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The Subdivisions of the
Frontal Cortex Rewvisited

Karl H. Pribriun

INTRODUCTION

Gerlltat exr onvlor dfivisa in partes tres, With thess words Caesar scf s o
conguer Gaul and to unify it, My purpese in this chapler is no less ambatiows: o
describe the varinus subdivisions of the frontal lobe in erder to find some unitary
principle that wnites them. Formunately, there are available the ensleavirs of
massive treops, endeavors that moke the enterprise possible. The heped-fir
conguest will priceed as follows: The inimal section describes anatomical data,
and serves as an orientation; the second section i3 concermed with fevicwing sl
interpreting the mass of newrohchavioral data that deal with the functivnal
parcelkation of the anterior frontal systems; and Ninally a summary and synrbesis
section will attempt to poriray an underitanding of primate frontal ke Tuscton
In terms of the currently availuble data.

SOME ANATOMICAL CONSIDERATIONS

T}ir]firmmrﬁcu.f ﬂcﬁirfrr'{rn q:l_f Slfhfil'isl-ﬂﬂs

Ax with Cassar's Gaul, the frontal cortex ol pTi.Mat-tﬂ e be diviled bnilo
thres r:lﬂji,;lr parts, each of which 15 moile up 1Jf.1uhpri|'||fi|'r.]|ili&!- The thice m:'|j|1r
diviskong are the rlrl:-e,':nlru'l rinl;lmling 1he pre- aitel sunrlcm:nr.try tmalar}, the
anterior (s calflzd il;lrzfmnlrl.[, arkitolrontal, and far feonial), and the I:'il'ljl.ﬂ:lﬂt
{alser called limhic), Thess majne divisionns can be defined on the basis of their
thalamic projections: The precentral denives s thalamic inpud from the ventre-
lateral group of nuclei, the anterior frontal from the nuclews (n.) medinlis
dorsalis, and the cingulate from the anterion group (for reviews, see Prilsam
19580, [958k).
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IThe subdivisions of these i diviseons cam also be defined in teemis of
their thalamic input: The immediate precentral coned weucives an inpur from the
n. ventralis bateralis, pars camlalis, aml the n, ventealis posicrmsr, pars orabis,
which m furn dre the major teominals of cercheilar prsjevtions, Tha el
partens of s division receave an inpat fosin the n. ventralis faeeabis, pors
cralis, which i tuem is the major rermamateom of iepot b the glolus padlidus
i the Bnferal migrostriatal systein. A furber subdivisiae con e made between rhe
Iateral premotor amd (he sepplementary sober systeis in that the more Bitemlly
placed syseeems deal more with erofacial, aml e supplerenting imwior syslens
with other axial muscular projections (Goliherg, 1985).

The sulslivisions of the cingulate cortex [ollow the sehilivisions of the
anferior thalamie mckei; ™. anterior medialis projects o the anterior cingulace
cortex, mo anterior lateralix to the posterior cingulite cortes (Pribeam & Fulion,
1954). The n. lateralis dorsalis (which ought w be classified ns part of the
amlerior group) projecis 4o the retrosplenial portion of the cingulale gyrus.

Firmally, the primate anterior, far frontal cortex can be subdivided acoonding
to the sulddivigions of the n. medialis dorsalis: The micoocellular portion projects
tor the dorsolaternd fromal cortex, the perilaminilar magnocellular portion to the
penarcuate contex, amd the midline magnocellular portion o the arbitofrontal
coex (Pribram, Chow, & Semmes, 1953

A Fromodimbic versus Cortical Converity Distingtion

There are additional, hiatheris ium:qrul!. i:nll:'r:r.lling anzl im;u:lrln.nt ifor n-
derstanding the functignal relationship to paychological processing) findings
regarding the thalamecenical projections. The thalamus is a three-dimensional
snecture, whereas the cortes B8 (Trom the standpoint of thalamic peajectinns)
casentially o lwo-ldimensionel sheet of cells. Thas, the projections foone thplanees
t cores musl “lose” one dimension, When one plods the precisely arrangesd
“fan™ of projections from each thalamie aucleus one ean readily determine which
dimension i eliminated.

With regard 1o the projections from the anferior nuclear group and the n.
medialis dorsalis, the anterior-posterior dimension is eliminated. An anterior-
postecior file of cells in the thalamus projects 10 a single locus of coex, Thus,
Frer example, one linds degepemtion of such an extended mw of thalamic cells
ranging frown the evost anterior (o the mest pastechsr pocion of the o, medialis
dorsalis affer a resection lismted 1o the Trontal pole (Pribram et al,, 19531,

With regard b the ventrolateral geaap of nucled, the siluation is =atircly
dilferent, Here the anterior-posterior dimension is clearly maintained: The front
part of the nucleus projects ty the forwand parts of the cerchral convexity; a3 one
proceeds back im ghe thalinus the peojections reach the more posterior podtions
of the cortex, cwrving around ints the temporal lobe shen the prosjections of the
pulvinar are reached. On the other band, a file of colls extending, nasre o less,
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dorseventrally (bt angled somewhart luerally foom its medial edgel projecis wooa
single Focus on (e cortes (Chaw & Pribram, 1936),

This distinction between the anteior and meddinl mckei, oo the ase hand
aml the vemteolateral grop of neclei, mn fhe ofbsr, s sapperbal by e Gion thae
the wtemmal modullicy Tomina separstes the ban classes of nacker Clearly,
therefore, we slwnilil scek commonality ameng the fuactions of e aorcoor, Tar
fromeal parts of the cortex amd the limbic formations, a5 wcll as among the
fumctinng of the precentral amd postcemial porfions of the cerchaal mantle
{Pribram, 19580, 19586y

The clime anatomical scleonship of the far frontsl cones and ihe limbic
aedial [orcheain 13 350 emphisiced when comparative anatomical data are
reviewesl. In catq amd elher nonprimates, gyrus proreus 3 the bomolooue of the
far frontal corfex of primates. This gynes receives its projection from the mafline
magnoceilular portion of the n. medialis dorsalis, This projection covers a gosl
share of the anterior portion of the medial frontal cortex; gymas proreus on the
Iaternl swrface is fimited to o norrow sliver, 10 is a5 if there has been & redation of
the medial frontal corex laterally Gust as there seema to have oocurred a ndataon
medially of the cecipital conex—especially between monkey and man) during
e ewishition of primates.

.-Ipnu!'el.' A Rolinedic versus Evirg-Roldic Dieiaetion

A Turther lesson con he learmed from an analysis of the precise arangenwnt
of thalamocodical projections and froum comparing nonprimate with primae
cortical analomy. In tracing the thalamic projeciions to the precentral cortex, a
surprising lending cama to light. The dorsoventral amangement of Eerminations,
baosthy pre- and postcentrally, is dinmelrically opposite to the armangerient of the
progectiong fartlers forward amd Tanfer back. The doroventral terminations of
the Relapdic projections reflect a lateral-medial origin from the tholanvs; the
dorsoventeal terminations Bath Torveand aml bock of the per-Ralandic cores
reflect 3 medial to lateral origin (Chow & Pribram, [958}

Agnin, comparison of nonprimale with primate cortical anatomy clarifics
this surprising Mlinding. In nenprimate species such as the camivores, the supra-
ij'l'ri:m and bl.'ll;l!}'lv'mn E].'ri axteml the full rerlg;ll'l of ihe Fateml surfzoe of the
cerchral convexity, The cruciate sulcus, the homologue of the Rolandic fissure,
is m:linlj‘ finrrad an ithe medial surface of the htmitphﬂm_ with |;|r||-_:,l 3 mvineieal
exfension anto the Laberal surface. It i o i in the evolution of primates thes
sulcus has migrated laerally o becomse the prominent central fissire, which is s
intimately related to the cerebellar system,

Such a migration sgems to have split the supra- and ectosyivian gvr intn
aerior and posterior segments. That suchoa splhic has occurred 18 supp=srd by
the Tact that termindives of thalamacoriical progections do e anteoior sl
posterior segments originate in pdjacent parts of the venbrolaieral nucler Skl
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ihis conjecture regarding a splil be cormect, it would go a lomg way in accounting
Fur the difliculty in making a Jilferentizl diagrosis begwesn aprasias thag are due
ta frontal damage and those that are due o pacietal damage.

Brown { 1983}, in 3 review of frostal lobe tyndrmmes, defines apeaxia as ™a
substitution or defective selection of garnial nesvenents with fesions of the fen
premotor cortes [which| is due toan altertion of ok thiing or o chamge i thas
kinetic patterm for a particular imutur sequesce™ (p. 3.

