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ABSTRACT—Psychologizsts interested in the workings of the mind
regarding cognitive mechanisms. Nere we consider one means
through which imaging can inform cognitive theery: reverse
inferenee, wherrin activations in well characterized newral
structures seree as markers for the engagement of particular
cognitive processes. To illnstrate this approach, we reviews
brain imaging eridence regarding the organization of cognritive
and linguistic processes in the prefrontal cortex, which indicates
that phonolagical { speech sound based ) and semantic {meaning
cally distinect patterns of activity in the loft inferior prefrontal
cortex. We then illustrate how this finding of regional differen
COgRILDE processes sapperting memoery eacoding and retricval.
We conclude with coveats that highlight some of the lmitations
of the reverse inference approach.
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Imaging of brain function has become an immensely popalar wech
nigue over the past decade, yed many meaders of this pourmnal may
hartwir suspacions that it i= nothing bat a high-tech (and very expen
sive) mevision of phrenclogy. A cursory plance at the nemmimaging
liberatore readily  reveals instances of “blobology.” wherein e
searchers, often ina post ho: manner, attempl 1o explain why a par
tiewdar region wis active during pedformancs: of o particoular sk Yed,
a brmoader consideration of the: literature can reveal consistent patlems
of activation that transcemd the imitations of swech ad boe conclasions,
appeaning te reveal something more furilamental abost the mapping
bestwasen mind amd brain. Sech discovenies, which typically emerpe
from an extensive body of investigation, may nevertheless still leave
open the guestion: What is the use of knowing which brun regions are
active in association with a particalar copnitive process?
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In this article, we aim o illestrate bow knowledge of functsonal
kcalization {i.e., the location of brain activations) can inform cogni
tive theones through the appmach of reperse mference, wherein achi
witlion in a particular brain region (or regions) is aken as a marker of
engagement of a partscalar cognitive process. 'We begin by desenbing
a =el of findings thal saggest that meaning -hased (semantic) and
speech-soumd-based (phorologioal) processes are consistently asso
ciatesd with tpographically distinet patterns of activity in the ledi
inferior prefmatal corex (LIPC; see Figo 1), We then illustate how
this dizcovery of localizes] processes can serve 2= 2 usefal (thaugh
limated) paidepost, permitting nesmimaging data o inform cognitive
models. We conclude by emphasazing some caveals mganiing the
reverse inference apprsch.

EVIDENCE FOR FUNCTHINAL SEGREGATION IN LI

Functinal newroimaging mesares local brain activity  imdirectly
throagh the imaging of such parameters 2 blomd fow or blood oxy
genation. The effects of neardimnsmitters released inlo the synapses
bustweren newrons result in inereased hood fow and caygenation in the
region of these nearons, so that by companing images acquined duning
the: performance of tasks that differ in whether they engage a partic
ular cognitive process, one can delermine which mgions exhibin ac
tivity that s patatively related 1o thal cognitive process.

Some: of the carliet newrcimaging stodies of languape revealsd
activity in LIPC on sk compansons meant o solale semanbic
proceszang, phonelogical processing, or hoth, and an extensive body of
subsequent msearch supported the concheson that this area of the
brain i activated during linguage production and comprehension.
Tasks wsed b examine semantic processing have included generting
semantic associales of cue words and classifying the meanings of
winds, swmeh as deculing whether they are abstract (eg, love) or
concrede (g, lafde) Tasks used 1o examine phonological pmcessing
have incheled deciding whether wonls or  peeudowonds  rhyme,
counting syllables of words or psesdowords, and maintaining verbal
matenals in working memory (the immedialely aceessible form of
memaory i which information s held in mind and manipalaged).

Fuez (1997 sugprstedd that tasks rexuinng semantic or phonolegical
proceszing engags anslomically distinet regions in LIPC. Activation
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during performanae of semantic tasks was often ohserved in the more
anterwr (forward) and ventral (downward) section of LIPC, whereas
activation during phonabogical teks was often observed inothe more
pastenor {rearwand) and dorsal (upwand) section of LIPC (Fig 1L
Subsequently, an extensive meta-analysiz (e, an analysis combining
the: resulis from a number of stidies) provided further support for this
progused functanal segregation (Peldrack et al, 1999 Activalion i
antersor LIPG {al 1100} was abeerved primarily dunng semantie asks
whereas activation in postenior 1LIPC (plPC) was observed duning

tasks requiring phonolagscal judgments, as well as dunng some
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semanti: lasks. These indings bed 1o the semantic- phonedogical by
pathesis (SPH), acconding 1o which semantic and phonological pro
cesmze= dillerentially depend on the anteror and postenior subregions
of LIMC.

