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Abstract—Previous work using positron emission tomography (P
has shown that memory encoding processes are associated with
erential activation of left frontal regions of the brain, whereas retrie
processes are associated predominantly with right frontal activati
One possible reason for the asymmetry is that episodic retrieval
essarily involves reference to the self, and the self-concept may b|
resented (at least partially) in right frontal regions. Accordingly, t
present study investigated the possibility twatodingof self-related
material might also activate right frontal areas. Eight right-hang
volunteers judged trait adjectives under four separate PET scan
ditions: (a) relevance to self, (b) relevance to a well-known public
ure, (c) social desirability, and (d) number of syllables. The res
showed that self-related encoding yielded left frontal activations
ilar to those associated with other types of semantic encoding, bu
specific activations in the right frontal lobe. It is concluded that
concept of self involves both general schematic structures and fy
specific components involved in episodic memory retrieval.

It is well established that encoding and retrieval processe
episodic memory involve different regions in the frontal lobes of
cerebral cortex. Specifically, encoding processes differentially en
left prefrontal areas, whereas retrieval processes for the same

FPerformance is not restricted to verbal information; the same re
pi@fe been reported for pictures (Grady, Mcintosh, Rajah, & C
vdl998).
ons. What are the necessary constituents of memory retrieval? J
nEB90, Vol. |, p. 650) made the point that for a mental event to be ¢
ergmced as a personal memory, the imagined event must, firg
heeferred to the past and, second, be associated with feelings o
that is, it must be dated in the rememberer’s own personal past. R
ediork involving positron emission tomography (PET) has shown
ctire retrieval of episodic memories is associated with activation o
figrefrontal cortex, predominantly on the right (for reviews, see Ca
ukksNyberg, 1997; Nyberg, 1998; Nyberg et al., 1996). One interpr
sitien of this right prefrontal activation is that it represents a set to i
giset incoming stimuli as memory retrieval cues—a “retrieval mo
th@ulving, 1983) or “retrieval attempt” separable from the act
rtheocesses of successful retrieval (Kapur et al., 1995). In turn, it c
argued that the major constituents of retrieval mode are pastne
the involvement of self.

_ One major purpose of the present study was to examine the
Spifity that the association of episodic memory retrieval with activa
the the right prefrontal cortex is attributable (in part at least) to the
J3@8entation of self in this area of the brain. This conjecture rec
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als predominantly involve right prefrontal areas. This observed diff¢fances of self-awareness: such disorders are often associatef with

ence was embodied in the hemispheric encoding/retrieval asym

nE’é%HTe support from studies of brain-damaged patients with di

f28ons of the right frontal cortex (Luria, 1973; Stuss, 1991; Whe

ler,

model (HERA; Tulving, Kapur, Craik, Moscovitch, & Houle, 1994).styss, & Tulving, 1997). Also, a PET study in which subjects

and the empirical observations on which the model is based have| sjgggeved emotional memories from their past showed activation of
been replicated many times (for reviews, see Buckner, 1996; NyPg{gnt prefrontal areas as well as other regions in the right hemisphere

Cabeza, & Tulving, 1996; Tulving, 1998).
One question that can be asked is whether these asymmetric

(Fink et al., 1996). We investigated this question by inducing pa
Al G&ts to carry out self-related processing in the context of a me

tici-
mory

tical activations reflect the processes of memory encoding |aiicoding paradigm. If the involvement of self activates right fro
retrieval as such, or whether they reflect the involvement of nece 5S@Kions regardless of the nature of the cognitive operation, then
constituents of encoding and retrieval, respectively. It is known| fferential encoding should also be associated with PET activa
example, that effective encoding processes typically involve de@pat are predominantly right lateralized. Alternatively, if self-refer
elaborate, semantic-processing operations (Craik & Tulving, 1978} encoding is associated with activations in left frontal regions,
and also that such types of processing are consistently associatedﬂlﬁigmg would extend the generality of the HERA model, and sug
activation of the left lateral prefrontal cortex, most commonly arouRglat self-referential encoding is not different in kind from other ty
Brodmann’s Areas (BA) 46 and 47 (Cabeza & Nyberg, 1997). It s¢ ePideeper processing.
possible, therefore, that one major function of the left prefrontal cor- A rejated purpose of the study was to gather evidence on the
tex is the processing of meaning. This type of processing, in tulny4f correlates of self-referential processing. It has been shown
associated with good episodic memory for the processed event (Kapids processed with reference to the self are very well rememy
et al., 1994; Petersen, Fox, Posner, Mintun, & Raichle, 1988). #yally even better than words processed in general semantic
should be noted that this confluence of meaningful processing mons & Johnson, 1997). Thus, a person would remember the
prefrontal activation, and high levels of subsequent episodic memefyhhornbetter after answering the self-referential question “Does