To test whether, in face, damage wo both parietal and feonzal (prenmster)
systemns can produce aprasia and o pin down in 2 guantitative Tashion just what
changes in timing, in the Kipetic pattern of movement, occur in apraxia, the
following (K. H. Pribram, unpublished) experinent was performed; Monkeys
were rained (using peanmiets a% reinfurcements) b nnove a lever ina Teshaped sk
beginning at the juncture of the arms ol the T with its stem, The mevements were
then to be directed to the nght, to the left, and finally down amd up, in that onder.
Records wers kept of the monkeys® abilities to perform the movemems in the
correct arder and the mumber and duration of contacts with the sides of the slats
that formed the T. (This was dore by having the sides and the lever Fned with
copper and wiring them so that comact could be recorded. )

Resections were made of precentral cortex, of the corex of the inferior
parietal lobule, of the premotor cortex, and of the latter two lesions combrinel.
Precentral resections led to many more and briefer contacts alang the path of the
fever within the T shot, a loss of fine motor skill. Mo change in overall seguenc-
ing occurred, Both the parictal and the premotor resections produced a break-
down in the sequencing of the movements but only insefar a5 the same move.
ment wis cammicd out repetitivusly, which was interpreted as evidence of apraxia,
There was no observed differcace between the effects of the amerior resection
and those of the posterior resection, and the overall onder of the act was ot
disturbed. When the parietal and premotor resections were combingd, this deficit
was enhanced; still, there was no change in overall enfering of the action. [ will
say muore about this distinction between the systems that deal with skill and with
apraxia in the summary and synthesis section,

SUBDIVISIONS OF THE ANTERIOR FRONTAL CORTEX

The main body of this review concerns the parcellation of the anterior frontal
cores, in part because so much work has been done an the dopic amd this work
has not been adequately reviewed elsewhere, and in part because sech a review
leads directly to the current aim-—which is o find some unilying principle for
frontal lebe functioning,

When lesions occur in the Rolandic and premotor portions of the Trontal
lobe, neurological signs and symptoms occur that are relatively easy to spot. By
zontrast, the lesions of the anterior frontal comex are essentially “silent™ unless
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specific wnd sophisticated inyuirics are aldressed to the aeganism, Such inguairy
has been greptly pided by the use of aonhoman primsie models of dziicas in
behavioe prouluced by anterior frontal fesions.

”rrr'rﬁlrrn:rm r5|" Tk

The tasks thot have been foumd st uselul n |.|¢||||-:r|.di|1g Ehe wheliei
[ﬂ]'h:-w'-ng arderior Tooavial l:f.].l'lugt are all characterired l'l:ll a |.1-¢l:|.':,l | e L]
sninudug |'lr|:'h.'l'|l.||i|.l|'| a1l ppperiany fur a reiponse by OOCu, Dhirsiae dhns
lh:'l.‘l:r distrac s are intronluced and the cue 19 the comect responss disepyenrs.
The tasks fall into bao main calegories: delayed response and delayed abemation
Funther, variations i flse tasks have prslsced reveral subcategories of each covgony,
variations (hat have been found o be extremely uselull buth as 1ools for subslividing
the anterine frontal cortes and lor umberstamling ihe malure of the deficit,

The delayed-response task, in ats direct form, invelves hiding, withen sighe
of the subject, a reward in one of twa identical-looking buxes set sids by side.
bringing duwn a disteacting opague sereen for at least 5 seconds, and then raising
ihe scrcen o provade the subject with just one opporwnity to locale the rowanl,
The bones are immedintely withdrawn beyond the subject’s reach and the ne
trial begun, Shoaulid the suhject Fail to Nimd the reward, the idal & ropeated
{eorrection techniquel; that is, the rewand is again hidden within sight of fhe
subject in the same box as in the previous trial. Should the subject succecd in
linding the rewand, another location (i.e., the box) fur the hiding of the neveand is
chiosen acconding 1o a [preudoiramhon order number table.

The indirect form of the delayed-responke tnsk is more often called a delayed
mertching from sample. In this fosk a cue is presenated instead of ibe reward
during stimulux presentation; at the time of cheice this cue and some other are
available and the subject must choose the same cue as that imitially preseated in
order to abtain the reward, A further variant of this task is the delayed asnmaich
in which the subject mud choose the cue that was not pressnt at the time of
stimulus presentation, This version combines the attributes of the delayed-
response fask with those of the delayed-alternation procedure.

In the delayed-alternation 113k the subject is nod shown where the reward is
located: he is simply given the opportunity to choose between two boxes. Oin the
First irial bodh coniain a rewand. Afler the choice hat been made, a districting
OpMjiE SCrTEn i inli:rpé'.m-:-l between the buxes and the subject for a least §
secomds and the next opporfunity for choice 8 given. On thiz secomld rial the
subject will find the reward in the box oiher than the one he chose initially aml if
he continues 1o choose successTully, he will do so by adopling a win.<hily
sirategy. Showld the subject choose the ermpdy box, the trial is repeated foorrec-
tiemn dechniqued. Unless this comection procedure is used, monkeys, when they
are the subjects, Fail ta lzarn the altconstion task (a1 least in 50000 erials B 10
Peibiram, unpuh-lli.h:d data)
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Three variamts of delayed aficostion thag iase proved capecilly uselul are a
godmo-go version, the efject-aliernation proecdore, el discamination reversals,
in the gi:\l'm:--gqi Fask s '-illhil."l;ﬂ sk ;|II-_'n|.nI-._‘f:|- LT s] letcle the rewsrd onoone
tread el wchholl bis response on e subsegaend iz, Failure gewar Faslipe fan
withhnbf nsults @ the repetitivny of ke trial (cosmectien procedurc]. In the
object-altemation procedone the ewsnd is sbiernaced bevween oo different oh-
jects patlser than betvcen two dilferent lecations. T this sanang the sputial aspect
of 1he sk iz seduced, & restuctioa that 13 caibineed when the ohjects are placed
among &, 8, or 12 locations acconliog i a mndom nunsber table {Pribram,
Candner, Pressman, & Bagshaw, 1963, 196%a). Discrimination reversals are, in
Fact, alternations that vary the numbers of Irials that occur between the shift of
reinforcement that signals the alicrmation, Theee is a gradual wansition betwesn
alternation, Jouble alternation, triple altemation, etc., and the ondinary non-
reversal discrimination task. The infeciion point eocurs an three nonaltemation
trials in normeal subjects, but is mised to four or five such geials afier frontal lobe
damage (Pribram, 196 a).

Description of Lesiven Sives

Earlizr, an anatonsical mtionale Tor subdividing the anieror foontal comex
wa given in torms of the thalamic projections that terminate in different portions
of this cortcx. Unfartunately, all of the investigators invalved in pursiing the
parcellation experment® did not ablere to this particelar mode of subdividisg:
Many experimenters simply divided the anterior portion of the frontal lobe inte 3
dosal porion centered on the sufcus principalis and a ventral portion that
included both the lip of ihe lolse and the entire orbital surface, Furthcomore,
surgical result does not always match surgical intent. The libers in the deprh of
the sulci (medial, ochital, and principal) in the anterios portion of the frontal lobe
are separaled by anly millimeters and con be differentially spared only by
exercising the greatzst care omd skill,

Despite this, meaningful conclusions can be teased out of the resulis of such
experiments provided the waricus lesions are kept clearly differentisted by
Bpp‘l!'ﬂpl‘i:]lt labels. It ig therelore meuesiary In .'ufn|1|! a il Iﬁminnjh\gy for
the resections that oftea differs Trom hat used in the original repers becnase
different investignton used the same temi o deseribe diflérent lesions or differ-
ent termis o desoribe the swne lesion,

The greatest problem aridses from the use of the term orbimal. Here the
convention will be fellowed that the rerm acbital nefers to the general expanse of
the weniral portion of the lobe and that, when specific poctions of this corex ame
referred 1o, orhital will be conjoinesd (0 a mastifier. Thus, posterior orbital refers
to the agranular corex locaicd in the most posterior part of the arbilal corlex
(Area 13 of Walker, the projection of the midline magnoecllular portien of n
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meedinlis desrsnlis of the thalamug), This contes is ntinately related throseh e
uncinalg Fascicilis g e anteror insela, tempeeal pide. and smygilals

The termm areedind arhivad will ke geed e refer to the dysgranulbar core o of fhe
il erhital gynas thal is contincoees with e comex va the adial seriaee of
the ok el racaives o progectivn T thie aterior thalamie iiscleus (Pritroo &
Fultom, 1954)_ In keeping with the agranular and dysgranalor eytoarchitecnere of
the posterior ard medial orbital cortex, ot was Tound o be elecinically eaitifle
that is, head and eye movements and a2 host of visceral responses [respiratory,
beart rafe, blossl pressure) are obtained when this cortex {35 well =5 thai of the
Anderor CFHEHIHEE Eyiid with which 1l 1% wnliﬂmmﬂ 1 :l:cfri::lllr sfiennalaeed
(Kaada, Prbrom, & Epsicin, [, This Gnling gave rise to the concept of a
mediabasal inolge cormes, amd m the existence of a fimbic system motor conex, in
sddition to the more classical Bolandic aml precentral systerns (Pribram, %Ik, ©

The cugranubar cortex on dhe Fatcral odbital gymus is continuous with (hay
fotrming the ventral lip and ndjacent venteal gyrus of the frontal labe. This cortey
is part of the projection of the microcellulae portion of the n. medialis dorsalis,
When a lesion of this corex i3 reported in conjunction with a lesion of posterios
amd medinl arhital corex, ihe lesion 15 here labeled as orbiroventral, When a
lesion of this corfex is made in molation, the ledon & relferred 10 35 veriral,
When ihe resection extends buderally up bo the gyrus adjscent fo ihe sulcus
principalis, the lesion is called vemrofureral,

Finally, a dorsolateral resection is idenfificd as {m:hnllulg the eugranular
corfex surrounding the sulous principalis. Such besions usually extend o anad
inchile the marginal gyrus. The dorsolateral cortes is the bermination of the
remaining projection of the microcellular portion of the n. medialis doralis,

When smaller lesions are reporfed (e g., perinrcuate, around the arcunte
sulcus; periprincipalis, around the sulcus principalis), the nomenclaiuee i< rea-
sonahly clear, When larger lesions are made they are simply referred to a8 fureral
frovital when they exchule the posterior and medial orbital gyri. The resections
are referred to a5 medinl fronfol when they are resiricted to these gyei amd o the
medial surface of the lobe. When the entire anlenior frontal corex s removed,
the fesion is referred to as anierior Frovsal,

