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Abstract The relationship between episodic and semanwhere the semantic encoding of famous and unknown faces
tic memory systems has long been debated. Some authonsas compared to their episodic recognition. Results
argue that episodic memory is contingent on semantishowed that the level of semantic awareness of items
memory (Tulving1984), while others postulate that both affected the recognition of those items in the episodic
systems are independent since they can be selectivelpemory task. Event-related magnetic ®elds con®rmed this
damaged (Squirel987). The interaction between these interaction between episodic and semantic memory: ERFs
memory systems is particularly important in the elderly,related to the old/new effect during the episodic task were
since the dissociation of episodic and semantic memorynarkedly different for famous and unknown faces. The old/
defects characterize different aging-related pathologiemew effect for famous faces involved sustained activities
Here, we investigated the interaction between semantimaximal over right temporal sensors, showing a spatio-
knowledge and episodic memory processes associated witamporal pattern partly similar to that found for famous
faces in elderly subjects using an experimental paradigmersus unknown faces during the semantic task. By con-
trast, an old/new effect for unknown faces was observed on
left parieto-occipital sensors. These ®ndings suggest that
the episodic memory for famous faces activated the
retrieval of stored semantic information, whereas it was
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based on items' perceptual features for unknown faces.
Overall, our results show that semantic information inter-
fered markedly with episodic memory processes and sug-
gested that the neural substrates of these two memory
systems overlap.

Keywords Semantic memory Episodic memory
MEG Healthy aging

Introduction

Human memory has been the subject of intense scienti®c
research during the last decades. Within the domain of long
term memory, an important and debated theoretical issue
concerns the relationship between episodic and semantic
memory systems (Chaby and Narm@€09 Hodges and
Graham2001). Semantic memory refers to the knowledge
of words and their meanings, of concepts and facts. It
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represents the corpus of knowledge and information shareasked to discriminate previously studied (old) from
by the members of the same society. Episodic memorynstudied (new or foil) items by producing speeded and
refers to the conscious recollection of personal past eventccurate old/new recognition judgement. The typical ERP
that can be de®ned with respect to time. This may includ®nding is that correctly recognized repetitions of items
events in a laboratory setting, such as the appearance @forrect “old' responses) produce more positive-going
items in a totbetremembered list. Whereas the existence wfaveforms than correctly judged new stimuli. This ERP
the semantic and episodic memory systems is well-estaleffect has been labelled the “old/new effect".
lished in clinical and experimental terms, their relationship  This effect has been studied with different experimental
remains controversial, being hypothesized to be eithematerial, including words (e.g. Nyhus and Curra09
hierarchical (Tulving 1983 or parallel (Squire1987. Rugg and Doyle1992 Tendolkar et al.2000, objects
According to the hierarchical hypothesis, episodic memoryCurran and Doyle2010 and faces (MacKenzie and
is a speci®c subsystem of semantic memory and therefogonaldson2009 Munte et al.1997 Sommer et al1997).
its existence is contingent to the existence of semantic The old/new effect is typically maximal at temporo-
memory. In contrast, the parallel hypothesis states that thparietal regions. It generally occurs between 300 and
operations of both systems are independent since each 800 ms and it is larger over the left than the right hemi-
the two systems can be selectively damagedpport for  sphere (Schloerscheidt and Rug@04 Wilding and Rugg
the parallel hypothesis has in particular come from clinical1996. In the last decade, some studies have examined the
observations of selective de®cits of one memory system aid/new effect using magnetoencephalography (MEG)
the other in neurodegenerative diseases such as Alzhdifendolkar et al.200Q Walla et al. 2005. These MEG
mer's disease (AD) and semantic dementia [SD (Hodgestudies used words as stimulus material; they also found a
and PattersoB007)]. However, other ®ndings put this view temporo-parietal distribution of the old/new effect,
into question. For example, some studies used a singlebserved between 400 and 600 ms, and sometimes starting
experimental design to study the relationship betweerirom 300 ms. This temporo-parietal old/new effect is
episodic and semantic memory systems, keeping ththoughtto be a neural correlate of the episodic recollection.
experimental material constant while asking the subjects to Some frontal electrophysiological activities have also
process this material either semantically or episodicallybeen related to the old/new effect: an early component
(Dalla Barba et al1996 Dalla Barba and Goldblurh996  (around 300 ms) would re ect familiarity-based retrieval
Goldblum et al. 1998. These authors showed that the processes (Rugg and Curr@d07 Staresina et al2005
performance of AD as well as aphasic patients in théNalla et al. 2005, and a late one, focused on right pre-
semantic memory task correlated positively with that infrontal sites, has been presumably related to post-retrieval
the episodic memory task. These results have been inteprocesses (Friedmaz0D00).
preted as evidence that episodic memory is dependent upon Furthermore, age-related ®nding concerning the old/new
semantic knowledge. Evidence in the same direction hasffect are controversial. Some studies have shown that the
also been provided by functional neuroimaging studiesearly frontal and the left temporo-parietal old/new effect
which have shown that the neural substrates of semant@re similar in young and older adults, (Friedmafa0Q
and episodic memory largely overlap (Cabeza and Nyber@sorio et al.2009, whereas the later right lateralized
200Q Dalla Barba et al1998. In particular, an fMRI study prefrontal effect has been found to be either of the same
with words (Menon et al2002 showed that the left lateral magnitude in young and older adults or smaller or even
temporal lobe was activated during semantic encoding aabsent (Trott et al1997).
well as during accurate episodic retrieval.