word stubborndescribe you?” than after answering the general se

tic question “Doesstubbornmean the same asbstinat®” (Rogers,
|d§y’iper, & Kirker, 1977). This self-reference effect has been inve
silgated extensively in the past 20 years. Its explanation is still deh

but one reasonable account is that the concept of self provides
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schemdic cognitive stucture, and tha new information leaned with
reference to self is encoded inialr and distinctie mannerFuither

more, the oganized, interdependent nture of the self-deema &cili-

tates the érmaion of omanizdional links among thewvents to be
remembeed (Klein & Kihlstom, 1986; Klein & Loftus,1988),and
the high accessibility of the selftsema &cilitates the constiction of
compdible retrieval opegtions da the time of emembeng (Wells,

Hoffman, & Enzle, 1984). In the prsent stug we were inteested in
the neual corelaes of self-eferential encodingas indeed ty PET
neunimaging. The compason betveen self-eferential and gneal

semantic encoding eblad us to detenine whether these tavtypes of
encoding a associged with the same or dédrent pocesses in the
brain.

Participants in the PET scanner made judgmeimsug lists of
personality tait adjectves. Pur types of judgments e made
(only one type dung ary one scan); in all casegaticipants eted
eat word on a 4-point scaleybpressing one ofdur response dys.
The four types of judgmentser (a)self(“How well does the adjec
tive desdbe you?”), (b) other (“How well does the adjeate
descibe Biian Mulroney?”—a former Canadian jpme minister),(c)
generl (“How socially desiable is the tait descibed by the adjee
tive?”), and (d)syllable (“How mary syllebles does the adjeut
contain?”). Pocessing wrds in tems of the mmber of syllhles
reflects a eldively shallav type of erbal pocessing with little
involvement of meaning; aetitions from these scan®imed the
baseline 6r PET measwmentsTheothercondition was induded to
see wWether pesonal judgments noelaed to self wuld be assoei
ated with actvations diferent from those assodied with self-
referential and gnerl semantic encodindehaioral studies hee
shavn tha subsequent mempifor words judged with eference to
another peson deends on he well known the taget peson is to
the paticipant. When the other in question issWknown (eg., par
ent, best fiend), subsequent memprevels ae almost as high a
those associad with self judgments (Beer & Gilligan, 1979;
Keenan & Baillet1980); tut when the other is a plib figure (eg.,
Walter Cionkite, Jimmy Cater, John Major), memoy for self-
referential judgments is consisteynthigher than memgrfor other
related judgments (Bwer & Gilligan, 1979; Convay & Dewhurst,
1995; Keenan & Baillet,1980). In the prsent stug the other vas
also a pubic figure (Brian Mulroney), so we expected toihd higher
memoy levels associ@d with self than with other judgments (s
also Symons & dhnson,1997,for recent meta-angiic suppot for
this prediction).

METHOD

Participants

Eight right-handed gluntees (4 men and 4 @men) vere recuuit-
ed for paticipation in the pesent inestigation. The wluntees were
between the ges of 19 and 26gas (M = 22.8),and had a mean ed\
caion of 15.5 yass. All participants vere sceened ér a histoy or
current eidence of ap sefous medicalneulogical, or psydologi-
cal disoder; theg were also saened ér recreaional dug éuse
Informed consent &s obtained &m all wluntees bebre the patic-
ipated and thg received a $50 eimbursement ér their paticipation.
The stug was gproved ly the local ethics committee of the Vei-