The Delsiverd Covetribation: The Fr:fr'rrg "!lr F.:'I'.l'.rn'h:rrﬂr_r

A goad place ta begin is the orbital contribution to psychological procesiing
becaise it is so closely linked io that of the limbic forzbrain, Damage limied o
either the medial orhital {Pribram, Mishkin, Rosvold, & Eoplan, 1952) or the
posterior orbital (Pribrom & Bagshaw, 1953) does not produce any impairments
in performance of the direct form on the delayed-response task. Damage to bk
the medial and posterinr orhiftal corfex does, however, produce a deficn in
delayed-alternption performance (Pribram, Lim, Poppen, & Bagshaw, 1"¥4
Pribrivm gt al., 19%52: Prikenm, Wilson, & Connoes, 19625, This deficit is due o
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the accumulaiion of many repetitive eorord of hoth commisann and sinission,
which beeome especially apparcit in the gofo-go version of e ok In G,
these lesions peedice 3 greater delicit s this eadamt of e 1ssk thoi on the
ﬂ'ghf-”'.'ﬂ: wersiisn Pabeang, 1973 o resull whaeh is siiRale that sMapied wheis
Eteral fromlal pesecinons ae skl IABhkin & DPrabeain, 19084)

Uther effects welserved aller retcctons of e medial andior posterior arhital
dainage are a decrense in aggression (Botter, Mislikin, & Mirsky, 1904 Buiter,
Snrdcr. B MeDaaald, 191 aml an increased ll:lh!:.:m':.l Iev pd farul tfcams 0
emouths (Buter, McDonald, & Seyder, 1969 Both of these effects had pre-
viswsly been observed when postedior arbital Iesivas aee combined with tasse of
the anterior insula, temporal pole, aml sy pidali (Pribeam & Bagshaw, 1R 1t
i% wwch results that Fink the elfects of obital lesivns i Behuivier e those of the
limbic forchrain,

The following question arises: To what are such changes in behavior due?
Brutkowsi has argued that the orhital lesions in monkeys ond dops produce
disinhibition of onlinarly present drive inhihition riher than the moe obvions
persevernfive inferference (see the catensive reviews of the conditisming litern-
bure by Brutkowsi, 1964, 1965, and Konorski, 1972). The finding that monkeys
© with orbital resections confinue 1o work harder (ham aoemals For nenlsd iems
despite a normal preference For fosl ilems (Madter et al., 199), a resalt simafar
to that obtained with nmygdalectomined monkeys [ Weiskranz & Wilson, 19531,
woulld seem to support Brutkowski's hypothesis, which was based mainly va
wonk with dogs.

However, data showing that the responde rates folbpwing ochital or [ateral
frontal resections are the same as those of rormal monkeys during comlitioning
of an mtermittently reinforced bar-press response [Baiter, Mishkin, & Rosvold,
1963} plus the ablitional data that mankeys with orbitoveniral lesions siop
responding for longer periods than do monkeys with dorsaluleral Trontal resec-
tions when novel stimwli are introduced during a similar bar-pressing fask
{Butter, 1964) cast considerable doubt on a disinhibition hypoithesis based solely
on an increased drive for foed.

The fzct that faifure in delayed alicrnation is churocterized by pro-
portionalely as many errors of omission a5 of commission also mitigaies against
the drive disinhabation by pothesis (Pribram etal., 1966), Similarly damaging toa
drive disinhibition hypathesis were the results of an experiment testing the ohject
reversals using the godno-go technigue with menkeys who bl sustained msections
of arbital cores (MoBnarsy & Butter, 1969), Onue agiin the animals not only nade
more ermrs of commission than aammals, but alse mere ermors of omission. They
pemeverated their fusal o mapond @ the proviously negative stimalus,

Further evidence along these lines comes from the fact that monkeys with
barge arhitoventral lesions show a greater resistance to gstingtion of a bor-pross
response even in the absence of fossd reinforcement (Bueiee e al., PRI Tlese
results confirmed amd extended those ohtined earlier with toral ameranr froatal
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ard limbic {postenor orbneal, insola, temgeal r'lcﬂl:', apl :'lnlj-g_d:'llﬁ'l resecings
(Fribran, [90ib; Pribrom & Weiskramte, 19575 amd are consistem with the
Mincing thar Trontal and limbic fesions enhince the extinetion of a copdliries|
avoishance reaponse (Pribram & Weiskonre, 1957),

Therse fnst eesules woubd eeadily fie o response disiolilstion Jypoheae o
hat plagueed lmbic syatem research fur mony years) weee il mot for ihe Do dorg of
crrors of amission i e delayed-allemation tisk, Alo, meokeys with lsec
urbiteyeniral regections ke loager fo labitiate i aovel stimuli [Ragter 101
than do monke ys with rotal anterier frontal resections (Prikeam, 19615, 3ml thise
with amygdalectomy, Schworzbawm & Probrum, 19603, These resulis and those
from a bong secies of comiioning experiments lod Mishkin io progose ihat
aderion Mromdal resectinns prochice pereseration of “central scts”™ of whitever
arigin. Subsequent experimental resulia (Futter, 1969) showed, however. that
munkeys with orbital resections do not perseverate in place- or object-reversal
tasks, Furmhermore, the m!.:ln'mg af cemtral set, when it it extembed o inclinde a
fatlire to hahimate 1o naovelty, temdls 1o loze whalever |1t't||:i!|un it m':]::h! pre-
viously have had.

The enhanced distractibility aml sensitivity lo proactive and metrouctive
interference, which accounts for the Prilure to habiluate (see Blabms, 1902
Prifeam, 1961a), may well be dependent on the srganizadion of dnive stdes,
provided we understam by this that such states are If\ll'!mpl'lﬁtd of endocrine aml
alher nenrochemicnl systems {Estes, 195%) The limbie forebrain has begn fumd
tey b 3 selective host to o variety of newrmendocring and neurochemical seveclions
that can form the basis of a mewral representation of the intemal stale ol he
organism by way of which newral conteol over penpheral endocrineg and exocrine
secretions is exerted (Maninez, 1983; MoGough et ol 1979 Pribram, 19600,
19771,

The import of this research for this review is that such neurnendocrine and
neurochemical Factors influcnce the organization of atlention aml imention:
Habituation to novelty (registration and consolidation in the face of distraction),
and therefore the organization of what is responded 1o as Tamiliar, is disturkol by
the lesions, Experimental psychologists test for Tamiliarty with “recopniion”
tasks, am] recenily Blish¥in (1982) has wsed the delayed noamatching (rom
samnplz as an inlance of such a recognition procedure. Mot surprisingly. he has
Foumnd defecits with limbic (amygdala el hippocampesh resections and dvawn ile
canclusion that these struciunes are involved with recopnition memary. Fior thise
working in the reurplogical tradition where, since the time of Freud amd Henry
Hexl, agnosias, have been relvted i lesions of the parictal convexity, this conclu-
s 15 confusing. The confimson is resodvend when it is realimed that the deday 1aks
rest for the dinensson novelty! familinnty amd mot the identification of ohjecz, which
is the nevrolegian’s definition of recogeition. Be s, dee oriial conleifition e
psycheilimgical processing is fo pmwide a entical Faciliy to the Feeling of Taviliein
hased oa proecessing Bolh inteseceptive amd edtermceplive inps,
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Purcellution af the Laterol Fromtal Cortex: Alternation Teasks

The performances of anumals witl partial nesectivas of the Dteral surface of
the amterior frondal cores sl thar 2 ol midbceral periprincipalis teswe is
subTicivnt t produce severs sleficis Btk sbelayl respisinse {Mbiw, (32,
Cildenan, Roswvell, Vest, & Calkin, 1971, Gross & Weiskrams, 1962 Pinsber
& French, 16Ty and delayed abieesmativn (Gl & Rosvobd, 1970 Mishkin,
19571 These resules have Feest comflinmed and refined by esperinems in which
electrical stimulation across the sulous principalis hag impaired performmnce
(Stamm, 1967, In fact, these cxperiments 15 well a5 letion data {Buliers &
Pamdya, 1969 have demensteated (hat the milEle thirdof e solces serves as the
fscus Tior the deficit

Although these funns of the tsks filed 1o help with Tusther pareellation,
their variants have proved most wseful. In an early experiment attempling to
analyze the variables important in producing the frontal deficit in solving delay
problema, Mishkin and Pribeon (19550 found that changing the delayed.
altemation peocedure from a left'right spatial altemation 1o an uphidown spatial
alternation did not improve the performance of the froatal animals. On the other
hand, changing the task (o 3 nonspatial godno-go allemation «fid improve their
performance. The logical conclusion from these results was that it was the spatial
nature of the defayed-alternation and delayed-response cues that was significant
To test that conclusion, they followed thot experiment with experiments using
object-alternation tasks. These were dilficull experimenta a8 no one up f that
time hal been able 1o froin monkeys successfully on object alemnation, Pribem
and Mishkin (1956) succeeded in training highly sophisticated monkeys on the
task using the traditional two-box iray deseribed earlier. Later Prbram { 196 1a)
designed a six-box tray to eliminate the interference of position preferences.
Both experiments Found that monkeys with ateral fromtal lesions were signifi-
cantly impaired. Tn fact, the monkeys with ateral fromial kesions Jid almost as
poorly on object aliemation as on spatial altemation.

