
Neuropsychologia 41 (2003) 40–52

Neural correlates of retrieval processing in the prefrontal cortex
during recognition and exclusion tasks

Michael D. Rugga,b,∗, Richard N.A. Hensona,c, William G.K. Robba,b

a Institute of Cognitive Neuroscience, University College London, 17 Queen Square, London WC1N 3AR, UK
b Department of Psychology, University College, London, UK

c Institute of Neurology, University College, London, UK

Received 6 March 2002; received in revised form 23 July 2002; accepted 24 July 2002

Abstract

Event-related fMRI was employed to contrast the neural activity elicited in prefrontal cortex during recognition memory and exclusion
tests. The study phases preceding each memory test were identical, involving the presentation of study items (visually presented words) in
one of two study contexts. For the recognition test subjects were required to respond positively to all old items regardless of study context,
and to respond negatively to new items. For the exclusion task, positive responses were required to old items presented in one of the study
contexts only; negative responses were required both to unstudied items and studied items from the alternative context (non-targets). No
prefrontal region demonstrated greater activity for new items in the exclusion task. Thus, there was no evidence that retrieval cues were
processed differently according to the specificity of the sought-for information. In several regions, most notably bilateral anterior prefrontal
cortex, activity was greater for old than for new items regardless of task. Activity in right dorsolateral prefrontal cortex was also greater
for old than for new items; these effects however were larger in the exclusion task. The findings are consistent with previous reports that
activity in anterior prefrontal cortex elicited by recognition retrieval cues is sensitive to retrieval success, and extend these findings to
the exclusion task. The findings for the right dorsolateral cortex add further weight to the proposal that this region supports post-retrieval
monitoring of retrieved information.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Since the earliest functional neuroimaging studies of
memory it has been apparent that tasks requiring explicit
memory retrieval (‘direct’ memory tasks) engage the pre-
frontal cortex (for reviews of this early work see[6,12]).
Initial accounts of prefrontal activation during retrieval
focused on what, at the time, was the most consistently
observed effect—the activation of right anterior (brodmann
area (BA) 10) and dorsolateral (BA46) cortex. This activity
was variously proposed to be a correlate of retrieval ‘mode’
[32], retrieval ‘effort’ [42] or retrieval ‘success’[40]. It is
now clear that retrieval-related activity in different prefrontal
regions is differentially sensitive to variables such as type of
retrieval task[41] and the nature of the retrieved informa-
tion [27], and accounts of these findings are beginning to be
framed with reference to the different cognitive operations
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thought to support episodic retrieval[11]. For example, it
has been proposed that activity in right ventrolateral cortex
supports processing of retrieval cues prior to a retrieval at-
tempt, whereas activity in dorsolateral cortex reflects mon-
itoring operations conducted on the products of a retrieval
attempt[13].

The starting point for the present experiment are studies
in which retrieval-related activity was contrasted according
to whether test items required a simple yes/no recognition
decision, or a judgement based on retrieval of specific infor-
mation about an item’s study context (for example, whether
the item was presented to the left or right of fixation, a
test of ‘source memory’). These two tasks potentially differ
in a variety of ways in terms of the demands made upon
retrieval processing, of which two are particularly relevant
here. First, the level of specificity of the information that
must be retrieved is different. In the case of recognition, any
information about the recent occurrence of a test item can
support a positive judgement; indeed, it has been argued that
recognition judgements can be supported by information
(termed ‘familiarity’) which is entirely bereft of contextual
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information, and derived from retrieval processes indepen-
dent of those supporting ‘true’ episodic memory[1,29].
By contrast, judgements about study context (as in source
memory tasks) necessarily require retrieval of episodic
information sufficiently specific to support the relevant
discrimination. Because of these different informational de-
mands, subjects may process test items differently in a test
of recognition memory than in a test of source memory.

Yes/no recognition and source memory tests also differ
with respect to the amount of ‘post-retrieval’ processing[36]
that is needed to permit an accurate judgement. In the case
of recognition, the correct response can be selected merely
on the basis of whether a test item was experienced at study.
Thus, evaluation of the products of a retrieval attempt is
limited to an assessment of evidence signalling prior occur-
rence. When that evidence is strong, little evaluation will
be required prior to response selection. By contrast, in tests
of source memory evidence that a test item belonged to the
study phase, however strong, is insufficient; the content of
the information providing that evidence must be evaluated
prior to response selection. Other things being equal, there-
fore, tests of source memory will require more extensive
evaluation of retrieved information than tests of recognition
memory.

A third way in which recognition and source memory
tasks differ is in terms of their general difficulty. Other things
being equal, source judgements on previously studied items
are more demanding, and take longer to perform, than recog-
nition judgements on the same items. While this difference
is not inherent to the two kinds of task (unlike those noted
above), it will always be present unless specific measures
are taken to control for or equate difficulty.

Only a few studies have contrasted retrieval-related
prefrontal activity according to whether the retrieval test
required a simple recognition judgement or a judgement
based on specific details about the study context. In an early
event-related fMRI study, Nolde et al.[30] reported that
test items subjected to source memory judgements elicited
more activity in left dorsolateral and anterior prefrontal
cortex than did items in a recognition test. Nolde et al.
[30] interpreted these findings as supporting the proposal
[31] that left prefrontal cortex is selectively engaged by the
requirement to retrieve specific rather than general infor-
mation about a prior episode. Unfortunately, activity was
not assessed separately for studied and unstudied test items,
making it impossible to determine whether the additional
left prefrontal activity was elicited by all items, or only
those eliciting episodic retrieval (i.e. studied items). This
is a crucial issue[36]: the first of these alternatives would
suggest that the left prefrontal activity is sensitive to dif-
ferences in the way retrieval cues are processed according
to the nature (in this case, the specificity) of the sought-for
information. By contrast, if the activity was elicited by
studied items alone, this would suggest that the activity is
associated with post-retrieval processes such as evaluation
of the retrieved information.