Electrophysiological Correlates of Semantic Memory
Electrophysiological Correlates of Episodic Memory:
"The Old/New Effect' Electrophysiological data concerning semantic memory are

somewhat less conclusive insofar as its neurophysiological
A large number of the studies that attempted to identify thecorrelates are task and material dependent (Walla et al.
neurophysiological correlates of episodic memory relied or2001). This notwithstanding, following the initial studies
the measurement of electrophysiological events (eventn the processing of semantic incongruities with sentences
related potentials, ERPs), which are elicited during recogand words (Bentin et all985 Kutas and Hillyard1980),
nition memory paradigms [for reviews, see (Friedman andan extensive literature has studied the neural correlates of
Johnson 2000 Rugg and Curran2007]. Recognition the semantic memory for faces, using the comparison of
memory refers to the ability of becoming aware that aERPs in response to familiar and unfamiliar faces (Boehm
particular item or information has been encountered in and Paller2006 for a review). Such studies have shown
previous episode. In this type of study, participants arégwo principal components usually most pronounced over
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centro-parietal regions: a ®rst negative component, callefdce decision, which required the conscious recollection of
N400f or face N400, which re ects that by 400 ms ERPs tospeci®c episodes from one's own past). We acquired
familiar faces are more negative than ERPs to unfamiliabehavioral and MEG measures during these tasks. Like
faces (Bentin and DeouellO0Q Eimer2000 and a second EEG, MEG has a high temporal resolution, therefore
positive component, called P600f, that is increased fomllowing precise measurements of the temporal neural
familiar relative to unfamiliar faces. dynamics of cognitive processes (Lounasmaa efl@9g

The magnetic counterparts of the N40Of and P600f hav&Valla et al. 1999. Furthermore, it has the advantage to
not been studied. Yet, a magnetic N400 has been describedquire less time of subject's preparation as compared to
in studies focused on the semantic processing of the wordgypical EEG experiment. The present study focused on the
showing the involvement of the left lateral temporal lobe inanalysis of the ERFs at the scalp surface to investigate the
the semantic processing of verbal material (Dobel et alelectrophysiological correlates of the processes related to
2009 Halgren et al.2002. the semantic retrieval of information for famous as com-

Surprisingly, only a few studies have directly investi- pared to unknown faces, as well as to examine the elec-
gated the spatio-temporal dynamics of the interactiortrophysiological correlates of the episodic recognition of
between semantic and episodic memory. Greve et apreviously seen (‘old") versus unstudied (‘new') faces that
(2007 have investigated with EEG the relation betweenvaried systematically in their semantic (famous/unknown)
semantic and episodic memory employing a manipulatiorstatus.
of the semantic coherence of to-be-remembered informa- We ran this study on a group of older adults because the
tion (semantically related vs. unrelated word pairs) duringelationship and spatio-temporal overlap between episodic
an associative recognition memory test. They showed thand semantic memory is of key importance for the under-
the electrophysiological correlate of familiarity (the mid- standing of the defects of episodic and/or semantic memory
frontal ERP old/new effect) was larger for semantically which are central to pathologies commonly associated with
related compared to unrelated word pairs, but no differencaging. In particular, making reference to the parallel/hier-
was present in the electrophysiological correlate of recolarchical hypotheses controversy, our aim was to investigate
lection (the left temporo-parietal old/new effect). Another whether the behavioral performance and the magnetic
study investigated the in"uence of semantic memory onactivities associated with episodic memory (the old/new
episodic retrieval using faces in a group of healthy youngeffect) would vary according to the semantic status of the
adults (Zion-Golumbic et al2010. Zion-Golumbic and faces. The manipulation of the semantic and episodic status
co-workers asked young adults to judge the beauty obf the faces within a single experimental paradigm, in
famous and unknown faces during an encoding phasavyhich there were two tasks varying mainly by the nature of
which was followed by an old/new recognition memory the processing requested in the instruction (semantic pro-
task. They analysed oscillatory EEG activity in different cessing during an encoding phase, episodic processing
frequency bands (alpha: 9£13 Hz, theta: 4+8 Hz, gammaluring a retrieval phase), allowed us to study the interac-
40£100 Hz) during both the study phase (episodic encodion between these two memory systems.
ing) and the test phase (episodic retrieval). They found that We isolated the semantic memory component by com-
the formation of episodic memory for faces was facilitatedparing the event-related magnetic ®elds (ERFs) for famous
by pre-existing semantic information as re ected in thefaces to those for unknown faces within the semantic task.
performance on the episodic recognition task. However, athen, during the episodic task, we investigated the inter-
the electrophysiological level, enhanced oscillatory activi-action between the semantic status of the face (famous vs.
ties were found for old compared to new faces at testinknown) and the episodic memory component as mea-
regardless of fame, and for famous compared to unknowsured by the old/new effect. A secondary aim of our study
faces at study, but no interaction between pre-existingvas to set up a simple experimental paradigm to study the
semantic knowledge and the old/new effect during episodicelation between semantic and episodic memory, at neu-

recognition was observed. ropsychological and neurophysiological levels, which
could be applied in future research in neurodegenerative
Aims of the Present Study diseases. We focused our MEG analyses on the brain

responses observed after 400 ms, in the time windows
Here, we aimed at investigating further the interactionwhere activities related to semantic and episodic memory
between semantic information and episodic memory fothave been previously reported (Walla et a0 Walla
faces by using an experimental paradigm that included botbt al.2005. Both behavioral and MEG results supported an
a typical semantic task (famous/unknown face decisioninteraction between memory systems, which is not com-
which required the conscious retrieval of impersonalpatible with a strictly parallel and independent organization
knowledge) and a typical episodic memory task (old/newof these systems.
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Materials and Methods
Participants

Twenty-three elderly subjects (mean age52.8 0.8

years) participated in the study. All subjects were healthy

right-handed, and had normal or corrected-to-norma

vision. None of the subjects had any past or present histor

of major psychiatric or neurological disorder, except for

one subject who revealed psychiatric antecedents after tt

experiment, and was excluded from all analyses. Furthel

more, eight subjects were excluded from MEG data anal

ysis due to excessive artefacts or insuf®cient numbe

of correct trials to analyze, leaving 14 subjects (mear

age= 62.4 1.1 years) for electrophysiological analyses. , , ,

All subjects gave written informed consent and were paicF'gi L Sequence of events during encoding (semantic task) and

_ AR retrieval (episodic task)

for their participation. The study was approved by the

local Ethical Committee on Human Research (CPPcomprising the 14 old or just studied faces mixed with 14

lle-de-France VI, Groupe Hospitalier Ai&alpridke, n 7024). new or unstudiedb7 famous and 7 unknownbfaces; 112
faces in total: 56 old and 56 new faces). In each block,

Stimuli trials started with an initial ®xation cross presented for
900+1,200 ms, then the face appeared for 1,500 ms.