However, when monkeys were given dorsolateral lesions that did not in-
chede the ventrofateral corex, their performances on obpect aliemation were
significantly better than those of monkeys given orbiteventral besions (Aishkin,
YWest, Waxler. & Rosvold, 1969), MMoreoser, examination of the data from the
previous study lesting monkeys with todal lderal lesicns (Prbram, 1968 re-
veitls that the orbitovendcal feston produced as much of & delicit as had the al
lateral lesion. Taken together, these resufes suggest that the focus for priducing
the deficit lies in the ventrolates] comlex,

Thus, dorsolateral lesions interfere more with classical delay tasks, and
ventrolateral fesions inlerfere more with ohject altermation. Funher, as noted in
the previmrs section, chassical rightfelt altconation i mesie imgaired by latcml
frontal lestong thaa is pofne-go alicmation, wheresas limhic besiang peesluce the
reverse. These data suggest that the vamations of the delayed-response amd
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delayed-aliernation fasks tap somewhal different fumctions. Pribem i hus
eodlaberrators, therefure, pecformed 3 series of cxpenments {Anderson, | lum
Vamber Stoepy, & Pribrom, 1976 Privean. PRabin, Andersnn, & Leaag, 17T
iring monkeyt wiil tetal fateral frontal fesions that aimed at discoming 1he
dilference between the twa tasks The deficie in delayel-reyppase perfrmsine
Wik aRoryn b rJL'r-l.'nl.I o the eliiminariog o pnlu,lul.'liu:u ol dastenac fiven. Fuiluer,
spatial distraciors had been found in be espocially pade (Gmieninger & Prifeans
196 ane proved o be coiiteal even in 3 1est of “ohject constincy . wlisme o pace
of fownd woas simpldy hicklen as in the onlingry delayed-response task, Finally,
when the beatinn of the hiding place was shifted within sight of the monkevs, 3
profammel adeficit was peeshiced o the opertel gronp despite the Gaet that the gk
proved to be o rathier casy ane Tor the comrol suhjects.

A replicatisn of the expesiment in which “parsing™ with femporal gaps
overymne the deficet on Jdelayed abernation was used 1o analyzre the Twoos
eritical to the perfonmance of that task (Pribram et al,, 1977 Pribeam & Tuhba,
[967; Tubbs, 1969). As expected, in rthis siteation, spatial variables were fiamd
10 be subscrvient o demporal, However, location of prior response proved isre
potent than whether that respomss haed been rewarded in both the operaied and
contral gooups, aresult that had previously also been obtained by Wilson (113023

Thus, a mix of spatial and temporal factors is criticad to the performance of
bath delayed response and delayed aliemation, Dut the mix is not equal. The
spaial factor is mese important in delaped response tham in delayed allem:ion
where it can be dispensed with ontirely in variants soch as the gofio-giv and
whject alternation, As was neded eaclicr, the delayed-response deficit is maximal
when lesions are maste in the dorsolateral cortex, whereas lesions of vemeolatern
cortex privduce the grester deficit on abgect alicrnation. These resalts sugge: thi
there is a foces or spatial tasks in the dorsolateral and one for the viszal (amd
perhaps other exteroceptive tasks) in the ventrolatersl fromal corex.

These modalities are, however, superimposed on a temporal factor that is
common i all delay fasks and is disnupied most severely not by lesions of the
fateral frondal corlex but by limbic lesions (the gofmo-go altermation evidence). If
senzory modaliy is a factor in parceliation of the lateeal frontal cortex, variatinns
of the indirect varient of delayed response using msching from samphe shiuld
praove even morg wsclul than vartanis of the altermation tasks. In addinen,
discrimination reversal problems can be used to the same end. The pest section
examincd soch evidfence.

Pereelloion aed Disorimimetfon Proffeons

Mishkin (19%0) inHived the allgmpts 0 pn;r:l the tdal lateeal feonial
1E"ii'll'l1-1, 1|.1'|ng ilse m:ll-:lnirrg {"r|111f-:|11t. He 1'Ir.'|t.'|r| |-|:|.- nmlrnsring the elTecrs ol
dorsolaieral fesions with these produced by cesceting a combination of veies
lateral, medial . ard ['HJ."\-"El'il:ll' orbital cortex, He rc|1|lr|!|.'|:| that these orbitmeensl
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lesicns p-l'-l}l_ll,;l-flﬂf 3l el geedler ieficit thon absrsoalateral lexiens on 200 of the
nonspatial tasks he and his colleagues (Brsh, Mishkin, & Roseold, 1910
Afishkin, Prockop, & Resvold, 1962) hod previeusly B $ificl foe nmakeys
with total lateral besigns. Tle sugpested af the e that the Bvpobicsiz of
perseverive inkerference fos accont for the amieiels’ dificilties mighie B inos)
approprabe o those with orbilevenind damage,

Since thar repurt, the impu.inm.‘nl in whject alscrimmnatson reversal learning
alrer arhitovenical legiong kot been r|T|u;.'|1l.'-e| { Buatler, I:‘H'\"l'. Baneers, Dutter,
Rosen, & Stein, 1973, Goldman, Bosvold, & Mishkin, [970), The impairmsent
in noareversal shifts between different types of discrimination problems (ohject
amil posifion) reporied by Settlags and his collcagoes (Settlage, Butler, & Odui,
1456; Settloge, Zable, & Harlow, 1485 was replicatsd in aninals with orhis
toventral lesions, and also with lesions limited o the vepsmlatersd surface
{Passingham, 197220 Animals with derselstersl lesions caclisding the ventrn-
Interal surface did not show o deficit either on abject discrimination reversal
< leaming (Buteer, 1969; Gobldrwan cf al., 1970 or on reversal shifis between
color, position, anld gize in visdal discrinvination problens (Passingham, 197 2h).
Further, although monkeys with dorsolateral lesions were at a higher perfor-
mance lewel than monkeys with ventnslaloral lesions on 3 successive wisual-
spatial discrimination problem, when a delay was added (o change the problem
into an indirect delayed-response task the performance of the dosolatzral groap
became misch worse than that of the ventralufeeal growp [Osear-Derman, 1975)

Place reversal is angdbicr spatial task in which significant impairments were
found after total laleral surface apleror froatal lesions (Buttze, 1969; Mishkin,
1264) or dorsolateral Fesions (Pohl, 1973} Again, monkeys with tetal anterioe
. Trontal lzsions performed more ponrly than those with principalis lesions, where-
as monkeys with damage to small ponprincipalis arcns cither dorsal b ihe
prircipalis region or in the arcunte sulcus showed normal pedommance on this
task {Goldman et al., 1971). By contrast, the ventrolateral lesions produced a
gevere deficit equal to that produced by the tofal lateral lesion (Buiter, 1969).
This finding is in accord with that on object-reversal leaming as noted above.
Mebther monkeys wilh domsolateral lesions (Pohl, 1973} nor monkeys with total
lateral lesions E_BIJI.'I.I:rI 1969:; Prbram, F961ay show anmy pl:rl'qrm.]m:r_ iem-
pairments, but monkeys wiih the venbrolziernl lesion show severe initial im-
prirments {Burter, 1969; Tversen & Aishkin, 1970}

There has also been some affempt to use discoimination problems o pin
down a specifically audicory robe For a subdivision of lateral frontal corex. Gross
and Welskramz (1961) found that animals with nonprincipalis lesions were
significantly worse on an auditary gofne-go differentiation thaa principalis an-
irmals, in contrast to therr superior performance on delayed response, However,
slimulation of the srcuste and the principalic regions failed o confirm the
speculation (Weiskeante & Mishkin, 19505 thae the arcuate sulcus was a focus for
the anomalous awditory deficits; stimulation of cither region did nod produce a
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|Jr|.5-|1 in maclitoey dilTorentiatoon ;|'.~|:rr1_1r||1u1l'1!l.‘ {Weiskrantz, Mihailovic, & (o,
196, I'-l..|r||h|;rn1|1r|:I Do {1963a) wat uikible g0 ri.‘pl!:ll his earlicr |-||'-||rl;.1 vl
significant dilferonces in awditory diferentiation pefonnance afler aompingpal
i lesions wlen he reddicl the "-|1r|1:|.' |-.1i||r_.: FrngEer sl

{Iy woitrasl. riiieee r-_'-_':_'|l.||:.-' Petrides Olas voelume, Fll.‘l;ltrr B owae B g
gleimnasieale an |¢||-1i|n-r'_.. delicil win peseotionn of e fis<oe dopeal fg e grovss
sfews, This resule places the ficus for suslifery Punctiva proaimal o the spjperior
limah oof the arcuate suleus beyond dee pact of the footal cortex eedinanily nesavted
when laterad frenlal leswons are muads. Furthermore, areuate lesions have bBeen
shown b affect performance differentially on the awditory conditional (ssirien
tak (Golifnsan & Bosvoahl, 1970 Sgaam, 1P73), Soch fesbong have no deen:
premtal effects s performance of simubaneous viswal discrimination tasks
(Clhaw, 1952 Pribram et al., 1952 Priteam, 1954), Successive wiseal s
ceimination (Pribeam & Mishkin, 1955; Stamm, 1973, or place reversal (Gl
man et al., 1971

The aucitory comlitional position task woas intended 10 test the anomal’s
ahiliny toomiake apatial associations when iimicdiale momory s md ol As
might be expocted from whit Petrides has shown, anbmals with doesoliteral
lesisns excluding primcipalis omd the ventrolaicral J.1H:cl! peelormed boier than
the arcuate animals (Gosddimon & Rosvoll, 19700, as did sainiaals with venarobiseral
lesions exclhuling arcuate (Stamm, 1973). suggesting a possible arcate focus,

