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The clinical literature oa the illtellectual etteeta ot buaa 

brain daage rneala a coutant preoccupation vith tbll prob1• ot 

the ro1e ot the troatal lobee, vith a correapoDClin« uglect ot ottaer 

parts ot the cerebral cort.ez. In particular there ia aot a single 

apt..atic iDTestigatioll ot the ettecta ot teçoral-lobe daage in 

am, altboup there are HTeral iaolated aDCl higbq ngestiTe reporta 

ot iDti"fidual casee. PortliD&teq the situation is quite titterent 

vith resard to aniwl work1 vhere the laat fW JMl'IS han Jielded 

~~DMroua reporta deal1ng with the ettec'ta ot taporal-lobe 1eaiona 

ot ft1"7iDg extent on the l•rzd.Dg ability ot 1ower priaatea. This 

Mterial ia higbq relnuat to the present investigation, aiDee it 

draw attention to t,-pes ot deficit vbich aight wll be fouad at the 

buaD 1eTel &lao, but wbicll have been neglected; tor this reaaon the 

ani•l data will be preaenteci in ao.a detail, betore passing to a 

rerlew of the cliDical literature. 

Siace the present atucly cieala onl.T vith oopiti Te tunctiona 1 

there will be no detaUecl ü•=••ion o~ tlw .-otioD&l. changea often 

aeen iA taaporal-lobe damage. In the .,Dkey 1 a ciecreaae in .-,tion-

&1 reactiYity regul.arq tollow deep-te11p0ral reaoftl.a (Brow aDCl 

Schater, 1888; nuYer and .BI!o,r, 1938; Bard, 1.9SO; Thason nd Walker, 

1951; Mlahld.n, 1951; Poirier, 1952); in 18111 e1ectrographic abDormal.it7 

in the anterior taporal re&iOD frequeDtq giTea ·riae to peraonaJ.ity 

diaturbances (Baile;y &l'Ml Gibba 1 1949) 1 and ablatioD ot the temporal 
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tipa m&7 cause extreM docillt7 (Green, Ddabv.rg and HcGrath, 1951). 

It is DOW belleved tbat auch phenoaena depeDCl largeq on cta.ge to 

the &JVgdala 1 ae re.o"t"&l ot this area in an1•1s bas strikiDg, tbough 

inconsistent, eJDDtioD&l ettect.s, causing sangeness in the cat 

(Spiege1, lti.ller and Oppenheiaer, 1940; Bard and lbuntcast1e, 1948), 

and tameneas in the .,Dkq (as seen in the etudiee Mationed abon). 

Ge.staut (1952) reports rage responses with st:lal.ation ot the &JVgdala 

in valdDg cats, and in the aaae article adll:l.rabl.y reTieva wbat 1a at 

present kDown about the coap1ex anatOJDical structure and rich cou

nections ot this içort&Bt area. This 11terature àu aleo bea sur

vqed b7 McLean (1949), but with theoretical specu.latioDI vhich se• 

110re elaborate tban the data warrant. 



REVIEW C8 üm1AL STUDIES 

The cogDitin e.ttecta ot teçoral-lobe daaae haft been ••t 

clear~ de.matrated in an1•l etudies. A. seriee of carehl ablatioa 

u:peri.Mnta on tlw poaterior cortex of the JIODkq bas abcnm concl.usiTe-

11' tbat the teçoral lobee have içortaat rlaual tunctioaa, and iadeed 

tbat a •Jor extra-atriate tocu tor rlaion ia to be tOUDd in tbia 

region. The experillental erldence &lao augesta tbat the taporal 

lobe• pla7 an appreciable, thctqll llinor, role ill taetual diacrild.laation. 

!i!ioa in l!pkv at1;er lttFyal of the T!III)Qpl lobes 

'the tiret erldence that taporal-lobe leaiona affect rl8ua1 

tunctiou appeara in the wrk of Suger Brown &DCl Scha.ter (1888), who 

reported groas, tbough tr&Daieut 1 diaturbance ot v1Aal object recog

nition in mDkqa, tollovi.Dg raoval. ot the teaJIOral lobu. Hne'Yer, 

the ilaport.aace of tlû.a fiDJi ne àoea DOt. se• to ba Te bea realiaecl 

at the tia, anet 110 tol'W.l teatiDg wu done. lecent iatereat in the 

topic llteu from nu'Yer aD1i Baqt 8 dramatic daDUtration in 19,38 

tbat destruction of the teçoral lobee iR the •caque br!Dga about a 

state of ltpqchic bl.indaeu", vbicll tllq believed to be si•ilar to 

that of rlnal agnoaia ill an. Their ani•la DO longer diacrild.Dated 

betweu eclible and inedible objecta, uor betweea neutral aDd prerlouaq 

fear-J)l"Cm)ld.Dg onea, aDd wre markedq b&Ddicappeci on tests of tora 

diacrild.DationJ ;ret these diaturbances could DOt be att:ributed to 

sensor.r losa, aiDee the aniwals allowd onq alight upper-quadrant 

field detecta, and vere abao~ reactive, l'ather tban unreapoui.,.., 
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to rlsual ltial1. 

aa. iaterpretation of theae re.ulta attribut•• tbe deficit to 

accidutal daage to area 19 (Fulton, 1943) 1 areaa 18 and 19 bei.Dg 

trad1tioD&ll7 regardecl aa the 'ri.nal uaooiatioa are&, \he aeat of 

higher naual twactio••· llowver' the mdence ia •troDC11' agaiut 

sueh an illterpretation. Att..,t• to clupllcate nanr and Bucy1a 

talled. l&rge •electi Te ablatiou ot eitb.er the lateral or the ••1&1 
nrtacea ot areaa 18 aDd 19 can be •d• vith oJÜ7 allght "final di ... 

turbanee (l&•bley, 1948; Cbow, 1951); mel it haa bee clai.Md that 

de•tructioa ot all but the inacce•aible poaterior Yentromedial •ector 

ot the preatriate regioa oD17 retarda 'ri.nal. learai.Bc iD •o far a• 

the an1•1 87 baTe to adjwlt to u uce•aiYeq reatricted "final 

field (Càov, 1952). As agaiut theae negatin t1•Uaca, the endence 

tor 'ri.nal deficit tollowiJig preetriate ablation ia aeapoe and ill

ternall.T incouietota Chov (1951, 1952) &Del Laablq (1948) taU to 

confira Adea" (1946) report ot UIDeaia tor 'ri.aual habita follovillg 

one-•tage bilateral preatriate ablation; Laablq' a ow tiadi.Dg of 

deficit on a rlnal conditiomal. reaction haa œt bee11 eorroborated 

bT Chow (1952); while dinurbance of object recognition in the tint 

tew poat-operatiw cla78 •• seen b7 Cbn but DDt b7 Laahley. Accord

ing to Riopelle &Dd Ade• (Uilplbllahed atuc~T, cited b7 Riopelle, Harlow, 

Settlage UMl !du, 1951) there a&7 be tr&DSient retardation ot new 

le&rDiJI«, bat tllere ia DO re•idual. deficit. It 18 clear that the 

pictlU'e ot a1lcl, trauient, aad Y&riable di•turbance which -.ergea 



from these studies discredits the traditional view that t be prestriate 

cortex is the major rlaual. asaociation area. Coupled with nuver am 

Buey1s find.inga, it directs attention to the temporal lobes as a probable 

extra-atriate tocws ot visual tunctiona. 

nuver and Bllcy' a tea:poral-lobe extirpations were large, and in

cluded the h1ppocamp1s and &IJ1'gclal.G1d complu: bilate~, sparing onl7 

the pri.-.ry audito17 area (and most of the optic radiations). Later 

work bas contir11ed that sa.ch extensive damage to temporal neocortex 

and allo cortex suffi ces to cause profouad viaual disturbance, even 

though care is t.aken not to invade the prestriate region (Blum, Chow, 

and Pribram, 1950; lfishkin, 1951; Riopelle and Ades, 1951; Poirier, 

195~. The clist.urbance haa tended however to· be lesa draatic than 

that described by nuver and Bucy, and onl7 Mishldn has reported per

sistent losa of object recognition, which is of course the easeuliial 

teature of visual agnosia in man. In fol'W.l. testi»g situations all 

animale show impairment. on a variety of visual discrimination probl81118 

alter re&l)val of the temporal lobes; the deficit is apt tc be partie

ul.arly" severe on tests pt pattern discrimination but there nay alao 

be diaturbance of coleur (Blum, Chow and Pribram, 1950; Chow, 1951; 

Misbkin, 1951), and even of brightness discrimination (Chow, 1951; 

Mishldn, 1951). 

