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The last few years have seen a steady increase in the
number of functional neuroimaging studies aimed at in-
vestigating the neural basis of human long-term memory
(LTM), especiallyautobiographicalmemory. In an excellent
review of the autobiographical literature, Maguire (2001)
summarized findings from a number of experiments—six
carried out using positron emission tomography (PET)
and five based on functional magnetic resonance imaging
(fMRI)—and concluded that “the overall pattern across
studies is of medial and left-lateralized activations”
(p. 1441). Notably, however, the findingof a predominantly
left-sided network of frontal and temporal regions is in
stark contrast to patterns of impairment seen in neuropsy-
chological patients: In general, it is thought that right-
sided or bilateral temporal lobe lesions significantly impair
retrievalof autobiographicalmemories (Conway& Fthenaki,
2000; Kopelman & Kapur, 2001), with selective left-sided
lesions resulting in milder deficits (Eslinger, 1998; Gra-
ham, Pratt, & Hodges, 1998; Hokkanen, Launes, Vataja,
Valanne, & Iivanainen, 1995).

The present study was designed to address this contro-
versy, in particular by asking whether the left-sided activa-
tions documented in some functional neuroimaging stud-
ies of autobiographicalmemory can be attributed to the fact
that subjectswere not required to retrieve detailed and spe-
cific episodes from the past (Conway et al., 1999; Maguire
& Mummery, 1999;Maguire, Mummery, & Büchel, 2000).
If so, the scarcity of right temporal lobe activations in these
studiesmay be due to a lack of autobiographicalspecificity
rather than to a particularlateralizationof this aspect of LTM
to the left temporal lobe (see also Conway, Pleydell-Pearce,
Whitecross, & Sharpe, 2002, for a similar suggestion).

Functional Neuroimaging Studies
of Autobiographical Memory

At the time of this writing, Maguire (2001) noted that
there were 11 publishedfunctionalneuroimagingstudiesof
autobiographical memory. In 2 of these investigations
(Maguire, Vargha-Khadem, & Mishkin, 2001; Marko-
witsch et al., 1997), autobiographical retrieval in patients
with memory impairment was studied and will not be con-
sidered further in this article, which is concerned with the
neural architecture of LTM in normal subjects. We will
also not discuss in detail the study by Burgess, Maguire,
Spiers, and O’Keefe (2001), in which subjects navigated
around a virtual-reality town meeting people and obtain-
ing various objects. Although that investigation does tap
aspects of personal event memory—subjects were later
scanned while answering forced-choice questions about
what objects they had received and where they had ob-
tained them—it differs experimentally from the other pub-
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A novel, neuropsychologically informed paradigm (extended retrievalof events in response to a cue
word) was used to investigate the neural basis of autobiographical and semantic memory. Contrasting
retrieval of autobiographical memories with retrieval of semantic facts (ABM 2 SEM) in 24 subjects
across three PET studies revealed bilateral involvement of the middle temporal gyrus (BA 21) and me-
dial frontal cortex (BA 9/10). The opposite contrast, SEM 2 ABM, resulted in increased regional cere-
bral blood flow in left posterior temporal regions (BA 37) and left prefrontal cortex (BA 45/46). Later-
ality maps suggest that the bilateral pattern seen in our studies, but not often in other neuroimaging
investigations, reflects the use of a task stressing retrieval of specific personal events. Further com-
parisons revealed that the activation in the right anterior temporal lobe during autobiographical recall
was virtually identical to that seen during retrievalof information about famous people or events in con-
trast with retrieval of general semantic facts. These findings suggest that the retrieval of an autobio-
graphical event requires participation from conceptual knowledge, and that this type of knowledge is
bilaterally distributed in the temporal lobes.
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lished autobiographicalstudiesand is more similar to stud-
ies involvingthe typesof anterogradememory tasks (recall
and recognition of verbal and visual stimuli after a delay)
frequently adopted in neuroimaging studies of episodic
memory (Fletcher & Henson, 2001). Of the 8 remaining
studies, it is notable that two experiments did not activate
temporal lobe regions (Andreasen et al., 1995; Andreasen
et al., 1999), which, as will be discussed in more detail
below, may reflect the control conditionsused by these au-
thors (e.g., rest or relaxation).

The remaining six papers discussed by Maguire (2001),
plus two other recent papers (Markowitsch et al., 2000;
Niki & Luo, 2002), have addressed two main issues with
respect to the neural basis of autobiographicalmemory: (1)
whether some regions of the brain, especially the hip-
pocampus and other medial temporal lobe regions, are
more involved in the retrieval of recent memories (Con-
way et al., 1999; Maguire, Henson, Mummery, & Frith,
2001; Niki & Luo, 2002; Ryan et al., 2001), and (2) the
role played by more lateral temporal and frontal regions in
the retrieval of personal events (Conway et al., 1999; Fink
et al., 1996; Maguire & Mummery, 1999; Maguire et al.,
2000;Markowitsch et al., 2000). Until Niki and Luo, there
was relatively little evidence that hippocampal regions
were more active during the retrieval of recent in compar-
ison with remote memories (see Murre, Graham,& Hodges,
2001; Nadel, Samsonovich, Ryan, & Moscovitch, 2000;
Nestor, Graham, Bozeat, Simons,& Hodges, 2002;Squire,
1992, for theoretical reviews about this issue). For exam-
ple, Ryan et al. (2001) used fMRI to study the recollection
of autobiographical events from two time periods (either
within the last 4 years or more than 20 years ago) and
found no evidence that activation levels in the hippocam-
pus were modulated by memory age. Notably, however,
Ryan et al. also did not observe more activation for remote
than for recent memories, a finding that might have been
predicted from the memory consolidationmodel of Nadel
and Moscovitch (1997), in which older memories are rep-
resented by more traces in the medial temporal lobe
(Nadel et al., 2000). Niki and Luo, however, report an
fMRI study in which volunteers were asked to remember
(or imagine) theirexperiencesof place and landmarknames
that they had visited either 7 or more years ago or recently
(i.e., within the last 2 years). Retrieval of the most recent
memories resulted in increased activation in the medial
temporal lobe, especially the left parahippocampalgyrus,
even in a contrast that took into account the number of de-
tails produced by the subjects.

In terms of lateral cortical activations, the majority of
these eight studies have reported a left lateralized frontal/
temporal network during the retrieval of autobiographical
event memories. This network typically includes the tem-
poral pole, the temporoparietal junction, and the medial
frontal regions (Maguire & Mummery, 1999; Maguire
et al., 2000). The only major deviations from this pattern
are the reports by Fink et al. (1996) and Markowitsch et al.
(2000) of right temporal activations, a f inding that is
thought to reflect a bias toward the retrieval of affect-laden

material in these studies (Conway & Fthenaki, 2000;
Maguire, Henson, et al., 2001; Markowitsch et al., 2000).

Neuropsychological Investigations
of Autobiographical Memory

In the last 2 years, a number of authors have published
detailed reviews of the literature on autobiographical
memory and focal retrogradeamnesia (Conway& Fthenaki,
2000;Kapur, 2000;Kopelman, 2000;Kopelman & Kapur,
2001); consequently, this section will touch on this topic
only briefly. There is some evidence of dissociability be-
tween autobiographical and semantic memory, although,
as will be noted below, these distinctionsare not clear-cut.
Whereas some patients present with selective impairment
of autobiographical memory in the context of good, or
even normal, semantic memory (Dalla Barba, Cipolotti,
& Denes, 1990; Evans, Breen, Antoun, & Hodges, 1996;
Kapur, Young, Bateman, & Kennedy, 1989; Levine et al.,
1998), a smaller number of patients show the opposite pat-
tern with poor retrieval of aspects of semantic knowledge
despite better recall of autobiographicalevents (De Renzi,
Liotti, & Nichelli, 1987; Kitchener & Hodges, 1999).

In terms of the neural basis of LTM deficits, impair-
ments to autobiographical or semantic memory are fre-
quently associated with damage to anterior temporal lobe
regions,particularlythe temporalpole (Conway& Fthenaki,
2000;Hodges& K. S. Graham, 2001;Kitchener& Hodges,
1999;Kroll, Markowitsch,Knight, & von Cramon, 1997).
Furthermore, there is at least some suggestion of differ-
ential left versus right temporal involvement in these two
aspects of disruption to LTM. For example, Kopelman,
Stanhope, and Kingsley (1999) found severe autobio-
graphical deficits in patients with right-sided temporal
lobe lesions after herpes simplex encephalitis in compar-
ison with the deficits found in patients with left-sided
damage (see also the singlecases of left temporal lobe dam-
age described by Calabrese et al., 1996, and the studies of
Eslinger, 1998; Hokkanen et al., 1995; and Markowitsch
et al., 1993).

Kopelmanand Kapur (2001) remind us, however, that the
distinction between autobiographicaland semantic mem-
ory is often rather blurry; for example, patients with right
temporal lobe damage frequently show deficits in remote
semantic tasks (e.g., knowledgeof publiceventsand famous
people), in addition to their impairments in autobiographical
recall. This finding raises several unanswered questions:
(1) Are different categories of semantic knowledge—in
particular, knowledgeof famous people versus knowledge
about objects and the meanings of words—represented
separately, and (2) what is the relationship between these
semantic systems and autobiographical memory? These
topics will be discussed in more detail later in this paper.
For now, however, it is worth noting that the distinctionbe-
tween aspects of semanticknowledgeand autobiographical
memory (Gorno-Tempini,Cipolotti,& Price, 2000;Gorno-
Tempini & Price, 2001; Gorno-Tempini, Wenman, Price,
Rudge, & Cipolotti, 2001; Kitchener & Hodges, 1999;
Kopelman et al., 1999;Maguire & Mummery, 1999) is not
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absolute and that tests of remote memory, especially in
neuropsychological studies, often require access to both
semantic and personal event information.