Task Design

Relaive regional ceebral bood flow (rCBF) was measwd while
patticipants perbrmed one ofdur encoding tasks; eatask vas per
formed twice for a total of eighteldive rCBF meas@ments (i.e
scans).The four tasks wre presented in ammBCDDCBA design
(counterbalanced amss paticipants) to minimiz oider efects. Ealb
task irvolved making judgmentsaut pesonality tait adjectves on a
4-point scale Sixteen similar lists of 32 pswnality tait adjectves
were constucted using the psonality tait adjectves bund inAnder
son (1968) and Kipand Gadner (1972)These lists wre used in the
encoding tasks and in a subsequemignition test. Ede adjectve
occured in ony one listWithin ead list, half of the vords were pos
itive and half were neyative. A word was considexd to be posite if
it was one of theifst 253 vords listed ly Anderson (1968; his ards
were odered accading to their likdoility ratings) or if it fell within the
first five deciles of Kiry and Gadners (1972) atings of ealuaion
and social desability; words occuring later in these lists are con
sideed to be ngative. Additionally, ead list contained @proximate-
ly equal mmbes of two-, three-,four-, and fve-syllable positve and
negative adjectves. Eight aditional lists of 8 pesonality tait adjee
tives were constucted br the pactice trals. These pactice lists vere
constucted using dteria similar to lut less sict than the dteria used
to constuct the sixteen 32-adject lists (eg., some of the pactice
adjectves were from Allport & Odbet, 1936). Eight of the 32-ard
lists were shevn for the paticipants’judgments dung the scansand
eight seved as distctos on a ecanition test &the end of scanning
Half of the paticipants made judgments on Lists ldigh 8; in this
caseLists 9 though 16 contbuted distactoss for the ecaynition test.
The emaining paicipants made their initial judgments on Lists|
through 16; in this casé.ists 1 though 8 conibuted distactors for
the recanition testThe lists vere presented in a pseudordom oder,
counterbalanced auss subjectsThe words within eah list were ran
domly presentedEad word was pesented in the center of a comp
er sceen suspended a coonible viewing distance fom the
paticipant.

In one taskrepresenting encoding of seléferential information
(selftask),paticipants vere requested to judghav well they thought
ead trait adjectve desdbed them.To indicae their judgmentthey
were instucted to pess one of theolir keys on the kypad beneth
edheir right fingers. More speciically, they were requested to piss the
key beneth their inde, middle, ring, or little finger if they thought
that the tait adjectve almost neer, rarely, sometimes,or almost
always desdbed them,respectiely. In a second taskepresenting
encoding of inbrmation aout another pspn Ether task), patici-
pants vere requested to judghav well they thought edl trait adjee
tive desdbed Biian Mulroney by responding in the sameayas in the
selftask. In a thid task,representing encoding of semanticanha
tion not specit to a peson geneal task),patticipants vere request
ed to jud@ hawv socially desigble the tait descibed ty eat adjectve
was.They judged eahb trait as being almost wer, rarely, sometimes,
or almost alvays socialy desiable by pressing desigriad leys. In a
fourth task, representing the encoding of nonsemanticoinfaion
(syllable task),patticipants vere requested to judgthe mmber of sy
lables in eab trait adjectve. They pressed one oblr keys depending
on whether the adjeaté had tve, threg four, or five syllales.

Ead trial consisted of a 500-msxétion point bllowed by an
adjectve with a maximmm dugtion of 2,000 ms. If the pacipant
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blank for the duation of the 2,000 msand then aixation point
appeaed for 1,500 ms. If the pécipant did not ma& his or her judg
ment within 2,000 msthe adjectre was eplaced with theikation
point. The fxation point was displged contimousy for the 1,500 ms
at the end of one il and thoughout the 500 ms @ceding the neé
adjective; paticipants thus had a total of 4,000 ms toce&e and
respond to edcadjectve. Participants vere told tha if they had not
made a judgmentythe time theikation point gpeaed, they should
do so quikly because the retrait adjectve was dout to @pear If a
judgment had not been made within the 4,000-ms wintleen the
next adjectve automécally gppeaed This stict timing was used to
ensue tha eat paticipant made the sameimber of judgments dur,
ing eat scanThe behsioral dda and erbal eports from the patic-
ipants confmed tha 4,000 ms s a condrtable windov within
which the \arious tasks could be perimed

Approximately 10 min after the last scapaticipants vere gven
an unepected gs/no ecanition test.The recaynition test vas dvid-
ed into bur Hocks, one br eat type of judgmeniWe made this di-
sion so thawe could detanine \ariations in the dterion paticipants
used to ecanize the adjecties fom a paticular judgment type
Block order was pseud@ndom,counterbalanced awss paticipants.
Within ead bock, half of the adjecties flom the tvo lists or a paf
ticular judgment and half of the adjeets flom two distictor lists
(i.e., 64 words/Hock) were randomy presented onetea time on a
computer s@en (half of the péicipants se half of the adjecties,
and the other half of the gaipants s& the emaining half of the
adjectves fom the encoding and diastor lists). Ede adjectve
remained on the seen until the paicipant pessed one of tavkeys to
indicate whether or not he or sheagynized the adjecte as one tha
had been msented dimg scanning