Two studies employing blocked experimental designs
contrasted recognition and source tasks. In Rugg et al.
[39] the study phase involved the presentation of words to
the left or right of fixation with the instruction to make a
different judgement (animacy or pleasantness) according
to the side of presentation. Three kinds of test block were
contrasted: low-density recognition memory, when a recog-
nition judgement was required on a list of predominantly
new (unstudied) items; high-density recognition memory,
requiring recognition judgements on mainly old (studied)
items; and high-density source memory, when the require-
ment was to judge whether each item (most of which were
old) had been presented at study on the left or right. Con-
sistent with previous results[40,41], the contrast between
high and low-density recognition revealed greater activity
in several prefrontal regions, the most notable of which
were bilateral anterior and left inferior prefrontal cortex.
The contrast between the source and high-density recog-
nition conditions revealed greater activity for the source
task in, among other areas, bilateral anterior insula, left
anterior prefrontal cortex (medial to that observed for the
contrast between recognition blocks), and right dorsolateral
prefrontal cortex. In Henson et al.[17] study words were
presented in two temporally segregated lists, and displayed
either above or below fixation. Recognition memory for
test items was contrasted with an ‘exclusion’ condition.
In exclusion tasks[22] studied items belonging to a des-
ignated source (e.g. above fixation, or in list 1) must be
accepted as old (‘target items’), whereas those from an
alternative source (‘non-targets’) must be rejected along
with new items. This task thus shares with source mem-
ory the requirement to recollect the context in which a
studied item was presented in order to allow the correct
response to be selected. Henson et al.[17] reported that
relative to recognition, the exclusion task was associated
with elevated activity bilaterally in dorsolateral prefrontal
cortex.

The findings of Rugg et al.[39] and Henson et al.[17]
suffer from the same limitations of interpretation as those
noted earlier for Nolde et al.[30], namely, that it is not pos-
sible to determine whether the reported task effects reflect
differences in activity elicited by both studied and unstudied
items, or by studied items only. None the less, it is notewor-
thy that in several event-related studies of recognition mem-
ory (see[37] for review) some of the task-sensitive regions
identified by Rugg et al. and Henson et al. have consistently
been reported to show differential activity according to the
status of the test items eliciting the activity. Most notably,
several studies have reported effects in the vicinity of the
right dorsolateral regions identified by Rugg et al.[39] and
Henson et al.[17]. On the basis of the finding that activity
in this region was greater for items associated with recog-
nition judgements accorded low rather than high confidence
ratings, Henson et al.[18] argued that the right dorsolat-
eral region supports operations necessary for the monitor-
ing and evaluation of the products of a retrieval attempt, as
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suggested previously[19]. On the assumption that source
memory makes greater demands on monitoring and eval-
uation than recognition (see above), this interpretation is
consistent with findings that source memory tasks engage
this region to a greater extent than do tests of recognition
memory.

In the final study to be mentioned here[34], event-related
fMRI was employed to investigate the activity elicited by
test items according to whether the task required retrieval
of ‘general’ information (was this picture seen at study?)
or ‘specific’ information (is this picture larger or smaller
than that shown at study?). Ranganath et al.[34] identified
a left anterior prefrontal region where activity was greater
during the specific task. This effect was found for both
studied and unstudied items, consistent with a role for the
left anterior region in modulating the processing of retrieval
cues according to the demands of the retrieval task (in the
terminology of Rugg and Wilding[36], in modulating ‘re-
trieval orientation’). Intriguingly, the region identified by
Ranganath et al.[34] is very close to left anterior prefrontal
areas reported to exhibit greater activity for studied than un-
studied items (so-called ‘old/new’ effects) in some studies
of recognition memory (e.g.[7,25,28]; see[37] for review).
These findings suggest a specific role for this region in
processing retrieved information, additional to any more
general role it may play in the processing of test items.

In the study reported here we followed up the findings
reviewed above by using event-related fMRI to investigate
activity elicited by studied and unstudied test items in both a
recognition memory and an exclusion task. The design of the
study allowed several of the issues raised by previous studies
to be addressed, including: (i) whether activity elicited by
unstudied test items in left anterior prefrontal cortex varies
according to task (cf.[34]), and (ii) whether, as might be
expected given the findings of Rugg et al.[39] and Henson
et al. [17], right dorsolateral old/new effects are greater in
the exclusion than the recognition task. In addition, the em-
ployment of the exclusion task allowed an assessment of the
extent to which old/new effects depend upon the allocation
of old and new items to different response categories. Since
excluded non-targets (old items) and unstudied (new) items
receive the same response, any differences in the activity
they elicit must be due to something other than differential
response selection.

Finally, we attempted to control for the confound—
present in all previous studies—between task and difficulty
(other things being equal, source memory judgements are
more difficult than yes/no recognition). We tried to achieve
this by administering each task at two difficulty levels, so
that task and difficulty would vary orthogonally. To antic-
ipate the results, this aim of the study was unsuccessful
because the difficulty manipulation had little effect on per-
formance and, correspondingly, only minimal effects on
brain activity. The results are therefore reported without
regard to this manipulation. A brief report of findings from
the exclusion task has been published previously[38].

2. Materials and methods

The study was approved by the National Hospital for Neu-
rology and Neurosurgery and Institute of Neurology Medi-
cal Ethics Committee.