Methodological Issues
These brief summaries illustrate a significant discrep-

ancy between findings from functional neuroimagingand
those from neuropsychology on the neural basis of auto-
biographical memory, with many (though not all) of the
former indicating a critical role for the left temporal lobe
and the latter implicating a more bilaterally distributed
network. Given that it is virtually impossible to isolate the
unique contributions of autobiographical and semantic
memory to performance on neuropsychological tests of
remote memory, whereas functional neuroimagingexper-
iments are designed to address precisely this methodolog-
ical issue, perhaps one should give greater weight to the
latter technique and conclude, as does Maguire (2001) in
her recent review of the literature, that autobiographical
memory is dependenton a network of left frontal and tem-
poral regions. For various reasons, however, we will argue
that this assumption seems premature, in particular given
that a number of methodological issues still remain to be
addressed about the functional neuroimaging of autobio-
graphical memory.

Pretesting of subjects prior to scanning. A number of
the autobiographical neuroimaging studies to date have
involved semistructured interviews or pretesting of stim-
uli with subjects prior to scanning. Although there are
good reasons to carry out such interviews (see Maguire,
2001, for more details), it is not clear how this pretesting
of subjectsaffects subsequentperformance and/or patterns
of blood flow in the scanner. As Maguire noted, “Does
questioningsubjects, even briefly, before scanning change
the essential nature of the memory one wishes to exam-
ine? Is the memory now recent as opposed to what might
have been a remote memory? Has the event been recoded
and is that what one is scanning and not recall of the orig-
inal event?” (p. 1445). In an attempt to address this diffi-
cult issue, as part of a larger experiment Ryan et al. (2001)
scanned 3 subjects for whom cues about past experiences
were acquired from spouses rather than from the subjects
themselves.The results obtained for these 3 subjects were
similar to those of the rest of the group, a finding that may
partially reassure some experimenters that pretesting is
not necessarily influencingthe patterns of activationsseen
during autobiographical retrieval (see also Conway et al.,
1999). Further data are needed, however, and there is no
doubt that researchers interested in autobiographicalmem-
ory would generally prefer to avoid the need for semi-
structured interviews prior to scanning.

Generic versus detailed recall. Four of the eight neuro-
imaging studies reported in the literature have used para-
digms that seem unlikely to result in detailed recall of auto-
biographical events. The three studies by Maguire and
colleagues (Maguire, 2001; Maguire & Mummery, 1999;
Maguire et al., 2000) used a yes–no statement verification
task (e.g., “You did a tour of Concorde at Heathrow”), and

the investigationby Conway et al. (1999), though based on
a neuropsychological test of autobiographical memory
(Crovitz & Schiffman, 1974; Graham & Hodges, 1997),
did not provide subjects with sufficient time to retrieve a
detailed event (the subjects were presented with a word
for 200 msec and then had 4,800 msec to recall a specific
episode).Conway et al. (1999) chose this brief retrieval pe-
riod for good experimental reasons, to match the temporal
characteristics of their autobiographicalcondition to those
of a paired-associate control condition; but, in pilot test-
ing for the experiment reported here, it was notable that
the control subjects rarely produced any specific details
about an event during the first 4–5 sec after presentation
of the target word and were typically able to discuss these
events for 25–60 sec, depending on the target word (see
also Conway, 2001).

Conway et al. (2002) raise a similar point with particu-
lar reference to the paradigm of Maguire (Maguire, Hen-
son, et al., 2001; Maguire & Mummery, 1999; Maguire
et al., 2000). In these experiments, subjects completed a
questionnaire about personal and public events prior to
testing. Details from this questionnaire were used to cre-
ate real and made-up statements, and the subjects were
asked duringscanning to verify whether each statementwas
true or false. A central assumptionof this method is that the
verification of the statement (e.g., “You fell out of a tree
as a child”) automaticallybrings to mind the very incident
described. As Conway et al. (2002) suggest, however, it is
highly plausible that accurate performance on such veri-
fication tasks may instead be based on autobiographical
knowledge (see below), without access to and retrieval of
the specified episodic event.

In a series of papers, Conway and colleagues (Conway,
2001; Conway & Fthenaki, 2000; Conway & Pleydell-
Pearce, 2000; Conway, Pleydell-Pearce, & Whitecross,
2001; Conway et al., 2002; Conway et al., 1999) proposed
that autobiographicalmemories are transitory representa-
tions that are effortfully constructedand maintained using
different typesof autobiographicalknowledge (life events,
generalevents,andsensory–perceptualepisodicmemories—
also called event-specific knowledge; see Figure 1 of Con-
way et al., 1999). Conway (2001) notes that memories of
lifetime periods (e.g., “when I was at university,” “when I
was in California,” “when I worked in Cambridge”) con-
tain knowledge about people, activities, locations, feel-
ings, and evaluations common to a period as a whole,
which can be used to access more specific knowledgeheld
at the level of general events, which also contains knowl-
edge about people, activities, locations, and so on, related
to more specific experiences (e.g., freshman orientation
week, working with Bruce, job interview, etc.). Knowl-
edge at the general level provides a mechanism for re-
trieval of a more specific and, presumably, temporally de-
fined episodic event, and Conway argues that it is the
inclusion of this sensory–perceptual episodic memory—
so called because these memories are thought to be stored
close to specializedposterior sensory–perceptualregions—
that gives autobiographicalmemory its recollective prop-
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erties (e.g., “the sense of the self in the past”; Conway,
2001, p. 1375).

This view of autobiographical retrieval entails two fun-
damental implications for functional neuroimaging.First,
the process is unlikely to be rapid (e.g., completed within
the 5 sec providedby Conway et al., 1999). Second, the re-
trieval of a recollective event is not an automatic endpoint
of the process; instead, individualsmay rely on higher lev-
els of knowledge (e.g., general events) to solve the task if
this is all that is required (Maguire & Mummery, 1999).

Methods of obtaining behavioral data about perfor-
mance. Owing to the difficulties of having subjects speak
aloud while being scanned (especially with fMRI), most
of the current autobiographicalmemory studies have not
measured autobiographicaloutput during the actual scan-
ning event (Fink et al., 1996). For example, in Ryan et al.
(2001), subjectswere given life event labels, such as a fam-
ily picnic and learning to drive, and were asked to think
about a memory related to each category while they were
being scanned.After the scanning event, the subjects were
given the same cues again and asked to describe verbally
the details of the memories they had recalled and to rate
the memories for vividness, emotional valence, physical
arousal, and importance. Given the reconstructive and
transitory nature of autobiographicalmemory recall (Con-
way, 2001), experimenters using this technique can never
be sure that the autobiographicalmemory recalled later is
indeed the same event that was thought about in the scan-
ner. A significant improvement in this area of research
would be the behavioral acquisition of autobiographical
memories (i.e., recorded responses from subjects) during
scanning.

Control conditions. The control conditions used for
comparison with autobiographical memory conditions
have includedrest (Andreasen et al., 1995), relaxation(Ryan
et al., 2001), viewing rectangular boxes of varying pixel
intensity (Conway et al., 1999), word-stem completion
(Ryan et al., 2001), paired-associate memory (Conway
et al., 1999), and imaginingnonpersonalevents (Fink et al.,
1996). Although the design of control conditions in func-
tional neuroimaging is never easy, the use of rest or relax-
ation conditions seems particularly troublesome. A recent
neuroimagingstudybyChristoff,Ream, and Gabrieli (2001)
contrasted the pattern of regional cerebral blood flow
(rCBF) associated with rest with that seen during an arrow
condition, in which subjects pressed a button box accord-
ing to whetheran arrow was pointingleft or right.Rest minus
arrow resulted in a pattern of activation remarkably simi-
lar to that seen in published autobiographical memory
studies (e.g., activity in the anterotemporopolarcortex and
the parahippocampalgyrus), such that a control condition
of rest may fail to uncover specific regions involved in
autobiographical recall (see also Conway et al., 2002). In
addition, episodic tasks, such as paired-associate learning
(Conway et al., 1999) and imagining events presented via
sentences prior to scanning (Fink et al., 1996; Markow-
itsch et al., 2000), typically confound memory age: Dur-
ing the autobiographical task, subjects may produce old

childhoodmemories, yet in the control condition they may
be recalling very recent episodic events. In this paper, our
interest was in neural regions that might be specific to dif-
ferent types of LTM, and, consequently, we chose a con-
trol condition involving the recall of semantic facts.

Notably, Maguire, Henson, et al. (2001), Maguire and
Mummery (1999), and Maguire et al. (2000) adopted a 2 3
2 factorial design that contrasted verification of time-
specific (T) memories with those that were also personal
(P) in nature (e.g., T1P1 5 “You were Mike’s best man
at his wedding”; T1P2 5 “Zola Budd tripped with Mary
Decker”; T2P1 5 “Ray is the youngest of your broth-
ers”; and T–P2 5 “Tony Blair has four children”).
Maguire and Mummery reported a left lateralizednetwork
that supported all memory retrieval (all conditions minus
a control sentence condition), includingmedial prefrontal
cortex (BA 10), anterolateral middle temporal gyrus
(BA 21), temporal pole (BA 38), hippocampus and
parahippocampal gyrus (BA 28/38), posterior cingulate
(BA 31), and, bilaterally, the temporoparietal junction
(BA 39). In terms of memories that were specific in both
time and place (T1P1), there was particularly strong ac-
tivation in left medial frontal regions: the hippocampusand
the temporal pole. As we have already noted, however, de-
spite the clever use of appropriate semantic control condi-
tions, the autobiographical memory task in these studies
was unlikely to result in retrieval of sensory–perceptual
episodic memories (Conway et al., 2002), and it seems
possible that the finding of a left-sided memory network
in these studies is associated with this lack of specificity.