A total of 56 famous faces paired with 56 unknown facesEncoding and recognition blocks were separated by a

were gathered for the present study. The famous faces wegemin distracting task during which the participant was

selected from an initial set of 70 famous faces following arequested to count backward from 200 by steps of 2. In the

pilot experiment run on a separate group of subjects whencoding blocks (semantic task), the subjects had to decide

did not participate in the MEG studyN(= 12 subjects, for each face whether it was famous or unknown. In

mean age 64 3.7 years). The chosen faces were rated agddition, they were explicitly instructed to remember every

famous by at least 90% of these subjects. face for a later memory test. During the recognition blocks

The unknown faces were selected to match the famougepisodic task), the subjects were asked to categorize the

faces regarding age, race, gender and visual appearandaces as old (already seen in the previous block of semantic

The photographs were digitally edited using Adobetask) or new (unstudied), regardless of the semantic status

Photoshop. A grey background was applied and all photfamous vs. unknown) of the face. Thus, the same partic-

tographs were of the same size (256256 pixels). ipants were asked to process the same experimental
material either semantically or episodically. In both cases,
Procedure the instructions required the engagement of recollection

processes: Subjects were asked to answer positively during

The experiment comprised an encoding phase consisting ioth tasks only if they were certain of their response. In
a semantic task, which alternated with a recognition phasether words, subjects had to answer positively during the
consisting in an episodic task. Presentation time and inteisemantic task only if they could remember the name or the
stimulus interval were the same for both tasks (Aijg.The  profession of the face presented, and it was clearly stated
differences between the semantic and episodic tasks wetbat if they were not sure or if they only had a feeling of
the number of stimuli, the instructions given to the subjectdamiliarity with the face but could not really remember the
and the type of response. name or the profession of that face they had to answer that

Participants were comfortably seated in front of a whitethe face was unknown. The same type of instruction was
screen (viewing distance 72 cm) in a dimly lit electro- used for the episodic task: The old/new judgment had to be
magnetically shielded MEG room. Stimuli were back based on a clear recollection of the past event (to have seen
projected onto the screen through a system including &he face in the previous list). Before the start of the MEG
video-projector placed outside the room and two mirrorsrecording, the experimenter veri®ed that the instructions
inside the MEG room. The 112 stimuli were distributed were clearly understood by the subject, and a short training
into 4 blocks of the encoding phase (14 faces per list; Bession (with faces not used in the experiment) was per-
famous and 7 unknown; 56 faces in total) alternating with 4ormed. Furthermore, the instructions were reminded to the
blocks of the recognition phase (28 faces per blocksubject at the beginning of each block.
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Participants were also instructed to maintain the gazé&tatistical Analyses
®xated on the centre of the screen and to avoid blinking
during the trials. The inter-trial interval (from the offset of Behavioural Data
the face to the onset of the next ®xation cross) was ran-
domised between 1,800 and 2,300 ms. Varying randomlgorrect responses (%CR) and reaction times (RT) were
the initial ®xation and the inter-trial interval allowed analysed for famous and unknown faces using one-way
avoiding anticipatory processes which could have affectedepeated-measures ANOVA inthe encoding phase (semantic
baseline activity. In both encoding and recognition blockstask). For the recognition phase (episodic task), there
the participants responded by pressing one of two keywere four conditions: “old famous', “new famous", ~old
placed in their left and right hand respectively. Responseinknown’, and “new unknown® faces. Thus we ran a two-
hand and the lists of stimuli appearing respectively in theway repeated-measures analysis of variance (ANOVA) with
encoding and recognition blocks were counterbalanceeépisodic (old/new) and semantic (famous/unknown) condi-
across participants. tions as within-subject factors.

MEG Data
MEG Acquisition

We focused our analyses on three successive time win-
Magnetic ®elds were measured with a 151-DC-SQUIDdows: 400+600 ms, 600+800 ms and 800+1,000 ms. We
whole-head MEG system (Omega 151, CTF Systems, Porheasured mean amplitude of ERFs in these time windows
Coquitlam, BC, Canada) at the MEG-EEG Centre of theover two sets of sensors, during the semantic and the
Centre de Neuro-Imagerie de Recherche (CENIR), Parigpisodic tasks: parieto-occipital (left: MLP31, MLP32,
France. MEG signals were acquired continuously duringLO12, MLO21, MLO22 right: MRP31, MRP32,
encoding and recognition blocks with a sampling rate ofMRO12, MRO21, MRO22) and temporal (left: MLT14,
1,250 Hz and a low-pass ®Iter at 200 Hz. Three coils wer®LT15, MLT16, MLT24, MLT25, MLT26, MLT34; right:
attached to reference landmarks on the participant (left anMRT14, MRT15, MRT16, MRT24 MRT25, MRT26,
right preauricular points plus nasion) in order to determinedMRT34). These sensors were chosen on the basis of indi-
the head position within the MEG helmet at the beginningvidual and grand mean data examination to cover at best
and end of each block and reposition it if needed; thishe mean amplitude differences observed effects across
allowed ensuring the constant position of the head in theubjects.
helmet throughout the recording session. For the purpose of In the encoding phase (semantic task), we investigated
data analysis, continuous MEG signals were segmenteithe semantic effect by comparing the mean amplitudes of
into epochs time-locked to stimulus onset. Any epochERFs elicited by famous and unknown faces. Thus, we
containing eye blink or muscle artifact was rejected uporperformed three-way repeated measures ANOVAs with
visual inspection of the data. Average event-related ®eldsemantic condition (famous/unknown faces), sensor site
(ERFs) were then calculated betwee00 before stimu- (parieto-occipital/temporal) and hemisphere (left/right) as
lus onset and? 1,000 ms after stimulus onset for every within-subject factors in each time window (400+600,
participant and across all participants (grand mean) in eac600+£800, and 800+1,000 ms).
condition of the encoding phase (famous/unknown faces) During the recognition phase (episodic task), we per-
and of the recognition phase (old/new famous andormed four-way repeated-measures ANOVAs with type of
unknown faces) respectively. Only correct responses weriace (famous/unknown), condition (old/new), sensor site
included in the averages. Thus, the total number of trial{parieto-occipital/temporal) and hemisphere (left/right) as
included in the ERFs was on average 23.4.7 (mean within-subject factors. Thus, we investigated the episodic
number of trials included per condition 22.3 0.6 for  effect (old versus new faces) as a function of the semantic
the semantic task and 24.00.4 for the episodic task). memory for the face (famous vs. unknown faces), in each
Data were baseline corrected to the ®rst 200 ms of théme window
signal and digitally low-pass ®ltered at 30 Hz. Magnetic All statistical analyses were realized using Statistica 6
®eld maps were created to visualize the magnetic ®eltatSoft, Inc.) software. Prior to the statistical analyses,
distributions related to the relevant conditions. DifferenceMEG data were multiplied by -1 in the hemisphere where
maps were computed in order to visualize the scalp dis-owing-in ®elds were observed. This was done because
tribution of ERF differences for famous versus unknownMEG topographies were systematically bipolar with a
faces during the semantic task and for old versus newowing-out ®eld in one hemisphere, and a owing-in ®eld
famous and unknown faces during the episodic task, foin the opposite hemisphere. Note that this operation did
every subject and for the grand mean of subjects. not change the variance of the data. It simply allowed
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simplifying the output of statistical analysis so that an
increase of magnetic responses over both hemispheres w
observed as a main effect of the conditions under stud
rather than as an interaction between the conditions unde
study and the hemisphere.