2.1. Overview of design

Subjects were administered four tests of memory for
words, during each of which an fMRI time series was ob-
tained to allow estimation of event-related BOLD responses.
Each test was preceded by a study phase. For two of the
study phases the word lists were short in length and were
followed after a brief interval by the test list (‘easy’ condi-
tions). For the other two study phases the lists were long,
and a 5 min gap intervened before the onset of the subse-
quent test (‘hard’ conditions). Two types of test task were
employed: in the recognition task, subjects judged whether
each word was old or new. In the exclusion task, subjects
were required to endorse only one class of studied word
as old, and classify all other items, whether studied or un-
studied, as new. Difficulty and type of task were combined
factorially to give the four study-test blocks per subject.

2.2. Subjects

Subjects were 12 young adults (nine male). All reported
themselves to be right-handed and in good health, with no
history of neurological illness. They were paid £5.00 per
hour for their participation. All subjects gave informed con-
sent prior to participation in accordance with institutional
ethical guidelines.

2.3. Materials

The critical experimental items comprised a pool of 320
English words of low to medium frequency of occurrence
in the language. An additional 120 words were employed as
buffer items in the ‘hard’ study lists (see below). The critical
items were employed to form eight study-test blocks. Four of
these blocks (set A) comprised non-overlapping selections
of 80 items; in each case 40 of these were randomly selected
as ‘old’ (i.e. to appear at study and test) and 40 to comprise
the pool from which ‘new’ items were selected. The 40
items comprising each study list were pseudorandomly or-
dered such that 20 of them would be presented in red letters
displaced rightwards from the fixation point, whereas the re-
maining 20 would appear to the left of fixation in green let-
ters. The corresponding test list comprised a pseudorandom
ordering of the 40 old items and 20 new items sampled ran-
domly from the pool of 40 unstudied items. To construct the
second set of study-test blocks (set B), the items allocated
to the ‘old’ and ‘new’ pools were reversed relative to those
allocated in each of the blocks comprising set A. To effect
the difficulty manipulation, study lists in the ‘hard’ condi-
tions (see below) were padded with an additional 60 words,
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30 red/right and 30 green/left. Different words were used
to pad each pair of ‘hard’ lists. These words did not appear
at test.

For half of the subjects, the four experimental conditions
were run with the study-test blocks from Set A, for the re-
maining subjects the Set B blocks were employed. Individ-
ual blocks were allocated within and across subjects such
that each was employed equally often in the hard and easy
conditions, and for the recognition and exclusion tasks. The
ordering of tasks and conditions was determined randomly
for each subject. The colour/position of the words designated
as exclusion ‘targets’ (see below) alternated across sub-
jects. Thus, each subject underwent four study-test blocks,
in which each test phase comprised a mixture of 40 studied
words (20 from each context) and 20 unstudied (new) words.
Words were presented in Helvetica 48 black-on-white font
on a mirror 30 cm above the subject, subtending a visual
angle of approximately 4◦.

2.4. Procedure

Prior to the experiment, the nature of the experimental
tasks was explained to each subject, and short practice ses-
sions undertaken. It was emphasised that during the study
phases attention should be devoted to the classification of
each item without regard to the succeeding memory test.
Study items were presented for 500 ms every 3096 ms. Par-
ticipants were instructed to fixate on a cross in the centre
of the display mirror during the interstimulus interval, the
removal of which 500 ms prior to each item functioned as a
preparatory signal. The procedure was the same for the test
phase, except that while the minimal SOA was 3096 ms, it
varied stochastically in order to estimate more efficiently
the main effect of item presentation versus the interstimulus
baseline[24]. This was important in order to compare re-
sponses to correct rejections across the different tasks (see
Section 1). The variability in the SOA was implemented
by randomly intermixing 40 “null events” with the 60
test items.

During each study phase, subjects were instructed to clas-
sify each word as living/non-living, depressing buttons with
the index or middle fingers of the right hand accordingly.
For the easy conditions, the test phase was initiated within
a minute of the termination of the study task. In the hard
conditions, a 5 min interval preceding the beginning of the
test task. For the recognition task, instructions were to re-
spond with one finger when a word that had appeared in
the preceding study phase was presented, and with the other
finger when a unstudied word was shown. For the exclu-
sion task the requirement was to respond with one finger
whenever a studied word was shown that belonged to the
designated target category (red/right or green/red), and with
the other finger to both unstudied words and studied words
belonging to the alternative category. Accuracy and speed
received equal emphasis. The fingers employed for old and
new judgements were alternated across subjects.

2.5. Scanning parameters

A 2T Vision system (Siemens, Erlangen, Germany) was
used to acquire 34 T2∗-weighted transverse echoplanar
(EPI) images (64×64 3 mm×3 mm pixels, TE= 40 ms) per
volume with blood oxygenation level dependent (BOLD)
contrast. EPIs comprised 2 mm-thick axial slices with an
interslice gap of 1.5 mm, acquired sequentially in a descend-
ing direction. Scanning was performed during four sessions
corresponding to the test phases. The sessions comprised
130 volumes collected continuously with a repetition time
(TR) of 2580 ms. The first five volumes of each session
were discarded to allow for T1 equilibration effects. The
ratio of SOAs to TR ensured an effective sampling rate of
the cue-related impulse response over trials of 2 Hz.

2.6. Data analysis

Analysis was performed with Statistical Parametric Map-
ping (SPM99, Wellcome Department of Cognitive Neu-
rology, London, UK;[14]) implemented in Matlab5 (The
Mathworks, Inc., USA). All volumes were realigned spa-
tially to the first volume, and the timeseries for voxels
within each slice realigned temporally to acquisition of
the middle slice. Resulting volumes were normalised to a
standard EPI template based on the MNI reference brain in
Talairach space[2] and resampled to 3 mm× 3 mm× 3 mm
voxels. The normalised images were smoothed with an
isotropic 8 mm FWHM Gaussian kernel. The timeseries in
each voxel were highpass-filtered to 1/120 Hz to remove
low-frequency noise and scaled within-session to a grand
mean of 100 across both voxels and scans.