PET ScanningTedniques

Relaive rCBF vas measwd by recoding the egional distibution
of cerbral radioactvity using a GEMS-Scandinix PC-2048 head
scannerFull details of the method mae obtained im other PET
scanning aicles from theToronto goup (eg., Kapur et al. 1994;Tul-
ving, Kapur, Craik, Moscovitch, & Houle, 1994). Eah task lasted
approximately 2 min; dda acquisition ér eat scan occued in the
middle 1 min of the taskrhe scans ere 11 min @at to allov for ade
quae decy of the mdioactvity. Three mirutes bebre eat scanpar
ticipants vere gven instuctions br the nat task and some actice
trials.

Statistical Farametic Mapping (SPM 94) softare (povided by

the MRC Cydotron Unit, Hammesmith HospitalLondon,England)

was used toeaalign,nomalize, and smooth the inges (using a 151
mm filter) from eab paticipant. The daa were stdistically anayzed
on a \oxel-by-voxel basisA given woxel was considexd to be signif
icantly activated if, in compaison with a eference taskthere was an
increase in elaive rCBF and the coespondingz scoe was 4.10 or
above. This z scoe coresponded to @ value of g@proximately .05
(comected br multiple compaisons). Note however, that we report
significantly activated voxels ony if they fell in a region (i.e, spdial-
ly contiguous set ofaxels) tha both was signiicantly actvated ¢ >
4.10) and consisted of keast 20 wxels. Six planned compaons (all
possilhe paiis of conditions) wre made; in all case#)e everse com
paiison was also made so thiaoth inceases and dezases inalaive
rCBF could be assessed

In addition to the SPM anwgsis, we caried out a pdral least
squaes (PLS) angkis on the PET da (MclIntosh BooksteinHaxhy,
& Grady, 1996).This multivariate anaysis opeates on the omarance
between bain voxels and thexpelimental design to identify a meset
of variables (laent \ariables,or LVs) tha optimally relae the tvo sets
of measuements. In gneal, PLS is a maog paverful anaysis than
SPM because it uses all theamhaion from the tvo sets of mea
surements in a single gieln the pesent eport, the PLS anafsis is
treaed as an adjunct to the SPM a8 because it yielded an inte
esting esult,relevant to our lgpotheses; fuller details of the meth
are piovided by Mcintosh et al. (1996).

RESULTS

Behavioral Data

Participants made a judgmenbeaut a teit adjectve within the
allotted 4-s winde 99.5% of the timeTable 1 (left column) shes
the mean times tak to mak the judgmentsof ea® encoding condi
tion; the geneal (social desibility) judgments vere made most
rapidly (M = 1,321 ms)and theother (Brian Mulronegy) judgments
were made most sldy (M = 1,657 ms)An analsis of \aiance
(ANOVA) on these dur means yielded a sigiuiéant efect,F(3, 21) =
8.78, p < .001. Subsequent pairise compasons (least sques
means) evealed signitant diferences (unceectedp < .05) betveen
the generl and other tasks,generl and syllable tasks,and self and
othertasks.

Table 1 (iight column) also shes the mean times tak to mak
comrect recanition decisions in theetrieval phase An ANOVA
shaved no signittant diferences among th@tir meansF(3, 21) =
1.45,p > .05, but the tdle shavs tha self-relaed encoding as

alarms),and recanition latengy

Table 1. Mean \alues of initial encoding timeecaynition memaoy propottions (hits mins flse

Task Encoding eaction time (ms) Hits — false alams Recanition reaction time (ms)
Self 1,454 (70) .59 (.06) 1,349 (145)
Other 1,657 (123) .50 (.06) 1,614 (223)
Geneal 1,321 (79) .51 (.06) 1,516 (198)
Syllable 1,542 (84) .29 (.06) 1,483 (143)

Note Standad erors ae gven in paentheses.