It is not clear from these resulis alone whetler the auditory af the spatial
aspect il the task i5 most relesant, a consideration that alzo plagees the lading
that monkeys with ventrolateral lesions are a3 poor as dorselalem] moskes s on oo
awmlitory delayed-response task, though they perform better than they (o om 2
wisdal delayed-response task (Oscar-Rerman, 1975). However, Stepicn and
Stamm (19703 tested a nonawlitory spatial spposition’ task in which the monkey
was required o go to 3 side of the maze opposite foom the visual signal. They
framid thot animals with toml latem) lesioms or laters] letions excluding pancipalis
were impaired, but anirmals with damage Bmiled to 2oy of the smaller segrmems of
the: dorsalueral surface, inclwling the anterior banks of the limbs of the arcuane
sylons, were unimpnir:d. This finding sugge«s that i is ike spatal rather than the
auditory aspect or the confourdd between themn thal i responsible for de defits
follvwing lesions of the anteror Frontnl corex forwand of the ancesle subous,

The evidence friem descri it osn Icﬁling ol munl:i.‘}r! wilh p.'ll'tiill il
lronial besaons 1% thas ok ag clear cul as ong would like. Nmﬂh:kﬁﬁ, m Frwuis Tasr
visual functions may tentatively be discerned in the anterior venteplatersl conex
and vng for auditory Tunctions in the dorsal perisrcuate conex (see also Milner,
& Petrides, 1984, and Petrides, this volume, Chapter 5). Place reversal that tyees
both a lemporal and a spatial Tactor Fails o distinguish betwesen podions of the
Isteral Trontal corex—a finding consonant with that ebtamed with the clssiel
right/lefi altcenation which, as poked in the previons gection, alse beats Isdb
lactors. What remnins to be reviewed pre the expenments il dim to deicsmae
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ihe bislogical nature of e spatial aned tenporal Gocters and their relationship 1o
=ENEOFY input,

The Spaiial Deficer 5 Aot Kinesthefoe

O the bosis of his work with cats and duas, Keaosski (19671 efboeated the
hyputtsesis that the lateral Fromtal defieit was specifically importzm Tor kinesihet-
be memiary and suggesbed that the cue i the defayesh-repnse Gk is encoskad
inly memory as the differenrial muoveneents Ul are o be mmle 3t the el of (he
dilay, Prabram (19610} had cardier considersd his hypothegiz on the basis of
resulls in which two types of operant scheidiles (fived ratio and fxcd intervals)
were pliernated withit borefit of the visiel signals useld i eining. When the
signals were removed, the monkeys with Laeral frontal lesions, in contrast wa their
cemtrols, responded indiscriminately. But Pribram was forced fo abamon the hypoth-
esis alter demonstrating that monkeys with weal baberal besions also kel deficits on
measpatinl alternation fsks that did st invelve kinesthelie feedback

However, as the data previously discussed accumulated, imlficating that the
ronspatial altermatien deficit bad a more ceatral focus, Stamm began 1o reex-
aming the kinesthetic hypethesis by adding kinesthetic cues to the ddelayed
altermation. He first trained monkeys on the defayed-aliernation task in appara-
tuses that required different degrees of movenent and hence allowed different
amounts of kinesthetic feedback (Stamm, 19700, In support of Konorski, Stamm
did find that the animnis with dorsclateral frontal lesions performed best in the
primate chair and worst in the maze, although preoperatively the opposite trend
had been significant. Konorski's hypothesis could also account for the data
indicating that stimulation across the principalis region at the beginning of the
deloy has no elfect if the 1ask is a delayed match-to-sample (ask (Kovoer &
Stamm, [972) but peoduces a striking drop in performance il the task is a delayed
successive visual discimination fask (Cobhen, 1972), Two different visual coes
must be differentiated on the basis of patten, not position, for both of these
tasks, but only in the second task does the visual coe signol a spatially digtinet
response. In an earlier study Mishkin and Pribram (1956) also found that
monkeys with fotal Jateral lesigns Failed the task when it was presented in a
manaer simalar o Cohen®s rechnugue,

In ancther ablation study Stamm and Weber-Lewine (1971 found ihat
adiding either conditional eolor wr kinesthetic cues o the alley lesding 1o the
response doors greatly improved the peeformiices of monkeys with total lateral
or principalis lesivnz o delayed alternation tested in 3 maze. Stanm and
Weber-Levine further found that the improvement produced by the addition of
these eonditinnal cues fasted throwgh the subsequent testing of delayed alternn-
tiosn willsoiel aclolitinal cuce o ghe mminkcys wirh F'i"""r'“i"‘ ol et el Liiteral
lesioms. Simila "}l". Gentile 3nd Stamm (1972 Fowed that .'||.1|:|:r|g daflerent w:’ighh
tn the manipulanda to provide additional cuct improved the performance of
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ek ys with principalis hut not wdal bateeal Tesions during defaged alicenanion
el im il Wisconsm General Testing Apparatus (WG TAL. The inteoductzon of
supplementary adicular-somasthetic cues, v the edher hand, improved delayed-
albermation performance of Dodh e nwakeys with principalis lesions sl thise
with fedal Faberal fesicns. Such improvement it in contrast o the ek of iprswe.
el for nwenkeys with ooial Ineral lesions after the addition of seppleirentary
wisual {Cenlile & Stamm, 1972 Tubbs, 9 or silitory cues (Tubbs, 19580, or
fur momkeys with prircipalis lesions afler the aklition of supplzmentiany visual
cuet ({rentile & Seamm, 19T Siamaim & Weber-Lewine, 1971,

Oin the hasis of these data, Starmm and Gemtie conclinded that hey hand
ewildvnce for the hypedhesis thid kinesthetic memney s relevant to the rde of the
frondal aleficit im orlering spotial regpeinaes and that theie data imicated di ihe
use of kinesthetic memory was specific to the princigalis area. Gentile 114972}
then clabprated the kinesthetic concept, bringing it more in ling with & sugpesiison
by Pribram (1960) that the frontal corex acts to pariition seis of afferent aclivily,
She HHEE’E_HIEHI that, im the standard dclny:d-all:mr“iﬂm lasks, movemeni-
produced fegdback from left and nght responses cannot be distinguished and
therefure connot be coxled with respect to recency. Unlike additional visual or
anlitory cues, the additional force or articular-somesthetic differences helped 10
paditien the feedbock cues, By this reasoning, temporal parsing (Pribom &
Tubhs, 1967} would aid in differentioting the movement-produced cucs bociuse
the trace of the kinesthetic cues would be different after responses to the one sule
Tollowed by the longer delay.

However, there i3 an objection to localizing this kinesthetic deficit o the
cortex surmoumling the sulous prncipatis, Pribram and Tubbs (1967) and Pritieam
et al. (1977} have argued that lemporal parsing provides monkeys with amterior
Frontal fesions with a stimulus organization they could nol provide for themsclves
since they lack theer frontal corex, Gentile and Stamm would similarly like o
argue ihat, since providing kinesthetic cues improves the performances of imsn-
keys with principalis lesions, the principalis must normally wilize kinesthetic
cues, Hlowever, monkeys with total lateral lesions were unable to wiilize rthe
acditional kiresthetic cues, so it is likely that it was the nonprincipalis Tioneal
cortex that enabled the monkeys to lenm to use these coes. Even the face that
additignal articulosomesthetic cees allow monkeys with tolal latersl lesions 1o
improve their performance means only that other cortical areas are able to whilize
these p.arl'r-l:ul.'l.r cuet, much as in hiemoans verbhal cues are wsed to overcame the
deficit (Lura, Pribram, & Hﬂm:l::lru, I%ed). In Faer, Genlife’s (19720 data
shivwing rhat Tﬂ*tl:]ptr'.‘l.lliv: ll.-_'lir:ing thail :mph.‘l.'ﬁli.‘.t kinesthelic cues makes o
difficult for the animals to utifize addittonal aticulosomesthetic cues aleer <ur-
gery suggedt thal some kind of adapdive corical rensganieation is going on

Blaare devasiofing to Focalicing the kinessheiic deficit i tbe repion of ihe
sulcus principnlis, however, is a deficit on ohject-reversal performances when
the reversals happened after only 30 tnals. Gross {(19%63b) used animale wih
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tessmns conlimed fooabe principslis fe obtin these effects, Moakeys wath menprine
cipalis fesivns showed acemuld performance. Thus, even when the cugs are md
spatial or kinesthicne, the principalis region isell is csennal for encoling them
into short-term amcnoey e also Scvean, Chapter 0l Petrides, Ohegster 5,
thig wvelunsc)

I starmoary, e kaesthetic hypetbsis as the hasis Tor e spasial aspect of
the frontal deficr, though it Das found wabantial sapport, Tails e accesnt Tor all
of the data, Certain discropancics plagus e evideice, which asakes e kines-
theticspatial connection dilficalt w accept uncritically, The spatial deficin is
canceived to be primary in causing difficulty in delayedresponse performance,
Principalis lesions are the Foons Tor this difficuliy, bue, as [ bave angued abave,
miol for the Kinesthetic deficit,. Furher, bmesthesis s :Aﬂ:llli:li[y i Fespomse-
produced stimulus amd the early eapedinsents of Alishkin aml Pribran (1955,
1956) reviewed above hod shown that cus dilferentiation eather than FELpONSE
distinction was the crifical variahle in determining the Jelayed-response deficie.
Interestingly, Stamm, who has provided the most persuasive evidence in Tavir of
the kinesthetic {which is cisentially 3 response distinction) hypothesis, arguics
muost strongly against another response-hazed hypothesis, namely, the suggestion
that Tailures in respInse inlbition are n;\..l;llm':lhlg fiowr the Trontal delicit, 18 i
likely, thereforéd, that the kincstheric hypothesis relates inore b the tenpneal than
to the spatial defic thar folliws anterior frontal kesions, We thus fum nest jo @
review of rthe evidence that has been gathered with (his hypssthesis in mried,

