the test phase was administered in the scanner. (Fig. 1). If the task memory cue was presented, participants

The stimuli consisted of 120 words and 120 greyscale pho- tried to remember whether they had carried out the enter-
tographs of famous facefki@. 1). Forty-eight of each stim-  tainment/politics task or the pleasant/unpleasant task on the
ulus type related to entertainment and 48 to politics. These stimulus item during the study phase. If the position mem-
96 words and 96 faces were used as target items in the studyry cue appeared, participants tried to remember whether the
and test phases, in addition to 12 living and 12 nonliving con- stimulus item had been presented on the left or the right of
crete words and 12 male and 12 female famous faces drawrthe screen. In the baseline conditions, participants were pre-
from fields other than entertainment or politics, which were sented with a non-studied word or famous face. They were
used as baseline items in the test phase. The words assignecued to decide whether the word specified a living or nonliv-
to each condition were matched as closely as possible foring object, or whether the famous person was male or female.
Kucera-Francis frequencyMilson, 1988, and the famous  Participants had 3.5 s to make their judgement, which they in-
faces for gender and approximate time-period of fame. Four dicated by pressing one of two buttons on a button-box. To
different versions of each paradigm were created, which sys-increase the efficiency of the event-related fMRI design, the
tematically counterbalanced the task undertaken in the studyinter-trial interval was jittered according to an exponential
phase (entertainment/politics or pleasant/unpleasant; see bedistribution Henson, 200B8between 480 and 1080 ms.
low) and the position of the item on the monitor in the study
phase (leftor right). ltems were also counterbalancedintermsi.4. Imaging acquisition and data analysis
of the type of recollection that was cued during the test phase
(memory for task or position; see below). Additionally, to A 3T Bruker system was used to acquire 991 echo-planar
control for study-test delay time, items appeared in the samefunctional images per subject (TR=1100ms, TE=27.5ms,
quarter of both the study and test lists, with the particular 21 interleaved axial slices orienteell0° from the AC-PC
quarter to which each item was assigned rotated over ver-transverse plane, 4 mm thickness, 1 mm inter-slice skip,
sions of the task. Within each quarter of the lists, item order 200 mm FQOV, 64x 64 matrix). Fifteen additional volumes
was pseudo-randomised such that no more than three conwere collected and discarded at the beginning of each run to

secutive trials were of the same condition. allow for T1 equilibration. In addition, two magnetic field
maps were acquired for each subject, which were used in the
1.3. Procedure field map undistortion stage of preprocessing (see below).