When attempting to evaluate the effects of temporal-lobe lesiona 1 

two points should be empbasiaed. First, the behavioral changes C&lUlOt 

be attributed tG> the alight aRC! variable visual field detecta that 

have been i'ound, since mch greater field detecta occur alter pLrietal-
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cortex removal, but without producing auch diSturballce (Blua, Cbov, 

and Pribraa, 1950); the aue ia true in the case of extenain nb-total 

damage to the atriate cortex (nuver, 1937; Harlow, 1939; Settlage, 

1939). Seco~, the eftecta C&DDOt be attributed to general intellectu

al deficit. The attapt to limit TiauJ. tunctioœ to the atriate cortex, 

while aacribiDg YiiRI&l cleticita aeen vith extra-atriate lesions to a 

noa-apecitic l.oas (Lashlq, 1950), aiaJù1' doea not fit the tacts. .An 

an1•1 •T aucceed on auditor.r or aoaeathetic probleM at a tt. vllen 

it ellon aeTere rlnal. losa, and. taere ia eTidence tbat teÇoral lobe 

c~aaa«e aeec.t not prevent gooci pertorance on clel..&Ted-reaction probl

(Jacobaen &Dl El.der, 1936; Kishkill, 1951) 1 altbough in aoae cases it 

apparentq d.oea (Blua, Cbov, ud Pribraa, 1950). Tmta ve are torcec:l 

to conclud.e that temporal-lobe ablation bas a selectivel1' cietriaental 

ettect on Yiaul learDil!lg and retention. 

Tbia deficit ia bard to detine. .A. Tinal diaturb&Dce vhich 

atteota brightneaa, colour, &ad pattern diacriJdD&tion, vbUe leaTiDI 

object recognitioa and Tinal acuity intact, cuts acroas the claaaioal 

diatiaotioa between complu •asaociatin" twactions and aillpler aeuor.r 

onea, and tœa lenda n.pport to thoae vbo, on the buis of qateatic 

etudies ot huaa brain ~e 1 d.oubt the exiatuce of ptre cliaordera 

ot rtsual illtegration (Bender aDd. 'l'euber, 1949; Ba;r, 1950). It baa 

bMD pointecl out that ve cannot decide intuitinq what conatitutea 

a aillple, and wbat a coaplex viaua1 taak (Cbov, 1951; Hiabldn, 1951). 

Miahld.n tinda, anc:l Riopelle a1'1d .A.clea (1951) agree, that 1 other thiDga 

beiDg equal, the degree ot retardation aeea on a series of Yiaual 
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taslœ atter temporal-lobe ablation varies direetq with the illticul.ty 

ot auch tasks tor the intact an1•1 1 &lld that in this eeue, ancl in 

tlüs a eue onlT 1 it can be aaid that COIIplex rlaual. taeka are Ere 

attected than ei.llple on••• 

Tite question next. arises as to whether a coaparabq severe rlsual. 

diaturb&llce ay be prociuced b;r ..Uer leaioaa within the •••ive 

teçoral cortex, or whether the OIÙ7 içortant factor ia the amount 

of temporal-lobe tissue deetroyed. 

Revie'Wing the litera ture witll respect to the lateral surface, 

we tind aoae ineouiatenciea. nuver and Bucy (1939) eçbaeiae the 

lack ot gross rlnal. t!iaturbance tol.l.owii'Jg bUateral rem"f&l ot either 

the tiret, second 1 or third. tuporal conTOlutions, and Ad es and Raab 

(1949) report tbat damage to the lateral surface had no ettect on a 

learned pattern discrillination (they do not report the extent ot the 

damage). S:lmilar]T, lfisb.ld.n (1951) presents eeaent~ negative re

sulte trom lateral-surface ext.irpatiou 1 although he tincis retard&tion 

in the maste17 of new and; dittiœlt diacrild.nation problema. BowYer 1 

Chov (1951) deaeribee eomevbat mre eneuive illpail"llent J alter leaiou 

in the region of the Jliddle temporal coaTOlution hia monke;rs slloved 

deficits 1n retention and in subsequent reacq1liaition ot nrioua 

Tisual d1acria1nat1on habita. 

The eftects ot duage to the Yentromeclial surface of the taporal 

lobes are •re consistent and. •re strild.Dg. The •st 878teutie 
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bebarloral atucl7 ia tbat of Hiahlda (1951), who reporta that azd-.la 

are as bandicappecl on tor-.1 teat1 of rlnal. di1crim1Dation atter 

ventral-nrtace utirp&tiou a1 tlley are alter complete reao'Y&l of 

the taporal lobes, the OJÛ7 difference beiDg tbat with the 1.Uer 

leaione the rln.al diaturb&llce il not apparent to casual iupection. 

Persistent illpairaent of tora cliacrilliutioa alter damage to the 

•baao-aedial" cortex of the teçoral lobe ie also reported b7 Poirier 

(1952) 1 tlma coatind.Dg the illportance of this area lor rlnal 

tunctiona. 

A. hrther problea of local.il&tioa i1 raieed. b7 the 11:1geetion 

that the pecul1ar ettectivenes1 of deep taporal-lobe leaiona m&7 be 

due at leaat in part to cleatructioa ot the bippocampaa (nuver &Del. 

Baq1 1938; Laablq, 1948; Aclee anà Baab, 1949). Tàe b;rpotheaia bu 

been retuted 'b7 recent work. lti.ahkin (1951) bu data wbich iDdicate 

that where rlnal. illpau.eat tollova reEftl. of tàe hippocallp1s it ie 

due to cutting of the white utter in the ventral nrtace ot the 

taporal lobe, aacl œt to destraction ot the hippocupu per 1e. The 

tact tba.t seTeriDg the tomix, ud ao interruptiDg the loac project

iDg pathw.Te ot the bippooampu, hu no ettect on vieual.q gûded 

bebaviour, atrengtheœ thil interpretation (Garcia-Bengochea, Corrigan, 

Morgane, Bu.1sell, &lill Heath, 1951). 

,'l'he experiaeDtal eri.de11ce preeented 10 far àu eetablialleà the 

special illportance ot tbe nntroaeclial part of tàe teaporal lobe 

tor rlnal diacrild.Dation; the lateral section ia içlicated to a 
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leaaer degree, and ain1mal disturbance fo~ damage to the pre1~riate 

cortex. Bu.~ this account ia incoaplete, in that il ia baaed on the 

ettect1 of cirCilll8cribed luiou of tgporal lobe or pre1triate co~ex. 

There il al.o erldence to 1bov that po1terior-cortex ablations which 

illTolft combine4 d.eetructioa of the preetriate am lateral-taaporal 

neocortu are in tact exceed1 ~ ciaagin& to rinal tuction. 

Laable;r aDCl Clark (1946) poi.Dt 011t that there ia DO anatoaical 

jultitication for sabdividing tàe po1terior association area ot the 

mcaque neooortex into aeparate parietal, temporal, and preoccipi~al 

regions. It ia allo lmo1m tàat o~ minor beb&Yioral cbugea reault 

troa iaolated d.estruetictn et &JV' of these areas (lblch, Palton, aDd. 

Geran, 1938; Lashlq, 1948; Acles and Baab, 1949). On tàe H.ai1 of 

nch tacts Blum, Càov, aDCl Pribru (1950) argue that ~he poaterior 

neoeortex, excl118i'ft ot BeDIOJ7 projections, ahould be ~reatecl &8 & 

wrl.t, and tbat, as auch, it :aat be ablated in its entire~7 it we are 

~o diacover i~s trae tunctional 11gniti~ce. Thq accordingq made 

menai ve leaiou on ~he lateral aspect ot the poaterior cortex, in

volrimg duaage to parietal, teaporal, &Dd. preoccipital regions, anci 

therebJ' prod.ucecl a very arkecl losa ot diacri.lliD&torr abilit7. It ia 

remarkable that auch le1iou caule at leaat aa •eh viR&l. 1.llp&iraent 

aa does complete re110T&l. ot the teaporal lobes, deapite the tact tb&~ 

the illportant ventroaedial area ot the temporal lobe ia lett intact. 