Statistical analysis was performed in two stages of a mixed
effects model. In the first stage, neural activity was modelled
by a delta function (impulse event) at stimulus onset. The
ensuing BOLD response was modelled by convolving these
neural functions with two haemodynamic response functions
(HRF). The first, which we call the “early” response, repre-
sented a canonical HRF[15]. The second, which we call the
“late” response, represented a canonical HRF shifted one TR
(2.58 s) later in time, and was included to capture possible
delayed responses. The convolution was performed in a high
resolution time space, and downsampled at the midpoint of
each scan to form covariates in a General Linear Model. The
covariates for the “late” response were orthogonalised with
respect to those for the “early” response, thereby attributing
any shared variance to the “early” response.1

1 Following our recent practice ([18,33]; see also[20]) we modeled the
fMRI time series with both an early and a late HRF. The rationale for
this approach is that it facilitates detection of haemodynamic responses
over a wider range of onset latencies than would be possible with a
single function whilst permitting an uncomplicated interpretation of the
resulting parameter estimates, which are independent of one another. As in
our previous studies, we found theoretically significant effects with both
covariates; for example, whereas left anterior prefrontal old/new effects
loaded primarily on the early covariate, right dorsolateral effects were
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Table 1
Percent accuracy and RT (ms) by task, condition and item type

Recognition Exclusion

Easy Hard Easy Hard

Old New Old New Target New Non-target Target New Non-target

81.5 83.3 76.0 78.8 60.8 89.6 63.3 54.2 93.0 70.8
996 1058 1087 1109 1356 1167 1339 1428 1164 1445

For the recognition conditions, five event-types were de-
fined, consisting of correct and incorrect responses to old
and new items, plus the occasional missed responses. For
the exclusion conditions, seven event-types were defined,
consisting of correct and incorrect responses to targets,
non-targets and new items, plus missed responses. Also
included for each session were six covariates to capture
residual movement-related artefacts (the three rigid-body
translations and three rotations determined from the realign-
ment stage), and a single covariate representing the mean
(constant) over scans. Parameters for each covariate were
estimated by a least squares fit to the data.

Linear contrasts of the parameter estimates for each sub-
ject comprised the data for the second-stage analyses, which
treated subjects as a random effect. These consisted of
one-samplet-tests across subjects for each contrast. These
contrasts (Section 3) were confined to correct responses.
Separate analyses were performed for early and late re-
sponses. Statistical Parametric Maps of thet-statistic for
each contrast were constructed, and thresholded for at least
five contiguous voxels survivingP < 0.001, uncorrected
for multiple comparisons over voxels. Regions showing
significant effects were localised on the mean normalised
EPI across subjects. Stereotactic coordinates are reported in
Talairach space and correspond to the standard MNI brain
[5]. These coordinates bear a close, but not exact, match to
the atlas of Talairach and Tournoux[45].

3. Results

3.1. Behavioural performance

Accuracy and reaction time (RT) data are shown shown
in Table 1. These data were subjected to two sets of anal-
yses. First, data for correct recognition responses (‘hits’ in
the recognition task, ‘target hits’ in the exclusion task) and
correct classifications of new items (‘correct rejections’)
were contrasted employing the factors of task, difficulty, and
response type (hit versus correct rejection). A second set

detected exclusively with the delayed function. This pattern of loadings
differs from that in the earlier study of recognition memory where we
adopted this analytic approach[18]. In that case, anterior prefrontal
effects loaded primarily on the late covariate, whereas effects in the right
dorsolateral region were detected with the early covariate. The reasons
for these across-study differences are uncertain.

of analyses focused on the exclusion task alone, and con-
trasted all three response categories (target hits, ‘excluded
non-targets’, and correct rejections) according to difficulty.
In these and all other ANOVAs reported below, degrees of
freedom for effects involving factors with more than two
levels were adjusted using the Geisser–Greenhouse proce-
dure to correct for violation of sphericity[46].

ANOVA of the accuracy measures for hits and cor-
rect rejections revealed effects of task and response type
(F(1, 11) = 7.20, P < 0.025, and 24.69,P < 0.001,
respectively), along with a significant interaction between
these two factors (F(1, 11) = 50.80, P < 0.001). The
main effect of difficulty only approached significance
(F(1, 11) = 4.79,P < 0.06), and difficulty did not interact
with any other factor. The task× response type interaction
reflected the combination of a lower hit and a higher cor-
rection rejection rate in the exclusion task (collapsed over
difficulty: hits = 79% versus 56%,t11 = 6.45, P < 0.001;
correct rejections= 81% versus 91%,t11 = 3.77, P <

0.005). ANOVA of RTs for hits and correct rejections also
gave rise to effects for task, response type, and their inter-
action (F(1, 11) = 26.26, P < 0.001, F(1, 11) = 5.16,
P < 0.05, andF(1, 11) = 14.68,P < 0.005), respectively.
Effects involving the factor of difficulty did not approach
significance. The significant effects reflected the fact that
whereas hit responses were markedly faster in the recogni-
tion task (1042 ms versus 1392 ms,t11 = 5.19,P < 0.001),
RTs for correction rejections were more comparable be-
tween the two tasks (1083 ms versus 1165 ms,t11 = 2.15,
P < 0.06).