Laterality. As has been discussed above, the main con-
troversy in the literature on autobiographicalmemory re-
lates to the differential involvement of left versus right
temporal lobe regions in retrieval. To address this contro-
versy, it seems critical to compare blood flow in similar left
and right regions directly, an analysis that has not yet been
carried out in any published neuroimaging study on auto-
biographical memory. More specifically, if an activation
passes a particular statistical threshold on the left but not
on the right, it is not valid to conclude that the left activa-
tion is significantly greater than the right, since the signal
could be very similar on the right but just marginallyunder
the threshold. Similarly, even if there is statistically sig-
nificant bilateral activation, there may still be large differ-
ences in the magnitudeof activationbetween the two sides.
In order to conclude that the signal change on one side dif-
fers from that on the other, the most appropriate test is to
subtract the activationson each side from one another and
test the difference statistically. Since this direct compari-
son has not been attempted in previous work in the field,
current conclusionsabout the lateralityof autobiographical
activations can be viewed as only provisional.

Summary
Our experiment was aimed at addressing the method-

ological issues described above by adoptingan innovative,
neuropsychologicallyinformed experimental paradigm in
which subjects are scanned while retrieving autobio-
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graphical or semantic information about concepts in re-
sponse to the auditory presentation of the corresponding
concept names. The technique we adopted is similar to
methods considered well suited to probing the structure
and content of human LTM in both normal subjects and
patients: (1) retrieval of detailed and time-specific auto-
biographicalmemories related to a particular concept and
from a particular time (Graham & Hodges, 1997; Nestor
et al., 2002) and (2) feature-listing experiments in which
subjects are asked to speak (or write) at some length to de-
scribe what they know about everyday objects (e.g., Gar-
rard, Lambon Ralph, Hodges, & Patterson, 2001; Tyler,
Moss, Durrant-Peatfield, & Levy, 2000). In addition, the
technique has the major advantage of allowing the sub-
jects to provide the memories or factual material that they
themselves consider relevant to the target concepts rather
than forcing them to make judgments about experimenter-
defined properties.

There were two other benefits associatedwith our exper-
imentalparadigm.First, it allowedus to record the responses
of the subjectswhile they performed the experimental tasks,
which, in turn, allowed us to undertakebehavioralratings of
the memories and to confirm whether the subjectswere per-
forming our tasks appropriately.Second, the task provided
a means of ensuring that the subjects would produce de-
tailed and specific autobiographicalevents, thereby reduc-
ing the possibility that the task was dependentonlyon auto-
biographical knowledge.

In summary, our experiment (1) did not require pretest-
ingof subjectsprior to scanning,(2) allowed sufficient time
for autobiographicalrecall, (3) includeda suitablememory
control condition (retrieval of semantic facts), (4) enabled
us to collect and analyze the behavioral responses pro-
duced during the scanning event, and (5) provided an op-
portunity to carry out laterality analyses aimed at eluci-
dating the roles of the right and left temporal lobe in
autobiographical retrieval. Despite previous functional
neuroimaging findings (at least in the autobiographical
domain),we predicted, in accordancewith data from neuro-
psychological studies, that there would be differential in-
volvement of right- and left-sided regions in autobio-
graphical and semantic retrieval, respectively.

METHOD

Subjects
A total of 24 healthy right-handed subjects (18 postmenopausal

women and 6 men) with a mean age of 60.4 years (SD 5 6.9, range 5
42–68 years) were scanned. Each subject participated in one of three
imaging studies. There were 7 subjects in Study 1 (mean age 5
63.6 years, SD 5 4.4, range 5 57–68 years), 8 subjects in Study 2
(mean age 5 61.8 years, SD 5 6.2, range 5 51–68 years), and 9 sub-
jects in Study 3 (mean age 5 56.7, SD 5 8.1, range 5 42–68 years).
The subjects were older than those commonly used in neuroimaging
studies in order to ensure that autobiographical memories from the
remote past (e.g., childhood and adulthood) would have occurred
many years in the past. Prior to scanning, all the subjects were med-
ically screened by a qualified clinician and gave written consent for
participation in the study after its nature and possible consequences

were explained to them. The study received ethical approval from
the Cambridge Health Authority Local Research Ethics Committee.

Image Acquisition
Twelve PET scans were obtained for each subject using a GE Ad-

vance PETsystem (General Electric Medical Systems, Waukesha, Wis-
consin) at the Wolfson Brain Imaging Centre, Addenbrooke’s Hospi-
tal, Cambridge. Nine of the scans from Study 1 and 10 scans from
each of Studies 2 and 3 are germane to the present paper. The GE
system produces 35 simultaneous image slices per scan at an intrin-
sic resolution of approximately 4.0 3 5.0 3 4.5 mm. Subjects re-
ceived a 20-sec intravenous bolus of H 2

15O before each scan
through a forearm cannula at a concentration of 300 MBq/ml and a
flow rate of 10 ml/min. With this method, each scan provides an
image of rCBF integrated over a period of 90 sec from the time when
the tracer first enters the cerebral circulation.

Experimental Design
Conditions and Stimuli. To select suitable stimuli for the exper-

iment, we asked 3 control subjects (age range 55–65 years) to pro-
duce detailed autobiographical memories (both from the remote past
and from the recent past) for 52 possible words (all highly imageable
English nouns; e.g., horse, ambulance, fish, garden , bicycle , tele-
phone) and recorded both the length of the interval between each
subject’s hearing the word and starting to speak and the length of
time that the subjects took to describe their memories. On the basis
of these responses, we selected words that (1) cued successful auto-
biographical recall in all subjects, (2) allowed the subjects to start
speaking relatively quickly (within 5 sec of hearing the word), (3) re-
sulted in lengthy (at least 30-sec) and detailed (i.e., not general or
repeated) autobiographical events, and (4) were equally successful
in both the recent and remote domains. The final set of 36 words
was randomly split into nine sets of 4 words, and the presentation of
these sets (one per scan) was counterbalanced across conditions and
subjects. Notably, very few of these words could be considered af-
fect laden (i.e., likely to result in the retrieval of emotionally charged
events), and, in keeping with this, the subjects rarely produced mem-
ories that were distressing or particularly emotive in nature.

In order to facilitate smooth autobiographical retrieval throughout
the whole of the experimental scan, in all conditions the first word
was presented to the subject 20 sec prior to the start of the 90-sec
scanning period. This was followed by each of three words at 30-sec
intervals (see Figures 1A and 1B). Words were read aloud by the ex-
perimenter into an amplified sound system in the PET control room
and delivered to the subject in the scanner via a pair of headphones.
An auditory beep preceded the presentation of each word.

In Study 1, the subjects undertook six autobiographical memory
(ABM) scans, during which they were instructed to produce as de-
tailed and time-specific an autobiographical memory as possible re-
lated to each presented concept. In three of the scans, this memory
had to come from the last 5 years (recent), whereas in the three re-
maining ABM scans, a memory from childhood or early adulthood
(remote) was requested. Comparisons of the patterns of activations
during these two conditions (recent–remote and remote–recent) re-
vealed no regions significant at a corrected level, so data from these
conditions were combined in subsequent analyses. During three
other scans, the subjects were requested to produce semantic (SEM)
facts about the heard word, including both perceptual and nonper-
ceptual information, as they wished (see Figure 1B and Table 1). If
during any of the conditions the subject was unable to produce in-
formation about a word, the experimenter provided the subject with
a new word from a prepared list of alternates on the basis of the pilot
testing.

In Study 2, the stimuli for all conditions were highly imageable
English nouns balanced across semantic domains—and the autobio-
graphical condition—for familiarity and syllable length. Since the
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Figure 1. Examples of the experimental design and stimuli used in the three imaging studies and
across conditions.
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experiment was designed primarily to ask whether semantic mem-
ory is organized by attribute, by category, or by both (see Lee et al.,
2002), there were four SEM conditions (living–perceptual , living–
nonperceptual , nonliving–perceptual , and nonliving–nonperceptual ).
During the living tasks, the subjects were presented with names of
animals (e.g., lobster, tiger, fox); during the nonliving conditions, the
subjects were presented with names of artifacts (e.g., hammer, whis-
tle, windmill; see Figure 1C). The subjects were instructed to pro-
duce semantic information about each object by speaking aloud fol-
lowing its presentation. The content of the requested information
was varied according to the task (see Table 1 for examples). Thus, dur-
ing the perceptual tasks, the subjects were instructed to generate in-
formation of a perceptual nature (e.g., “a fox is often red in color
with a bushy tail…”), whereas during the nonperceptual tasks, the
subjects were asked to produce information of a nonperceptual na-
ture (e.g., “foxes are hunted by hounds and are considered pests in

cities…”). The experimental task lasted 90 sec and comprised six
stimuli presented for 15 sec each (see Figures 1C and 1D); unlike in
Study 1, there were no additional items presented prior to the start
of acquisition. The stimuli were completely counterbalanced across
subjects such that words assigned to the nonperceptual tasks for half
of the subjects were used in the perceptual tasks for the other half.

For the purposes of this experiment, we have combined all these
scans into a single SEM condition (details about the differences be-
tween the semantic conditions are reported in Lee et al., 2002). This
was considered appropriate, since the subjects in Studies 1 and 3
were free to produce both perceptual and nonperceptual information
and were provided with concepts of both living and nonliving things.
The stimuli for the ABM condition in Study 2 were similar to the
items used in Study 1, but were also selected so as to be matched, for
familiarity and category, to the SEM conditions (e.g., one scan in-
cluded only living items and the other comprised only nonliving

Table 1
Examples of Subjects’ Responses in Studies 1, 2, and 3

Study: Condition Word and Sample Response

1: Recent ABM Squirrel: I’d taken the dog for a walk in the park and I didn’t think he had seen
a squirrel before, so I thought this should be quite interesting because he’s not
interested in cats. He, the squirrel, stayed absolutely still on the side and my
dog walked up to it and they were within, oh, just a few inches of each other
before the squirrel just gently took off.

1: Remote ABM Wedding: When I was about four, my Auntie Anne married my Uncle Tom
and right from a very small child I didn’t very much like getting dressed up,
but I had to be dressed in a little beautiful pink frock and I had a wicker basket
with flowers in it.