The Temporal Deficit and Kinesthetic Stimelus Differentiution

The inifial arguiment dhat Tilure in response inhihitisn accounts for the
frontal deficit came from the observation of an impainment on visual and auditory
goino-go discrimination tasks that follow orbitoventeal lesions (Dronkowsy,
Mishkin, & Rosvold, 1963; Lawicka, Mishkin, & Rosveld, P966), In these tasks
the emrors of the operated moenkeys, unlike thoss of the normals, scemed 1o occur
mainly on no-go inals (fversen & Mishking, 19700, Then, in order to further
characterize the nature of the deficit dus o ventrolatern] daneage, Tversen and
Mishkin (1970) tested monkeys with specific medinl and posterior eehital besions
and with ventrolateral lesions on awditory and visual godme-go differemintion as
well as on an object-reversal series. The medial and posterior arhital group made
mare gofno-go ermors than the normals on the seccessive visual discrimination
task and demensirated a significant nonspecific difficulty on the abject reversals
that lasted throughout the serics. The veniralderal group, on the ather hand,
showed perseverative no-go corors an bothy the awditery and visual sks, an
extremely poor ariginal perlormance on the auditory task, and a large number of
perseverative corors comelancsd fo the Tirst reversal of the objeotreveral serics
Thus, the veneredateral anmals chavwed perseverative imterference thal was trn-
siend in nature.
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This teanszicnce of the perseverative effect had alss been noted aler won
Iateral lesions in ponncversal shifts (Setilage of al., 1936), gofno-zu i forentia-
tinn { Fattiy, Rosvold, & Michkin, [9%62), and defayed alemation and =i essive
vigmal di=cnminationt I:.":I!:lrnm. Uik Stimin & Weber-Leving, 19711 1l s
e o Ehe efTect il allte capluim wly sesphitivatal smnibeys with Litcoal e
il sl pereverile e irtial pll.'fq:llr_'rn.'l.':i {0car & Wilkon, PR when riiimial i
the zarme learmiang et pacmligin in which aae nnive moakeys silb lbeel s el
[eddevernle e inutal pn:r-:.'n.'m.'l..".'i. [|'|-|1.-|'=h ot al., 1961

Iversen nnl MRishkin { T concluded tleat there wag a2 :.-l:prlr.tl'll‘l.' Iransient
perseveratory fctor that coubd be attributed o the ventrolsderal regaon. Howes.
ef, Stamn (1973 Tater Toond that animals with lestons confined to 5e vemos.
Fareral sierface exchisling the arcuate sulcus were impaired on suooessive pabiem
digcrimination tasks but nof on the auditery condifional position task or an ihe
spatial oppogition sk (Stepien & Stamm, 19705 Stamm argued that since hoaly
sk invelve spaiial differentiation Belween instrumenlal responscs. 3 per-
severative interference theory ought to have predicted a deficit on b tasks,
which did not occur, In agreensent with Stamm, the previously discossed dina
make it appear more likely that any perseverative inferference Tactor bos mare 1
aur with spatial differentiation botween responses, But it is pot the spatial Tactos
that is invelved by the ventrolateral lesion. Mose likely, as noted shose, the
veatral lip of the feonial lebe (2 the focus of the temporal aspect of the Trontal
aleficit, but relatively estensive damage surounding the lip is required 1 prosfuce
the Tull-blown behavioral effect.

Passingham ond Ettlinger (1972) presented evidence that the tacule deficit
previgusly seen in monkeys with lateral lesions (Entlinger, Borton, & Moflc,
1766, Exlinger & Wegner, 1938) was specilic to the orbitoventral regiom amd tlue
the impairment could be alleviated by adding weights to the manipulamda 1o
make the responses more efforiful, Under these conditions the ochitoveniral
monkeys made as many stimulos comparizons 3% did the contrels and consicer-
ahly more than they had made during the no-effort condition, suggesting thal
their difficulty had indeed been due o a Iack of response inhibition

Fowewer, Passingham (1972a) was not able o demenstrate tha animals
wilh arbitnveatral lesions resppaled incomectly more tham the contrml anineals b
a panel that had been delibeeately given a higher probability of comammg 1he
correct visunl stimuolus, Passingham had reasoned that ihe animals would have
develeped a response set o the higher probability panel and would bayve inhitie
that set to respond to the other panel comectly., Bur, despite the Tar thae
nrhitoventral animals haid previously denwonstrated a significant impaitment vn a
sinnillancous visual object disceimination, (hey distributed their erms i fhe
differential probability peoblem ia the same manner a5 did the poraals The
resilis of this I.rlrul:r' casielirma Bhise il fwie :l.ru.'fil'rh':nt': {[_Inl-l:rtilnp:r LIl TR ETRTTI
1969; Wilson, 1962) performed in Pribram’s libratory on nemkeys wote B4l
Indernl Triontal lespns
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Mt Stpmm 15 corrcel in -|m--riu-ung the TCA [T imbhitin h:,.'ru:ﬂp;ni: Ri
adeguate in acvowiding Tor se reenperal aspect of the amterser Pl deficit.
Heocall ghad, in discissing (he aeive inhahdsn !l.:.-l'-.ll:ln_':iw.' [ivr s apalimal h!lr vk v -
sk C1NRRY b waplan O posstetior armd atcdsal esbital Betacit, we ondel il eries
i BImission Wi pr-lphrrinn.l:rh A% f'.:.;"ﬂ.'n! a5 criers sl compmission an e
gifms-ge altermation task (Baaeer, 1960, Prbean of al,, 1968 Erpses of oniis-
sion—especially failures to respomd on the go triabs—provide 3 Siroitg afglimenl
ALl a rCEpuaIiae udabitien |1'|.'rl|'-|hq;=i: In ehilitiame, af <lmsigld be |-.|||||:._-._| CTER LR
eecasicnal monkeys with either posterior aml anedial veibitad lesions o laigeal
frontal lesions are reluctant o he teated affer sirpery despile prior expericnce,
Thars, their overnll experiziwe, which has teabned thesn primarily b “go,” appears
tiv be negnted Ty o feedency o Tii-gol” Soinetics fhse ke ys appear so
confused and so reluctanl thid exiensive gesdual reshaping must be undedaken
before they can be tested. OF course. such shaping trials do ned appear in the
quantitative descriptions of fest perfosmance, which ean therefone be mishending
when hypotheses as 1o basic process ane being derived.

Slamm’s evidence suggesis that, rather than responae inhibition, the tempor-
nl Factor in the [aterad feontal deficit is related b kinesthetic stimulus differentia-
tign, perhaps on the basis of a centrul representation of kinesthetic evems. Such
kinzsthetic stinmli are peesbiced by o convergence of muscle affeients with
nthers, such as thasa Trosn e skan, fo peodisce o nwster representation {ALilis,
Prifwam, & Kroger, 1953 Prbeam, 1970 Pribram, Sherafat, & Beckman,
1%84). The ansomical adjacency of the entire anleror fromal corex lo the
classic precentral and o the limbic medichasal motor cortices makes the hypath-
esis a rensonable one {see also Petrides, this volume, Chapter 5).

A noted abnve, the hyporhesis received attention in carlier experiments,
For instance, Pribeam ot ol (1952) in oo anpublished portion of their sinly,
wteemnpted to show that the defayed-response performance of nommal monkeys is
dependent on self-generated kincsihetic cues. I was Tound that movemenis
specific io the cormeet solution of the delay problem did occur initially but dvat, as
the murkeys became proficient. these peripheral indicators become less and less
frequent, The assumption was mmle thot the proficiont monkeys wsed o ceniral
representadion fo selve the problem—that brain events replaced the peripheral
kimesthetic stimuli. 1t wos anticipated that, perhages alter anlerior Frontal surgery,
the monkeys might revent (oo peripheral responsze mode (as was shown for (he
chimjrangee by K. A. Blum, 1. Semmes, aml K. H. Pribram, preseated af the
annual meeting af the APA in 19471, but this did not accur—thus, the data wers
left unpublished, Further, a3 noted above, other experimental results (e.g., the
deficit in object alternation) mitigided against the kincsthetic hypthesis wntil
Stamm moded that these results eould he ascribed o a venteal focwes in the Taieral
Trantal cortex. This kell the possibilicy that sease other focos coulkld he Foamd
l'l.'-!r-"l'll'l'“hr: Towr the kinesthotie delicii. Seanem hsis s |__IS|:5-I|:-|I thai ihis focus vg the
corle s sifrounding (he soboue prinvipiles bue, os pesiewed above, this bwaliza-
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2 SwlwVivisnwms of the Frowidal Ciositex |

i e awok bk uge, Bnstead, Petridiee”s fllas sediinee, Chinpter 5) evidosce lenls
I o pmsre wendeal aml postermor perarcite v, which, of nocessity, s Ty
separably Frorn the vasand fowns fnmee anteriorly situatol aeouml the avcerse fip
il whe preate safons enlginliege fie phie |||1 CET LITEN (T L W TR |‘I:'|_||_1|_|_"\-\. TR T ETTE
Allernatnem ilefal oF the Baestheri h.l.r.llh.,"-ii 1% div e _~:|.||||ln||-_-|t_

Tor sumrimarize this section, the resulis of atlenpts o sulshvide e L
Eronti] cesrter Jeand e rlse fl-l-"lm-lrl_q; conclisiong