This finding baa 1inee been upq contiraed (Riopelle, Barlow, Set.tlage, 

&Bd Acles, 1951; Warren ucl Barlow, 1952); it i.e &lao consistent vith 
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&J1 earlier report of peranent loaa of a pattern-diacriJIIiDatioa habit 

atter co.abined destNction of the l.ateral-teçoral. aDti preatriate 

regions (Adea and iaab, 1949). It ailould be eapbasiaed that theae 

seTere and persistent. di.turb&ncea of cliacrild.Dator:r tanctioa do DOt 

auto•ticall7 acCOÇ&D,T &DT large cortical lesion, but are apecitic 

to bilateral poaterior-cortex extirpatiou; o~ .Uci and easential..q 

transient. effect;s fol.Lw bilateral prefroutal, or extensive unilateral 

ablatioœ (Riopelle, Harlow, Settl.age aDd .ldea, 1951; Warren ~ 

Harlow, 1952). It is intereatiDg tbat TerT a1w1Jar conclusioœ haYe 

' recentq beo reached concerDiDg cdmplex Tisual tunctiou iD an 

(Teuber, Battersby', and Bender, 1951). 

To recapitulate: it bu been eatablishecl tbat in the Ecaqu.e 

visual learning abilit7 d8Jen4s on the integrit7 ot a sall area ot 

mra-striate cortex, the ventroaedial. aurtace of the taporal. lobe , 

while DO sall lesion elaewhere il CNcial. lhch larger destru.ctiona 

of lateral t~ral surface aJid preoccipital cortex haTe equJ. or 

greater eftect. It appeara therefore that facilitation from the lateral

teçoral preatriate collplex ia required for the tunctioldDc of the 

Tentromedial tocua, or, as an alternatiTe atat.-nt, tbat the tw tora 

a single ayatea iD vhich the s.Uer Tentromeàial area àaa a special 

importance. 

So•eathetic PtmctioM ot tlle Teaporal ltbe 

Wbile the ablatioa at•diea described aboYe leave DO doubt aa to 

the importance ot the teçoral lobes for riaioa, tbe evidence is tar 
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lesa conel.uaiYe in the case ot ao•esthesia. It ia true tbat JO.uver 

and. Bucy iJaterred. troll the bebaviour ot their an1a]a tbat thq vere 

unable to recogniae objecta tactual.l7 atter reaoval of the temporal 

lobes, &Bd tlma that their "paychic blindlleaa• was not exclus! veq 

'Yiaual. There vas bovever no losa ot cutueoua aensivity, and un

tortuu.t.eq no complu tactual. &DCl ld.Daeathetic testa vere givea. At 

tiret sight the auggeatioa that teaporal-lobe àuage ~ iaterfere 

with so-.eatbetic tunctiona is a little clisCODcerting, since the pari

etal. lobe ia the trati.tioD&l loeu ot auch tu.ctiou, aDd. the aoa.e._ 

tbetic illportance ot the posterior parietal lobule bas loq been re

cogniaecl (Ruch, Fulton, &Bd Geran, 1938). iecentJ.T, howner, Blua 

Chow, and Pribr&ll (1950) ud Blua (19.51) bave abowa that mensioD 

ot parietal lesioœ into the posterior cortex ot the teçoral lobe 

C&llses a greater aoaeathetic illpainlellt tball cio poaterior parietal 

leaiou alone; the losa vae aeasured by aeau ot an e.xtenai ve teat 

batte17 wbich illcluded. tactual latcll-box and tora-discriJiiDatioD 

probl-. These etudies &lao abow conclui ~ tbat in the .,Dkey 

teaporal-lobe ablation by iteelt ia essentiall.T without ettect upon 

nch teste; the ••t tbat coul.cl be d..,œtrated waa a alig" c:litti

culty in the cliscrild.natiOD ot rougbnesa (Blua, Cbow, aDd. Pribraa, 

1950). It tollon troa theae two tilldinge that the teaporal lobe is 

not tocal.J.T coDcerned in tactual amel kinaeathetic tunctiona, but tbat 

it can play a llinor role, at least 1lheD the .ore illportant parietal 

area ie excised. 
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Blua bu alreaCV" COBltmted on the a1w1larit7 betweea these tiad

inge and those ot En.ne on tactual. &Dd ld.IJaeethetic deticit 1a caeee 

ot haan brain damage (En.ne, 19.35; Blua, 1951); both huaa and an1•l 

etudiee auggest tbat clamage t.o cortex poeterior au:l interior to the 

aclmowledged eoaeethetic area ot the poeterior parietal lobule i.D

creases the eensorr deficit. 1'here ie allo nidence tbat greater and 

more endurillc eouest.àetic deticit. renlte troa cortical ablations in 

an th&llin ctdapansee, and iD cb1apuzee than iD moDkq (Iàlch, Fulton, 

aDC1 Geran, 1938; Bll11l1 1951). Theee tact• combine to nggest tbat 

eoae eo-.eethetic loee •7 be expected in an atter removal ot the 

teaporal lobee, eTen without parietal inj1117. 

THE PHYSIOLOOICAL PROBUQI 

Aa hae been eeen, behavioral etu.diee show bqonc:l doubt tbat the 

teçoral lobee mecliate illportant. vi8Ual tuctiou; the question there

tore arieee as to tbe nature ot the central nerYOUs pathwa71 inwlved.. 

The tiret problea ia to locate conductioa pathwaya troa the nnal. re

cei'Ying area to the taporal lobes, which are able to eurrive ext8118ive 

daa.ge to areas 18 and 19. Data will be presented vhich arpe etroag

ly against an expluatioa iD teru ot tranacortical qat.. aloae, and 

which apb&aise rather the role ot the pul nnar in higber viaual tunc-

tione. A turther probl• ie poaed by tbe tact tbat si•ilar neual 

deticit reeulte troa either a.all lesion• on the YWDtral surface ot 

the temporal lobee, or tl'Oil atch lar!er reaoval.a on the lateral eurtace 
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ot the posterior aasociation cortex. 

Steyclmifte neuronograpàT b&a distiRguiahed three zones witbin the 

teaporal cortu ot the •c&q\le 1 aJMl these ditterences appear to be 

correlated with ditterences in tuction. !be three subdivisions are: 

the teaporal pole; the suprateçoral pl.&De 1 together with the cortex 

oa the nperior lateral nrtace ot tbe taporal lobe; and 1 laatq 1 the 

Mill te11p0ral sector CCIIlpri•iu« the ventral and. poaterolateral portiou 

ot the teaporal lobe. It is tAis tl:drd aection OJÙT which has been 

impllcated iD visual tunctiona 1 and ita org8lÛ.8atioD is theretore ot 

p&rla)UJit interest here. 'What 1a lmoVD ot the other two t~ral re

giou •7 be brietl7 8\œlll.rised. The teaporal pole, an aaatomicall7 

distinct region, hu coDDectiona witl:a •a:r areas 1 notably' the orbito

trontal cortex and the undala (Pribraa, Le!mox and »uu.re, 1950; 

LeDDOx, J>wutJ.re, Epstein and Pribraa, 1950). It is chietq cenceraec:l 

in &\ltonold.c twlctiou (laada, Pribi'Ul, and Epstein, 1949) 1 though re

ceat electroph78iological ltudiea reveal dittue connections betweea 

the teaporal tip and. the posterior association œclei ot the tbal•ws 1 

auggesti.Da that the polar regiOJl baa JIOre iD ca.on vith the -.ill t ... 

poral aeetor thaa is generalJ.T npposed (Ajlaone-lfarB&J'l and Stoll, 1951). 