=
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associted with the &stest subsequeneaggnition reaction time
(RT). Degoer encoding conditions typicgllead to &ster ecanition

latencies (Vhcent, Craik, & Furedy, 1996). Recgnition memoy

performance vas indeed lky the popotion of hits mirus false
alams for eat condition.Table 1 (center column) sk thd the

syllable condition yielded the lwest ecaynition scog, and tha the

self condition was associed with the highest el of recaynition

performance An ANOVA revealed a signi€ant efect of encoding
task,F(3,21) = 5.35p < .01,and subsequent paiise compasons
shaved tha recaynition was signifcantly higher on theself, other,

and generl tasks than on theyllable task, but tha there were no
reliable differences among the #e semantic task$hus,in the pe-

sent déa, the other andgenerl tasks yielded ery similar levels of
recaynition memoy, and theself condition yielded a soméha

higher level. The lak of staistical signifcance or this ldter result
is likely attributable to the lak of paver associged with a stud

involving only 8 paticipants.

SPM Analysis

Tables 2 and 3 shw the inceases and dezasesrespecitiely, in
brain actvity associéed with the planned compsons betwen the
different encoding condition®Vith respect to the tlke semantic con
ditions &elf other, andgeneal), Table 3 shavs thd thele were no sig
nificant deceases inealaive rCBF betwen the conditiongndTable
2 shavs only one signiicant efect: The iight anteior cingulde aea
was moe actvated in theselfthan in thegenerl condition.

Self-sylldle compaison

Table 2 lists tvo regions of elaive rCBF incease in this compa
ison. Inceases occued in the left hemispherony—in the medial
aspect of the supier frontal g/rus (BA 8/9) and in the irdrior frontal
gyrus (BA 47). These egions ae shavn in Hgure la. Bur regions of
reldive rCBF deaease were also obseed (Hg. 2a). These egions
were locded in the left ingrior paiietal gyrus (BA 40), right supeior
patietal lokule (BA 7), left fusiform gyrus (BA 37), and ight precen
tral gyrus (BA 6). The coodinaes of the points of maximal agtion
are gven inTable 3.

Othersyllable comparson

Table 2 lists the artamical coodinaes,brain regions,andz stetis-
tics associed with eldive rCBF inceases in this comgaon; the six
areas ae illustrated in Fgure 1b Increases occued in the left hemi
sphee only—in the medial aspect of the sujperfrontal g/rus (BA
8/9 and 10)supeior tempoal gyrus (BA 38), middle tempoal gyrus
(BA 39), and posteor (BA 23) and anteor (BA 32) cingulde gyrus.
Table 3 and kgure 2b sha the egions associed with elaive rCBF
deceases in this compgaon. Deceases occued in the ight supeior
frontal grrus (BA 6), left inferior paiietal lolule (BA 40), left and ight
supeior paiietal lokules (BA 7), and left fusibrm gyrus (BA 37).

Geneal-syllable compaison

Table 2 and kgure 1c shw the egions associ@d with elaive
rCBF increases in this compapn.These egions were all in the left
hemisphee—in the medial aspect of the superfrontal g/rus (BA
8/9 and 10),the inferior frontal grrus (BA 47), and the midle

Table 2. Increases in kain actvity associted with encoding of seltlated, otherrelated,
generl semanticand phonolgical information
Coodinaes
Task compason and egion Side X y z z stdistic
Selfversusother
No signifcant inceases
Selfversusgeneal
Anterior cingulae (BA 24) Right 6 34 4 4.47
Otherversusgeneal
No signifcant inceases
Selfversussyllable
Medial frontal lobe (B 8/9) Left -4 46 36 7.25
Inferior frontal g/rus (BA 47) Left -32 24 -8 5.77
Otherversussyllable
Medial frontal lobe (B 10) Left -6 52 -4 6.09
Medial frontal lobe (B 8/9) Left -6 44 40 7.16
Anterior cingulae (BA 32) Left -4 20 -8 4.50
Supeior tempoal gyrus (BA 38) Left -38 10 -16 6.44
Posteror cingulae (BA 23) Left -6 -54 16 4.84
Middle tempoal gyrus (BA 39) Left —44 —68 20 5.23
Geneal versussyllable
Medial frontal lobe (B 10) Left -8 52 -4 5.13
Medial frontal lobe (B\ 8/9) Left -6 44 36 6.58
Inferior frontal g/rus (BA 47) Left -36 36 -4 5.60
Middle tempoal gyrus (BA 39) Left -42 —66 20 4,97
Note BA = BrodmannsArea,as identifed in Talairach andToumoux (1988).