Results
Behavioural Results

There was no signi®cant difference in the identi®catiot
accuracy (%CR) for famous and unknown faces in the
encoding phase (semantic task) (%CR: 82.8 for famou
faces, 86.4 forunknown faceg,[( 0.1). However, subjects'
responses were faster for famous than for unknown face
(mean RT: 1026 63.2 ms for famous faces and 1244
74.3 ms for unknown faces) [F(1, 2%) 36.2,p\ 0.001].

In the recognition phase, there was no signi®cant mai
effect of the episodic condition (old vs. new faces) on
either %CR or RT. However, the episodic task revealed #i9- 2 Percentage (CR%, upper graph) and mean RT (lower graph)
signiecant_interaction_betvieen the _episodic_and thl, O, [ new | corectespenses i e epse recognon.
semantic status of the faces [F(1, 21)29.7,p\ 0.001]  unknown). * stands fop\ 0.05; ***p\ 0.001
for %CR and [F(1, 21F 32.4,p\ 0.001] for RT. First,
there was a facilitation (i.e. higher percentage of correct
responses and faster RT) for the recognition of old relativelifference between the ERFs elicited by old versus new
to new faces for famous faces only [F(1,21)9.5, faces (i.e. old/new effect) for famous and unknown faces
p\ 0.05] for % CR and [F(1, 21F 47.6,p\ 0.001] for separately. These difference maps revealed differentiated
RT. This indicated an “episodic effect' dependent on theactivities over temporal and parieto-occipital regions with
famous versus unknown status of the face. Second, theen apparent dissociation between the old/new effect for
was a signi®cant facilitation of “old' responses for famousamous faces and that for unknown faces. In particular the
relative to unknown faces [F(1, 2E) 30.8,p\ 0.001] for  spatio-temporal pattern of the old/new effect for famous
%CR and [F(1, 21F 40.5 p\ 0.001] for RT. There was faces at recognition seemed to overlap partially with that of
no such ‘semantic effect' for new faces. In sum, thethe ERF difference for famous versus unknown faces (i.e.
behavioural results revealed a clear in"'uence of semantithe semantic effect) during the encoding task, whereas the
memory on episodic memory, re ected by better recogni-old/new effect for unknown faces yielded a distinct pattern.
tion of famous faces compared to unknown faces in théviore precisely, while the old/new effect showed a right-

episodic task (Fig2). lateralized temporal maximum for the famous faces, it
seemed restricted to left parieto-occipital sites for unknown
Physiological Results faces (Fig.4). In order to characterize these effects across

our sample of healthy elderly subjects, we used individual
Following previous studies on episodic and semanticas well as grand-average ERF difference data to guide our
memory, we focused our analyses on the brain responseseasurements, and chose sensors sets covering the
occurring from 400 ms. We examined the mean ampli-observed effects at best across subjects for mean amplitude
tude of the ERF elicited in three successive time win-measurement in the time windows of interest and statistical
dows, from 400 to 1,000 ms (400+600 ms; 600+800 msanalysis (Tablel). The results are detailed below.
800£1,000 ms) in the semantic and episodic tasks respec-
tively (Table 1). First, for the encoding blocks (semantic
task), we compared the ERFs in response to famous fac&emantic Task (encoding)
and those in response to unknown faces (Bjg.Second,
we examined episodic recognition processes during th&tatistical analyses of parieto-occipital and temporal
recognition blocks. In order to examine the in uence of magnetic activities during the encoding phase (semantic
semantic memory on these processes, we computed tit@sk) showed differentiated responses to famous and
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Table 1 Mean amplitude measures on every sensor set in each time window, for the famous and unknown faces in the semantic task, and for the
old and new famous and unknown faces in the episodic task

400+600 ms 600+800 ms 800+1,000 ms
Semantic task
Right temporal Famous - 135.7 16.2 - 96.5+ 20.4 - 16.5+ 25.0
Unknown - 143.5 185 - 131.5+ 20.7 - 98.5+ 26.3
Left temporal Famous 134.7 18.2 115.6+ 26.3 56.6+ 29.6
Unknown 140.6 19.9 121.2+ 21.7 96.2+ 24.6
Right parieto-occipital Famous 11.2225 275+ 24.9 72.6+ 25.4
Unknown -11 237 -7.0£241 8.4+ 21.3
Left parieto-occipital Famous 60.0 22.3 27.7+ 32.0 - 257+ 349
Unknown 66.1 22.6 51.6+ 28.7 25.6+ 29.1
Episodic taskbfamous faces
Right temporal Old - 135.3+ 19.1 - 98.2+ 22.8 -18.1+ 29.5
New - 154.7+ 20.0 - 147.7+£ 225 - 96.8+ 24.0
Left temporal Oold 1425 22.6 126.8 25.9 59.7+ 25.3
New 159.1 18.7 140.2 23.0 104.4+ 23.5
Right parieto-occipital Old 12.0 26.2 18.4 26.0 36.3 27.0
New -16 254 - 165 254 56 211
Left parieto-occipital Old 90.7 23.4 69.8 304 253 26.3
New 789 23.0 61.4 28.0 274 304
Episodic taskbunknown faces
Right temporal Old -138.8 17.6 -123.0 21.2 -63.8 240
New - 1453 16.8 -138.7 21.2 -90.3 218
Left temporal old 139.0 19.3 1405 241 97.8 26.3
New 140.5 175 1325 23.8 88.4 23.0
Right parieto-occipital Old 9.4 253 82 241 245 227
New 20 215 -6.6 227 12.4 18.3
Left parieto-occipital Old 85.8 21.2 93.2 29.1 67.5+ 29.0
New 704 211 61.0 25.3 257+ 25.7