Data were preprocessed and analysed using SPM2 (Well-

During the non-scanned study phase, participants werecome Department of Imaging Neuroscience, London). Be-
instructed to fixate on an arrow in the centre of the monitor cause anterior prefrontal cortex can be subject to susceptibil-
screen, which indicated whether the stimulus item in the up- ity distortion in fMRI due to its proximity to the sinus area,
coming trial would be presented on the left or the right of efforts were taken to minimise the effects of this distortion.
the screenKig. 1). After 500 ms of fixation, a cue appeared Images were first corrected for differences in slice acquisition
at the bottom of the specified side of the screen, indicating timing by resampling all slices in time to match the middle
the task that was to be carried out on the stimulus item whenslice, followed by motion correction by realigning all images
it was presented. After a further 500 ms, the stimulus item with respect to the first (using 4th-degree B-spline interpola-
(either a word or famous face) was presented on the spec-ion). The realigned images then underwent an undistortion
ified side of the screen. If the cue was “1=entertainment, procedure using the acquired magnetic field mahssack,
2 =politics”, participants were instructed to decide whether Brett, & Osswald, 2008 and a mean undistorted image was
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created. A mask image was specified using MRIcro software of at least five contiguous voxels were localised on the mean
(Rorden & Brett, 200Q) which identified regions of resid-  structural scan across subjects, with approximate Brodmann
ual signal dropout in the undistorted mean image. This mask areas estimated from tAalairach and Tournoux (1988})las,
image was used to weight the spatial normalisation of the after adjusting coordinates to allow for differences between
undistorted dataRrett, Leff, Rorden, & Ashburner, 20010 the MNI and Talairach template8iett, Christoff, Cusack,
an EPI template in MNI stereotactic spa€¢eo¢osco, Kol- & Lancaster, 2001L To further explore the nature of the ac-
lokian, Kwan, & Evans, 1997 Normalised images were re- tivation associated with task and position recollection, mean
sampled into 3 mm cubic voxels and then spatially smoothed percentage signal change magnitude relative to the baseline
with an 8 mm FWHM isotropic Gaussian kernel. The time se- conditions was extracted from the subject-specific parame-
ries in each voxel was highpass-filtered to 1/128 Hz toremove ter estimates of cluster maxima and subjected to repeated-
low-frequency noise, corrected for temporal autocorrelation measures analyses that included condition and, where speci-
using an AR(1) +white noise model, and scaled to a grand fied, region, as repeated factors.
mean of 100 across voxels and scans within the session.
Statistical analysis was undertaken twice, once using all
trials, and once using RT-matched trials (see Se@idrfior 2. Results
more details). Each analysis was conducted in two stages
of a mixed effects model. In the first stage, 11 event types 2.1. Behavioural results
were defined, consisting of 5 regressors for words (correct
and incorrect responses in the task and position recollection Recollection accuracy and reaction time data are displayed
conditions plus the baseline condition responses, which werein Table 1 Importantly, given that the primary hypothesis in
all correct) and 5 for faces, plus the few trials for which par- the present experiment concerns the contrast between task
ticipants made no behavioural response (in the RT-matchedand position memory, there was no effect of the type of con-
analysis, excluded trials were modelled along with the missed textual detail on recollection accuradyl, 15)=0.03, n.s.
responses). Events for each of the 11 conditions were mod-There was a significant effect of stimulus type with contextin-
elled by convolving onset times with a canonical haemo- formation related to faces recollected to a greater extent than
dynamic response function and its second- and third-orderthat for words,F(1, 15)=26.1,<0.001, and a significant
temporal derivatives. The temporal derivatives were used to interaction between the two factorg1, 15) =7.49p <0.05,
capture possible delayed responses (delayed by 2 and 3 s, rewhich indicated that stimulus type differences were more ap-
spectively) in anterior prefrontal cortex, which have been ob- parent in position memory (mean difference between words
served in some previous studigseson, Rugg, & Shallice, and faces was 0.06 for task recollection and 0.14 for position
2000 Schacter, Buckner, Koutstaal, Dale, & Rosen, 1997 recollection). Accuracy was significantly above chance in all
Parameters for each covariate were estimated using a subjectmemory conditions, al{15) > 3.0 <0.01. In terms of reac-
specific fixed-effects model, with movement parameters in tion time, there was a significant main effect of context type,
the three directions of motion and three degrees of rotation F(1, 15) = 20.0p < 0.001, with recollection of task associated
included as confounds, and a single covariate representingwith longer reaction times than position. There was no effect
the mean session effect. of stimulus type F(1, 15)=0.9, n.s., but a significant inter-
Linear contrasts were used to obtain subject-specific es-action,F(1, 15)=7.63p <0.05, which occurred because the
timates for each of the effects of interest which, apart from
where specified, involved correct response regressors only.Table 1
These estimates were entered into the second stage of analysféccuracy and reaction time (ms) data

treating subjects as a random effect, using a one-samtgde Recollection of task Recollection of position
across subjects. Separate analyses were undertaken for the Words Faces Words Faces
canonical and the two delayed response functions. Because Full data set
the primary experimental hypotheses concerned central con-accuracy
text memory processes that could be expected to be engaged Mean 0.62 0.68 0.58 0.72
significantly irrespective of the type of stimuliinvolved, con-  S.D. 0.11 0.12 0.08 0.11
trasts of interest involved inclusive masking across stimulus reaction time
type. Statistical parametric maps of the independent word Mean 1803 1907 1636 1602
and face contrasts were constructed using uncorrected height S-P- 357 313 298 277
thresholds ofp <0.001. The inclusive mask between these Reaction time matched data set
contrasts was then calculated to identify brain regions signif- Accuracy
icantly activated for both words and faces. Given the orthogo-  Mean 0.58 0.60 0.54 0.64

. i L 0.11 0.12 0.08 0.11
nality of the independent words and faces pairwise contrasts,
the conjoint probability threshold of the inclusive mask can be Reaction time
calculated to bp < 1.5x 10~5 (seeFisher, 1990for more de- Mean ?1’;?0 ;ngo 31(?887 21527 8

tails). The anatomical locations of significant cluster maxima
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Table 2
Regions of significant activation in the contrast between correct context recollection and baseline conditions, averaging over context tyger(raskamd
position)

Brain region Coordinates z Voxels
X y z
Left anterior PFC (BA 10) -30 63 0 4.6 134
Right anterior PFC (BA 10) 33 60 12 3.6 34
Left ventrolateral PFC (BA 47) —42 45 -9 3.5 9
Left dorsomedial PFC/anterior cingulate (BA 9/32) -6 33 36 4.5 126
Left ventrolateral PFC/insula (BA 47) -30 24 -9 5.5 41
Right ventrolateral PFC/insula (BA 47) 33 24 -9 3.9 17
Right dorsolateral PFC (BA 9) 48 24 36 3.4 25
Left dorsolateral PFC (BA 9) —54 18 33 4.0 94
Left caudate (BA 25) -12 18 3 3.7 8
Left superior PFC (BA 8) -30 12 51 4.0 32
Right precuneus (BA 23) 15 —63 27 3.6 10
Right lateral parietal cortex (BA 7) 39 —69 45 4.3 143
Left lateral parietal cortex (BA 7) —-27 -75 51 5.7 684