VOL. 10,NO. 1,JANUARY 1999
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Table 3. Decreases in kain activity associgéed with encoding of selélated otherrelated,
generl semanticand phonolgical information
Coordinates
Task compason and egion Side X y z z stdistic
Selfversusother
No signifcant deceases
Selfversusgeneal
No signifcant deceases
Otherversusgenesl
No signifcant deceases
Selfversussyllable
Precental gyrus (BA 6) Right 40 6 24 4.43
Inferior paietal lokule (BA 40) Left -56 -38 32 5.56
Supeior paietal lokule (BA 7) Right 32 -54 36 5.50
Fusiform gyrus (BA 37) Left -44 -62 -12 5.46
Otherversussyllable
Middle frontal g/rus (BA 6) Right 20 -2 48 5.07
Inferior patietal lotule (BA 40) Left -58 -38 32 4.62
Superor paiietal lokule (BA 7) Right 32 -54 36 6.07
Fusiform gyrus (BA 37) Left —44 -58 -12 6.39
Supeior paietal lokule (BA 7) Left -22 —66 40 5.02
Geneal versussyllable
Anterior cingulae (BA 24) Right 4 10 32 451
Inferior paiietal lotule (BA 40) Left -54 -40 36 4.49
Inferior paiietal lokule (BA 40) Right 38 -46 36 5.53
Fusiform gyrus (BA 37) Left —42 -58 -12 6.34
Supeior paietal lokule (BA 7) Left -22 —66 40 5.09
Note BA = Brodmann$Area,as identifed in Talairach andToumoux (1988).

tempoal gyrus (BA 39). Reldive deceases in rCBF are seen in the
left and the ight inferior paiietal lokules (BA 40), left supetor paii-

etal lohule (BA 7), right anteror cingulade gyrus (BA 24), and left
fusiform gyrus (BA 37). These awas ae shaovn in Table 3 and
Figure 2c.

Summay

A summay of the compasons betwen the semantisélf, other,
generl) and nonsemanticsyllable) tasks is povided in Table 4.
Given the gnenl ésence of dfierences among the semantic tas
the similaity of their contasts with the nonsemantic task is nots|
prising. In a sensehowever, the diferent tasks see as eplications
of semantic-nonsemantic tkfences,and tmether thg yield a
rather coheent pictue. Frst, Table 4 emphasies the &ct tha all sig-
nificant inceases wre associged with left-hemispher actiations.
This finding stikingly comroborates the HERA model. Secon
increases in actétion tended to occur in dntal aeas (8 out of 12
cases)wheras de@ases in aotation were concengted in postdr
or aras (11 out of 14 casedhird, deceases in fintal aeas vere
all right-sided in contiast to the fontal inceaseswhich were all
left-sided Fourth, there was some tendewcfor the posteor
deceases to be bileral (BA 40 and 7),apait from the consisten
activation in the left fusibrm gyrus. Fnally, given the pesent ines
tigation’s focus on actiations elating to self it is worth noting tha
every significant actvation in the self-sylldble contrast was also
found in either theothersyllable contrast or thegenerl-syllable

PLS Analysis

Table 5 shavs the major aas of maximm actvation associted
with the thee LVs. In this aditional anaysis,we shov only areas in
the frontal lobes,given the pesent lgpotheses of intest. Also,
Table 5 is resticted to ¢usters of 100 wxels or moe, and to contasts
with positive salience For example the first laent \aiable (LV1)
accounteddr 66% of the siiance and shas cotical aeas thawere
reldively more actve in the contast when the combirtéon of theself,
other, andgenearl conditions vas compagd with thesyllable condi

kgion. The peceding SPM angsis and Fgure 1 would lead one to

Utexpect tha this contast should be assotéa with stong left frontal
activation, and Table 5 shavs thd this is the casen adlition, LV1
includes a smaller ar in theight inferior frontal g/rus (BA 47).

The second tent \arable (LV2) accounteddr 18% of the ari-

ance andTable 5 shavs frontal apas of actiation associted with the

i contrast in which thegenerl condition vas geaer than the combinal
tion of theself, other, andsyllable conditions) These agas ag both in
the left fontal cotex and @pear to be spediflly relaed to gnenl
semantic encoding

The thid latent variable (LV3) accounteddr 15% of the aiiance
and contasts theself condition with the other tlee conditions (i.e
self > other, geneal, syllable). The frst aeaTable 5 shavs for this
contrast is in the fntal pole; its maximm actvation is slighty left of
the midling but the ¢uster speads upward and to theight. The other
two aweas of actiation ale in iight frontal aeas,one in the midle
frontal g/rus (BA 10) and the other in the iefor frontal girus (BA

contrast,or both.