The second region, tbat ot the auprateçoral plane and ad.jaceat cortex, 

colltains the projectioa field ot the ll8d1al geDiculate, ancl aubsenes 

audition. Tborougà etudies ban been -.de ot its traucortical and 

intracortical coDneetiona (Bailq, BoDin, Garol, aDil McCWJ.och, 1943a; 

Sugar, French and Clmsid, 1948). 
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'l'be •in teçoral region bas aan;r cozmectiona vith other cortical 

areaa 1 the ••t suggeati n from the atanclpoint ot Yiaual tunction beiDg 

tboae to and trom the preatriate cortex. Such connectiou ban been 

. tound tor both the poaterior-lateral and the Werior taporal regioœ 

(llettler, 19.36; Ballq1 Boldn, Gt.ro1, and lfcc.ü.l.och, 194.3b; Petr, 

lralon, Bolclen, and Jirout, 1949). Ia contraat to this it bas general-

17 been believed that there are tev thal allie projectiona to thia area 

(Walker, 19.38), tllougà Cbov (1950) bas DOW prorlded anatOidcal evicience 

tor projections trom tàe peaterior part ot nucleus ptlviD&ria medialia 

to the lateral nrtace ot the t.-poral lobe, and haa contimed earlier 

reporta et projectioaa from the poaterior part of œclna pù.Yi.Daria 

lateralia to the poaterior temporal cortex. 

Ill teying to elucidate the ro1e of tbia •in temporal are& ia 

Yinal tuctiou, we nm. at once iato the tollowina ditticùt7. It 11 

kDOVD that the atriate cortex (area 17) bu DO direct coœectio:u vith 

the temporal lobea, but tirea loca.l.17 into are& 18, which tbua acta u 

a va7-atation tor tranacortical i.ll.pù.aea from the prima17 recei'ri.Dg 

area (BoDin, Garo1 and JfeCW.l.och, 1942; Clark, 1942). Y et ve bave eeea 

tbat menain fluage to areaa 18 aDd 19 doea not interfere great~ 

with viaual. learning; particularq atrild.Dg ie :lftrte 1 (1952) demoa

atration tbat utenaiTe ablation ot area 18 haa 110 ettect on either 

retention or poat-operative 1earning ot a •coaditional• prob1ea requir

ia« the aaeociation of rin.al and auditeZ7 eues. An atteçt to explain 

auch data pureq in terme of t~cortical. comectiou 1118t aaaUM tbat 
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the aal.l ventroaedial aection ot area 18 reu.iniDg can tunctioa 

equipotentiallT tor the whole; tbie aeeu particularlT unllkeq whea 

we consider that onq short association fibres are tound in the rlA&l 

cortex (Clark, 1941) 1 and that the region ot area 17 iallediatel.T 

adjacent to the intact remœnt ot area 18 in Evarte 1 experilunt re

presenta the mat peripheral part ot the vinal field (Jrarahall and 

Talbot, 1942). ODe •st theretore look eleewhere tor pathwa,.a to 

accoUBt tor mra-atriate rlaual tunctiona. 

It aeeM met likeq that tranniasioa ria aubcortical rela7 

and auociation zmclei will provide the aDSwer. In support ot this, 

recent phfaiological etudiea ot Jasper and hie co-workere ma7 be cited 

(Jasper, Ajmone-Mara&ft, and stoll, 1952). World.Dg with 110nk:eya under 

local anaeetheaia and sodium pentobarbital eed&tion, Jasper, Ajsne

Karaan, and Stoll tound tbat local electrical athulation of are& 17 

produced etrong tiring ia a narrow sone ot the lateral geniculate and 

eillù.taneoue tiring ot the acijaceâ portion ot mcleu JW,Tinaria 

lateralie. la tact their resulte auggeat that atter-diecharge in area 

17 ie conducted JIOre re~ over aubcortical pathwaya than trana

cort1call7 to the parastriate area. .la there are projections troa 

nucleu pul.viD&ria lateralie to the posterior teaporal regioa, it ae .. 

that we have here a aeane ot b;y-paaabg the preetriate cortex. 

Arguing agaiœt thia view, Chow (1952) points out that preetriate 

ablations •7 cause degeneration in the lateral part ot the pù.Yinar 

without there beiJJ« &DT laatiDg Tiaul deficit. However, in the one 

caae ot this kiDd reported, the locus ot cell degeaeratioa ia the 
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pul rlnar •s not coextensi Te with the area to which the stria te cortex 

tires, altbough ac:baitte~ there waa soae overlap. The evidence at 

present ia not autficient to aettle the question till&l.q one way or 

the otber, but the apparent absence ot adequate cortical cormeetions 

in s11ch caaea ia preSUIIptin erlclence tor a aubcortical relay ot the 

t;ype cieacribe4. Tbe taet tbat CJOIIbined. deatru.ction ot poaterior

teçoral aD1i preatriate cortex canes peraaeat rtaual iJapl.irMDt 

n.PJ"'f"ta -this rlew, augeatiDg aa it doea tbat in nch cases both the 

tranacortical ancl the corticotbalam1 c patbwa18 fra area 17 bave been 

cat. 

It reains to diacaas brietq the aecond probla poaecl by be

bavioral stuti.es: hov destruction ot a aall area on the ventromed1al 

eurtace •t the temporal lobea, or interru.ption ot aoae ot the patD&ya 

aerrlDg it, cauea cleticita aa severe aa thoae aeea vità exteuiYe 

damage to the lateral aurtace ot tke poaterior aaaociation cortex. 

Tlle beharloral erlclace clearq allod tbat the vetroMdial portion 

ot the t_,oral lobe contaiDe u illport&Dt centre tor viaul elabora

tion. PlV'aiological atucliea bave reYeal.H an area on the Yentral 

nrtace to wbich illpalsea trea the aurro1u'MI1D« temporal cortex &lld 

troa the preatriate area appear to converge, and which itaelt aend.a 

etterent iapü.au to the preatriate cortex (Petr, lralove, Holclen, 

aDd Jirout, 1949). Ventroaecl1al-nrtace extirpationa coulcl theretore 

be expected to illterrupt -.u.r cortical circùta; it ia probable tbat. 

auch leaioaa &lao dia:rapt circuits betwen teçoral lobe aDCl pùvinar. 
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BlUll., Cl»w, and Pribraa (19SO) &Dd Chow (1952) baYe dezded the illportance 

ot these aubcortical co~mectiona 1 but the evidence does not elltirel.T 

justify' tbeir position. 

The principle evidence eited bT Blua, Cbov 1 &Dd Pribraa i• tbat 

there ie no correlatioa betw.ea visual deficit and eitàer exteat or locu• 

ot d.eaeneration in the pùviaar. Bowever 1 absence ot retrograde degen

era tien in a tbal•w1 c nucleu• i• no tiDal proot ot lack ot connectioll8 

betveen tbat œcl•• aDd the area ot cortex àe•tro7ed. .b Ja•per, Ajmne

.Mars&ll1 &Dd stoll (1952) ha ft pointed ou\ 1 projecting thalawncortical 

fibres KT bave widel7 distributed collaterals whicll m&7 protect the 

cella ot origin troa degeneration. Thi• vowld ~ain the negatiTe re

ault• ot degeneratioa •tudiee tollewing aedi~sised ablatione in tàe 

posterior association cortex. It ie lœowa tbat hea:i.decortication cauee 

collplete degeneratioa in the pulTiur, while ablations ot parietal or 

teaporal cortex alone bave onq lliaor ettecte (Clark and Boggon, 19.35; 

Clark and llorthtield, 19.37; Valker, 19.38). A turther point ie tbat 

losa ot tunction •7 aln be cau•ed br Urlierruption ot corticotagal 

ceanectiou troa teaporal lebe to pal vinar. Sucta corticotugal con

nectiou haYe beea d..,utrated b7 Jasper, .lj•ne-~Ail, ud. stoll 1a 

the etud;r deecribed ahoTe. 

The ain coacht•iou troa thi• ciiscueaioa can be naari.•e4l as 

tollow. Tbere i• a tocu tor Tinal. elaboration in the Tentromedial 

section ot tàe teaporal lobe, aad it ie reasonable to believe tb&t 

lesion• 1a this area di•:rupt illportant corticocortical and thalaiiO

cortical circuit•. It hal been argued that the deficit eeen vith ex

teuive lateral nrtace ablatione 1a partq due to the •evering ot 
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pathwaya troa area 17 to the temporal lobes; but there ia no iDcouiat

enCT in suppoaiDg tbat tàe lateral-t•poral and preatriate areae are 

th .. elTea illpl.icated to soM exteat in the 87ftthesia ot viiN&l per

ceptiolUI. 