Coordinates are in MNI atlas spadgqgcosco et al., 1997with brain regions and Brodmann areas (BA) estimated fronTéh&irach and Tournoux (1988)
atlas. PFC =prefrontal cortex.

contexttype difference was greater for faces (mean differencetwo delayed response functions (see Sectiprio identify
305 ms) than words (mean difference 167 ms). the regions involved in recollection regardless of the type of
To rule out an explanation for any significant fMRI activa- detail being remembered, we contrasted first the correct con-
tions in terms of reaction time differences, the fMRI analysis text memory and baseline conditions, while averaging over
was undertaken with data that were matched for reaction time,context type (recollection of task and position). Significant
as well as with the full data set. The matching was achieved activation was seeriT@ble 2 Fig. 2A) in bilateral anterior
by progressively removing from the analysis outlying trials PFC, ventrolateral PFC/insula, dorsolateral PFC, and lateral
from each condition equally for all participants until the con- parietal cortex. This network of regions was recruited to a
text memory conditions did not differ from one another in similar extent in both task and position conditiofsg. 2B
reaction time. The matched data s&affle J) was similar to and C) with, for example, no significant effect of context
the full data set in terms of recollection accuracy, with no dif- type on activation in lateral anterior PFE(1, 15)=1.93,
ference interms of context typg(1, 15) =0.03, n.s., asignif-  n.s. Moreover, activation in this lateral anterior PFC region
icant main effect of stimulus typé;(1, 15)=9.46p <0.01, did not differ according to stimulus type, with recollection of
and a significant interactiorf(1, 15)=7.56,p<0.05. The words and faces associated with similar levels of activation,
fMRI analysis included correct recollection trials only, apart F(1, 15)<1, n.s.
from where specified. Importantly, in the matched data set  Thus, activation in lateral regions of anterior PFC occurred
there was no longer any difference in reaction time, either irrespective of the kind of contextual detail that was recol-
in terms of context typef (1, 15)=2.07, n.s., stimulus type,
F(1, 15)=0.16, n.s., or the interactiaf(1, 15)=0.95, n.s. Table 3

Regions exhibiting significantly greater activation for correct recollection of
task than position

2.2. Neuroimaging results

Brain region Coordinates Z Voxels
Brain regions implicated in putatively central stimulus- * Y 2
independent recollection processes were characterised usingeft anterior PFC (BA 10) -9 63 21 47 31
group contrasts that involved inclusive masking (identify- Leftventrolateral PFC (BA 47/11)-48 39 -18 3.6 7

ing common regions showing significant activation in both Left superior PFC (BA 8) -3 33 % 38 45
9 9 g sig Left ventrolateral PFC (BA45) —51 27 15 40 221

word and face pairwise comparisons at a conjoint probabil- rignt ventrolateral PFC (BA 45) 48 27 24 32 9

ity threshold of approximately <1.5x 10~°; see Section  Left premotor cortex (BA 6) -9 15 60 3.7 11
1.4for further details). Analysis involving both the full data  Left thalamus -9 -15 3 32 7
set and those where the conditions were matched for reactiorl-¢ft medial temporal lobe (BA 20)-21 30~ -9 35 10
fi ielded virtuallv identical Its. Forth ke ofb it Left fusiform cortex (BA 19) -27 —-72 -15 48 479
ime yielded virtually identical results. For the sake of brevity, o cineus (8a 18) 12 —72 6 36 20
we report the results from the RT-matched data set here; the et cuneus (BA 17) 6 _81 9 37 7
full results are available from the first author on request. The Right occipital cortex (BA 18) 30 -84 9 56 768

significant acftivations were all found when a m(?del based coordinates are in MNI atlas spaacosco et al., 1997with brain regions
on the canonical haemodynamic response function was ap-and Brodmann areas (BA) estimated fromTa&irach and Tournoux (1988)
plied; no further significant activations were observed with atlas. PFC = prefrontal cortex.
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A) Context Memory > Baseline

B) Task Memory > Baseline
E Task Memory [ Position Memory

E) Left Lateral Anterior PFC

Baseline

F) Left Medial Anterior PFC

0.2

D) Task Memory > Position Memory

Baseline

% Signal Change

Fig. 2. Group functional activation maps and plots of percentage signal change relative to the baseline conditions, inclusively masked desaypastimu
(words and faces). (A) In the general correct context memory > baseline contrast, averaging over context type (recollection of task and gmsisaf), re
significant activation, rendered onto a 3D template structural image, included bilateral anterior PFC (BA 10), ventrolateral PFC/insula (B¥lagralo