Although early studies and meta-anabyses motivated the SPH, di
rect evidence awailesd within-subjects companson of bruin activalion
dunng semantic and phonological processing. A number of studwes
pablished simee 1999 demonstmted diffemnees between al 11 and
plAPC activity when semantic amd phonobogical tasks were compansd
directly (eg., Devlin, Matthews, & Ruashworth, 2003; Foldrck e al.,
19949}, For example, (Rten and Bogg (2000 contrastesd  activalaon
patterns  when  subjects moede  animacy  judgments and  syllable
caounting pelgments, observing greater al JPC activation duning the
anamacy Lisk than duning the syllable coanting sk, bat greater
plLIPC activation dunng the syllable counting lask than during the:
ammacy Lask (Fig. 2). Further evidence lor the SPH comes from the
ohservation that allPC amd plIPC exhibat different patterns of
functional connectivity, or activily cormelated with activity in other
brain regions (Hokde, Tagamet=, Frcdman, & Horwig, 3H00) In
particular, the connectivity patliems of plPC were modulated by the
nec for phonological processing, whereas the connectivity patbems of
al I were modulatex] by the nesd (or semantic processing.

Though the resulis we have summarized end o suppont the S1°H,
they are constrained by ambiguities inherent in the onderying sk
analyse=, as these indings emerge om sk compansons that hinge:
on associating imdiviceal tasks with parscalar cognitive processes.
However, because Lasks may differ along multiph: dimensions beyond
those wbentified by the experimenter, it is rrely possible oo aniguely
assipn a parbealar activabion o a specific cognitive process. The
consasteney of indings aemeas ssdies that wssl a vanety of “semantic™
and “phonologseal” tasks miigates this concemn 1o some extenl.
Moreover, as we descnbe in the next two sections, furtther evidence lor
the SPH comes from studses that examinesd the effects of separately
manipulating ecither semanti: or phonolagscal pmocessing demands
within a given =k,
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RESIMINSE TO SEMANTH. MANIFULATIONS

To the extent that alPC iz differentially invelved in semantic
processing, i should be particularly responsive 0 manipalabions that
syslematically vary demands on semantic processing. Fxperimental
results have been consistent with this prediction, showing that al 11
amd plAPC mesponad differently 0 manipulations that affect the neesd
lor cortralled refriesal of semantie knowledge. Controlled retneval s
nescessary in sitmations in which the relevant knowledge s bess
strongly awailable than other, imelevant knowledge. For example, we
{ Wagner, Paré-Blagoev, Clark, & Poldrack, 2001} presented sabpects
with a similarity judgment tek, in which they were given a coe word
amd asked Lo chocse the ilem most semantically zimilar to the coe from
a =l of premible warget words. This study vanied the strength ol o
sociation hefween the coe and larget in onder to manipalate the level
of contrel required b retneve the relevant semantic knowledge. For
example, for the coe “candle,” the stmngly associated tampel was
“flame,” whemas the weakly associated target was “hale™ We also
viriesl the number of possible rpel words, presenting sither two or
foner words on each mal. Although both LIPC regons exhibited greater
activity with an increasing number of largets, which coald reflect
either semantic or phonalogeeal demands inherent in processing ad
ditonal wonds, alAC was more sensitive o the effects of semantic
associative strengih—amd thus controlled metrieval demands—than
was pldIPC.

[Nifferences in al 1PC and plIPC activity were also ohserved in the
conbext of repetition priming {Wagner, Kootstaal, Manl, Schacter, &
HBuckner, N0, which = the beneht that acenees due 10 having
previously processed a stimulas (a benefit observed in terms of faster
or more seeunde perfformance). Newral correlates of priming are
typically ohserved as resduced activabion dunng the pmocessing of
repeated relative o novel stimuli. In this shedy, sabpects inmally made
subsequently made semanti:  (abstrctconemete)  udgments  about
these same words; for other wonds, subjects did not pedorm the per
cephual task bt mther pedormed the semantic Lask twiee. Thes, every
winrd wies resndountered duning the semantie Lask, bat for some wonls
this second encounter was in the contexst of o new sk and for other
waords it was nol. [ ecreased activity (priming) wos observesd in pl ARG
during the second presentation of all wonds, regandless of whether the
task had changesd, whereas reduced activity (pnming) eccummed in
allPC only when words were encountered twice within the semantic
task. Given thal priming effecls are thoaght o reflect the nature of
processing in a particular aree, this finding sugpests that al APC may
differentially support semantic processing operlons