REVIEW C8 HUMAll CLDIICAL STUDIF:3 

In contrast to our presel'lt exteuive Jmowledge ot tbe deficits 

caused b;y t eaporal-lobe damage iD .onk..,a 1 w can atill onl.y apeculate 

as to the ettecta ot auch leaiou in Jan. Tbia ignorance ia clue in 

part to the cl.ilû.oal preocc:upation witlt. the frontal lobes, ill part to 

a lack ot acieq\l&te pqcholopcal teatiag vhen the temporal-lobe case 

is eeen, aDd perhapa •st ot all to the unaatistactory nature ot the 

cl.ilû.cal aterial. It is untortunate tbat the tn pa7cbologieal studiea 

reported deal witb cases ot braia tumur, where it ia aotorioual.T 

dittic:ult to aase•• the tull ment ot brain damage' aDd. 11here increaaed 

htracrui&l pressure UT proclace diaturb&Dce tar troa the site ot 

tlae priary lesion. Even in cases ot peaetrati.Bg heaci-ÛljllrT or ot 

nacular acciclent, it is 1U1l.ikel7 tbat daage 1d.ll be neatl1' restrict

ed. to the taporal cortex, and, tail.!D& auupay, we can have onq an 

approxiate idea of the area of brain deatro7ed. The tact tbat bi

lateral talpOr&l-lobo lesiou in •n are rare presenta another obstacle 

to our uncleratallding of temporal-lobe fwlction, althGugh the -.aiteat 

aoJl-OClUT&lence ot the two heaiapherea, at leaat tor l&llpage, auggeats 

that unilateral. atudies 'a7 be mre rew.rdi.Dg at the àuaa tban at 

the an1wal l..el. 
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Despite the Jack of preciae iDto~tion concerniDg t.a:poral-lohe 

:tuaction ia an, the groea aJiqJto.atologr of t.aporal-lobe diaeaae 

baa loag beea lœovD. The peraonalit.7 chaD&•• wbich are a coupieuoua 

feature ot lmall teçoral-lobe patholegy baYe a1read7 been aentioned. 

Senao17 diatvbancea and coaplex 'ri.nal. ballucinationa are ~ 

at~ aJIII)tou, aad gain iD aigniticance 111hen w couider tbat 

'ri.nal iapairment ia the characteriatic teature ot temporal-lobe dall

age in mnk.,.a. Final.l1', there ia apbaaia 1 vhich ottea accoapaniea 

leaio111 ot the lett. taporal lobe, &Dd wàich will require epecial 

diacuaaion later • 

.AmiDDC the aenao17 diatvbancea aeea iD caaea ot taporal-lobe 

tu.mr 1 auditory anoaal.iea auoJI aa tinnitua are the ••t eowwm (Frasier 

ud love, 1934) prenabJ.T pro'ri.ding the •at reliable localiaing aip. 

The occurrence ot oltactor,r ballllciD&tiena ia Nid to ~ inwlTe

aeat ot the uncua &Del adjoird.n« rbinencephalio atNct1lrea at the base 

ot the te11p0rallobe. Hao~u Tinal tield detecta are aoother 

frequent. aJÇtoa, and Cuhing atat.ea that theae are u1A1&117 lillited 

to the upper qudrant contralateral to tbe leaion aDd. t1J)ical.l7 allow 

no •calar aparillg; nch detecte are tak:ea to iDdioate cluage to the 

optic radiatiou aa they ~rae roWld the i.Dterior part ot the lateral 

TeDtricle iftto the white atter ot the teçoNl lobe (Ou8hiag, 1922). 

Ia agreement with this Putield tinda tbat œtting ot the wiû.te lUtter 

belov the cortex ud ti ve centiaetrea poaterior to the taporal. tip 

producea a bao.,.,ua h.m.aaopsia; howTer 1a tbue caaea there appeara 
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te be •pari.Dg ot tbe coratralateral. hall ot macul.ar rleioa (Pentielci 

and Ba•aaaen, 1950). 

As tor the •r• coçlex riaual ciiaturbancea, it ha• b~en known 
, ~ 

tor aoae tt. that nrine pheDoMD& auch as dej& vu, llicropaia u.c:l 

•cropsia, and toraed visual ballucinatio.u, •7 be UOJJg the earliee\ 

aigu ot teaporal-lobe diaeaae (Hauptmum, 193lb; l'raBier aDd Row, 

1934), and iDdeed this ti.Dding led lfav.ptiu.DD (193lb) to auggeai that 

t'he temporal regioll llight aediate iaportant rlau.l hnctiou. Jbre

over, iD epUeptic patienta ~mal diechar!e vi thin the temporal 

lobe •7 gi ve riee to perceptual illuaiou or balhlciMtione; nch 

states have been called. "dreaa states" b7 lfllghli.Dga Jackson allCl "pey

càiC&l eeinrea" b7 Pellfield. It ia iatereetiug that ia nch patiente 

electriC&l etiDalation ot the a::poeed taporal cortex 87 produce 

c-.plex balluciBationa' both audit017 and nnal., ar.ad aometillea appeara 

to reaotinte old ...,ries. Howver, nch ettecta are aot elicited. 

by atbal.atioa ot the teçoral cortex in patienta whose epileptic 

toci are elanhere (PentielAl and iaAIIaao, 1950). 

It ia largel7 on the basil of these etillùatioa etudiee tàat 

PeDtield hae coae to a\tribute to the tearporal. lobee an UDique Nle 

iB the preaenation of • ..,17 tracee, but it wnl.à 'be atr&Dge it tbi1 

ciid not turn out to be too aillpl.e a rlew. CertainJ.1' temporal-lobe 

reEval in •nkqs cloea DOt cause a general. meao17 loae, but haa a 

•re apeciticall7 Tiaual. etfect. 

It ia nov tiM to couicier wbat bu been expllcitq stated ab01lt 

intellect;ual tunctioœ ia temporal-lobe cliaeaae. As vae euggeated 
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earlier, the eli.Dical litera.ture ot brain tu.our deala •irll7 vith 

Mntal disturbaace g!'Hs enough to diaNpt; ever,ydaJ' bebaviour. Swa

•riaing the tincliDga ill auch caaea, neb&Dott (1945) atatea tbat 

the present.iltg SJÇtoa ot intellectual deterioration are sild.lar 

to, blat. oa the wbole lesa aenre tban, those seea in frontal-lobe 

tUIM)Ul"; thu the patiellt 87 appear contuae4, and ar sbow llaD17 

cliaturballce ud 1Dabllit7 to coacentrat.e. !be tact tbat the ouet 

ot theae aon-specitic iDtellectual detecta •7 be d.ela,..t 1a t-.poral

lobe ca••• haa led to the Yiev tllat t.hq •T be aecctadarT ettecta 

clv.e to i.Dftl'Yalnt ot the troatal lobes; • iaterpretation wbicll 

clearl.7 reflect.s the traclitioD&l. rlew tbat the frontal lobes are 

tJae site et ...... illtellectul. tunctiou. There ia inc:leed a sugges

tion t.hat in the teaporal-lobe caaea the ••17 losa ia apt t.o be 

partiealarlT seYere, attect.iJJ& botla recent aDCi r ... te eventa (lolodJv', 

1928), but tàe tact t.bat r..val. ot the t.UDUr b7 resection ot the 

teaporal lobe DDJ:'W.ll7 cauaes aa abateaeut ot the gross .,..,.tou ot 

aent.al illpaU.at adnaea eaution in drald.Dg nch a cencluaion. 

In t.wo etudies where Q'Reatic ...tal test!Dg was done tel.lev

iDg excision ot t.aporal-lobe tuoura, the aill waa to atuc:ty the 

tunction. ot the frontal rather t.ban the t.eçoral lebea. Thua R;rlulder 

(1943) ud Balstead (1947) incl.u.de teaporal-lobe caaea 1D their brain

duaged a.ntrol groupa, &DCl bot.h writera attira that leaieQ CNtaide 

the frontal lobes cause DO illpairaeat coçarable wit.h tbat tftDCl in 

their frontal lobe caaea. Yet the fthte ot nell aaaert.iona _., be 

queationed. In the tiret place, R7l.&Dder deliberateq e.xclude4 troa 
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hia control group patieate with daage to either the lett-parietal 

ot lett-teaporal lobee, on the grounda tlw.t ill aucà eaaea eurgical 

intervention llight greatq iDjllre •the toola tor mental actirlt7•. 