PFC (BA 9), and lateral parietal cortex (BA 7). Very similar networks of activation, displayed on axial slices of an averaged structural imagsewectkiob
recollection of task > baseline (B) and recollection of position >baseline (C), including left lateral anterior PFC (circled; BA 10), left eeaitfil (A; BA
47/10), and bilateral ventrolateral PFCl/insula (B and C; BA 47). (D) Regions showing significant activation in the correct task > position chudeabteft
medial anterior PFC (circled; BA 10), bilateral ventrolateral PFC (A and D; BA 45/47 on left and BA 45 on right), and left medial temporal lobe (E; BA 20).
Plots of signal change for each context condition relative to the baseline conditions (error bars represent standard errors of the mean) iadicétadna

of the left lateral anterior PFC was significantly greater during both context memory conditions than the baseline conditions but did nottdiffetestn
recollection of task and position (E), whereas there was significantly greater response in left medial anterior PFC during task than positiowithemory (
position associated with reduced activation relative to the baseline conditions) (F).



1780 J.S. Simons et al. / Neuropsychologia 43 (2005) 1774-1783

differential recruitment could be attributed to variations in
task difficulty. Inspection of the behavioural data suggests
this to be an unlikely explanation: greater activation was ob-
served for task than position memory despite the conditions
being matched behaviourally for recollection accuracy and
reaction time. Consistent with this, correlation analysis re-
vealed no correspondence between reaction time and fMRI
signal change in this region across subjexts5) =0.16, n.s.
A second analysis examined whether the observed activation
results could be reflecting recollection success by contrasting
signal associated with correct and incorrect context attribu-
tions. The PFC and left MTL regions all showed virtually
identical patterns of activation for both successful and unsuc-
cessful recollection. This is in contrast to the left and right
Fig. 3. Stimulus-specific lateralisation in the medial temporal lobe in the lateral parietal regions identified in the basic recollection con-
correct task > position contrast. Activation was significant only on the left trast that averaged over context typalfle 2 Fig. 2A). These
for words, but was bilateral for famous faces. two regions exhibited significant effects of recollection suc-
cess on signal change, responding more for successful than
lected. However, direct contrast between correct task and po-unsuccessful remembering, bo#tfl, 15)>7.5,p<0.015.
sition memory conditionsTable 3 Fig. 2D) revealed amore  Thus, an account of the anterior PFC results in terms of task
medial region of left anterior PFC in which signal differen- difficulty or retrieval success can be rejected.
tiated significantly between context typg(1, 15)=54.23,
p<0.0001. A direct test using repeated measures ANOVA
confirmed that there was a statistically significant dissoci- 3. Discussion
ation between these two areas, as reflected in a region by
condition interactionfF(1, 15)=9.59<0.01. It is impor- The principal finding of the present experiment is that the
tant to ensure that this interaction could not be confounded recollection of different kinds of contextual information is as-
by possible differences in overall signal magnitude between sociated with differential recruitment of anterior PFC. This
regions. When analysis was repeated using signal changeesult provides empirical confirmation of a hypothesis that
values that were-transformed within each region, the in- emerged qualitatively on the basis of discrepant results in
teraction was still significan#(1, 15)=10.31p<0.01. As a series of functional neuroimaging studi&ifgess et al.,
a final verification, the potential confound of signal variance 2001; Cansino et al., 2002; Dobbins et al., 20B2nson,
differences between regions was addressed with the use ofShallice, et al., 199%Kahn et al., 2004; Nyberg et al., 1996;
the non-parametric Friedman test. The region by condition Ranganath etal., 2000; Rugg et al., 1298oreover, we have
interaction remained significant even using this conservative demonstrated a functional dissociation within anterior PFC,
statistical analysisy?(3) =12.15p <0.01. with the processes supported by lateral regions apparently
Other brain regions activated in the contrast between cor- playing an important but non-specific role in recollection of
rect task and position memory included bilateral ventrolateral context details and a medial region supporting processes re-
PFC and an area ofthe left MTL. Closer examination revealed cruited specifically when an individual is shown a stimulus
that MTL involvement in the task was lateralised according and asked to recollect which task was previously associated
to stimulus type FEig. 3), with individual pairwise contrasts  with it. While context-specific, however, the pattern of activ-
showing that words were associated with relatively higher left ity in this region indicates that it is not material-specific since
MTL (—21,—-30,—9; Z=3.46) and faces with bilateral MTL  itwas recruited regardless of whether words or faces were be-
(left: —21,—-30,—3; Z=5.34; right: 21,-33,—-3;Z2=4.19) ing recollected. Furthermore, it is implausible on the basis of
activation, respectively. The inclusive mask between these current findings to attribute anterior PFC activation to task
contrasts therefore implicated left MTL only. Regions show- difficulty, as estimated by accuracy and reaction time. This is
ing greater activation for correct position than task recollec- consistent with previous studies of recollection and prospec-
tion included right lateral parietal (66,45, 27;Z=4.48; 15, tive memory that have ruled out task difficulty as an adequate
—60, 60;Z=4.25) and temporal (5460, 6;Z=4.79; 60, explanation Burgess et al., 2003; Dobbins et al., 2D02
—63, 0;Z=4.38) cortices and the posterior cingulate (12, The differential involvement of anterior PFC in recollec-
—36, 39;Z=13.94), consistent with the results of a number tion of details about the context in which a task was car-
of previous studiesCansino et al., 2002; Fujii et al., 2004 ried out suggests that this region contributes to the process-
Henson, Shallice, et al., 199%/heeler & Buckner, 2004 ing of “internally generated” information such as, for ex-
To examine in further detail the left medial anterior PFC ample, the thought processes involved in study task perfor-
region that was more engaged by task than position recol-mance Burgess et al., 20Q&hristoff & Gabrieli, 200QFrith
lection, a subsequent analysis sought to address whether it& Frith, 2003 Gusnard et al., 2001; Koechlin et al., 1999