1: SEM Airplane: An airplane is an invention of this century and it transports people
through the sky to many countries, more or less anywhere in the world, and
aircraft vary in size, you can have small ones with just one pilot and you can
have ones with hundreds of people in that.

2: ABM Dog: I wasn’t a dog person a long while ago. But when I was a very small boy,
I patted a little dog on the head and it snapped at me, and I’ve still got a scar.

2: L–P Alligator: An alligator is fairly long, I should say an eight, nine, ten feet long
creature which lives, it splashes about in the water. It’s green, dirty greenish
sort of olive color.

2: L–NP Eagle: It’s an endangered species, protected, you can’t collect their eggs.
It lives in mountains in Scotland.

2: NL–P Barrel: Is a roundish object made of wood, held together with metal hoops and
a lid on the top and on the bottom. It contains things like beer or wine and it
would be very rough on the outside.

2: NL–NP Trumpet: A trumpet is a musical instrument. It’s made of brass, it’s played in an
orchestra usually in large numbers. It can be played solo or in small groups.

3: ABM Bicycle: My daughter borrowed my bicycle to go on holiday to Ireland. She
went with her boyfriend and we had this postcard back and she said we’re still
speaking, he’s waiting to catch up, but the bike is a super one.

3: SEM Ambulance: Ambulances are used for accidents in emergencies, quickly to get
to places. Very well equipped to deal with all types of accidents and
emergencies. Also smaller ambulances used for transporting patients from
their homes to their hospitals or between one hospital and another.

3: FEV Bombing: The one at Enniskillen on Memorial Sunday. I have a friend from
there and she knew lots of people who had been at the cemetery, at this
service and people who were actually hurt in the blast.

3: FP Politician: I should think we could go for Margaret Thatcher. Margaret, the Iron
Lady, who turned round this country in many ways and made I think this
country into a much more international force. She was well respected
by European leaders.

3: PP Teacher: The most charismatic teacher that I had was Jim Simpson who was my
biology teacher and he had an ability to draw on the board which was quite
remarkable. He was a large man.

Note—ABM, autobiographicalmemory; SEM, semantic memory; L, living; P, perceptual; NL, nonliving;NP,
nonperceptual; FEV, famous events; FP, famous people; PP, personal people.
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items). The subjects were asked to produce memories from child-
hood and early adulthood, except that in Study 2 the subjects were
provided with only 15 sec during which to discuss the event (see Fig-
ure 1D). A reduced time period was adopted in this experiment be-
cause pilot testing of the semantic definition component revealed
that subjects might not be able to produce exclusively perceptual or
nonperceptual information for 30 sec.

Ten scans from Study 3 are relevant to our investigation. Two of
these were ABM in nature, during which the subjects were requested
to produce a detailed and time-specific memory from any time pe-
riod they wished (note that this is somewhat different from the meth-
ods used in other studies, in which the time period for retrieval was
clearly specified; see Figure 1E). As in Study 1, there were also two
SEM scans, during which the subjects produced a series of seman-
tic facts about the presented words (see Figure 1F). The additional
three conditions (2 scans each) were as follows: famous people (FP;
see Figure 1G), personal people (PP; see Figure 1H), and famous
events (FEV; see Figure 1I). In order to equate these three new con-
ditions to the ABM and SEM conditions, we used labels rather than
names of specific people or events (e.g., for FP, actor, tennis player,
entrepreneur ; for PP, neighbor , driver, grandchild ; for FEV, bomb-
ing, train, sinking). Examples of the subjects’ responses are shown
in Table 1. In Study 3, we were able to return to longer time periods
for the responses to target stimuli and, as in Study 1, the subjects
heard four words per scan, with the first word being presented 20 sec
prior to the start of the 90-sec activation scan. The words for the
ABM and SEM conditions were based on items used in the two pre-
vious studies. The stimuli for the new conditions were obtained by
pilot testing 3 appropriately aged control subjects and selecting
items for which (1) there was successful autobiographical recall in
all 3 subjects, (2) the subjects started speaking within 5 sec of hear-
ing the word, and (3) the descriptions of the people and events were
detailed and lasted at least 30 sec. The subjects were given detailed
instructions and adequate practice with all these tasks before enter-
ing the scanner and, prior to each scan, were reminded of these in-
structions with particular reference to the condition in which they
were about to participate.

Behavioral analyses. During the scans, the subjects’ responses
were tape recorded and later transcribed. Two raters blind to the hy-
potheses of the experiment then rated all the ABM and SEM responses.
In all analyses, only those items presented in the first 45–60 sec of
scanning, during the rise time of the head curve (Silbersweig et al.,
1993), were included (e.g., in Studies 1 and 3 items in Positions 2 and
3, and in Study 2 the first three words). The raters were trained to score
the responses and were provided with clear and detailed scoring sys-
tems to help them judge the quality of the descriptions.

For the ABM condition, responses were rated according to speci-
ficity (semantic, generic , and specific) and detail (on a scale of 0–5),
using a novel modification of a 6-point scoring scheme developed
for use in neuropsychological patients (Graham & Hodges, 1997). To
create a single measure for the episodic quality of each response and
to generate as sensitive a rating scale as possible, a semantic mem-
ory was given 0 points, a generic memory (e.g., “I eat toast for break-
fast every day”) 5 points, and a specific memory (e.g., “My toaster
caught fire one morning”) 10 points. Points for detail (0–5) were
added to these scores, and, therefore, the maximum possible score
for a memory was 15 points.

Responses in the SEM condition were rated for degree of percep-
tual and nonperceptual/ factual information (rated on a scale of 0–4,
with 0 indicating information that was entirely nonperceptual and 4
indicating information that was entirely perceptual). In all analyses,
each response was entered as a separate score, even though there
might be two or three individual responses within a scan.

Data Preprocessing and Statistical Analysis
The scans were preprocessed individually and then combined

with the other subjects’ scans for collective statistical analysis using

the Statistical Parametric Mapping 99 package (SPM99, Wellcome
Department of Imaging Neuroscience, London). For preprocessing,
the functional images were first realigned as implemented in SPM99
to create a mean image. This was then normalized for global CBF
value and also spatially normalized to conform to the standard Mon-
treal Neurological Institute (MNI) brain template. Finally, each
image was spatially smoothed using an isotropic Gaussian kernel at
16 mm.

For the statistical analysis, the global CBF value was averaged
across subjects for each activation state. Blood flow changes be-
tween conditions were then estimated for each voxel according to
the general linear model, as implemented in SPM99. Scan order and
head movement were entered as covariates of noninterest in the
analysis (Brett, Bloomfield, Brooks, Stein, & Grasby, 1999). Acti-
vations within the temporal lobes that survived an intensity thresh-
old of p # .05 (corrected for multiple comparisons) are reported.
This threshold, based on 3-D Gaussian random field theory, predicts
the likelihood of obtaining a false positive in an extended 3-D field.
To estimate the Brodmann areas (BAs) corresponding to regions of
significant activation, the MNI coordinates provided by SPM99
were transformed (see http:/ /www.mrc-cbu.cam.a c.uk/imaging/
mnispace.html) to Talairach atlas coordinates (Talairach & Tournoux,
1988). Three separate analyses, each addressing specific experi-
mental questions, were carried out and are described below.

RESULTS

Analysis 1: Is the Retrieval of Autobiographical
Memory Dependent on a Predominantly Left
Hemispheric Network?

In the first analysis, data from the ABM and SEM con-
ditions in all 24 subjects participating in Studies 1–3 were
combined, and two contrasts were carried out: (1) ABM –
SEM, to identify the brain regions involved in autobio-
graphical recall in comparisonwith the retrieval of general
semantic information, and (2) SEM 2 ABM, to determine
which areas showed significant rCBF increase during the
recall of general semantic knowledge in comparison with
that of personal events.

Behavioralperformance. Across all subjects, a total of
136autobiographicalmemories were includedin the analy-
sis. The average episodic specificity for these memories
was 7/15 (SD 5 2.2). Descriptive statistics for the seman-
tic memories, of which 235 were included in the analysis,
revealed that across all the studies the memories contained
similar amounts of nonperceptual and perceptual infor-
mation (average score 5 1.9, SD 5 1.5). This would not
necessarily be true of all memories, since one of the aims
of Study 2 was to directly contrast the brain regions in-
volved in the retrieval of perceptual versus nonperceptual
semantic knowledge (Lee et al., 2002).

Blood flow changes. Subtracting the SEM condition
from the ABM condition (ABM 2 SEM) yielded signifi-
cant rCBF increase in a number of regions (see Fig-
ure 2A), including bilateral activations in medial frontal
[BA 9/10, p (corr) 5 .001] and middle temporal [BA 21,
p (corr) 5 .01] regions. There were also significant acti-
vations in the left posterior cingulate gyrus [ p (corr) 5
.001], left anterior cingulate cortex [ p(corr) 5 .01], and
left inferior temporoparietal cortex [BA 39, p (corr) 5
.01]. Activity in a region in the right inferior parietal lobe
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[BA 39/40, p(corr) 5 .08] approached significance (see
Table 2).

The opposite contrast (SEM2ABM) revealed a left lat-
eralized network of frontal and temporal regions (see Fig-

ure 2B): ventrolateralprefrontal cortex [BA 45, p (corr) 5
.001], posterior inferior temporal gyrus [BA 37, p (corr) 5
.001], and inferior parietal lobe [BA 40, p (corr) 5 .001].
Activity in no other regions was significant at a corrected

Figure 2. Regions of significant regional cerebral blood flow change when
(A) the semantic condition was subtracted from the autobiographical condition
(ABM 2 SEM) and (B) the autobiographical condition was subtracted from
the semantic condition (SEM 2 ABM), superimposed on an average 3-D-
rendered MRI scan.