I. There §s o focns centering on the sulcus principalic that anllocsees
perfimsinee on kb the spadial delayed-responze and the spatial e laeedd -
albermation tasks but gesr oo e gane-goe oF object veriomne of aliensinm,
siegpesting that a spatial Fector impssriint b fask perfommance has been istericred
wilh by the lesion of this cortex. Fuether, the presumed kipesthetic basis for the
spadial aheficit comumon to the wnpained perfomences proves (o be ebecd 1 he
Eenporal and not the spatial aspeces of these ard ather tasks, This leaves the spogial
clefrent unEA.pf:lirrL‘LT. An ::lpl.‘lnrlrinn al e .-:p'.lli'.ﬂ deficnt in terms of (ke efTevie of
.‘iptlli:ll dstmotiors was lesg-l:h-ll.‘{l ana] will ke l:'l'll.'lrgqll o in he pexl secihe,

2, The remaincder of the lateral frantal corex influences all types of alierma-
Tisn pcr!'unn.jm.'ﬂ aml ean bhe funher subchivided .‘IEl:I'II'I:“rIE T3] m[ﬂlil:g, h_l, [PRiE!
involving woriants of aliemation [e.g.. ebject altermation, discriminstae rever-
salp, Dorsal periarcuate auditery, perhaps anterier pedarcuate visual, aond posi-
erinr periarcuate kinesthetic subdivisions can be klentified. The deficit prosluced
by lesions in these subdsvisions is sensitive 0 the sersory omd imposead as a
requirement for perfonmng adesprately, This suggests that some sort of sensiry
servocontrnl (negntive Feedback) inechanism is involved. Goldman-Raki ( 1474,
Cobbman-Rokic & Schwartz, 19823 hos clogamtly worked ol the comcetivas
between Trontal and parictal cortex and these with the corpus striotin, con
neclions that can serve such a sensory servosystem,

SUMMARY AMD S5YNTHESIS

When | began research on the functions of the anierior frontal cortes, | Gl
that newrobelaviorl considerations related thais part of the brain weothe T ions
of the limbic portions of the forchrain, oot 0 the metor functions of e
precentral cortex. The peri-Fodamlic contex, nn the basis of neumbehasion!
anmalysis, belonged with the remainder of the cerebral convexity, Thus, 2 majr
distinctismn was made betwesn the functions in hehavior of the frnbslinihic
Terrmatiesns and those of the pesterior cerebral converily {see reviews by Pribeain,
P54, 195380, 1958h, and (s wrhial paer of ilis chaplert.

Misretheless, the prosinaty of the antericr frontal cortes i thoge persoss of
the cortex that were electrically excitable in terms of motor funciions ing et



5'5', .1 Prilseaam

l-hu::: o the madial ancd bagal suirfices sl the |h.'l|'|i1{‘l|ltr-|ll- caviluimicd o e of
consiferble comcermn, Chly eecently bave §hit upoa an wdea arosd which this
caneerm can b preciely fonmabaaed 1 e ks orsmilation (at formis the core of
the Binal porion of (s revies

The ided is simple, Tlere o4 e forgesrbant atcielide by wchich the systems
the central porin of the eerchra! moanele delfer fman vllers: They one concemead
with somatosensorimetor processes. Senalic processing differs frem all ather
processing in that whatever is expereneed, whether aroageh e cpicritic sy steins
of the pasterior convexity of the prolocritic (interoceplive plos pain and tenipeea-
fufe—aee Chin, Pribram, Drake, & Green, 1976, Pribraos, 1977, for dat onad
dtﬁrliiil:‘l:‘l] .11l|r.':lcm': ol the [rowitalingh rurl11.‘||:|11|11. nr |1r|.'|:i'=|l :nmml.ln'h.':[i-.rn
with other ﬂlga:lihnm ar the fﬂ'l_'.l <ical o cullweal envirosizseat i3 Fﬂl.':.\i|:l|-c swillwail
the participation of sornatosensurinmor mechanisms.

For the antedor fronial conex, this means hat we should be abbe g discem
in its functions 3 mechanism rhat relates protocritic processing 1o Somalosensor-
imotor funchions, Az with any such cndeaver bosed on an arbiteary dichotomons
classification, problerms immedinecly arise: The exteroceplors are part of the
bl and those processes thal are concerncad st 50 muoch with regubating their
specific function but with controlling their overall “somatic™ expressive relation-
ship to the world necd, on the basis of the evidence, also o te inchilbzd in the
somAalEenssnmador mechanism,

A good place to begin the attempt o tie all this together is Brown's {1935)
review of frontal lobe syndromes, which is organired within the frame of three
major groups of dissrders: “Damage o fonil limbic fomeations. keals o im-
paired nctivation (response bing, motir neglect, amd Ik of inftiateon); damage to
‘integration” corfex on the converily keasds o dernibiment of the sctiom alter
aclespuate initintion (distractibility, confabulation); and damage to premator and
precentral corfices leads o a defect of final implementation {missriculation,
dyspraxia}” {p. 37}

Pribram and McGuinness (1973) have Turther delineated the evidence for
"stap” and “go™ systems within the Tromtodimbic forebrain, The “stop™ mech-
anism deals with emotion {to be “hung up.” out of mation) and involves those
perrticms of the frontal and tempoml lobes comnected o the amygdala by way of
the uncinple Fasciculus. The oher mechanism deals with motivation and is
constituted of the “go™ dopamincrgic mgrostrintal-frontal system {see also
Coldman-Rakic & Schwartz, 19382)

With regard to Brown's second cotegory, the data reviewed in the section on
the subdivision of the aatcrar frontal (Cislegration”™y corex show that dis-
tractibility is respansthle for the “spatial” deficit obtained when the dogsolateral
frantal carfex 1% damaged, Confaboimion, on the other hand, may well be ihe
humnn counterpart of the “termporal™ defecit that fnllows periarcuste and vonion-
Iateral frontal domage. a delicil sensitive b sensory impit,

rown's thisd calegory. l.‘cntn.':ing' an the preminber and precentral coflex,
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2 Bubdivisions of the Prowtal Corza i

hedils the key 1o bringing fogether the varsous aspecis of frondal lobe fungriens
The Lﬂl i prr‘n'id.h] h}' ik pr|1|-|:|x:|'|~| il b}' El:r‘ll.'lhtr&ﬂﬂﬂﬁ; alage thie vasloune.
L'h:lplrr 5% r-:g:trlh'ng thie Fierctions of ibe [rEEInLr AYSien, wehich, 1 dnen, are
haseid oo the comcepds of Banicles {1968, wluich are alws reviewed and goivimld
|'|:|r F’.'.luf:.u el Moemes, thes solome., [_'t'lnfdn.'f 1), The=e |1-r|1rl|'-=.11~'- Jivale ilw
predmter oerbex it 3 madinl, supplementary promotor cegesn amd a0 Bt
periarcuate premator region. O the basis of eviderce Trom compesive an-
Munical sludics, the mslial region is shivwn o be derived Froes an lnconical
neigiies, and the lateral region from palegcorticad primsndia, The two regeons are
tugg-e:nlql] 1or Funciinn drl'rtn:nllr: The medial is concerned in I'JII'-IEII.lr'irlH mtlel s
that program behavioe in o feedfrwand Dsldon; by condeast, the lateral region
prosgenines hehavioe vin a woricty of sensory Feedback mechanizoa.

This analysis can be readily extended to the remainder of the mober conlcs:
The evidence regarding the difference in onentation of the projection Tan of
thalaineegitical conaections, presented in the Nt part of this chapter, indwaes
that (he primary somatedensonmotor cones Mso derives from the medid surface
ol the hﬂmisphl':u, pl:rl'l:lrﬂ. lrom the corex of the I:irlngdlnlf Ryrus. .lur\-.'vnrl.h|'||.l_'|:|r_
il woull seem that the !:Il|.r.!|:.||i:|'r|n|:11l:1-r:rI medar corfex parl'ltipal:l in ih'h.'hinlg 1 he
mipilines af the moclel while the precenteal cortex implements Us lincr aspeets
Such & scheme i3 supported by the fact that the supplementary motor cortex
receives an input from basal ganglia (known o determine posiural and sensory
sefg) while the precentral motor corex, in 4 imvalvement svith ihe coecbellinm,
prowishes the dedails necessary o carry out a feedlorward regulaied action, 1 have
cleewhere iMrikraan ol al., 1R} |1n:|'.|:'|.||.':| a review of the evislence aml a
mathemiatical 1|::|:ripl'|r.|n hazeidlonn mml:t&nvdupl:ll h.'!' Houk & Rymerf 19813,
by which such a fecdforaand precoss nperales,

The lateral premntor region is intimately interconnected with the infrir-
posterior parieinl cortex os indicated by Schwariz and Goldman-Rakic { | 984), by
Goldberg (19851, amd by the thalamocortical and comparntive anatasical daa
reviewed ot the beginning of this chapter. As indicxiead there, it is damage b this
system that produces apraxias, which, nccording 1o Golfberg's thesiz, abwbd
devolve on Taulty Teedback processing, 1t is not too farferched to wonder whether
the repetitions which the lesioned mankeys made in the task reparted i the lirst
pan of this chapter might nat have been due o the necessity for piining
alditional sensory fecdback before proceeding.