This t:reat.ent ot l&Dguge ae a •re tool ia dubioua eDOU8h, but the 

riake iDherent ill eueh a reatricted choice ot eubjecta are here height

ened b7 the uae of a test bat.te%7 coapoaed largel.7 ot nrb&l testa. 

It, aa will be euggeeted la ter, the right ta:poral lobe contributea 

aainl7 to the DOD-Terbal aspecta ot intelligence, thea R,ylaader bu 

aot. adequateq explorecl the probable ar•• of iBtell.ectual deficit 

iD hie aeTel'l patienta with right teçoral-lobe leaiou. la the eeeoDd 

atudy, that of llalatead 1 Diu t.,oral-lobe ca••• are report;ed, b\'lt 

ill onl7 tour ot theae ( two lett-eidecl and two right) did the raon.le 

approach coçl.ete lobectOJV. ot theae, the tw lett-eided casea ebow

ed intellectu.l. illpe.iraent at luat equal. to the average ter the fron

tal-lobe group, whil.e the right-aid.ed. casee gaw negatiw resulta. 

Tbie aeana tb&t Halatead1a special testa are i1'l tact aenaitive to 

lett temporal-lobe d.eatraction. 

hoa thia poiat onwarù the ettecta ot right aad lett teaporal

lobe claMge will be treatecl aeparateq: ti.Htq 1 because of the 

prenlence ot language d.iaturbancea (apàasia) atter leaiou of the 

lett teaporal lobe J &Dd aeeoadl7, because ot the possibillt7, hither

to unpro'hll, that right teçoral-lobe lesions _,. be •re apt th&D 

lett to cauae deficit on certaiD DDD-laDguace testa. 
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Preciae iDto~tioa concer~ the location ot a apeech area witb

in the temporal cortex coaea troa electrical atiDiùatiom ot the upoaed 

braiD in epUeptic patient•. !hia tedmique bas reTealed an area in 

the poaterior teaporal lobe where atiaüation a-r either arreat apeecb 

or cause the patient to becoae apàaaic (Peatiel.ci and la81118aen, 1950). 

Tàe anterior lildt ot tàia regioa ia approxi.ateq aeven centimetrea 

trom the taporal tip1 aDd ezciaioa ot all cortex anterior to it C&D 

aateq be IBCle vithout cauai.Dg •re tban a tranaieat apbasia. 

Tlle literature ot aphuia prorlclea atrikiDa eYicience th&t cleu 

aurgical cüatruction is lesa da-.gi.Dg tban aa actiTe diaease procesa. 

Thaa Boberta (19.51) pointa out tbat the apeecla area ill the poaterior 

teçoral cortex oan be partiall.Jr deatro7ttd duriDg the excision ot an 

epUeptogenic toeu.a vit.àol.lt UT perw.nent apbaaia, pro'rided, that ia1 

tbat the patient'• aeisurH are atopped. S1wrllarq1 Pox and Gera~~ 

para ti Te aildlleas ot the reaiclul. apbaaia aeen toll.eviJig coaplete re

section ot the left teapor&l-lobe iD cases ot cerebral t'UOV 1 a tind

bg wbich apparentq contrasta abarJ>l7 with tbe crippllng ettect upon 

la.Dguage ot OTeDIIinor nacular leaiou vithin the saae area (leUaon 

ud Raney, 1939). The data are interpreted b7 theae n.rious authora 

as ahoving tbat the presence ot partial duage vitbiD a apeech area 

cauaea greater laDguage diaturbance tbaa does tlle aurgical raonl ot 

a &ch larger area. 1'h1a ia a apeoi&l inatance ot a princip].• wbicll 

haa applicatioa bOJOncl the field et laDguage disordera s nuel.1' 1 tbat 
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tioJÛ.DI tissue than froa mere abaeace ot tiaaue (Jetteraon, 1937; Hebb, 

19398; Bla, 1948). 

It w DOW aak wbat \Ile apecial characteristica of taporal-lobe 

apb&sia are, w get BO one clear-c:.t &DaWer. Robert.• (1951) carried 

out a detaUed stuc~T ot 71 cases ot apbaaia (tolloving excision ot 

cortex adjoiJU.D& speech areu 1a frontal, parietal, aDd. teaporal re

giou), and foUDd ae relatieullip betweu either the aeYerit7 or the 

duration or the languace diaturbance and the site ot the lesion. This 

conclusion proTides support. tor thoee who, like Goldatein, ba Te been 

couiateat.q oppoaed to the doctrine that ditferm lanpage tullctiou 

are ditterentq localiaecl in the 1ett cerebral cortex. Bewner a .ore 

tr&ditional Tin 1• that the apbuia aeea 1a poaterior 1eaions 1s pri

•rilT 11rece~in• 1 (a diaturbance ot COIIlpreheaaioD), aa contraateci 

wità the predow1n.aatly •expreasiYe11 disturb&Dce aeen with anterior 

leaions; Weiaenburg and KcBride (1935) explicitq accept thia fonala

tion, although they are caretll1 to point out tbat there 1s alwaya 8oae 

expreaain detect, •ldag the difference OJ'le of degree OJÙ.7• Head 

(1926), who 1&)"8 little stresa on recepti'f'e disturbancea, attribut•• 

his •7r1tactic aphasia to 1eeiou ot the temporal lobe: a mre pop:ù.ar 

Tiew asaociatea the temporal region with the a11ditor;r coaponeRte of 

speech, with ditticultT both in UDderatand1ng and in retentio1'1 ot apoken 

langu.ge (rox aDd Germaa, 1935; leaeq aftCl Wolt, 1936; Obrador, 1947; 

Greem, Dtrlaburg &ad HcGrath, 1951). !beee etudiee ae a vào1e permit 
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the eoncluaioll that iD teçoral-lobe apbaaia apeech compreheuion ia 

rather obrioual.T iapaired, bat œt in isolation froa otàer aspecta of 

language. 

We eoae now to tlle illportaut q\leation of l\ov far apb&aia {and. here 

I inelude teaporal-lobe apbaaia) eaa be reprd.ed as a puoeq linguiatic 

dieturbance which leavea "intelligence• eaaentiall.T uniçaired, aJ1Cl 

hov far it illpl.iea a .,re general intellectual losa. There are three 

ain sehoola of tbeught: accordi.DI t.o one, apbaaia ia aereq a ani

teatation ot a •re tund•aellt.al iatellectul cliaorcler (Goldatein, 1926, 

1948; 'Y&J1 Woerkoa, 1923; BoU11an aad Grubaua, 192.5; Wolpert, 1930); 

aceordiDg t.o another, there •7 be losa, wlû.ch doea not affect all 

aspecta of illtelligence 8qll&].l7, ao tut the patient w:l.ll do verr poor-

17 oa SOM testa &Dd eoaparati Yel7 vell on othere (Weiaenburg &ad 

McBride, 1935; Pox aacl GelW.Il, 1935; Hebb, 1942&); or &pin, there ia 

the third posaibilit7 tbat apbaaia ia a aere losa of aJIIbola, by wbich 

it ia i.çl.ied tbat the aphasie patient will bave ditt1aultiea of coa

anicat.ion, bllt no 1ntriuic d1tficult7 in probl--aolrtag (IaserliD, 

von !Denbv.rg, aDd Botba.uer, 1927; Lotar, 1933; Haupt-.Jm, 1931&; 

leue~ and Wolf, 1936). 'l'Mae who adopt tbia laat position atate 

that. large cortical leaiou !!&. illpair int.ell.igence aDd that tor 

this Ter'7 reaaon auch caaea are DOt nitable for etud1i»g the t7])ical 

patterni.Dg of abllitiea ill apl:&aaia (Hauptama, 1931&; Kemteq aad 

Wolf, 1936). It will be arpecl here that it 1• tlile aecoad vieçoint 

tor whicll there il the mat. eapirical. npport;. 