Grand mean values standard error of the mean are reported in each cell. The cells where signi®cant effects of famous versus unknown faces
(for the semantic task) and of old versus new faces (for the episodic task) were found are in bold. Note however that this is for indicative purpose
only as these effects were in the form of main effects of the semantic and/or episodic status of the faces, as well as of interactions between these
factors and/or sensor site and hemisphere. Please refer to the text for the detailed description of these effects

unknown faces between 600 and 1,000 ms [F(1,43).9, Episodic Task (recognition)

p\ 0.05and F(1, 13¥ 15.4,p\ 0.01 in the 600+800 ms

and 800+1,000 ms time windows respectively]. This effecWe then focused on the old/new effect for famous and
did not reach signi®cance between 400 and 600 mgnknown faces during the episodic recognition task. In the
[p[ 0.1]. Although the ERF difference between famous®rst time window (400+600 ms), the four-way ANOVA
and unknown faces seemed more marked on the right thamith sensor site, hemisphere, episodic and semantic status
the left hemisphere, the interaction between hemispheref the faces as within-subjects factors did not reveal any
(left/right) and semantic condition (famous/unknown faces)signi®cant main effect of the episodic status of the faces
did not reach signi®cance in any time window [all (p[ 0.1); there was not any signi®cant interaction between
p[ 0.05] (Figs.3, 5). Finally, there was a main effect of the semantic and the episodic status of the faces either
the sensor sites (parieto-occipital/temporal) in all time(p[ 0.1). Nevertheless, there were signi®cant two-way
windows [all F(1, 13] 51.9,p\ 0.0001] indicating that interactions between the episodic status of the faces and the
the magnetic responses related to the semantic encoding bémisphere [F(1, 13F 5.1, p\ 0.05)] and between the
famous and unknown faces culminated over the temporatpisodic status of the faces and the sensor site [F(1713)
sensors 9.0, p = 0.01)]. Planned comparisons indicated that the
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Fig. 3 a Time course of the ERFs in response to famous andfaces (correct rejection), averaged over three latency ranges
unknown faces on four selected sensors from the right and lef400+600, 600+800, 800+1,000 ms) in the semantic task for a typical
temporal (MRT26/MLT26) and parieto-occipital (MRO12/MLO12) subject. A top view of the head is presentié¢hite and greyoints on
regions, during the semantic task for a typical subject. Black arrowghe left and right hemisphere indicate temporal and parieto-occipital
points to the signi®cant effects obtaind.Mean ERF difference sensors of measurement respectively

maps for correctly recognized famous faces (hits) minus unknown

old/new effect was signi®cant over the right hemisphereffect [F(1, 13)= 21.8,p\ 0.001 in the right hemisphere
[F(1, 13)= 6.1,p\ 0.05vs. R 1 over left hemisphere] versusp[ 0.10 over left hemisphere; F(1, 18)9.0,
and over temporal sensors [F(1, 3)6.8, p\ 0.05 vs. p= 0.01 over temporal sensors verspg 0.10 over
F\ 1 over parieto-occipital sensors]. Note that this rightparieto-occipital sensors].
lateralization and temporal maximum of the old/new effect Finally, between 800 and 1,000 ms, there was a signif-
in fact held true for famous faces only (@l 0.05); there icant old/new effect [F(1, 13F 4.9, p\ 0.05] together
was not any signi®cant old/new effect either over temporalith an interaction between the episodic and the semantic
sensors [ 1] or over the right hemisphere |F 1] for  status of the face [F(1, 13) 13.5,p\ 0.01], as well as a
unknown faces. three-way interaction between the episodic status, the
Then, between 600 and 800 ms, the four-way ANOVAsemantic status and the sensor site [F(1, 43).9,
showed an old/new effect [F(1, 13) 5.2,p\ 0.05] qual- p\ 0.05]. Two-way interactions between the episodic
i®ed by an interaction between the episodic and thstatus of the face and the hemisphere and between the
semantic status of the face [F(1, 1:83)9.0,p\ 0.05)]. This  episodic status and the sensor site were also signi®cant
re ected a marked old/new effect for famous faces only[F(1, 13)= 7.4,p\ 0.05 and F(1, 13¥ 19.7,p\ 0.001
[mean ERF amplitude difference between old and newespectively]. We broke down these interactions by ana-
famous facess 22.3  18fT, F(1, 13)= 11.8,p\ 0.001]; lyzing the old/new effects for famous and unknown faces,
by contrast the old/new effect was non signi®cant forover the right and left parieto-occipital and temporal sensor
unknown faces [mean difference 2.4 17 ft, F\ 1]  sites separately. On the right temporal sensors, the old/new
(Fig. 4). Furthermore, the two-way interactions between theeffect and the interaction between the episodic and the
episodic status of the face and the hemisphere as well aemantic status of the faces were signi®cant [F(1,=13)
between the episodic status of the face and the sensor sit8.8, p\ 0.01, and F(1, 13¥ 12.6, p\ 0.01 respec-
were signi®cant [F(1, 13) 14.1, p\ 0.01 and F(1, tively]: There was a marked old/new effect for famous
13)= 11.3,p\ 0.01) respectively]. This re ected the right faces [mean ERF amplitude difference between old and
lateralization and the temporal maximum of the old/newnew famous faces 78.7 38fT, F(1, 13)= 20.1,
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Fig. 4 ERFs associated with the old/new effect during the episodicdifference maps for the old minus new famous faces (old/new effect
recognition task for a typical subject (the same subject as inFjig. for famous faces), averaged over three latency ranges (400600,
aTime course of the ERFs in response to correctly recognized old an800+800, 800+1,000 ms), are represented on a top view of the head.
correctly rejected new famous faces on four selected sensors from th&'hite and grey points on the left and right hemisphere indicate
right and left temporal (MRT26/MLT26) and parieto-occipital temporal and parieto-occipital sensors of measurement respectively.
(MRO12/MLO12) regions. Black arrows points to the signi®cantb Same representation for the unknown faces