Table 2
Stereotaxic Coordinates of Significant rCBF Change When Autobiographical

Memory and Semantic Memory Were Contrasted

Stereotaxic Coordinates

Region BA x y z z score

Autobiographical 2 Semantic
Left hemisphere
Medial frontal cortex 10 –4 54 –9 6.1*
Middle temporal cortex 21 –59 –12 –15 6.1*
Posterior cingulate cortex 31 –6 –55 32 5.8*
Anterior cingulate cortex 32 0 30 –13 5.2*
Inferior temporoparietal cortex 39 –51 –66 31 4.6*

Right hemisphere
Medial frontal cortex 9 4 57 17 6.9*
Middle temporal cortex 21 50 4 –36 5.8*
Middle temporal cortex 21 63 –11 –18 5.2*
Inferior parietal cortex 39/40 55 –55 29 4.4
Superior frontal cortex 8 26 39 42 4.1

Semantic 2 Autobiographical
Left hemisphere
Ventrolateral frontal cortex 45 –44 31 8 7.3*
Inferior parietal cortex 40 –50 –43 37 6.4*
Posterior inferior temporal cortex 37 –51 –49 –14 6.6*
Inferior frontal cortex 44 –50 9 24 3.9
Superior temporal cortex 22 –48 8 1 4.3

Right hemisphere
Posterior inferior temporal cortex 37 61 –47 –14 4.1
Dorsolateral frontal cortex 46 50 43 5 3.2

*Survives p 5 .05 corrected for multiple comparisons.
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level, although activity in the right posterior inferior tem-
poral gyrus (BA 37) and that in the dorsolateral frontal
cortex (BA 46) were significant at an uncorrected level
(see Table 2).

Comment. Our first analysis, which included all avail-
able ABM and SEM scans across the three studies, sug-
gests that the right and left temporal (and frontal) lobes
play differential roles in human LTM. Whereas autobio-
graphicalmemory, in comparison with a well-matched se-
mantic retrieval condition, resulted in increased rCBF in
bilateral anterior temporal and medial frontal regions, the
semantic condition activated a network that appeared to
be left lateralized, including more posterior temporal re-
gions (BA 37) and dorsolateral prefrontal cortex (BA 46).
This finding indicates that the retrieval of autobiographical
memories does not depend solely on a left-lateralized net-
work of brain regions (Conway et al., 1999; Maguire,
2001; Maguire & Mummery, 1999) and is consistent with
studies of neuropsychologicalpatients, in which a severe
autobiographical memory deficit more typically arises
from right-sided or bilateral temporal/frontal lobe damage
(Conway & Fthenaki, 2000; Eslinger, 1998; Graham &
Hodges, 1997; Kopelman & Kapur, 2001; Kroll et al.,
1997; Nestor et al., 2002).

It has previously been proposed that right hemispheric
activations in autobiographicalmemory (Fink et al., 1996;
Markowitsch et al., 2000) may be a consequenceof the re-
trieval of emotionalmemories (Conway & Fthenaki,2000;
Fink et al., 1996; Maguire, 2001). This seems an unlikely
explanation for our activation patterns, given that our cue
words were rarely emotional and that most of the autobio-

graphical memories produced by the subjects were non-
emotion-laden personal events (e.g., seeing a squirrel
while walking a dog, borrowing a bicycle to go on vaca-
tion; see Table 1). We suggest, instead, that the finding of
right temporaland frontal activationsin our autobiographical
task reflects the use of a paradigm in which the subjects
were provided with sufficient time to retrieve detailed
memories (or sensory–perceptual episodic memories;
Conway, 2001). By contrast, the methodsadopted by other
researchers may have taxed less specific levels of auto-
biographicalknowledge (e.g., lifetime periods and/or gen-
eral events) that are more dependent on left temporal
structures (Conway et al., 1999; Maguire & Mummery,
1999).

Analysis 2: Influence
of Autobiographical Specificity

In the second analysis,we tested our hypothesis that the
mainly left-sided activations in previous neuroimaging
studies of autobiographicalmemory occurred because the
subjects had been asked to produce and/or verify autobio-
graphical knowledgeas opposed to retrieving detailed and
specific autobiographicalmemories. Owing to the nature
of the material to be produced in Study 2, the subjects
were provided with 15 sec as opposed to 30 sec per item.
This methodological change allowed us to investigate the
influence of retrieval time and, by inference, autobio-
graphical specificity on patterns of activation during the
production of autobiographical memories. Assuming
some validity for our explanation of the strong right tem-
poral lobe activation reported in Analysis 1, we expected

Figure 3. Proportion of memories from Studies 1 and 3 (n 5 112) in
comparison with those from Study 2 (n 5 57) classified as semantic
(0–4.9), a generic autobiographical episode (5–9.9), or a specific auto-
biographical episode (10–15) on the basis of the mean average rated
score (out of 15).
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more right-sided temporal lobe involvement in Studies 1
and 3 than in Study 2. To test this prediction, prior to car-
rying out a laterality analysis, we first investigated which
areas were activated in the three separate studies.

Behavioral performance. To determine whether the
autobiographical memories produced by the subjects in
Studies 1 and 3 were more specific than those recalled by
those in Study 2 (presumably due to the shorter time win-
dow available in Study 2), we reanalyzed our behavioral
data with study as an independent factor. This analysis
confirmed a significant effect of study on the quality of
the autobiographical memories produced by the subjects
[F(1,167) 5 11.7, p , .001]. The average specificity
score for Studies 1 and 3 was higher (9.1, SD 5 2.6) than
that in Study 2 (7.7, SD 5 2.5). A second analysis of the
behavioral data revealed that the difference between Stud-
ies 1 and 3 and Study 2, albeit small, mapped onto a real
qualitative distinction in terms of autobiographical speci-

ficity. The memories produced by the subjects were cate-
gorized into the three basic types of (1) semantic, (2) a
generic autobiographical event, and (3) a specific auto-
biographical event, depending on the average score ob-
tained from the two raters (e.g., 0–4.9 5 semantic, 5–
9.9 5 generic, and 10–15 5 specific). As is shown in Fig-
ure 3, almost all the memories produced by the subjects in
Studies 1 and 3 were of either specific (46%) or generic
(46%) autobiographical events. Very few memories were
classified as semantic (8%). By contrast, in Study 2, only
25% of the memories were of specific autobiographical
episodes (i.e., events judged unique in time and place).
Fifty-two percent were generic memories, with the remain-
ing 23% being classified as semantic. In summary, whereas
similar numbers of generic memories were produced in all
the studies, in Studies 1 and 3 there was a strong bias to-
ward more specific autobiographical events, whereas in
Study 2 the subjects were more likely to produce seman-
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Figure 4. Diagram showing (A) the regions of significant regional cerebral blood flow
change and (B) the laterality map for the autobiographical minus semantic (ABM 2 SEM)
contrast for the three studies. For the laterality maps (see text for details about how these
were created), a single right hemisphere transverse slice is shown (z 5 0). The red shading
indicates greater activation in the right hemisphere, and the blue shading, greater activation
in the left hemisphere. The temporal lobe is outlined in white.
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tic information about the cue word. A x2 analysis con-
firmed that these numerical differences were significant
( x 2 5 11/35, p , .005).

An analysis of the semantic memories revealed that the
amount of nonperceptual versus perceptual information
produced by the subjects was also different across studies
[F(1,233) 5 4.8, p , .05]: The subjects in Studies 1 and
3 produced more nonperceptual information (1.6, SD 5
.79) than did those in Study 2 (2.1, SD 5 1.7).

Blood flow changes. Figure 4A illustrates the regions
of significant rCBF change for each study in the ABM 2
SEM contrast. Whereas in all three studies there was clear
involvementof right anterior temporal regions, significant
changes in the left temporal lobe (at a corrected level)
were seen only in Study 2. This pattern implies that there
may be greater activation on the left than on the right in
Study 2 in comparison with Studies 1 and 3. As was noted
in the introduction, a direct test of this hypothesis is to
subtract the activation in the left hemisphere from the ac-
tivation in the right hemisphere and determine whether
any differences are statistically significant.

Laterality maps were produced by flipping the contrast
image for the ABM 2 SEM comparison from each study

about the interhemispheric fissure and subtracting this
flipped image from the original contrast image. After this
subtraction, the right half of the image will be positive for
regions that have increased blood flow in the right hemi-
sphere and negative for regions that have increased blood
flow in the left hemisphere. This manipulation allows us
to test whether there was any left or right bias in temporal
lobe activation(s)during autobiographicalretrieval. These
maps are shown in Figure 4B, where the red shading indi-
cates regions that had greater rCBF in the right than in the
left hemisphere and the blue shading indicates regions
with greater blood flow in the left than in the right hemi-
sphere. In the temporal lobes (outlined in white), there
was a greater right-sided emphasis (red shading) in Stud-
ies 1 and 3 than in Study 2.

For an assessment of statistical differences between the
laterality maps shown in Figure 4B, the ABM – SEM lat-
erality images for each individual subject were entered
into an SPM99 analysis of variance (ANOVA) with the
three studies as a factor, allowing us to subtract Study 2
from Studies 1 and 3. Small volume correction was used
to restrict the analysis to the temporal lobe. Two regions
showed evidence of a laterality difference: Activity in the
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right middle temporal gyrus (BA 21) and the right poste-
rior temporal cortex (BA 21/37) was significant at a small
volume corrected level ( p , .05; see Figure 5A). Fig-
ure 5B, in which the mean difference in blood flow be-
tween the autobiographical and semantic conditions for
the two foci (left and right) in each of the three studies is
plotted, confirms this pattern. In Studies 1 and 3, there
was activation in these regions in the right hemisphere
with deactivation in the left, whereas the opposite pat-
tern—activation in similar areas in the left hemisphere—
was seen in Study 2 for the middle temporal gyrus.