It 1• clear that tàe testiiJg-grouDd of theae ri T&l theories 111et 



be tàe cloain of :aon-nrbal aldlle. Here 181Uled7 aDd Wolf ake the 

i.çortant point tbat la1V' teata p!rporting to be non-verbal are iD tact 

not so, aince the acore depe:ada upen bov well. the patieat b&a UDderat.od 

the Terb&l iutructioœ; hence, UDl.eea it can be ahown iD a given ia

atance tb&t the patieat b&a graaped. wb&t ia required .. the wrk 1a ia

Y&l.id. !hia aeana, in ettect 1 tb&t the oi'IIT uaequi-.ocal reeulta v1ll 

be thoae caaea in vbich the patient aucceeù on the eaq iteM of a 

teat (a.bovi.Dg tbat he b&a 1a tact graepecl the iutructiou), only to 

taU lat er on •re dittiœlt onea (Hebb, 1942&). UDtol"'tunatel.T, not 

all testa uaed iD. atudiea ot aphaaia Met tbia criterion. 

It tlle reaulta 1a the clinical literature are tak• at their face 

'ftl.lle, tàere ia atill aaple preof tbat aphaeia 1a compatiDl.e vith no~ 

pertorance on eoae noB-ver'bal testa. ltW'er• (1948) tindll that apbuic 

patiellta perfora aa wll ae their matched DO~ coll'tret. on œa-verbal . 

teat.a ot incluctin reaaoDiDg of the El.tipl.e-choice .ld.Dd. S1ailarll', 

-.on laenburg (19.30) bas failed to tiad. clear-eat ditterencea betweea 

apbaaiu aad aoral. control nbjecte on aorting teeta cal J 11:11 tor Tari

•• claaaiticatio:u of coleura &Del objecte. Such etadiee are T&l.uable 

iB uaderli.JI1 ng the ditticulty tbat -.a;r DOral. peraou haYe on auch 

taake, a tact whiek 1a too otten igaored ia cliD1cal atudiea. 

Beverthelus it wuld be idle to deu;r that apbaaic patiente ott• 

abov illpairaent on non-verbal teat.a. Van Woerkoa de110utrated nch 

deticite in 1Ddi rldul caaee .u;,r JU.r• age, aDd lat er work hae eaeea

tiall.y coatirllecl thia tiadiDg. Ae vaa augeatecl earlier, the aia here 

ia to abav tbat the deficit ia cbaracteriaticaJ.lT llild. Weiaenbur& 



aac:l JfcBride report tbat their apbaeic patiente conaiatentl,- ade better 

scores on DOD-Terbal teata &lld on aritbmetic than on verbal teata, but 

tbat theae acores wre .till cU.atinctq lower than vould han bea pre

c:licteci in the case ot a noral perHn vith the aue educational biator,r. 

A aild.lar picture emergea froa Jlebb'a atuq of aix caaea of apbaaia 

tollewiDg surgical exciaiou in the doat nant hemaphere, and here re

peated teati.Dg ahowed tbat tàe recoTer,r ot Terbal nd non-verbal hnc

tiou tollowed the nae tiae coure• (Hebb, 1942&). FiDall.71 in a re

port ot apec1&1 intereat fft' tbia presellt atud71 Pox and Geman (19.35) 

presel'lt tollow-up obaerT&tiou ill a case ot lett teçoral lobectom,y 

tor cerebral tuaour: th~ report "aTerage• performance on a 1eriea of 

!lOD-Verbal telta at a ti.M who tàe patieat contilmed to do poorq oa 

Terbal and utbeatical teat1; at this tiae (titteen .,nt ha atter 

operation) 1 the patient •till becaae contuaed. it he lletened to 1peech 

tor &D7 lugth of tiae 1 altàouch tbe .,re overt aigu of apba1ia bad 

cli8appeared. The1e reeult1 are DOt inoonaieteat vith. the view that 

there bad be• IOM lo1s of non-Ter'bal abillty 1 1ince Pox and Ge:rlall 

couider that their patieat waa orig1 nal lT abon &Terage iD iDtelli

gence, aDd th1ls uaae tbat there ba4 been soae loea eTea in œ:a

l.uguage fields. It il of eour•• evident tbat a •Jor ditficnlt7 1a 

the wa7 of an accurate apprai1al of all eucl\ data is the lack et &DT 

objectiTe meaaure of the patienta• ifttellectual statua before th.e ouet 

of apba1ia. 

It 1ee111 th&t the abon stv.diea 1 incoaplete u thq are 1 jutifT 

tbe Tiev tbat ia apba1ia the pattern of telt pertorance il likeq to 
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be one of ••Tare 4eticit on Terbal te.t• and relatiTelT .t1à deficit 

on œD-Terbal onea. There 1• the turt.ber point that the degree ot tRia 

diaparit7 between Terbal aDd non-nrbal acores T&ries urkedJ.7 troa 

peraon to perHa, and vitla the testa ued. Theae ditterencee, wirl.ch 

are verr atrild.Dg, are almat certai.Dq related to the aite of the 

leaion, but àow, &D&l to wbat u:teat, the data clo DOt perait ua to judge. 

Aa adclitioD&l. factor aJ' be the degree to vbich the iJadi.Tidual DOral

lT reli .. on Terbal eues. 

Tbe studi .. outl.illed abow ahov the t1'J)ical pattel"DiJtg ot teat 

pertorunce in case• of tittuse pathological damage to the lett hm

aphere, ottea illTolTing the te11p0ral cortex. It ia reaaonahle to 

nppoae tbat a clean nrgical re110ftl of the lett taperal lobe (vith

out brain t'l.lmUr), would. &lao affect Terbal •re tban DOa-Terbal. per

fol'lll&llce, but that the over-all deficit wuld be leaa eenre. 

Special hnctio• of tàe Rigbt lle!1aphen 

The absence of ap.b&aia following leaiou iD the ri!bt hellisphere 

haa led to a neglect of poasible illtellectual loae in nch case•, and 

bas probabq encouraced the viev tbat the right cerebral cortex pla78 

an eaaenti.a.ll.T àncil.l.ar7 role ill intellectual tunetioniDg. It v11l be 

ahown, oa the contra171 that the evidence nggeats tb&t damage to the 

poaterior aaaociation cortex on the right producea deficit different 

in ld.Dd. froa th&t cauaed b;r caaparable damage 011 the lett, rather tban 

an attenuated fora ot the HM cliatvbance. The data relatiag apeci

tical.J.T tG th.e right taporal lobe are unto:rtunate~ e.xtreMq meagre, 



but thq are œapletel.7 consiatent wità the viev just olltlined. IIDv

enr, as in the case ot apha•ia, met ot the clinical. erldence cames 

!rom dittuae patbological proceasea. 

'the tirat ngeation tb&t right hemisphere damage .might cause ita 

own characterietic deficit COlleS troll Weiaenburg and Mc.Br:l.de'• detailecl 

paychoaetric stuq ot 22 cases ot right-aided leeioa without aph&sia. 

llthough these patienta vere allgbtl1' interior to •tched no~ controle 

iD ocC1ipational a.t educatioD&l. ln-el, this tact cannot aceount tor the 

irregular œture ot the tut protUea obtaillede Thua, wbile tbq approach 

the norals met clo••lT on SOM Yer'bal testa, thq are aigDiticantlT 

iaterior on the arit.baetic aDd. .ost ot the œn-lupage teste, notabq 

the Pert•• lfase Test. The authon conclude that the pertor-.nce-teat 

batte17 reYealed a aignitieant deticit in the appreeü.tion aDd IBllipù.a

tion ot tozw and spatial relatioMhipa. Theae renlte are quite dit

terent tru tboae obtained b7 the HM workera vith their aphasie greap; 

the latter, it vi1l be recalled, approachecl the Ml"Ml. aoet cloaeq ill 

non-languge work and arithllletic. We haYe DO precise lœcnrledge u to 

the meat ot braiD damage iD the tw groupa, bat WeisenbV8 and 

lfcBride explieitl7 sta.te tbat thq vere id~ matehe4 ia this respect. 

&owe'Ver, it ia not clear troa the vay the data are preaeatecl tbat tllae 

abaolute ae&ll scores ot tlle riglrt-heaiaphere group on IIOB-languge testa 

vere lowr tban those ot the aphasie !roup. It they wre aot 1 thea 

we cumot conc11lde that tJae right baiaphere ia •re iaportant tbaa tlle 

lett tor the aon-l.aaguge testa ot Weiaenburg and McBride'• batt817• 

ill tbat ba.a beeD 8Ro'Wil ia that theBe teste &re •re aeuiti 'Ve tball 



30 

Terbal oaea to rigbt-hemiaphere damage. 