old/new effects obtained. Below these time courses, grand mean ERF
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p\ 0.001]; this effect did not reach signi®cance forl3)= 13.7,p\ 0.01 respectively]. This re ected an old/
unknown faces [mean difference 26.5 32.4fT, F(1, new effect for famous faces only [F(1, 13)15.3,
13) = 3.5,p = 0.08]. On the left temporal sensors, the old/p\ 0.01 vs. R 1 for unknown faces]. By contrast, we
new effect showed a trend to signi®cance and the interaéeund an old/new effect for unknown faces on the left
tion between the episodic and the semantic status of thearieto-occipital sensors [F(1, 13) 9.2, p\ 0.01]. This
faces was signi®cant [F(1, 13)3.4,p = 0.08, and F(1, old/new effect was non signi®cant for famous faces
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b Fig. 5 Individual and grand mean maps of the ERF differencesperformance during a semantic memory task and that during
between 800 and 1,000 ms for famous versus unknown faces in '[hgn episodic memory task in AD patients (DaIIa Barba and

semantic task and for old versus new famous and unknown face, . .
respectively in the episodic task. Maps of the mean amplitudeéOIdblum 1996 Goldblum et al. 1999 and in aphasic

difference between 800 and 1,000 ms are represented for thrgeatients (Dalla Barba et al996). It extends these ®ndings
example subjects (S16, S17, S6) as well as for the grand average t healthy elderly subjects. Our result is in line with the
the 14 subjects (lowest row). Although these data highlight theihegries of memory which have hypothesized that the cre-

important inter-subject variability, they show the similarity of ERF tion of new episodic memories bene®ts from pre-existin
differences related to the semantic effect (famous vs. unknown face@0" Of NEW EPISOIC MEMOries benewis irom pre-existing

in the semantic task) and those related to the episodic recognitioknowledge in semantic memory (Attali et @009 Tulving
effect (old/new effect) for famous faces, especially over right 1983 Tulving and Hayman1999. Such theories have
te'gpora'fse“ﬁors where thekeffe(;:t_ Wlass pres$n1t4in %’_2 OUtf of &’been inuenced by Craik and Lockhart's Levels of Process-
subjects for the semantic task and in 13 out of 14 subjects for the ) .
episjodic task. By contrast, a left parieto-occipital differe:me in ERFNY _framework.(Attah et a|2909 Craik a”‘?' Lockhartl972

for old versus new stimuli was observed for the unknown faces in thécraik and Tulving1975 Tulving 1983 Tulving and Hayman
episodic task. This effect was present in 11 out of the 14 subjects. W&995, which postulates that episodic recognition depends on

note that there was some right temporal differences in the old/newhe extent of elaboration during encoding. Thus, it is fjikblat
effect for unknown faces, observable in the individual data; yet this h tent of pri tic k led " ted with
effect failed to reach signi®cance in the group analysis. White an(ﬁ € extent ot prior semantic knowledge associated with a

grey points on the left and right hemisphere indicate temporal andtimulus affected the quality of episodic memory (Dobbins
parieto-occipital sensors of measurement respectively et al.2004 Donaldson and Rug999.

Moreover, the physiological results added further evi-
[F\ 1], and the interaction between the episodic anddence regarding the interaction between episodic and
semantic status of faces was signi®cant [F(1,413).1, semantic memory processes.
p\ 0.05]. No effect reached signi®cance over the right
parieto-occipital sensors. MEG Results: Semantic Task
Overall these results underlined the dissociation

between the old/new effect for famous and unknown facesDuring the semantic task, evoked ®elds over parieto-
The old/new effect was sustained and culminated over rightccipital and temporal sensors were signi®cantly modu-
temporal sensors for famous faces, whereas there waslated by the semantic status of the face (famous versus
restricted old/new effect over left parieto-occipital sensorsunknown) between 600 and 1,000 ms. The scalp distribu-
between 800 and 1,000 ms for unknown faces (Fg$).  tion of this semantic effect is consistent with previous EEG
Interestingly, the scalp distribution and the time course ofstudies that found a temporo-occipital distribution of the
the episodic effect for famous faces were relatively similarN400 effect related to the processing of visual incongrui-
to those of the semantic effect obtained at encoding. Thities in famous faces (Jemel et &B99a b). The sources of
suggested that the episodic recognition of a face related tthe semantic effect were not investigated here; hence it is
semantic memory (famous faces) may be associated withot possible to draw conclusions on the brain regions
the re-activation of semantic information already activatednvolved. However, it is interesting to note that our result is
during the semantic encoding task. consistent with previous functional neuroimaging studies

that have demonstrated that the recognition of famous faces

as compared to unfamiliar faces activates extensive bilat-
Discussion eral temporal regions (Bernard et 8004 Leveroni et al.

2000. Both hemispheres seemed to be involved in these
The aim of this work was to investigate the interactionstudies as in ours. This may however re ect different
between semantic and episodic memory within the sameontribution of the right and left hemispheres in the
experimental paradigm using behavioral and MEG measemantic task. Right hemisphere involvement may be
sures in healthy elderly subjects. Overall our behavioratelated to the preferential role of this hemisphere in face
results showed that the level of semantic awareness gfrocessing (Snowden et &004). Lee et al. 005 found a
items modulated the recognition of those items in theright hemisphere predominance in the neurophysiological
episodic memory task. This interaction between semantiprocesses involved in both the pre- and post-recognition
information associated with faces and episodic memoryhases of face processing with MEG. By contrast, magnetic

processes was re ected in the MEG data. responses over left sensors have been preferentially
observed in the tasks involving the semantic encoding of
Behavioural Results verbal material (Walla et al2001). Furthermore, some