Comment. Our second analysis was designed to detect
different patterns of activation between Study 2 (in which
there was a reduced period of time—15 sec—available for
subjects to retrieve and describe the requested informa-
tion) and Studies 1 and 3 (in which 30 sec per item were
provided). Two distinct but related patterns were evident.
First, there was increased activation in the left temporal
lobe in Study 2 in comparison with that in Studies 1 and 3.
This finding initially seems puzzling: The subjects in our
studies performed the identical task (i.e., retrieval of a
memory from a cue word), and, although we predicted in-
volvementof the left temporal lobe in this test (as has been
documented by other researchers), we did not expect dif-
ferential profiles of left activation for the ABM 2 SEM
contrast across studies. A possible explanationfor this pat-
tern is evident from our behavioral analyses of the seman-
tic conditions. The subjects in Studies 1 and 3 were more
likely to produce nonperceptualinformation during recall,
whereas the subjects in Study 2 produced equivalent
amountsof both nonperceptualand perceptual knowledge.
In Lee et al. (2002), which was based on a more detailed
analysis of the data from our Study 2, the retrieval of non-
perceptual information activated an area in left middle
temporal cortex close to that revealed in Study 2 for auto-

biographicalretrieval, whereas recall of perceptual knowl-
edge aboutconcepts resulted in greater activationof left pos-
terior inferior temporal cortex (BA 37). It seems plausible,
therefore, that the significantly greater involvement of left
middle temporal gyrus in our Study 2 in comparison with
that found in Studies 1 and 3 may reflect the fact that the se-
mantic conditions included in Studies 1 and 3 were skewed
toward recall of nonperceptual information and, therefore,
the ABM 2 SEM contrast was less likely to reveal signifi-
cant engagement of left middle temporal regions.

The second finding of interest was as predicted: Two
right temporal lobe regions showed significantly greater
activationin Studies 1 and 3 (especially in Study 1) in com-
parison with Study 2. Consideredalongside the behavioral
data, in which raters scored the memories from Study 2 as
less detailed and less autobiographically specific than
those produced by the individualsin Studies 1 and 3, these
findings imply that the amount of right temporal lobe in-
volvement evident in a neuroimaging study of autobio-
graphical memory may reflect the demands placed on the
individual in terms of autobiographical reconstruction.

More specifically, to return to Conway’s (2001) descrip-
tion of the processes involved in the autobiographicalcue-
word technique, the subjects in Conway et al. (1999) may
have got only as far as thinking about “when I was at uni-
versity” or about a more refined cue, such as “working at
orientationweek,” but not to any actual episodesor events.
In Maguire and Mummery (1999) and Maguire et al.
(2000), lifetime period knowledge, such as “that was
when we lived in city X in the house at Y,” was presum-
ably sufficient to solve the task. In our studies, however,
we concludethat the subjectsaccessed recollectiveepisodic
memories (e.g., “saw it in a sale at store W”) and event-
specific details associated with the event, albeit to a
greater extent in Studies 1 and 3 than in Study 2.

Figure 6. Schematic diagram showing how retrieval of an autobiographical memory associated with a
cue word may initially recruit left temporal structures, but later may be more dependent on the right tem-
poral lobe.
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Our interpretation is shown schematically in Figure 6.
Anatomically, there is an initial dependence on left tem-
poral lobe regions, in processing the meaning of the cue
word and moving systematically through lifetime periods
and general events, prior to more involvement of right
temporal lobe structures during the productionof the rec-
ollective experience. Most of the published studies fall
close to the left side of the schematic and, consequently,
report significant involvement of left temporal regions
(Conway et al., 1999; Maguire & Mummery, 1999). Our
studies fall more to the right of the schematic and reveal
evidence of bilateral temporal lobe involvement over the
course of the scan (see also Fink et al., 1996;Markowitsch
et al., 2000), with a stronger dependence on the left in
Study 2.

The findings of Ryan et al. (2001) are not entirely con-
sistent with this hypothesis. They found no evidence of
right temporal lobe activation during their autobio-
graphical memory condition (4 out of 7 subjects showed
significant activation in an area in the left middle tempo-
ral gyrus [BA 21, {260, 28, 24}] close to that activated
in our Analysis 1 [BA 21, {259, 212, 215}]), despite the
use of a similar cue-word paradigm and the provision of
20 sec for recall. Ryan et al.’s analysis, however, was based
on a comparison of the regions that were significantly ac-
tive during recall of recent and remote memories and dur-
ing rest and sentence completion.As was mentioned in the
introduction,in Christoff et al. (2001) a rest conditionpro-
duced patterns of activation similar to those seen in auto-
biographical memory studies (bilateral temporopolar ac-
tivation and medial frontal cortex), and it is thus possible
that the lack of right temporal region involvement in Ryan
et al.’s study could be attributable to the control tasks, es-
pecially if rest activates right anterior temporal regions in
particular.

Having established clear involvement of both right and
left anterior temporal lobe structures in autobiographical
memory retrieval in our study, at least when this type of
memory is contrasted with the recall of general semantic
facts, we now turn to a more cognitivelychallengingques-
tion: What is the nature of the autobiographical “repre-
sentations” in the temporal lobes? More specifically, do
the findings reported here indicate that these brain regions
are the repository for autobiographical events from the
past and, furthermore, that there is real neural separabil-
ity between a bilateral and anteriorly located autobio-
graphical database and a more unilateral and left posterior
representation of semantic knowledge about objects, con-
cepts, and the meanings of words?

Although the ABM task used here was designed to be
very similar to that of the general semantic test (e.g., both
required a search for and selection of appropriate re-
sponses and the production of a sequence of subevents or
subfacts), there are, nonetheless, some significant differ-
ences in the two conditions,which may have resulted in the
distinct profiles revealed in our study. As was mentioned
previously, although autobiographical memory is often

more emotionally demanding than retrieval of a series of
semantic facts about a concept, we are confident from the
stimulus selection and subject responses that this differ-
ence was not the cause of the observed differences. A more
likely candidate, we believe, is that the ABM condition
typically involved (1) access to semantic and episodic
knowledge about people relevant to the event and (2) the
description of events related to the self.

Access to people knowledge. There is convincingneuro-
psychologicalevidence that anterior temporal lobe regions
are involved in the representation of semantic knowledge
about objects, concepts, people, facts, and the meaningsof
words (Kopelman & Kapur, 2001; Patterson & Hodges,
2000). For example, the main neuropsychologicalcharac-
teristic of patients with semantic dementia, who present
with focal atrophy of anterior and inferior temporal areas,
is a progressive loss of semantic knowledge in both verbal
and nonverbal domains that typically affects all categories
of information (Bozeat, Lambon Ralph, Patterson, Gar-
rard, & Hodges, 2000; Hodges & K. S. Graham, 2001;
Hodges, N. Graham, & Patterson, 1995; Lambon Ralph,
McClelland, Patterson, Galton, & Hodges, 2001; Rogers
et al., in press). It is not clear, however, how semantic
memory is organized within the temporal lobes and
whether the neural architecture adheres to psychological
distinctions between semantic categories (e.g., between
concepts of living vs. nonliving things or knowledge of
people vs. knowledge of objects). The full range of issues
pertaining to this topic is too broad and too complicated
to deal with in detail here, and readers are directed to a re-
cent book on the topic by Forde and Humphreys (2002);
here, we focus only on the possibility that differences in
our patterns of activation between autobiographical and
semantic memory may reflect a neuroanatomical distinc-
tion between knowledge of people and knowledge of gen-
eral semantics.

In several neuropsychological case studies, the right
temporal lobe has been implicated as a critical locus for
knowledge of people (Ellis, Young, & Critchley, 1989;
Evans,Heggs, Antoun,& Hodges, 1995;Gentileschi,Sper-
ber, & Spinnler, 1999; Hanley, Young, & Pearson, 1989;
Kitchener & Hodges, 1999), although other studies sug-
gest that left-sided damage can also result in similar, albeit
milder, deficits (Eslinger, 1998; Hodges & K. S. Graham,
1998). In a recent investigation,Thompson, Graham, Pat-
terson, and Hodges (2003) assessed 12 patients with se-
mantic dementia on a battery of tests requiring access to
semantic knowledge about either familiar objects or fa-
mous people. Patients with predominantly left temporal
lobe atrophy performed better, althoughby no means nor-
mally, on knowledge of people than did those with pre-
dominantly right or bilateral temporal lobe involvement.
By contrast, whereas patients with right temporal lobe
damage showed a trend toward better performance on ob-
jects, especially on tests of naming, bilateral damage was
associated with more severe impairments than unilateral
atrophy, regardless of side of involvement.These findings
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were interpreted as evidence that semantic memory for
both people and objects is dependent on a bilaterally dis-
tributed network within the temporal lobes (see also Lam-
bon Ralph et al., 2001) but with the right temporal lobe
being more involved in knowledge about people (Thomp-
son et al., 2003).

There is some support for this view from functional
neuroimaging: Although Gorno-Tempini and colleagues
(Gorno-Tempini et al., 2000; Gorno-Tempini & Price,
2001; Gorno-Tempini et al., 1998) have reported predom-
inantly left-sided anterior temporal lobe activationsduring
same–different matching tasks for famous people and
buildings, other imaging studies have found evidence of
right or bilateral temporal involvement (Haist, Bowden
Gore, & Mao, 2001;Kapur, Friston,Young,Frith, & Frack-
owiak, 1995; Leveroni et al., 2000;Sergent, Ohta, & Mac-
Donald,1992;Simons,Graham,Owen,Patterson,&Hodges,
2001). Simons et al. investigated the neural correlates of
knowledge about objects compared with of faces (among
other variables) using a recognition memory paradigm
(see also Kelley et al., 1998). With a combination of fa-
miliar and unfamiliar stimuli, regions more active for ob-
jects than for faces were located in bilateral posterior tem-
poral areas, whereas faces minus objects preferentially
activated the right hemisphere, including the temporal
pole (BA 38) and inferior temporal gyrus (BA 20). In fact,
the patterns reported by Simons et al. are remarkably sim-
ilar to those documented in the analysis from this study, in
which we contrasted ABM 2 SEM and SEM 2 ABM.
Given these results, a possible explanation for our finding
that ABM 2 SEM resulted in activation of a right tempo-

ral region is that autobiographical recall typically pro-
vokes activation of knowledge about people as well as
general semantic facts about the concept.