ANOVA of the accuracy data for the exclusion task alone
revealed a main effect for response type (F(1.7, 19.2) =
31.33, P < 0.001), but no effects involving difficulty.
Follow-up contrasts showed that the mean scores for hits
and excluded non-targets did not differ reliably, but that
scores for both response types were lower than the score
for correct rejections (minimumt11 = 6.42, P < 0.001).
Collapsed across difficulty, scores were 58%, 67% and
91% for hits, excluded non-targets and correct rejections,
respectively. ANOVA of RTs also revealed a significant
effect of response type (F(1.4, 15.7) = 11.59, P < 0.005)
in the absence of difficulty effects. Follow-up contrasts
demonstrated a pattern analogous to that for accuracy, with
slower RTs (minimumt11 = 3.31, P < 0.01) for both
hits (1392 ms collapsed across difficulty) and excluded
non-targets (1392 ms) than for correct rejections (1165 ms).
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3.2. fMRI findings

With the exception of results for the medial temporal
lobe reported at the end of this section, we focus exclu-
sively on task-related effects in prefrontal cortex, directing
the analyses to the issues discussed inSection 1(results for
the whole brain can be obtained from the authors on re-
quest). In light of the non-significant effects of the difficulty
manipulation on performance, and preliminary analyses

Fig. 1. Regions showing (A) greater activity for hits vs. correct rejections common to the recognition and exclusion tasks; (B) greater activity for hits vs.
correct rejections in the exclusion task than recognition task, and (C) greater activity for correct exclusions vs. correct rejections in the exclusion task.
Colour intensity showst-values for voxels survivingP < 0.001 uncorrected using either the early or late response function (seeSection 2), displayed on
coronal sections fromy = +60 to y = +20 on a T1 structural image of a single randomly selected subject. Numbered regions correspond with those in
Fig. 2. Note that, despite the exclusive masking of the common effect of hits versus correct rejections by the interaction with task for each response function
(seeSection 3), it is possible for regions to appear in both (A) and (B) owing to the combination in the images of the results from both response functions.

showing that difficulty had a minimal impact of the pattern
of the fMRI findings, the fMRI data were collapsed across
this variable. We generated SPMs for several contrasts of
pre-experimental interest. These were aimed at identifying
the regions where: (i) activity elicited by correct rejections
was greater in the exclusion task than in the recognition
task; (ii) activity was greater for hits than for correct re-
jections regardless of task (main effect of old/new); (iii)
old/new effects were greater in the exclusion task than in
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the recognition task; (iv) activity was greater for excluded
non-targets than for correct rejections. Selected voxels
identified by these contrasts are illustrated inFig. 1.

3.3. Correct rejections

At the pre-experimentally determined threshold, no vox-
els in prefrontal cortex exhibited greater signal for correct
rejections in the exclusion task than in the recognition task.
In light of the findings of Ranganath et al.[34], a further
analysis was conducted on each voxel within a 1 cm diam-
eter sphere centred on the voxel exhibiting the peak task
effect in that study (x, y, z = −48, 48, 6). This was thresh-
olded atP < 0.05, and again failed to reveal any significant
task effect.

3.4. Hits versus correct rejections

Old/new effects common to both tasks were identified by
exclusively masking the hit versus correct rejection contrast,
collapsed across tasks, by the outcome of the old/new× task
interaction reported in the next section. The effect of this
procedure was to remove from the outcome of the hit ver-
sus correct rejection contrast voxels where old/new effects
varied significantly according to task. The results of this
analysis are given inTable 2and illustrated for selected re-
gions inFigs. 1 and 2A. For the early covariate, effects were
found in bilateral anterior prefrontal cortex and anterior
insula, more extensively on the left. Analysis with the late
covariate identified old/new effects in right anterior, dors-
lateral, ventrolateral and superior prefrontal regions, along
with less extensive effects in left anterior and ventrolateral
regions.

3.5. Old/new× task interaction

At the chosen threshold old/new effects identified with
the early covariate did not differ according to task in any

Table 2
Peak loci and extent of old/new effects common to the recognition and exclusion tasks (see text for further details)

x, y, z Z No. of voxels Region Approximate brodmann areas

Early
−45 48 6 3.81 39 Left anterior prefrontal 10
−45 18−3 3.79 33 Left anterior insula/frontal operculum 45/47

39 60−3 3.64 5 Right anterior prefrontal 10
30 21−9 4.39 24 Right anterior insula/frontal operculum 45/47

Late
−30 57 9 3.29 7 Left anterior prefrontal 10
−45 33−9 3.65 12 Left ventral inferior frontal gyrus 47
−48 21−6 3.46 14 Left ventral inferior frontal gyrus 47

21 63 12 4.57 119 Right anterior prefrontal 10/46
48 27 24 4.28 50 Right dorsolateral 46
12 24 57 4.23 12 Medial superior frontal gyrus 6/8
51 18−3 4.12 25 Right anterior insula/frontal operculum 45/47

Data shown separately for early and late covariates.

frontal region. Results of the analysis with the late covariate
are given inTable 3and, for selected regions, inFigs. 1
and 2B. Larger old/new effects for the exclusion task were
found in left anterior insula/opercular cortex, and in several
right prefrontal areas, including three dorsolateral regions
extending along the middle frontal gyrus.

3.6. Correct exclusions versus correct rejections

The outcomes of the contrasts between excluded
non-targets and correct rejections are given inTable 4and
illustrated in Fig. 2C. For the early covariate, the most
prominent prefrontal effect was found in left anterior cortex,
in a region overlapping that identified in the contrast be-
tween hits and correct rejections (seeTable 2andFig. 2A).
Analysis with the late covariate revealed greater activity
for excluded items in right dorsolateral and anterior pre-
frontal cortex. The first of these regions (x, y, z = 45, 24,
39) overlapped with one of the dorsolateral regions (x, y,
z = 45, 21, 42) that demonstrated greater old/new effects
for the exclusion than the recognition task (seeFig. 2B and
Table 3). The right anterior region (x, y, z = 15, 60, 24)
is very close to another area (x, y, z = 18, 60, 24) where
old/new effects were larger in the exclusion task than the
recognition task (cf.Fig. 2B and C).