Famous Faces
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Shimamura, 2000This hypothesis can explain observations Paller, 2000. It is of interest that in the present fMRI data,
of activation in this area associated with seemingly diverse like the other study of recollection to model different haemo-
cognitive functions such as the attribution of mental states to dynamic response latencig’ugg, Henson, & Robb, 2003
others Frith & Frith, 2003, self-referential cognitive pro-  significant anterior PFC effects were seen with the canoni-
cessing Gusnard et al., 20Q;1 remembering to carry out  cal response function rather than with delayed functions (see
intentions after a delayBurgess et al., 2003 and medi- Sectionl.4for more details), consistent with the idea of early
ating between goals and sub-goaf®¢chlin et al., 1998 involvement of this region in recollection. In contrast, two
all of which require coordinated control of internally gen- studies of recognition memory observed anterior PFC effects
erated thoughts and externally derived perceptions (see alsdhat were modelled best by delayed functioHsiison et al.,
Christoff & Gabrieli, 2000. 2000; Schacter et al., 199 Tnterpreting their results by sug-
The present data indicate that lateral anterior PFC may gesting that in recognition memory (which may be supported
play a general role in the processing of contextual informa- by recollection and/or a sense of familiarity with targetitems),
tion, associated with similar levels of activation during rec- anterior PFC may play a role in post-retrieval processes.
ollection of both task and position. We can be less sure of  An additional question, on which there is conflicting evi-
the precise role played by processes supported by the medence from previous studie€énsino et al., 2002Dobbins,
dial region. It may be preferentially involved when the re- Rice, Wagner, & Schacter, 200Rahn et al., 2004; Rugg et
trieval cue requires the recollection of contextual details that al., 1999, is whether anterior PFC could be differentially en-
were internally generated such as, for example, the processgaged depending on the success or failure of retrieval. Greater
ing operations engaged in making semantic or pleasantnesactivation during successful than unsuccessful recollection
decisions about stimuli and responding appropriately during could be interpreted as evidence that a region is involved in
study phase trials — operations not present in the positionprocesses occurring following the retrieval of sought-after
memory condition. However a function of this kind must information from memoryKonishi, Wheeler, Donaldson, &
involve a wide range of processing, and theories about theBuckner, 200D In keeping with the results dbobbins et
mechanisms of recollection of context details that occur when al. (2003)and Kahn et al. (2004)recruitment of anterior
presented with a previously seen stimulus do not exist at theand other regions of PFC in the present data was not con-
level of detail that would enable us to specify precisely which tingent on retrieval success, with virtually identical levels of
processes the medial regions are supporting. For instance, iactivation for successful and unsuccessful recollection. The
is possible that the medial BOLD response may reflect initial retrieval success data are thus consistent with the haemo-
stages of stimulus inspection rather than the instantiation of dynamic response results in suggesting a pre-retrieval role
the context details themselves. This view would explain why for these regions. This is in contrast to left and right lat-
medial anterior PFC was not significantly activated in com- eral parietal cortex, which were observed to be differentially
parisons with the baseline condition§15)=1.72,p=0.1, modulated by retrieval success, consistent with a number of
and would be congruent with recent findings by this group of previous studiesHenson, Shallice, et al., 199Bonishi et
medial anterior PFC increases in simple RT conditions (e.g. al., 200Q Wheeler & Buckner, 2003
Gilbert, Simons, Frith, & Burgess, submit)etiVe prefer at Other regions to show greater activation for recollection
this stage therefore to take a conservative approach to theof task than position included ventrolateral PFC, consistent
characterization of the processing which the medial anterior with the ideathatthis regionisinvolved in processing retrieval
PFC activations reported here represent. cues and specifying retrieval strategiB®bbins et al., 2002
This raises the important question of which stage of the re- Fletcher, Shallice, Frith, Frackowiak, & Dolan, 1998if-
trieval process anterior PFC might be recruited in. A number ferential activation was also observed in left MTL, confirm-
of theories of episodic retrievaB(irgess & Shallice, 1996  ing that in demanding retrieval situations such as contextual
Fletcher & Henson, 20Q01Rugg & Wilding, 200Q Simons recollection, interactions between PFC and MTL regions are
& Spiers, 2003 have differentiated between two main stages particularly important $imons & Spiers, 2003 Although
(among others): the specification of retrieval strategies andthe fMRI protocol employed lacks the spatial resolution to
the monitoring of retrieved information. Previous studies enable definitive specification between particular MTL re-
have proposed roles for anterior PFC in one or other of thesegions, the present activation appeared to be centred on the
stages. For example, one study of working memaory observedleft hippocampus, consistent with the suggested role for this
activation in anterior PFC that occurred when the task cue wasstructure in recollective memorjggleton & Brown, 1999%.
presented, before stimulus items appeaBakéi & Passing-  Pairwise contrasts established that involvement of this re-
ham, 2003, suggesting arole in the transformation of the cue gion was lateralised according to the type of stimuli involved,
into the specification of task parameters, or what is termed, with significant activation on the left for words, and bilateral
retrieval ‘orientation’. The possibility that this region may involvement for famous faces. These results echo previous
be involved at an early stage of the recollection process is findings from both neuropsychological and functional imag-
supported by data from event-related potential studies whiching studies of recognition memory, which have suggested
found recollection effects over frontal sites that occurred lateralisation according to the verbal/nonverbal nature of the
as early as 200 ms following stimulus onsBafganath & stimuli involved Kelley et al., 1998 McDermott, Buckner,
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Petersen, Kelley, & Sanders, 1994ilner, 1972 Simons,
Graham, Galton, Patterson, & Hodges, 20®&imons,
Graham, Owen, Patterson, & Hodges, 208arrington,
1984. Consistent with this formulation, famous faces, which