Analysis 3: Autobiographical
Memory—Process or Store?

In Study 3, in addition to our ABM and SEM conditions,
the subjects produced information about both famous and
personally relevant people as well as about famous events
from the past. We matched these conditions for retrieval
demand to the other conditions by asking the subjects to
select an appropriate target stimulus from nonspecific la-
bels (e.g., president and bombing). On the basis of previ-
ous literature, we predicted that the contrasts of people
and/or famous events to general semantic retrieval would
result in patterns of activity similar to those seen for ABM
2 SEM. Given that activations within the temporal lobe
were of primary relevance, region-of-interest (ROI) analy-
ses were carried out in the temporal lobes bilaterally. The
ROI, defined via MRIcro (Rorden & Brett, 2001) by an
experiencedneurologistblind to the PET data,encompassed
the inferior and middle temporal gyri and the ventral sur-
face of the temporal lobe (posterior limit: y 5 272).

Blood Flow Changes. Our first contrast between the
two people (P) conditions (FP and PP) and the SEM con-
dition (P 2 SEM) yielded activation bilaterally in the an-
terior temporal lobe, although only the activation on the
left survived correction [left BA 22/38, p(corr) 5 .01; see
Figure 7A]. In addition, there was a strong activation in
the right posterior cingulategyrus (BA 23) which was sig-
nificant [ p(corr) 5 .001]. The opposite contrast, SEM 2 P,

Figure 7. Regions of significant regional cerebral blood flow change when
(A) general semantic knowledge was subtracted from people knowledge (P 2
SEM) and (B) general semantic knowledge was subtracted from famous events
knowledge (FEV 2 SEM), superimposed on an average 3-D-rendered MRI
scan.
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recruited the inferior/middle temporal gyrus (BA 20) and
the posterior inferior temporal cortex (BA 37) bilaterally,
all of which were significant at a corrected level (see
Table 3).

For FEV 2 SEM (see Figure 7B), there were no signifi-
cant left hemisphere activations in the ROI analysis. There
was, however, involvement of the right hemisphere, with
the right middle temporal gyrus (BA 21) showing a strong
trend toward corrected significance [ p (corr) 5 .06; see
Table 4]. The oppositecontrast,SEM 2 FEV, engagedonly
left posterior inferior temporal gyrus [BA 37; p (corr) 5
.01], with left middle temporal cortex (BA 21) yieldingsig-
nificant activity at an uncorrected level (see Table 4).

Comment. The more specific analyses of Study 3 re-
vealed that the retrieval of information about famous
events and, to a lesser extent, about famous people, in con-
trast with recall of general semantic information, resulted
in anterior temporal lobe activations that were bilateral in
the case of people and right sided for famous events. The
right BA 21 and 38 activations in both the FEV 2 SEM
contrast [{48, 8, 229} and {51, 3, 227}] and the P 2 SEM

comparison {44, 12, 229} were very similar to the re-
ported ABM 2 SEM activations from Analysis 1 {50, 4,
236}. This was not true of the left-sided middle temporal
area {246, 12, 229} from the P 2 SEM comparison,
which was more anterior than the region identified in
Analysis 2 {251, 222, 216}.

There was, therefore, significant overlap between the
results obtainedfrom the FEV 2 SEM and P 2 SEM con-
trasts and that reported in Analysis 1 for ABM 2 SEM:
All these conditions—people, famous events, and auto-
biographical memory—were more likely to result in in-
volvement of anterior temporal regions, especially on the
right, whereas retrieval of information about people also
resulted in increases in rCBF in the anterior left middle
temporal gryus. Given these findings, it seems reasonable
to hypothesize that the activations revealed in our first
analysis, when ABM was contrasted with SEM, may re-
flect the retrieval of information about people in the ABM
conditionand/or the need to recall informationaboutevents
per se, rather than activation of a separate psychological
and neuroanatomicalautobiographicalmemory system.

Table 3
Stereotaxic Coordinates of Significant rCBF Change in the Temporal Lobes

(Region-of-Interest Analysis) When People Knowledge Was Contrasted
With General Semantic Knowledge

Stereotaxic Coordinates

Region BA x y z z score

People 2 Semantic
Left hemisphere
Temporal pole 38 –46 12 –29 4.5*
Superior temporal cortex 22 –51 –57 23 3.9

Right hemisphere
Temporal pole 38 44 12 –29 3.9

Semantic 2 People
Left hemisphere
Posterior inferior temporal cortex 37 –59 –53 –11 6.1*
Inferior temporal cortex 20 –51 –26 –22 4.5*

Right hemisphere
Middle temporal cortex 20 59 –36 –15 4.2*
Posterior inferior temporal cortex 37 65 –53 –10 4.1*

*Survives p 5 .05 corrected for multiple comparisons.

Table 4
Stereotaxic Coordinates of Significant rCBF Change

in the Temporal Lobes (Region-of-Interest Analysis) When
Event Knowledge Was Contrasted With General Semantic Knowledge

Stereotaxic Coordinates

Region BA x y z z score

Famous Events 2 Semantic
Right hemisphere
Middle temporal cortex 21 48 8 –29 4.0
Middle temporal cortex 21 51 3 –27 4.0

Semantic 2 Famous Events
Left hemisphere
Posterior inferior temporal cortex 37 –61 –53 –12 5.2*
Middle temporal cortex 21 –53 –30 –22 3.6

*Survives p 5 .05 corrected for multiple comparisons.
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DISCUSSION

Previous functional neuroimaging studies of autobio-
graphical memory have predominantlysuggested involve-
ment of a left-sided frontal and temporal network of brain
regions (Maguire, 2001). By contrast, neuropsychological
studies in patientswith deficits in autobiographicalmem-
ory imply a critical role of right temporal structures (Cala-
brese et al., 1996; Kopelman et al., 1999), or at least that
significantdeficits arise only from bilateral damage to an-
terior temporal lobe regions (Eslinger, 1998; Graham &
Hodges, 1997). There are two possible explanations for
this discrepancy in the literature: (1) Neuropsychological
studies do not facilitate separation of the relevant contri-
butions of autobiographical and semantic memory to re-
mote memory tests (Kopelman & Kapur, 2001); and/or (2)
neuroimaging studies have frequently failed to tap aspects
of autobiographical retrieval that might be dependent on
right temporal regions (Conway et al., 2002). In this study,
we used a novel, neuropsychologicallyinformed imaging
paradigm to investigate the neural basis of LTM, espe-
cially autobiographicalmemory, and found significant in-
volvement of bilateral medial frontal and temporal neo-
cortical regions in autobiographical retrieval (in keeping
with findings from the neuropsychologicalliterature). Re-
call of semantic facts—in contrast with autobiographical
memory (and memory for people and events)—engageda
predominantly left-sided network involvingposterior tem-
poral cortex (BA 37) and prefrontal cortex (BA 45/46), al-
though there were similar right-sided activations in these
regions which failed to reach significance at a corrected
level.

Autobiographical Specificity
and the Role of the Right Temporal Lobe

The novel design of our paradigm provided the subjects
with sufficient time for true autobiographical recall and
allowed us to contrast this type of memory retrieval with a
suitably matched control condition (e.g., recall of remote
semanticknowledge). In the introduction,we argued (in con-
cert with Conway et al., 2002) that the paradigmsused pre-
viously in the neuroimaging literature on autobiographical
memory didnot require detailedautobiographicalretrieval.
In accordance with this proposal, we found less involve-
ment of right temporal lobe regions in our task when the
amount of time available for retrieval, and, consequently,
the specificity of the memories, was reduced toward the
timing parameters in Conway et al. (1999). A similar ex-
planationcan be proposed for the verification tasks used by
Maguire and colleagues, in which subjects only have to
respond yes/no to a presented statement (Maguire, 2001;
Maguire,Henson, et al., 2001;Maguire & Mummery, 1999;
Maguire et al., 2000); this method is unlikely to require
retrieval of a recollective event and, instead, presumably
taps only more general levels of autobiographical knowl-
edge.

The further analysescarried out on the data from Study 3
help explain why the retrieval of autobiographical mem-

ory may activate both temporal lobes during imaging and
why Maguire and Mummery’s (1999) original memory
network analysis failed to find evidence of a significant
role of right temporal regions. Comparison of our people
(FP and PP) and event (FEV) conditions with general se-
mantic memory (SEM) revealed increased rCBF in the
middle temporal gyrus (bilaterally for people and pre-
dominantly in the right for famous events). These activa-
tions were very similar to those obtained in our original
analysis (ABM 2 SEM) and indicate that the retrieval of
autobiographical memories may engage a semantic sys-
tem that is bilaterally distributed within the temporal
lobes, rather than a neuroanatomicallyseparate LTM store
for remote personal events.

Study 3 also hints at a more explicit account of what
autobiographicalspecificity might mean (see Figure 6 and
Conway et al., 2002). Since the autobiographical activa-
tions in the right, but not the left, temporal lobe are in a re-
gion similar to those recruited when subjects produce in-
formation about famous people and events, this implies
that autobiographical specificity may actually refer to the
retrieval of knowledge, later in the recall period, about
people participating in the event. For example, subjects
performing our autobiographical memory cue-word task
may access an event in the following way: thinking about
a life time period (“when I was at university”) before iden-
tifying a general event (“running the bouncy castle com-
petition during freshman orientation week”) and eventu-
ally producing details about a specific episodic memory
(“taking a friend John to the hospital after he broke his leg
on the bouncy castle”). Note that we are not suggesting
here that the left temporal lobe represents only general se-
mantic knowledge and the right only knowledge of fa-
mous people and events. Our present analyses revealed bi-
lateral involvementof temporal regionsin all tasks, including
the retrieval of general semantic and people knowledge as
well as that of autobiographical memories, a finding
which is highly consistent with neuropsychological stud-
ies of these domains of LTM in which bilateral lesions are
typically considered to be the most detrimental (Conway
& Fthenaki, 2000;Kopelman & Kapur, 2001). There does
seem, however, to be some predisposition for knowledge
of famous people to be more dependent on the right tem-
poral lobe (Ellis et al., 1989; Evans et al., 1995; Leveroni
et al., 2000; Thompson et al., 2003).