fMRI studies have reported bilateral involvement of tem-
At the behavioural level, our result is consistent with theporal regions during famous face recognition (Denkova
previous ®nding of a positive correlation between theet al. 2006 Leveroni et al.2000. This was interpreted as
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re ecting the activation of semantic information associated Other electrophysiological studies have reported distinct
with those faces. Thus, altogether, the differentiated mageld/new effect as a function of semantic memory for faces
netic responses to famous and unknown faces observébierzmann and Somme&010. For example, (Paller et al.
during the semantic task may re ect difference in the2000 described different old/new effect for faces associ-
semantic memory between those faces as well as differen@ted with a speci®c semantic information (named faces)
in the memorization of these faces. and for faces without any associated semantic information
(unamed faces). For the named faces, the old/new ERP
difference was observed at anterior and posterior scalp
MEG Results: Episodic Task locations. For unnamed faces, this effect was observed only
at posterior scalp location. The posterior portion of the old/
Most importantly, during the episodic task, the spatio-new ERP difference was thus interpreted as a neural cor-
temporal dynamics of episodic recognition effects for facegelate of the retrieval of visual face information based on
were markedly dependent on the semantic status of thigems' perceptual features (see also Heun e2@0D7), and
faces. We showed a dissociation of the old/new effect fothe anterior portion as an index of the retrieval of person-
famous and unknown faces. Namely, between 600 andpeci®c semantic information. Our results extend these
800 ms, the old/new effect was signi®cant for famous face®ndings in elderly subjects, suggesting that the episodic
only, and it was maximum over the right temporal sensorsrecognition of unknown faces was based on the retrieval of
Then between 800 and 1,000 ms, the right-lateralizedvisual face information. By contrast, the old/new effect for
temporal, old/new effect for famous faces extended ovefamous faces was associated with differentiated brain
the left temporal sensors, whereas an old/new effect waactivity mainly over right temporo-parietal sensors,
seen over the left parieto-occipital sensors for the unknowmesembling the pattern of ERF mean amplitude modulation
faces. These results speak ®rst to the models of the relter the famous/unknown face comparison during the
tionship between episodic and semantic memory systemsemantic task. As stated above, the right temporal regions
Two hypotheses are currently proposed. The ®rst hypotthave been associated with semantic memory, particularly
esis (Cohen1981, Squire and Cohernl984 considers for faces, using MEG as well as fMRI (Lee et &005
semantic and episodic memory as two distinct and paralldleveroni et al.2000. Altogether, these results suggest that
systems, whereas the second (Tulvitg§85 considers the episodic recognition of famous faces activated the
episodic memory as a speci®c subsystem of semantietrieval of stored semantic information. It is possible that
memory. According to the parallel hypothesis, there shouldhe semantic memory trace was used during retrieval to
be a clear-cut dissociation on the spatial or/and temporakeconstruct the prior encoding episode.
dynamics of the networks implicated in the two systems An original aspect of our study was to tackle the interplay
without any interaction between these systems. This dodsetween semantic and episodic memory using a paradigm
not accord with our ®ndings. Rather, our results showedomprising both a semantic and an episodic memory tasks
that the brain responses related to the episodic recognitiofiluring the encoding and the recognition phases respec-
memory for a face were dependent on the semantitively). Thus rather thaninvestigating the inherent properties
knowledge for that same face. Furthermore, the spatioef these memory systems, we chose to focus on the interac-
temporal pattern of magnetic activities associated with theion between semantic information associated with faces and
old/new effect for famous faces was similar to the spatiothe processes of episodic memory for faces. To our knowl-
temporal pattern of differentiated responses to famougdge, only one previous study has directly investigated the
versus unknown faces during encoding. This suggested thgtiestion of the interaction between semantic and episodic
the neural substrates of episodic and semantic memonyemory at physiological level within the same experimental
might partly overlap as far as the episodic recognition ofparadigm, similarly to our study (Zion-Golumbic et al.
famous faces was concerned. Furthermore, as detail&?D1Q. In this work the authors investigated the neural
above, at the behavioral level, our ®ndings showed thatynamics of EEG oscillatory responses in healthy young
semantic knowledge improved episodic recognition peradults during the creation (study phase) and the retrieval (test
formance, supporting the view that episodic memory mayphase) of episodic memories for famous and unknown faces.
be at least in part dependent on semantic memory. Howwhile they showed an interaction between semantic and
ever, we did not test for a possible reciprocal in uenceepisodic status of the faces in the behavioural performance of
between semantic memory and episodic memory. Thughe subjects (as in the present study), they found that pre-
altogether, while our ®ndings rule out a strict independenéxisting semantic knowledge played only a marginal role
account of semantic and episodic memory systems, theguring episodic retrieval as re ected by non-reliable differ-
cannot be taken as supporting Tulving's hypothesis of @nces in the episodic memory effects for famous versus
hierarchical organization of these two memory systems. unknown faces in the three studied EEG frequency bands
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during the test phase. In contrast, our ®ndings showed thaeurophysiological correlates of episodic and semantic
pre-existing semantic knowledge strongly in"uenced theretrieval based on recollection processes. To this aim, we
spatio-temporal dynamics of magnetic activities associatettied to ®nd a compromise between the number of stimuli
with episodic recognition. Golumbic et al.'s study and oursincluded and the level of fame of the famous faces, in order
focused on different age groups, making dif®cult to comparéo ensure that the famous face recognition in the semantic
directly their ®ndings and ours. However, the discrepancyask would engage the recollection of semantic informa-
between these ®ndings may be related to the task used in ttien, overcoming the involvement of familiarity judgments,
encoding phase. In the Golumbic et al.'s study, the encodingvhich can often affect memory performance, particularly
phase did not consist in a semantic memory task since suln elderly subjects. However, this limited number of trials
jects were instructed to judge the beauty of the seen facess not optimal for the analysis of ERF data. This choice
therefore the “semantic effect” at study was not a directcontributed to the important rate of subject exclusion for
neural correlate of the conscious retrieval of semantiche ERF data analysis, which was a second limitation of the
information concerning famous faces. This may not havestudy. This notwithstanding, it is important to note that our
favoured the observation of an interaction between semantishysiological results converged with the behavioural
and episodic memory systems. By contrast, in the presemesults, con®rming the interaction between semantic and
study, the participants alternated a semantic and an episodipisodic memory. Finally, the present study focused on
memory tasks. In this condition, a marked interactionERF analysis only. MEG has been particularly used for the
between semantic and episodic memory was observed, ryburpose of source localization over the recent years. Such
ing out the hypothesis of a strictly parallel organization of thesource localisation approach based on the individual anat-
two memory systems. omy helps to overcome inter-individual variability in ERF
We have chosen to focus our study on healthy elderlydata (see Fig5) that arises in particular from the sensi-
subjects because the characterization of the interplay betwedénity of MEG signals to individual brain geometry. Future
semantic and episodic memory in these subjects is essentialstudies with this approach will be fruitful to provide a
the understanding of the defects of these memory systems @ynamic view of the brain regions underlying episodic and
neurodegenerative diseases like AD or semantic dementigemantic memory processes.
In particular, there have been a number of reports about
neurophysiological differences in the old/new effect between
healthy elderly subjects and AD patients, including with theConclusion
MEG brain imaging method. For example, Walla et a0(5
described physiological differences between normal controlfn this study we have addressed the question of the inter-
and AD patients in a recognition memory task, where theplay between pre-existing semantic knowledge of faces and
depth of encoding of verbal information was manipulatedthe retrieval of episodic traces for those faces in healthy
with shallow compared to deep encoding. In line with ourelderly subjects. As expected, recognition memory was
®ndings, these authors showed a signi®cant old/new effdattter for famous than for unknown faces. Thus pre-exist-
over temporo-parietal sensors after deep encoding in healthigg semantic knowledge improved episodic recognition.
elderly subjects; by contrast, this effect was absent in the AT his interplay between semantic and episodic memory was
patient group. However, these studies remain relativeljurther characterized at the neurophysiological level using
sparse, mostly based on EEG method, and focused on verddEG. Semantic knowledge affected neural activity related
material (Friedmar2000. Face recognition is an important to the old/new effect, with dissociation between the right-
skill for the social relational life, which may be particularly lateralized temporal old/new effect for famous faces and
involved both in the dif®culties reported by healthy olderthe left parieto-occipital old/new effect for unknown faces.
adults in their daily life and in the early impairments asso-The episodic old/new effect for famous faces and the ERF
ciated with aging pathologies (Joubert et 2010 (for a  difference related to semantic memory for the faces
review see Chaby and Narrd809. The present study offers (famous vs. unknown faces) overlapped over temporal
a fruitful paradigm for the study of episodic and semanticsensors. Our results support the view that episodic memory