30

45).Thus,the aras of the fintal lobes thiawere moe actvated in the
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Fig. 1. Areas of signitant incease in eldive regional ceebral bood flow duiing the encoding of selferential information (a;self minus
syllable condition),otherreferential information (b; otherminussyllable condition),and gneal semantic irdrmation (c; generl minussylla-
ble condition).The anéomical space coesponds to thaf Talairach andToumoux (1988). R =ight hemispheg; VPC = \ettical line though

posteror commissue; VAC = \ettical line though antéor commissue.

self condition,contrasted to the other the conditionswere situded
in either medial oright frontal locdions.

DISCUSSION

The behwioral results shaved tha adjectves judgd semanticall
(self, other, and genearl tasks) vere better ecaynized in a lgéer test
than adjecties judgd in tems of rumber of syllales (Table 1).Also,
adjectives in theselfcondition were somevhat better ecaynized than
those in theother and geneil conditions; thais, the pesent esults
shaved a self-eference efect in memaoy, in line with previous work
(Symons & &hnson,1997).

The SPM anafsis of the newimaging dda is stiking primarly
because of the similidy among theself other, andgeneal conditions
when compagd with thesyllable condition.As shavn in Table 4 and
Figure 1,the inceases in actétion in these ttee semantic tasks cenp
pared with thesyllable task were resticted to the left hemispherand
were predominanty locaed in the left pefrontal cotex.

The common aas of elaive actvation in the thee semantic con
ditions induded the medial aspect of the supefrontal g/rus (BA
8/9, 10), inferior frontal g/rus (BA 47), superor tempoal gyrus (BA

VOL. 10,NO. 1,JANUARY 1999

38), middle tempoal gyrus (BA 39), and cingulée gyrus (BA 23/32).
These a the agas associad with meaningful prcessing of indiid-
ual words in a mmber of pevious studies (Bumer, 1996; Cheza &
Nybeg, 1997; Nybeg et al.,1996; Tulving et al.,1994). The de
creases inglaive rCBF shan in Table 4 ma be intepreted as indi
cding the enggement of aeas concered with phonolgical anaysis
of visually presented wrds.The frontal actvations (BA 6, BA 24) ae
associged with the motor mgramming of languge. The posteor
regions tha are actvated in thesyllable task ae those assodied with
directing d@tention (BA 7, BA 40) to the visual wrd form area (BA
37); this alloction of dtention mg precede and accompaprocess
ing of the pinted word into sylldbles. The peferential actvation of
left frontal and tempad areas duing encoding in all tlee semantig
tasks povides adlitional supparfor the HERA model (@ilving et al.,
1994).

The similaity in corttical actvation patems betveen theselfcon
dition and theotherandgenerl conditions sugests thathoughts of
self ma largely involve a gnerlized“conceptual self—a schemdic
representéion abstracted fom mary peisonal @isodes. In this sensg
then, self-relaed judgments manot differ substantiayl from other
judgments equiiing retrieval from semantic memgrThe contusion

h

that the self is simpl “an urusualy rich and highy organized
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Fig. 2.Areas of signitant decease inelaive regional ceebral bood flow during the encoding of seleferential information (a;syllable minus
self condition), otherreferential information (b; syllable minus other condition),and gneral semantic irdrmation (c; syllable minus geneal
condition).The antomical space coesponds to thaf Talairach andToumoux (1988). R =ight hemispher; VPC = \ettical line though pos

terior commissue; VAC = \ettical line though antéor commissue.

cognitive stucture” (Higgins & Bagh, 1987,p. 389) dstacted fom

individual instances is in line with obsetions tha brain-damaed

pdients with a completebsence of gisodic memay can nonetheles
make accuate judgments laout their pesonality harmcteistics

(Klein, Loftus, & Kihlstrom, 1996; Tulving, 1993).

However, the PLS anafsis, while substantiajl coroborating the
condusions fom the SPM angsis, also demons#ted frontal actva-
tions specit to theselfcondition when contasted with the other the
conditions. Moeover, these spedif self-relaed actvations were locd-
ed pedominany in the ight frontal lobe Ther is thus god eidence
for an encoding manipulan actvating right prefrontal iegions when
encoding irolves the pesons self-concpt. This condusion was also
readed ly Velichkovsky, Klemm, Dettmar andVolke (1996) in a stud
involving evoked coheence of electrencehalagrams.