Neuropsychologicalpredictions. Our functionalneuro-
imaging studies provide new predictions to be tested in
neuropsychological populations. For example, patients
with autobiographical memory deficits after temporal
lobe lesions should show impairments in the retrieval of
knowledge of famous people and famous events. Kopel-
man et al. (1999) report just such a finding: Their patients
with right-sided temporal lobe damage were particularly
impaired on autobiographical memory, but also showed
deficits on a test of famous events, especially when the
images involved perception of famous faces. Kitchener
and Hodges (1999; see also De Renzi et al., 1987) reported
a patient with semantic dementia and predominantly right
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temporal lobe damage who, in keeping with our imaging
findings from Study 3, was severely impaired on tests re-
quiring knowledge of famous people and events (see also
Thompson et al., 2003). Discrepant from our hypothesis,
however, was the fact that the patient was able to retrieve
autobiographical memories both in semistructured inter-
views and on a test similar to that used in our study. Kitch-
ener and Hodges proposed that, in circumstances in which
there is damage to a very discrete semantic store, such as
knowledge of famous people, autobiographicalmemories
can be retrieved by supporting activation from other mul-
timodal representations (Rubin & Greenberg, 1998). As
was noted by Kopelman and Kapur (2001), therefore, the
distinction between autobiographicaland semantic mem-
ory is not clear-cut, and further neuropsychological stud-
ies are necessary in order to characterize the relationship
between these two domains of memory.

Categorical organization of semantic memory? Up
to this point, we have concentrated predominantly on the
results of the contrast between autobiographical and se-
mantic memory and on explaining the discrepancies be-
tween functional neuroimaging and neuropsychological
studiesof autobiographicalmemory. In fact, our findings—
at least with respect to the temporal lobes—seem equally
informative about the neuroanatomyof semantic memory,
given our hypothesis that the patterns seen during auto-
biographical retrieval may actually reflect semantic pro-
cessing. Whereas retrieval of information about famous
people and famous events (in contrast with general seman-
tic recall) recruited anterior temporal regions, our general
semantic tasks typicallyengagedbilateral (predominantly
left) and quite posterior regions of temporal cortex. Of
course, functionalactivationcontrasts reveal only relative
degrees of involvementin different conditions,and, there-
fore, this pair of findings does not rule out a role for ante-
rior temporal regions in general semantic knowledge. For
several reasons, however, it is puzzling that our general se-
mantic activations were so posterior.

First, patientswith semanticdementia,who present with
a progressive loss of semantic knowledge, typicallydo not
have significant atrophy in these more posterior regions
of temporal lobes. A functional neuroimaging study by
Mummery et al. (1999) sheds some light on this topic. The
pattern of rCBF seen during performance on a semantic
decision task in 4 patients with semantic dementia was
contrasted with that of 6 control subjects who participated
in the same experiment. The patients showed significant
reduction in activity, relative to controls, in the left poste-
rior inferior temporal gyrus (BA 37), despite voxel-based
morphometry revealing no significant structural damage
to this region. This result suggests that there is reduced
input from structurally damaged anterior regions to struc-
turally intact posterior areas, which subsequently fail to
function normally in semantic dementia. The BA 37 re-
gion that was hypometabolic in the patients in Mummery
et al.’s (1999) study {254, 252, 210} is very close to the
area that was maximally active in our SEM 2 ABM con-
trast {252, 249, 214}.

This finding leads to the second puzzle with respect to
the function of BA 37. Patients with focal damage to
BA 37, although anomic, do not show the profound se-
mantic deficits seen in neurological disorders that affect
more anterior temporal neocortex (Lambon Ralph, 2001,
unpublished data). It has been proposed, therefore, that
this region may play a role in the computation of phono-
logical representations (Moore & Price, 1999) rather than
in the retrieval of semantic memory per se. In line with this
proposal, Mummery et al. (1999) interpreted their pattern
in semantic dementia as evidence that reduced input from
anterior temporal regions results in underfunctioning of
BA 37, and consequently profound anomia, which is typ-
ically the most consistent and severe behavioral deficit
seen in semantic dementia.Our data suggest an alternative
hypothesis:Assuming that the degree of lexical activation
is similar in both our autobiographical and our semantic
conditions—and there is no reason to think otherwise—
our findings imply that posterior temporal regions may be
involved in semantic processes beyond naming.

Lee et al. (2002) reported an analysisof the semantic con-
ditions included in Study 2, in which subjects were asked to
retrieve either perceptual or nonperceptual information
about concepts of living and nonliving things. Although
there was no support for the view that semantic knowledge
was organized by category—that is, there were no differ-
ences between the living and the nonliving contrasts—the
type of attribute (e.g., perceptual vs. nonperceptual) re-
trieved during the feature-listing task modulated activity
within the left temporal lobe.A significantincrease in rCBF
was observed in the left posterior inferior temporal cortex
[BA 37, {251, 268, 22}] during the production of per-
ceptual attributes,whereas significant increases in activity
were seen in the left middle temporal cortex (BA 21) and
right fusiform cortex (BA 37) during the retrieval of non-
perceptual features. This result, when considered along-
side the findings reported here, suggests that BA 37 may
play a role in representingperceptual semantic knowledge.

Lee et al.’s (2002) findings, and the results documented
here, hint at another factor that might be important in un-
derstanding patterns of performance in neuropsychologi-
cal and neuroimaging studies of semantic memory. When
the subjects were asked to retrieve more specific or unique
information about concepts (e.g., facts about people or
nonperceptualinformationabout objects), there was more
involvement of anterior regions within the temporal lobe,
whereas recall of more generic facts, which are common
to many concepts (e.g., perceptual features), resulted in
activation of more posterior temporal areas (typically bi-
laterally). Gorno-Tempini et al. (2001) comment on a sim-
ilar finding, noting that functional neuroimaging studies
of semantic memory typically demonstrate activity in an-
terolateral regions of middle and inferior temporal gyri
(BA 20/21) when more specific semantic knowledge is re-
quired in order to complete the test (e.g., when subjects
categorizeobjects,as in Devlin et al., 2000,or match words
according to associationsor semantic features, as in Mum-
mery, Patterson, Hodges, Wise, & Price, 1998, and Van-
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denberghe, Price, Wise, Josephs, & Frackowiak, 1996). A
plausible, albeit unproven, explanation for these patterns
is that semantic memory is not organized categorically,
but, instead, that general or shared semantic features, es-
pecially perceptual characteristics, are represented in pos-
terior temporal regions close to perceptual processing
areas, whereas more unique or distinct information de-
pends more on anterior temporal regions.

Role of Frontal Regions
in Autobiographical and Semantic Memory

Finally, althoughour study has concentratedon the role
of temporal lobe regions in autobiographical and seman-
tic memory, it is interesting to consider the distinct frontal
activations that were revealed by our contrasts. Maguire
and Mummery (1999) found that rCBF was increased in
the left medial frontal cortex, as well as in the temporalpole
and temporoparietal junction, when personal memories
(autobiographicalevents and knowledgeof personally rel-
evant people) were directly contrasted with nonpersonal
memories (famous events and knowledge of famous peo-
ple). Similarly, we found that both right and left medial
frontal cortex (BA 9/10) were recruited during the recall
of autobiographicalepisodes. This pattern may reflect the
processingof information related to self: Craik et al. (1999)
tested whether asymmetries in memory encoding versus
retrieval could be due to the need for reference to the self
in episodic retrieval. In different conditions of a PET
study, subjects were asked to judge trait adjectives ac-
cording to how well the words described themselves
(self ), how well they described someone else (other), how
sociallydesirable the traits were (general ), and how many
syllables the trait word contained (syllable). Self-related
encoding (contrasting self to other, general, and syllable
combined) resulted in left frontal activations, including
left and right medial frontal cortex (BA 10 and 9) and in-
ferior frontal gyrus (BA 45).

Medialprefrontal cortexhas also been implicatedin tasks
that require monitoring and/or the attribution of mental
states, such as analysisof eye gaze and tasks requiring the-
ory of mind (Calder et al., 2002; Castelli, Happe, Frith, &
Frith, 2000;Fletcher, Happe, Frith, Baker, & Dolan, 1995;
Gallagher et al., 2000). Notably, theory-of-mind tasks also
seem to engage areas in the temporal pole generally close
to the amgydala (Baron-Cohen et al., 1999; Castelli et al.,
2000), as well as the temporoparietaljunction(a patternvery
similar to that reported by Maguire & Mummery, 1999,
and Maguire et al., 2000).The need for reference to the self
in autobiographicalmemory tasks, particularlywith respect
to the intentions and goals of subjects in the event, may
thus also engage medial prefrontal cortex. These regions
have also been shown to be activated during rest but deac-
tivatedduring cognitive tasks (Raichle et al., 2001;Shulman
et al., 1997). In the introduction, we proposed that rest is
likely to be a poor control for autobiographical retrieval
because subjects are likely to engage in autobiographical-
like processing (Christoff et al., 2001). Perhaps these me-
dial frontal regions may be deactivated during cognitive

tasks that require the suspension of spontaneous thought
processes related to self or monitoring of one’s emotional
state (Raichle, 1998; Shulman et al., 1997).

Turning to the frontal activations revealed during our
general semantic task, in accordance with much of the lit-
erature, recall of general semantic facts about concepts (in
comparison with recall in the other conditions) resulted in
increased rCBF in the left ventrolateral prefrontal gyrus
(BA 45). This activationwas bilateral,althoughthe increase
in blood flow between the two contrasts in the area acti-
vated in the right hemisphere (BA 46) did not reach sta-
tistical significance. This activation presumably reflects
the need for the subject to select and organize semantic in-
formation for the task, rather than being associated with
semantic processing per se (Thompson-Schill, D’Espos-
ito, Aguirre, & Farah, 1997).
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