are processed using both verbal and nonverbal (i.e., percep-

tual) information, were associated with bilateral recruitment
of MTL regions.

In conclusion, the present results advance our understand

ing of the role of anterior PFC in human cognition by reveal-

J.S. Simons et al. / Neuropsychologia 43 (2005) 1774-1783

Dobbins, I. G., Rice, H. J., Wagner, A. D., & Schacter, D. L.
(2003). Memory orientation and success: Separable neurocognitive
components underlying episodic recognitiaVeuropsychologia, 41,
318-333.

Eldridge, L. L., Knowlton, B. J., Furmanski, C. S., Bookheimer, S. Y., &

Engel, S. A. (2000). Remembering episodes: A selective role for the

hippocampus during retrievaNarure Neuroscience, 3, 1149-1152.

Fisher, R. A. (1990)Statistical methods, experimental design, and sci-

entific inference. Oxford: Oxford University Press.

Fletcher, P. C., & Henson, R. N. A. (2001). Frontal lobes and human
memory: Insights from functional neuroimagiryain, 124, 849-881.

ing that this region may be responsible for the experience of fietcher, P. C., Shallice, T., Frith, C. D., Frackowiak, R. S. J., & Dolan,

recollecting different kinds of contextual information relat-

R. J. (1998). The functional roles of prefrontal cortex in episodic

ing to previous events. Future studies are required to establish memory. Il. Retrieval Brain, 121, 1249-1256.

how well these results generalize to other instances of contex
retrieval, such as for example distinguishing between recol-
lection of events that were experienced as opposed to thoSe;ii, T., Ssuzuki, M., Okuda, J., Ohtake, H., Tanji, K., Yamaguchi, K

that were imagined, or recollecting our emotional reactions
to events when they occurred.

Acknowledgements

We are grateful to Kalina Christoff, Rik Henson, and Sam
Gilbert for valuable comments and advice, and the staff of
the Wolfson Brain Imaging Centre. This work was supported
by Wellcome Trust grant 061171.

References

Aggleton, J. P., & Brown, M. W. (1999). Episodic memory, amnesia,
and the hippocampal-anterior thalamic axBehavioral and Brain
Sciences, 22, 425-489.

Brett, M., Christoff, K., Cusack, R., & Lancaster, J. (2001). Using the
Talairach atlas with the MNI templat&eurolmage, 13, S85.

Brett, M., Leff, A. P., Rorden, C., & Ashburner, J. (2001). Spatial normal-
ization of brain images with focal lesions using cost function masking.
Neurolmage, 14, 486-500.