There is ome further speculalion reganding apraxia that is sorth comvalering,
Elsewhere (Pribram & Carlion, 1987 | have deseribed the neural m=chinism
imvelved in the construction of objects from images. Essetially this meehanism
apeeales bo exteact invarances (constancies) from 2215 of images by 3 provess of
convolulfion and correlation. An chject is experienced when the reasltant correla-
tien remains constant acense further iransfommatinn of the set of ey

When ehjects pre constricied in Phe stanatasensorimedor domeain they e of
tan kimals, One sort of ohject is the Tzmiliar external “objective” object. b
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ui the per-Rolomdic conen Gncluding the superior parietal gvmus) results in
whject agnosia, When. howgver, the lateral premator and inferion parietad curtex
1% clamaged, apranias and neghect syadronss Jevelop, Could the apraxias be
thought of a5 o bl Toey oF peglect in e senee that the “nbgect™ that is
construcked by this premodor-panictal sysfenn os the “el™F 0 his hyporhesis is
correct, apragias resalt frcan a Godoee b e apprecoation {Based on fee@boek ™ of
selfz am awkwandness meore porvasive than the mpgirnsent oF skills, s, one
CIE EAVISIOR 3 g:?ﬂ.ll.l.lJ anresed iIlIII:I-IrII'IEFII i gimy v win .|!lr11i,-| |_|-rn|:E1|
Parkinsonian tremwrs at rest. el lo ncglect, This symbrome can be clearly
distinguished rom the ane prshicad by cerebellar Rulambic damage, which 15
characterized by loss of skill. intestion tremor, amd paresis

A wond of coton: The dalements made abive enihl be interpreied as a
demial of distinctions belween such syndromes a5 Parkinson's, neglect, amd
apraxia. This is definitely mor whal is nsennt. Even apeagias of fremtal orgin can
be expected to differ subtly From those of pariettl origin and it may well be as
Brown {1975) suggests—ihat the lesions which prsduce aprasia must invade the
limhic forchmin. As evident in the wiek of Temence W, Deacon (persnal
eonmunication), parictal and frontal comex, though reciprocally connccted,
show an upstrenmidownstream relationship to one another, Avconding to De-
acen, a downstream corficocortical conpectim lerminales muost heavily in Lagems
iic=iv, an wpstream conncetion fepminates in Layer i amd suetimes in bands in
wh. Thus, there is o clear hiomrchical connectivity from amertor cingulage fo anterior
frontal to periarcisie o premotor and modor comiees. AL the same lime, panetal
corzx is wpstream Froan postorior cingulate, as well as from all of oot conex,

What | am trying to convey is that a class of disorders due to damage to
systems of paleocerehral omgin can be dicemed, Within that class a wariely of
symlromes (raceable to differences in newmanatomical and nevrochemical suh-
strales can be made oul.

How does this approach to the problem belp conreet the Tunclions of (he
anterior frontal corer to those of the somatosensorinudor regions? As msted in
this chapter, delay problem performance is related 1o sensory mode: a periarcuate
locus for auditory and viswal, a mave antertor focotion for kinesthetic, These
relationships fit with the general hypathesis that the Tunction of e anterior
frontal cortex is bo relate the procedses served by the limbic forebrain b tlsee of
the sensorimotor systems, broadly deflined as above. The results also syppoet the
suggestion lhat these relationships are of a feedback nature, eamely, Stinm's
experiments in which kinesthetic feedback was manipulated

Furthermare, then: are the stiang connections through the uacinate fascicy-
Tus to the structures of the temporal lobe derived from paleocerchral sysiems
(amygdala, pyriform cortex, and adjacent temporal polar justallocones), which
indicare that these portions of the snlernaor Tropdal cortex are (o be consilered
relatives of the luiteral presudor system rather than relatives of the precentrl
molor syuiom.
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Ointhe ocher band, thee are heavy conections between the comer simomiml -
ing the sulcus greincipalis aml e hippocompas (Mo, P90 TE S g e of the
anterinr frovtal corlex that has resistol Maicticsatissn with respeet b senoesry
mecle, hut which ig egpeciatly zensitivie to the “apatinl™ spects of tieadcian Ll
Meis ix gxactly the situation with regard e Rippopeanspal Tunctiod, Ia e, e
telicis prr!:lll-._'n::! h],' rosections of the prill.l.l.:lz |'Ii|'l|_'.lll.'|'|:.1l1:r.|ll.1. ancd ghose resbical
|‘:|:,l resecliceis of the corey _1|,|rm-||n||ir'||g the wilcus rlrrnnp:lll! mnnsg il e
il ::_l.-.'qll:inn st ﬁp’.\li:‘l H-.:i.l':.'u-.l FEam sl FEIIRS it sl ber hi|r|l|'-.':r|||r-.'q.'-
torny boeach other B sich an extent that it 15 hand o disinguish Botween thom

I have extensively reviewed above aml elsewhers (Pribeam, 6 the
evidence for considering the Jilficulty with “spatiad™ problenms o being doe 1o an
increase in seasilivity to distouction under cortain specifiable conditions. Ty,
Ihe essential evidence is that, when such interference is mimbmized, as when the
elay interval is darkencd, monkeys with fromtal resections can perfom the delay
task (Amderson et al., 1976 Malow, 19425, Furher, spatinl cues hive been
Fourld to be more distracting than wisual amd auditory cues for normal mienkeys,
and especially so fur monkeys with resections of the anterior frontal cormes aml,
fo a semewhot lesser extend (thos the spaning of delayed response™ of the
hippocanspnl corex { Douglhs & Pribram, 96, Grocninger & Pribam, PR
Whatever the interpretation of the “spatial™ deficil, the data are congmnt with
the conclusion that the cortex surroomndeng e sulcus parcipalis is derdved Froan
an archeeerebral primorhiom.

The profusion of data collected by hard Bibar aver the past 50 years can thus
e figted into a tentative scheme, Mo fonger are we stuck with vague conveprs of
Mronial bobe function. The rle of the anterior frontal corex i emonen
mativation is seen as relating profogritic {interoceptive plus pain and rempera-
e} to epicritie processes o the feedbvsck mowde, Evoluation (ahat Araokl
1270 calls appraisal) of one's feelings with regard 1o what ome wishes 10 do és
the function of the periarcuate and ventrolateral portions of this cortex (Kommw &
Fribram, 19700, Evaluation i a 200 of intemal rehearsal, a feedback by way of
which the feeling becomes reflined, that is, more in keeping with cument sensory
inpul and with the contequences of aciions.

The mle of the anderinr frontal corex in attention and intentien (planmng]
relates profocritic b cpicritic processing in the feedforward mode, This is fhe
Tinction of the dorsolideral frentl comex. In the Feedforwand pusbe, curreat ol
consequent 'rnpul::: Toerm the comtext wilhin which “nesibels™ are canstrcisl in
b P I1'rru:," moilels which in berm are ased 1o mndl'l'jl subseguient ebavinr. This
the rale of the frontal corex 10 one fopm ol ko 12em mr.'n'ml'lr“ it elarilied: The
cluse connection between the dorsolateral fromal cortex anmd the hippocanipes
the simalarity of the cytoarchiteciure of the hippocampus and that of the oo
bhellum: the cloxe connectinn of 1ha rE'I.'I-RI'Ir.'II'IIhI: cosrten [which it st [iLoely
denved, as mded, fnsn the archicerchnim, 45 85 the hippecampus) amld e oo
bl @ the kanown function of the cerehellomn as @ feedlonoard inecks oo oe,
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e . Prbmm, 1978, P0R1; Ruch, 150§ sl aitest b dbe Tikedilood diot the dhirsoldee-
ol frontal coctex ix indeedd inmvedved in sich “paective” prcesies

One Tmal woed: Breeson (s vodue, Clapies 111 los sugpested il the
mechanicm fur fesdhack aml Teed horwoard shepemids am the eperition of ters of
tuncdd relaxiiom coeal latoet 1hat comsiainege jhe beapmem amd spinal corel sy EleIms,
shich are piMuemed By the vadlvsis (o] Tobe prowesses imler consiboratisg,
The evidence Tor the existence of sucl o] oscillifors P been |-.|-_-|_-.|n|¢d|5.-
presemted Trom the tise of Craboos-Tooewn (1915 theonrgh son [ledst (17947,
THRY amndd Pemmstemn {1967 el bas Eroup (i ool Conrfinkel, Toetling, & Shik,
1971). This evidence has been thusmaghly reviewed by Gallisie] {1980, The
mechanism wherehy nocorical infTuence can e dnspeeed o sich systems of
oacillatorg has also been worked ot within the concept of an “image of ichieve-
meal.” Such a mofor image must wperate within the spectral frequency domain
{Pribram, 1971}, and Pribrom et al. {19343 have presented evisdence that seemins
in the nmtor corex are funed fo-different frequencics of nuvement findepembent
of velocity aml acceleration). These authors also detail the mechanism whereby
such tuned codical cells can progean the subcoical nustor systems.

Is the task them coinpletel? Hleavens, no! We have as yet only begun to
explore fow the varous pomiss of the foatal cortes o teir wesk, This is
especially true of the anherion frontil cortex, the part of the lishe that was s cavalicely
severed from the mst of the briin during the heyday of the keukotomy [bebotoony)
procedure. Nonctheless, as this review and the contents of the ether chaprers of tis
volume Indicate, a ball-century of investigaiton has nat been in viin, and the promise
of the M is that we will, in due time, 2l get tor ko the foowe,
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i L E. Perecimin
L
Indecd, our uaderstanding of the Trenal lobes increassl considerably be-
twesmn 1T and 1936, amd e present volvme atests t dat. As Kiel Pebram
comncludes fnom his “revisitation™ of the lroneal lebes in Chapler 2 of ths violimee:
“Thee peoflusss of sdata enifeciod by band Babor over e pasd 50 years can
[noveef He Fiitedd Gnco a fenddive scheme. Mo lnger ane e duck witly vogos
concepda of frontal bobe funcion ™ Yet, bin the tralition of scieanlie progroes,
Pribram interprets thiz achievement 15 a new challenge rendads us that "we have
ag yet anly beyun to explore baw the varioms portions of the froatal cuex ke
iheir work™ and proposes that it s e how o which we now tam,
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