memory for faces in healthy and pathological aging. processes utilize semantic information when it is bene®cial
for task performance. By contrast, the recognition for
Limitations of the Study unknown faces seemed to rely on episodic memory based

on pre-semantic, perceptual features. Overall, this study
The present study presents several limitations. First ourules out an independent and parallel organization of the
paradigm comprised a limited number of trials. Thissemantic and episodic memory systems and provides a
choice was mainly guided by the memory processes undenethodological reference as well as comparative data
study: we wanted to focus on the behavioural andor the MEG study of episodic and semantic memory in
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age-related pathologies like early AD and semantid-riedman D, Johnson RJ (2000) Event-related potential (ERP) studies

dementia, which selectively affect episodic and semantic of memory encoding and retrieval: a selective review. Microsc
Res Tech 51(1):6+28

memory respectively. Goldblum M-C, Gomez C-M, Dalla Barba G, Boller F, Deweer B,
Hahn V et al (1998) The in uence of semantic and perceptual
encoding on recognition memory in alzheimer's disease. Neu-
ropsychologia 36(8):717+729
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p<.05

Cl Gauche Ns Ns
Cl Droite Ns F=3,7; p=.08
Ant Cl F=5,5; p<.05 Ns
ClI xGD F=6,6; p<.05 Ns
Cl Gauche Ns F=5,6; p<.05
ClI Droite F=9,1; p<.05 Ns
450-550ms
Post Cl Ns Ns
CI xGD Ns F=10,7; p<.01
Cl Gauche Ns F=4,3; p=06
Cl Droite Ns Ns
Ant Cl Ns Ns
ClI xGD Ns F=8,9; p<.05
Cl Gauche Ns F=5,5; p<.05
Cl Droite Ns Ns
550-650ms
Post Cl Ns Ns
CI xGD Ns Ns
Cl Gauche Ns Ns
Cl Droite Ns Ns
Ant Cl Ns, Cl F=7,5 p<.05 Ns
CI xGD Ns Ns
Cl Gauche F=14,7; p<.01 Ns
Cl Droite F=7,2; p<.05 Ns
650-750ms
Post Cl Ns Ns
CI xGD Ns Ns
Cl Gauche Ns Ns
Cl Droite Ns Ns
Ant Cl F=3,5; p=.09 Ns
CI xGD Ns Ns
ClI Gauche F=5,9; p<.05 Ns
ClI Droite Ns Ns
750-850ms
Post Cl Ns Ns
CI xGD Ns Ns
Cl Gauche Ns Ns
CI Droite Ns Ns
Ant Cl Ns Ns
Cl xGD Ns Ns
Cl Gauche Ns Ns
Cl Droite Ns Ns
850-950ms
Post Cl F=6,2 p<.05; Ns
CI xGD Ns Ns
Cl Gauche F=7,7; p<.05 Ns
ClI Droite F=4,0; p=.07 Ns
Ant Cl F=3,6; p=0.08 Ns
CI xGD F=4,9; p=.05; Ns
Cl Gauche Ns Ns
ClI Droite F=6,9 ; p<.05 Ns

Tableau 2 : Résultats des ANOVA(intragroupe a deux facteurs : type de visagennas versus inconnu (CI) et
latéralité gauche versus droite, (GD) réaliséessdemque fenétre temporelle pour chaque groupeagéeurs,
postérieurs (Post) et antérieurs (Ant), dans lagafe mémoire sémantique pour les sujets sainsugtlps patients.
Méme quand l'interaction entre Cl et GD n’est pgsificative, les valeurs significatives des Cl stiaque hémisphére
sont rapportées. Les valeurs significatives denp smrquées en rouge.
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Fig. 1. Participants' performance in the Confabulation Battery. The subdivision within each bar indicate what proportion of responses were
classi®ed as correct, confabulation, wrong and 2l don't know?, for each type of responses in Alzheimer's disease patients (AD), confabu-
lating amnesics patients (CA), and normal controls (NC).
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Fig. 2. Mean percentage of different confabulation types in
Alzheimer's disease (AD) and confabulating amnesics patients
(CA) patients.






shape future events and to develop anticipatory behavior.
However, the preservation of TC is not itself an adaptive
advantage, because it may lead to inappropriate anticipatory
behavior when it interacts with inappropriate information.
Indeed this is what happens in confabulating patients, who,
even more than non-confabulating amnesics, are exposed to
the risk inappropriate behavior.

To conclude, the qualitative account and the taxonomy of
confabulations we propose here ®ts the MCTT, but it is not
incompatible with other theories, which consider the con-
struction of a coherent notion of subjective time a crucial
step to understand the more evolved aspects of human
memory. The MCTT shares similarities with Tulving's no-
tion of autonetic consciousness (Tulving, 1985), with the
concept of mental time travel (Suddendorf & Corballis,
2007) and with Schnider's theory of extinction as a necessary
component to adapt to ongoing reality and to anticipate fu-
ture events. Future research should focus on cognitive and
biological mechanisms that enable individuals to have and
adapt their subjective time to past, present, and future reality.
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