Burgess, P. W., & Shallice, T. (1996). Confabulation and the control of
recollection.Memory, 4, 359-411.

Burgess, N., Maguire, E. A., Spiers, H. J., & O'Keefe, J. (2001). A tem-
poroparietal and prefrontal network for retrieving the spatial context
of lifelike events.Neurolmage, 14, 439-453.

Burgess, P. W., Scott, S. K., & Frith, C. D. (2003). The role of the rostral
frontal cortex (area 10) in prospective memory: A lateral versus medial
dissociation.Neuropsychologia, 41, 906-918.

Cansino, S., Maquet, P., Dolan, R. J., & Rugg, M. D. (2002). Brain
activity underlying encoding and retrieval of source mema@®yebral
Cortex, 12, 1048-1056.

Christoff, K., & Gabrieli, J. D. E. (2000). The frontopolar cortex and hu-
man cognition: Evidence for a rostrocaudal hierarchical organization
within the human prefrontal corteXsychobiology, 28, 168—186.

Cocosco, C. A, Kollokian, V., Kwan, R. K. S., & Evans, A. C. (1997).
Brainweb: Online interface to a 3D MRI simulated brain database.
Neurolmage, 5, 425.

Cusack, R., Brett, M., & Osswald, K. (2003). An evaluation of the use
of magnetic field maps to undistort echo-planar ima@éswolmage,

18, 127-142.

Dobbins, I. G., Foley, H., Schacter, D. L., & Wagner, A. D. (2002). Exec-
utive control during episodic retrieval: Multiple prefrontal processes
subserve source memotyeuron, 35, 989-996.

tFrith, U., & Frith, C. D. (2003). Development and neurophysiology of

mentalizing.Philosophical Transactions of the Royal Society of Lon-

don Series B: Biological Sciences, 358, 459-473.
et al. (2004). Neural correlates of context memory with real-world
events.Neurolmage, 21, 1596—1603.

Gilbert, S.J., Simons, J.S., Frith, C.D., & Burgess, P. W. (submitted).
Correlation between activity in medial rostral prefrontal cortex and
performance in low-demand baseline conditions.

Gusnard, D. A., Akbudak, E., Shulman, G. L., & Raichle, M. E. (2001).
Medial prefrontal cortex and self-referential mental activity: Relation
to a default mode of brain functionProceedings of the National
Academy of Sciences U.S.A., 98, 4259-4264.

Henson, R. N. A. (2003). Analysis of fMRI timeseries: Linear time-
invariant models, event-related fMRI and optimal experimental design.
In R. S. J. Frackowiak, K. J. Friston, C. D. Frith, R. J. Dolan, & C. J.
Price (Eds.),Human brain function (2nd ed.). New York: Academic
Press.

Henson, R. N. A., Rugg, M. D., & Shallice, T. (2000). Confidence in
recognition memory for words: Dissociating right prefrontal roles in
episodic retrievalJournal of Cognitive Neuroscience, 12, 913-923.

Henson, R. N. A., Rugg, M. D., Shallice, T., Josephs, O., & Dolan, R.
J. (1999). Recollection and familiarity in recognition memory: An
event-related functional magnetic resonance imaging stisynal
of Neuroscience, 19, 3962—3972.

Henson, R. N. A,, Shallice, T., & Dolan, R. J. (1999). Right prefrontal
cortex and episodic memory retrieval: A functional MRI test of the
monitoring hypothesisBrain, 122, 1367-1381.

Johnson, M. K., & Raye, C. L. (1981). Reality monitoringyychological
Review, 88, 67-85.

Johnson, M. K., Hashtroudi, S., & Lindsay, D. S. (1993). Source moni-
toring. Psychological Bulletin, 114, 3—28.

Johnson, M. K., Kounios, J., & Nolde, S. F. (1996). Electrophysiolog-
ical brain activity and memory source monitorinjeuroReport, 7,
2929-2932.

Kahn, I., Davachi, L., & Wagner, A. D. (2004). Functional-neuroanatomic
correlates of recollection: Implications for models of recognition
memory.Journal of Neuroscience, 24, 4172—4180.

Kelley, W. M., Miezin, F. M., McDermott, K. B., Buckner, R. L., Raichle,
M. E., Cohen, N. J., Ollinger, J. M., Akbudak, E., Conturo, T. E.,
Snyder, A. Z., & Petersen, S. E. (1998). Hemispheric specialization
in human dorsal frontal cortex and medial temporal lobe for verbal
and nonverbal memory encodin§euron, 20, 927-936.

Koechlin, E., Basso, G., Pietrini, P., Panzer, S., & Grafman, J. (1999).
The role of the anterior prefrontal cortex in human cognitiSature,

399, 148-151.