RESIMNSE TO PIHMNOHAMICAL MANTMULATIONS

The SIPH presficts that manipulations of phonological pmerssing die
mamis should have differential effects on activity in plIPC. One
viriable that affects suech demamds in English is regularity, which is
the degree 10 which a wonfs spelling and pronunciation follow the
typical spelling sound comespondences of the language; for example,
pind or yachi are irmegular, whensas hirt and baich are regular. In a
stody consistent with the SPH, Fiee, Balota, Raichle, and Pelersen
{19549} ahserved that plIPC, but not al P, was senstive o mego
lanity, exhibating greater activation for imegalar than for regalar words.
Swdies of phonological working memory provide additional evidence
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for differential phonological effects on pLIPC (for a review, see Smith
& Jomide=, 19949, Such stodies have demonstrated that phonolegical
rehearsal processes appear o selectively engage plLIPC, rarely im
pacting al JIMC activily.

(theer recent stsdies, however, have sogpestesd the al I may e
sensitive 1o manipulations thought bo preflerentially aflest phonolog
cal processing. For example, Cold amd Bockner (2002) ohserved
alIPC and plIPC activation duning both semants: {(abstractfconcrete)
Julgments on words and phonslogical (shoflong vowel) padpments on
peemdowords. Having ohserved al lMC activation dunng a patatively
phonalogical task, they hypothesmexd that allPC mediates controlled
proceszing regardless of stimules domain, rther than specifically
within the semantic domain. The magnitude of activity in al PG was
consistent with this hypothesis, as allPC ativation waes lower the
more: subjects agresd in thear responses (e.g-, the larger the proportson
of people whoe agresd that love 15 abstract). The extent 1o which sab

jecks’ responses on this lask agree may rellect the degree of compe
titin hetwesn different meanings or sounds, =0 this comelabion mases

the: prossibality that al 1PC mechanismes select or otherwize constrain
the: stimuhes inlerpretation ina given task imespective of the relevant
domain. However, thas inderpretation is diffceult to reconcile with Cobd
and Buckners inding that al JPC activity was mome: than twice as greal
charing semantic processing of words as during phonobogical prosess
ing of peeudowonts, despite a difference of less than 1% in response
consensus betwesn semants: and phonobogeeal conditions.

IMPLICATHONS FOR COGNITIVE THEGRY

This briel review ilhetrtes that a considerable body of evidence in
fawor of the SI'H has been amassed. Accondingly, we retum o the
queestion ruised al the oulse: Why should a psychologst came that
semantic and phonelogical processes are associabed with activation in
different areas of the brain? Although brain imaging may inform amd
construin cognilive theory in multiple ways, here we foous on the
imphcations of the reverse inlerence appmach. In particular, the
dizeowery of systematic localizatioon offers the possibility tha re
seanchers may he able 1o extend the SPH 1o drive hypotheses in dif
Ferent copnitive domains. That is, when al JMC and pldPC e Goanad
b activated in other cognitive domains, these mesults can be inter
predesl in berms of engagement of semanti: versas  phonological

computations, providing evidencs that can adjudscate betwesn com
peting cognitive models amd abso sugpesting further hypotheses for

subsequent lesting.

An example of sach an application comes from the memory [ier
ature. Cognitive theones of encoding in episodic memaory (i, con
sekies memaory o pricr evenls) sugpest that # involves mualtiples
control processes, incloding both semantic and phonslogical pro
cesnes. For example, simdegies for epissdic encoding can rely on
either role rehearsal (eg, repeating a sed of wonds in working memory)
or #laborative rehearsal (eg., elaborting zemantse relations between
words], with elaborative rehearsal generlly msulting in better sub
seqquent memiry. Une subject of significant debate over the past 350
years has been whether phonological mhearsal, absent semantic
elaboration, 15 =afficient o create new cpizsdic memones. Thas
queestion was addressed ina set of nearcimaging studies motivates] by
the: SI'H. Wagner, Manl, Bk, amd Schacter {2001) compared rote
and elaborative mehearsl, amd found that plIPC was extensvely
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