3.7. Medial temporal lobe

We describe in this section findings that emerged
serendipitously from exploratory data analyses. While not
related to the pre-experimental questions, they appear suffi-
ciently robust and theoretically interesting to warrant report.
The findings emerged from a contrast identifying regions
where activity was greater for correct rejections than hits.
As shown inFig. 3 such an effect was found for the early
covariate along the longitudinal axis of the medial temporal
lobe, exhibiting local peaks in the left hemisphere atx, y, z
of −27, −3, −27, Z = 3.39; −27, −15, −24, Z = 3.29;
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Fig. 2. Parameter estimates for correct rejections (solid black bars), hits (open bars) and correct exclusions (dashed bars; exclusion task only) from
selected voxels identified by contrasts of (A) hits vs. correct rejections; (B) interaction between hits vs. correct rejections and exclusion versusrecognition
tasks, and (C) correct exclusions vs. correct rejections. Talairach coordinates and the response function identifying the region (early or late) shown at the
top of the graphs. Units are percent signal change for a given response component relative to the grand mean over voxels and scans. Rec: recognition
task; Exc: exclusion task. Numbered regions correspond with those inFig. 1.

and−36,−24,−21,Z = 3.95, respectively. The robustness
of the findings is attested in two ways. First, as can be seen
from the figure, each of the left medial temporal effects
was accompanied by an equivalent effect in the opposite
hemisphere. ANOVA of the parameter estimates for the
right hemisphere voxels homotopic with those noted above
for the left hemisphere [factors of region (anterior, middle,

Table 3
Peak loci and extent of old/new effects that were greater in the exclusion than the recognition task (see text for further details)

x, y, z Z No. of voxels Region Approximate brodmann areas

−36 18 36 3.49 7 Left middle frontal gyrus 6
−36 15 9 3.89 25 Left anterior insula 45

18 60 24 3.42 6 Right anterior prefrontal 10
48 42 24 3.91 27 Right dorsolateral 46/9
54 42−6 3.79 5 Right anterior/ventrolateral 10/46
45 30 33 3.46 8 Right dorsolateral 9/46
12 30 48 3.63 9 Right superior frontal gyrus 8
45 21 42 3.72 8 Right dorsolateral 9
30 18 36 3.76 9 Right middle frontal gyrus 6/8
15 18 48 3.45 15 Superior frontal gyrus 6
48 6 39 4.18 14 Right middle frontal gyrus 6/8

No effects were detected with the early covariate.

posterior), task, and response category)] revealed a sig-
nificant effect of response category (F(1, 1) = 37.50,
P < 0.001), despite the fact that these voxels were selected
solely on the basis of their symmetry with those exhibit-
ing peak effects in the left hemisphere. Second, ANOVA
contrasting the parameter estimates derived from these
three pairs of voxels for correctly rejected versus correctly
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Table 4
Peak loci and extent of regions demonstrating greater activity for exclusion non-targets than new items (see text for further details)

x, y, z Z No. of voxels Region Approximate brodmann areas

Early
−30 54 3 3.77 13 Left anterior prefrontal 10
−24 9 48 3.39 5 Left superior frontal gyrus 6

Late
15 60 24 4.27 16 Right anterior prefrontal 10
45 24 39 4.01 25 Right dorsolateral 9

Data shown separately for early and late covariates.

Fig. 3. Regions showing greater activity for correct rejections versus hits common to the recognition and exclusion tasks, displayed on coronal sections
from y = −3 to y = −23 of the same structural image depicted inFig. 1, together with the parameter estimates for selected voxels of interest. See
legends ofFigs. 1 and 2for more details.

excluded items also gave rise to a significant effect of
response category (F(1, 11) = 6.81, P < 0.025).

4. Discussion

4.1. Performance

Analysis of behavioural performance showed that re-
sponses to studied items in the exclusion task were less
accurate and slower than those in the recognition task, as
would be expected given the greater demands placed upon
both retrieval and post-retrieval processes in the former

task (seeSection 1). In addition, responses to new items
differed between the two tasks. The lower false alarm rate
in the exclusion task suggests that subjects were less will-
ing in that task to make positive judgements on the basis
of non-specific information, such as familiarity. This likely
reflects the fact that while such information is adequate
for discriminating between old and new items, it cannot
support the discrimination between targets and non-targets,
which would on average be equal in their familiarity.

An unanticipated finding was the failure of the difficulty
manipulation significantly to affect accuracy or RT in ei-
ther task (although, as is evident fromTable 1, trends were
largely in the expected direction). The parameters of this
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manipulation were selected on the basis of pilot work, and
we have no explanation why our preliminary findings did not
generalise to the study proper. The absence of a significant
difficulty effect does not greatly compromise the interpre-
tation of effects on brain activity that were either common
to the two tasks, or which resulted from within-task con-
trasts (e.g. the target versus non-target contrast in the exclu-
sion task). It must be acknowledged however that some of
effects identified in the between-task contrasts may reflect
the influence of difficulty or ‘effort’, rather than differential
engagement of specific retrieval processes.

4.2. fMRI findings

We discuss below our fMRI data, focusing on the ques-
tions outlined inSection 1. Before doing so, it is important
to note a caveat in the interpretation of contrasts involving
non-target items in the exclusion task. This arises be-
cause these items can be correctly classified not only when
their study context is recollected, but also when they are
‘forgotten’, that is, when they are mistakenly judged to be
new because of the combination of a failure to recollect
and below-criterion familiarity. Therefore, unlike correctly
classified target items, an unknown proportion of excluded
non-targets would have elicited little or no retrieval-related
neural activity. Thus, the power to detect old/new effects
is greater for targets than non-targets and such effects
might be expected, on average, to be the smaller for
non-targets. Because of this, we place little weight on ap-
parent dissociations between target and non-target old/new
effects.