Konishi, S., Wheeler, M. E., Donaldson, D. I., & Buckner, R. L.
(2000). Neural correlates of episodic retrieval succ@&swolmage,

12, 276-286.

McDermott, K. B., Buckner, R. L., Petersen, S. E., Kelley, W. M., &
Sanders, A. L. (1999). Set- and code-specific activation in the frontal
cortex: An fMRI study of encoding and retrieval of faces and words.
Journal of Cognitive Neuroscience, 11, 631-640.



J.S. Simons et al. / Neuropsychologia 43 (2005) 1774—-1783 1783

Milner, B. (1972). Disorders of learning and memory after temporal lobe Shimamura, A. P. (2000). Toward a cognitive neuroscience of metacog-

lesions in manClinical Neurosurgery, 19, 421-446. nition. Consciousness and Cognition, 9, 313-323.
Nyberg, L., Mcintosh, A. R., Cabeza, R., Habib, R., Houle, S., & Tulving, Simons, J. S., & Spiers, H. J. (2003). Prefrontal and medial temporal
E. (1996). General and specific brain regions involved in encoding lobe interactions in long-term memoyature Reviews Neuroscience,
and retrieval of events: What, where, and wh@mceedings of the 4, 637-648.
National Academy of Sciences U.S.A., 93, 11280-11285. Simons, J. S., Graham, K. S., Galton, C. J., Patterson, K., & Hodges,
Ranganath, C., & Paller, K. A. (2000). Neural correlates of memory J. R. (2001). Semantic knowledge and episodic memory for faces in
retrieval and evaluationCognitive Brain Research, 9, 209-222. semantic dementiaVeuropsychology, 15, 101-114.

Ranganath, C., Johnson, M. K., & D’Esposito, M. (2000). Left anterior Simons, J. S., Graham, K. S., Owen, A. M., Patterson, K., & Hodges,
prefrontal activation increases with demands to recall specific percep- J. R. (2001). Perceptual and semantic components of memory for

tual information.Journal of Neuroscience, 20(RC108), 1-5. objects and faces: A PET studfpurnal of Cognitive Neuroscience,
Rorden, C., & Brett, M. (2000). Stereotaxic display of brain lesions. 13, 430-443.

Behavioural Neurology, 12, 191-200. Talairach, J., & Tournoux, P. (1988Y.o-planar stereotaxic atlas of the
Rugg, M. D., & Wilding, E. L. (2000). Retrieval processing and episodic human brain. Stuttgart: Thieme.

memory.Trends in Cognitive Sciences, 4, 108-115. Tulving, E. (1983).Elements of episodic memory. Oxford, UK: Clarendon

Rugg, M. D., Fletcher, P. C., Chua, P. M. L., & Dolan, R. J. (1999). The Press.
role of the prefrontal cortex in recognition memory and memory for Warrington, E. K. (1984)Recognition memory test. Windsor, UK: NFER

source: An fMRI studyNeurolmage, 10, 520-529. Nelson.

Rugg, M. D., Henson, R. N. A, & Robb, W. G. K. (2003). Neural corre- Wheeler, M. E., & Buckner, R. L. (2003). Functional dissociation among
lates of retrieval processing in the prefrontal cortex during recognition components of remembering: Control, perceived oldness, and content.
and exclusion tasksVeuropsychologia, 41, 40-52. Journal of Neuroscience, 23, 3869—3880.

Sakai, K., & Passingham, R. E. (2003). Prefrontal interactions reflect Wheeler, M. E., & Buckner, R. L. (2004). Functional-anatomic cor-
future task operationsVarure Neuroscience, 6, 75-81. relates of remembering and knowingVeurolmage, 21, 1337—

Schacter, D. L., Buckner, R. L., Koutstaal, W., Dale, A. M., & Rosen, 1349.

B. R. (1997). Late onset of anterior prefrontal activity during true Wheeler, M. E., Petersen, S. E., & Buckner, R. L. (2000). Memory’s
and false recognition: An event-related fMRI studeurolmage, 6, echo: Vivid remembering reactivates sensory-specific corfax-
259-269. ceedings of the National Academy of Sciences U.S.A., 97, 11125—

Schacter, D. L., Norman, K. A., & Koutstaal, W. (1998). The cognitive 11129.

neuroscience of constructive memodyinual Review of Psychology, Wilson, M. D. (1988). The MRC psycholinguistic databa&havior

49, 289-318. Research Methods, Instruments, and Computers, 20, 6-11.



	Anterior prefrontal cortex and the recollection of contextual information
	Methods
	Participants
	Design and materials
	Procedure
	Imaging acquisition and data analysis

	Results
	Behavioural results
	Neuroimaging results

	Discussion
	Acknowledgements
	References