In a recent surey of frontal lobe functiongGrady (1998) listed acti
vations fom PET studies ofpgésodic memoy. Her suvey shavs tha
of the 39 actiations eported in BA 10 and B\ 9, all but one ag asse
ciated with eisodic etiieval. The frst two activations listed ér LV3 in
the pesentTable 5 ae in the sameegion as those listedybGrady in
herTables 6 and 7yet the ldter actiations were orerwhelmingly asse
ciated with gisodic etiieval whereas the @sent actiations were asse

32

ciated with encoding Our sugested cornlasion is th& episodic
retrieval necessdlly involves the conga of self and thathis involve-
5 ment is signaledybneunl actvity in the iight frontal lobe An altema
tive possibility is thejudgments concaing the self isolve retrieval of
episodic instances; this possibility is somfet unlikely, however,
given the gidence thapaients with no pisodic memoy can mak
accuete self-assessments (Klein et @P96;Tulving, 1993).

In summay, the pesent stugl examined the neat corelaes of
the self-eference effiect in the conte of an @isodic memoy encod
ing expeiiment using erbal maerials. The SPM anaisis of the PET
data shoved tha the selfencoding condition as associad with left
prefrontal actvations similar to the actétions associ@d with other
relaed and gneal semantic encoding his finding sugjests thapat
of the self-conacgt exists in the 6rm of contet-free sbemdic knowl-
edee, similar in type to otherdrms of semantic knaledge (cf Hig-
gins & Bagh,1987; Klein et al.1996). In adition, however, the PLS
analsis levealed someight-sided pefrontal actvations elated to the
selfcondition in aeas typicaly associted with @isodic etrieval. We
suggest tha these actiations signal the wolvement of the self as
necessar component of gisodic etrieval, much as sugested §

William James mae than a centyrago.

VOL. 10,NO. 1,JANUARY 1999




PSYCHOLOGICAL SCIENCE

F.I.M. Craik et al.
Table 4. Regions of signitant increased and deersed actiation in compaisons betwen
semantic and nonsemantic tasks
Task compason
Region Selfversussyllable Otherversussyllable Geneal versussyllable
Increases
Frontal
Medial frontal lobe L-10 L-10
Medial frontal lobe L-8/9 L-8/9 L-8/9
Inferior frontal g/rus L-47 L-47
Anterior cingulae L-32
Posteror
Supeior tempoel gyrus L-38
Middle tempoal gyrus L-39 L-39
Posteror cingulae L-23
Decreases
Frontal
Frontal g/rus R-6 R-6
Anterior cingulae R-24
Posteior
Inferior paiietal lokule L -40 L -40 L -40
R-40
Supeior paietal lokule R-7 R-7
L-7 L-7
Fusiform gyrus L-37 L-37 L-37
Note Numbes represent BodmannsAreas. L = left hemispher R = ight hemisphes.
Table 5. Partial least squags (PLS) anaisis: Areas of maximm fiontal actvation associted with positie
saliences in ttee ldent \ariables (LVs)
Coordinaes
LV and egion Side X y z Voxel siz z stdistic?
LV1 (self other, generl > syllable)
Medial frontal lobe (B 10) Left -8 52 0 5,073 8.0
Supeior frontal g/rus (BA 8) Left -16 18 48 11.3
Frontal opecular (BA 47) Left -32 16 -8 10.6
Inferior frontal g/rus (BA 47) Right 48 24 -4 157 4.3
LV2 (generl > self other, syllable)
Supeior frontal g/rus (BA 8) Left -8 24 48 158 3.2
Precental gyrus (BA 6) Left -56 0 24 127 3.3
LV3 (self> other, geneal, syllable)
Medial frontal lobe (B 10) Left -6 56 8 281 4.7
Medial frontal lobe (B\ 9) Right 6 40 28 3.0
Middle frontal g/rus (BA 10) Right 30 60 20 127 34
Inferior frontal g/rus (BA 45) Right 52 26 4 110 3.7
Note BA = Brodmann$ Area,as identifed in Talairach andToumoux (1988).
aThe stdistic from PLS analses is oughly anal@ous to az staistic (see McIntoshBookstein,Haxhy, & Grady, 1996).
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