We turn first to the outcome of the contrast between ac-
tivity elicited by the new items in each task. Unlike in the
study of Ranganath et al.[34], we did not find that correctly
classified new items elicited larger responses in left anterior
prefrontal cortex (or, for that matter, in any other pre-
frontal region) in the task requiring the retrieval of specific
information. Thus, we were unable to confirm that this re-
gion supports retrieval processes that vary according to the
specificity of the sought-for information (whereas a trend is
evident inFig. 2A toward greater left anterior activity (x, y,
z = −45, 48, 6) for both correct rejections and hits in the
exclusion task, ANOVA showed that the main effect of task
at the voxel did not approach significance;F(1, 11) = 2.01,
P > 0.1). One possibility is that the failure to find a task ef-
fect in the present study reflects a lack of power consequent
upon the employment of across- rather than within-session
contrasts. Another possibility relates to differences between
the two studies in the task manipulations employed. There
are, however, are a number of procedural differences also
that may account for the discrepancy between the findings.
Two differences in particular stand out: first, in Ranganath
et al. [34] subjects were required to select between two
responses in the general test (old versus new) but between
three responses in the specific test (smaller versus larger ver-
sus new). In the present case, both tasks involved selection

between binary response alternatives. Second, following
each study phase, Ranganath et al.[34] employed a series
of short test blocks (six items: three old, three new) that al-
ternated between the general and specific conditions. Thus,
unlike in the present study, subjects were required regu-
larly and predictably to switch between the tasks every few
trials. Perhaps this led to a task-dependent engagement of
the ‘switching’ operations held to be supported by anterior
prefrontal cortex[3,11]. Moreover, since the test blocks
were constrained to contain an equal number of old and
new items across only 6 trials, the predictability of upcom-
ing items (i.e. whether old or new) would have increased
rapidly over the course of each block.

While failing to differentiate between the tasks, a left ante-
rior prefrontal area overlapping the region identified by Ran-
ganath et al.[34] (x, y, z = −45, 48, 6 in the present study,
−45, 49, 5 in the previous one) did show greater activity for
correctly classified old relative to new items (interestingly,
Ranganath et al.[34] reported a non-significant trend in the
same direction). The effect was common to the recognition
and exclusion tasks, and was also found for the contrast in
the latter task between non-targets and new words, albeit
with a peak somewhat medial to that found for the common
effect. These findings are consistent with those of several
previous event-related fMRI studies of recognition memory
(38; see also[7]). Indeed, the agreement between the loci
of the left anterior effects in some of these previous studies
(e.g.x, y, z of −39, 49, 8[4]; −37, 53, 10[27], and−40,
51, 6[8]) and the locus observed here (x, y, z= −45, 48, 6)
is remarkable. The findings are also consistent with those
from the blocked fMRI study of source memory by Rugg
et al. [39]. This study identified a left anterior prefrontal
region (x, y, z = −44, 56,−2) where activity was greater
during recognition judgements on blocks containing high
rather than low numbers of old items, but where no addi-
tional activity was observed when the task was one of source
memory, findings closely analogous to those reported here.

Since non-targets and new items received the same re-
sponse, it can be concluded that left prefrontal activity does
not depend on the assignment of old and new items to dif-
ferent response categories. Rather, the activity appears to be
a true ‘retrieval success’ effect. A similar conclusion was
reached by McDermott et al.[28] on the basis of similar
logic. These authors included in their recognition test new
words that were composed of elements of two previously
studied items (e.g. ‘shotgun’ and ‘handstand’ might have
been recombined to produce the test item ‘handgun’). Ac-
cording to behavioural evidence, the ability to reject such an
item as ‘old’ depends upon recollection of the constituent
words from which it was formed[23], thus allowing the
sense of familiarity evoked by these items to be success-
fully ‘opposed’. Despite being categorised as new, the items
should therefore elicit a retrieval effect when contrasted
with ‘truly’ new items. Among the regions identified by this
contrast was left anterior prefrontal cortex (x, y, z = −37,
53, 10).
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The specific processes associated with left prefrontal
old/new effects are unclear, although the aforementioned
findings of McDermott et al.[28] suggests that activity in
this region may be associated selectively with the recovery
or representation of recollected information, rather than with
mere familiarity. This does not necessarily follow, however.
As noted, the correctly rejected recombined ‘lure’ items in
McDermott et al.[28] would have elicited a sense of famil-
iarity, albeit successfully opposed by recollection. A finding
that might add support to the recollection hypothesis comes
from Henson et al.[19], who reported greater left anterior
prefrontal activity for recognised items given ‘Remember’
(recollection-driven) rather than ‘Know’ (familiarity-driven)
judgements. The locus of this effect (x, y, z = −21, 54, 39)
is however somewhat dorsal to that found here and in most
other studies of recognition memory.

Whereas left anterior old/new effects did not differ ac-
cording to task, a different left frontal region—the junction
of inferior frontal cortex and anterior insula—did demon-
strate a task effect. The same region was also identified in
Rugg et al.[39], when it showed greater activity during the
source than the recognition task. In the present case the ef-
fect took the form of greater old/new effects in the exclusion
than the recognition task, suggesting that the region plays
some role in the retrieval or processing of task-relevant
episodic information.

Another prefrontal area to be identified in both this and
previous studies is right anterior prefrontal cortex. In the
present case old/new effects common to the two tasks were
found in a large right anterior region, which extended from
the lateral aspect of the frontal pole into more ventrolateral
cortex. These findings are broadly in line with those of Rugg
et al.[39], who identified two adjacent right anterior regions
where activity was greater for high- than low-density recog-
nition blocks, but where no further activity was elicited dur-
ing source judgements. The findings are also in line with
previous event-related fMRI studies of recognition memory
in which old/new effects have been reported in roughly the
same region[4,7,18,25,28]. In a departure from the findings
of Rugg et al.[39], however, the present study also iden-
tified a small right anterior prefrontal area where old/new
effects were greater in the exclusion task.

The functional significance of right anterior prefrontal
cortex during episodic retrieval tasks has been much debated
[26,36]. An enduring issue has been whether this region is
sensitive in recognition and recognition-like memory tasks
to retrieval success, as was originally argued by Rugg et al.
[40,41] on the basis of PET findings (but see[32]). The
present findings, together with those of the earlier studies
cited above, clearly indicate that this region is indeed sen-
sitive to whether a test item elicits successful retrieval (the
findings do not however speak to the independent question of
whether ‘state-related’ activity in right anterior cortex is ele-
vated during episodic retrieval-relative to other tasks, as pre-
dicted by the ‘retrieval mode’ hypothesis[9]). Furthermore,
in line with Rugg et al.[39], the present findings suggest that

right anterior old/new effects are in the main uninfluenced by
whether the task is one of yes/no recognition or source mem-
ory, suggesting they are relatively insensitive to the extent of
the subsequent processing conducted on retrieved informa-
tion. This is not say that the small region (x, y, z= 18, 60, 24)
in which right anterior old/new effects were found for the ex-
clusion task alone (seeFig. 2B and C) should be dismissed.
Whether this region represents the anterior extent of the dor-
solateral regions held to support monitoring operations (see
below), or instead reflects a further functional dissociation
within right prefrontal cortex, is unclear. Supporting the first
of these alternatives, Eldridge et al.[10] identified a right
anterior region (x, y, z = 23, 52, 25) where activity was
greater for recognised items endorsed as ‘Known’ rather than
‘Remembered’, a contrast that has been argued to highlight
neural activity related to post-retrieval monitoring[19].

The functional significance of right anterior prefrontal
old/new effects is unclear. As has been pointed out before
[12], anterior prefrontal activity during memory retrieval is
frequently bilateral, as was the case in the present study.
In light of the current paucity of evidence to suggest that
retrieval-related activity in left and right anterior prefrontal
cortex can be dissociated, it may be premature to assign
distinct functional roles to right and left anterior old/new
effects. This does not of course offer any constraints on
what the functional significance of these effects might be; in
particular, the question whether these effects reflect the sen-
sitivity of anterior prefrontal cortex to retrieval of episodic
information (recollection), as opposed to high levels of item
familiarity, remains open.

The final prefrontal region to be discussed here is right
dorsolateral cortex. As was noted inSection 1, it has been
proposed that activity in this region supports the monitoring
and evaluation of the products of a retrieval attempt[13,43].
The present findings offer strong support for this proposal.
Old/new effects were greater during the exclusion task than
recognition in several right dorsolateral loci. These findings
replicate and extend the results of Henson et al.[17] and
Rugg et al.[39]. They demonstrate that the greater dorsolat-
eral activity found for source relative to recognition judge-
ments is carried predominantly by responses to old items,
as would be expected given the assumption that evalua-
tion of the content of retrieved information places heavier
demands on post-retrieval monitoring than does mere de-
tection of ‘oldness’ (seeSection 1). Converging evidence
linking right prefrontal cortex to post-retrieval monitoring
comes from the previously mentioned study of memory con-
junction errors by McDermott et al.[28]. They reported
that the items which arguably required the most extensive
post-retrieval monitoring (‘recombined’ new items) elicited
greater right dorsolateral activity (x, y, z = 45, 24, 31) than
either old items or new items bearing no relation to the
study phase.

Exploratory data analysis revealed an unexpected find-
ing in the medial temporal lobe, where greater activity was
elicited by new relative to old items regardless of task. This
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finding is not without precedence; in a study of recogni-
tion memory for pictures Rombouts et al.[35] also reported
greater activity in bilateral parahippocampal cortex for cor-
rectly classified new items than for correctly detected old
items (x, y, z = −33, −18, −19 and 36,−13, −22 for
left and right hemispheres, respectively). Furthermore, Hen-
son et al.[21] reported that the same right anterior medial
temporal region exhibited greater activity for new than for
old items in four independent studies (including the present
one). These findings are the opposite of those reported in
some other event-related fMRI studies of recognition mem-
ory, where relatively greater medial temporal activity was
found for old items[4,7,10]. The present findings are more
reminiscent of those obtained in studies which contrasted
blocks containing trial unique as opposed to repeatedly pre-
sented stimuli[16,44]. Such studies have consistently re-
ported greater parahippocampal activation for repeated stim-
uli, albeit confined to more posterior regions than in the
present case. These findings have generally been interpreted
as evidence for the engagement of novelty-sensitive memory
encoding operations. Whether the present findings should be
interpreted in a similar light remains to be seen. Whatever
their explanation, these findings highlight both the variabil-
ity in the patterns of medial temporal lobe activity that can
be observed during retrieval tasks, and the present lack of
understanding of its causes (see[21] for further discussion).

5. Summary

In relation to the specific questions that motivated this
study, the following conclusions can be drawn. First, the
left anterior prefrontal region identified by Ranganath et al.
[34] as showing greater activity during tasks requiring re-
trieval of specific as opposed to general information did
not demonstrate a similar task effect in the present study.
Rather, in keeping with the findings from several other re-
cent event-related fMRI studies, the region exhibited robust
old/new effects. Second, as predicted on the basis of pre-
vious findings[17,39], old/new effects in right dorsolateral
prefrontal cortex were greater during the exclusion than
the recognition task, consistent with the proposed role for
this region in post-retrieval monitoring. Third, the old/new
effects observed for excluded non-targets in anterior and
dorsolateral prefrontal cortex indicate that these effects do
not reflect processes such as ‘target detection’ or differential
response selection; rather, the effects are likely to be linked
to processes supporting, or contingent upon, successful
memory retrieval.
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