Purtker evidence on this point ia pro'riàed b7 Hebb (19.39'1t), in 

the case ot a patieat who haà lwl a complete rig~ temporal lolaectoJQ" 

tor the re.ftl. ot epileptogeDie sear tiasue. Tbia patient pertorMci 

vell on all Terltal teats, vith Stantorcl-Binet Vocabular7 at Superior

üult level &Dd tull-seale I.- Q. ot 113, bw.t reTealed a atartl.illg de

ficit on tests ot to~ perM'*ioa, both Yi8U&l alli tact•l; a tindiDB 

wbich ia iD arkecl agreaent with the renlts et Weiaenburg aacl HcBride. 

Hebb &lao report;s that bis patiat baci dittiœlt7 ill tollewiDg coDYer

sationa iaTol'ri.Dg •re thaa tw or tàre• people 1 •• tbat he vol4ci otten 

ake iD&pprepriate rearks. Tàia ia an intereatimg obsenatan, auge ... 

tillg u it does a t7P• ot illpaizwat wàiala aeither a eonventioul test 

batte17 nor a cl1nieal iaterri.w aeulà be upected to reveal. TH atuàT 

ia part.icalarlT releT&nt to the preaeat iJlveatigation in that it deal.a 

with the ettects ot a vell-loealised lee-ion ot o.ae temporal lobe (&1-

though it ahould be adcled tbat there bad &lao been a v.rr aal.l cortical 

excision in the pre-central Dl"l•). Jfereover, as the t uta vere carried 

out eight. yeara ai"ter the teaporal lobeetOJV 1 it aeeu sate to un. 

tbat the deticita obaerved. wre pv.aneat. This stuà7 is utortuatel7 

incomplet• 1 ia tbat there are no pre-operative data. Iet it is worth 

110tiDg tbat Wie1 Pierq Uld ZaDgwill. (1950) have described a siailar 

picture ot nperior verbal iDtel.ligenae cabined vith •rked losa ot 

•visuo-coutra.ctive abilitytt, iR the case ot a .36-year old engineer 

with a glio• ot the right teçoral lobe. In this inet&llCe the patient 1a 

proteasion s.._ reaaon eDOugh tor regarding the deficit as a direct 
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result ot the temporal-lebe tUJIOUl" • 

This exbauts the evidence relating viauo-spatial abilities speci

ficallT to_the right temporal lobe. There remain a noaber of atudiea 

stresaing the importance of the right hemisphere, and aore partieularq 

at the right pareto-occipital cortex, for effective spatial organisa

tion. The sympt.ou aaid to be more CODBOn in right than in lett hemi

sphere lesions in elude: dis turban ce of the coordinat es of visual spa ce 

(Lenz, 1944; Bender and Jung, 1948, cited b7 MeFie, Pierey &Di Zangwill, 

1950; Hé'caen, Ajuriagu.erra and Maasonnet, 1951); poor performance on 

visuo-constructive tasks auch as :ma}Hirawing and block design (Dide, 

19.38; MeFie, Pierey and Zangwill, 1950; Hé~en, Ajuriagu.erra and Masson

net, 1951); difficulty in putting on one'a clothes, "apraxia for dreeaing" 

(Dide, 1938; Hécaen am Ajuriaguerra, 1942-45). Such findings are of 

course not in accordance with the traditional view, which states that 

damage to the right pariet.e-oecipital cortex merel.y causee neglect of 

the left side of the bod7 an4 of the lert half of the visll&l field (Brain, 

1941; Critchley, 1951). Further, Dl.&ll1' of the cases on which the above 

reports are based. involve masaiYe, infiltrating tumeurs, ao tbat bilater

al damage can often be auspected. Yet this objection does not dispose 

of all cases; the growing number of such reports, together with the di

versity of their sources, allpport the idea that there is in fa ct a aigni

ficantl.y bigher incidence of visuo-constructive disorders in right-hemi

aphere lesions· than iD left. Whether or not the right temporal lobe is 

involved in theae diaordera re.JII&ina to be seea. In the temporal-lobe 

case deacribed above, MeFie, Zangwill and Pierc.y appear to interpret 
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their poaiti ve tiDdinga as ill:pl.yiDg concollitant daage to the parietal 

lobe. This beillg eo, oJÜT Hebb bas apecit1cal.4r illplicated the ri.Jht 

taporal lobe in viallo-ape.tial deficit. 

It the t aporal-lobe litera ture ia coœidered as a vbGle 1 it ia 

t.ediateq apparent tbat ta tmaa aad the allimal wrk have deTelopecl 

along Yerr ditterent. lin••• 'the lack ot &DT data on Yiaual. diecrimiD

atoey capacit7 in !maa teçoral-lobe cluage ia a œnapicuue gap iJa 

our ·mowledge, a gap which ie all the •re re-.rkable in Tiw ot the 

knfta. prevalenee ot vinal dutvb&Dcea in taporal-lobe cliaease. 'l'àe 

ani.al verk bal pronded Vf4,uble illteraation iD thil regard; the OJÙ7 

lmaD atw:l7 at all coaparable b~ tbat ot Tnber, Batterab7 and Bead.er 

(1951) wbich ah01f8 tbat poaterior guabot wude C&llee greater detrment 

on cOIIp].e:a: vieu.l taaka tàaa do aat.erietr onea, 'bllt tàeir tindinga are 

DOt directq pertinent to temporal-lobe tunctioa. 
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'l'HE PRESENT INVESTIDATIOH 

The present inveatigation attempta to carry further the atud7 of 

temporal-lobe function, in conditioaa eepecially advantageoue tor ob

eerving the ettecta ot well-localieed leeiona in the human temporal 

cortex. An opportullity- was provided at the Montreal Heurological In

stitute to stud)" the intellectual abilities of patienta, tram Dr. Wilder 

Pentield •s serTi ce, wbQ ba à been selected tor surgi cal tèeraw tor the 

relief of focal cerebral seizures. la E8t cases the epileptogenic 

area vas located in one or other tsporal lobe, ao that it waa possible 

to see the ettecte ot destruction or temporal-lobe tissue without the 

contueiDg presence ot brain tu.our or Y&seular disease. To aacertaia 

bov far &DT deficits tOUDd vere specifie to lesiona of the taaporal 

cortex, comparable cases of frontal- and parietal-lobe ctaase vere in

cl.uded in the atu<V- and were treated as a control group tor the purposee 

ot the present investigation. 

Ill 'rl.ew or the eutcome ot recent animal etudiee, the aift empb&sis 

in this atud)" wae given to Tinal. tunctions. A special search wae &lao 

.ade tor ~ consistent ditferencee between the ettecte ot right and 

lett temporal-lobe lesions. The clarification ot the language deficit 

seen tranaientl)" &tter lett temporal-lobe ablation vas not one ot the 

a1u ot the in'Yeetigation, although soae ot the data o'btainecl did prô.ve 

pertinent to tàis question. 



THE SUBJECTS STUDIED 

Ot the 45 subjects studied., .38 bad cortical epUepsy, attributable 

to well-localised atrophie leaions, usual:cy- d.atia« troa birth or early 

Wanc;r. In tov cases there was local scarri.ng of the brain due to 

adult head WUl"T• ill were operated on b7 Dr. Pentield, who in 1110at 

cases Nproduced the patient '• aura b7 electrical stilllll.ation ot the 

cortex under loeal. anaestheaia; tàe epUeptogenic area w.s tho exciaed. 

The .xperimeatal group consi.ted ot 25 patients with t•poral-lobe 

toei (13 right-aided, 12 lett). FiTe ot these patienta bad prenoual7 

bad uall excisiou in the teçoral cortex, two on the righi and three 

on the lett, aai returned DOW tor a second operation in the saae &en

eral area; the resulta tor theae ti ve patients are not in~uded iD. the 

atatistical ual.yaia ot pre-operative test pertorance, but it is wrth 

noting th&t they are completeq couistent vith tbose obt&iaed troa 

the group ot patients being operated on tor the tirat time. 

1'hrM ot the teaporal-lebe patieats vere lett-handed. ID all tbree 

cases, however, the lett hmaphere w.s clearl.y doa:l nant tor l.ugu.ge. 

Tbus, in the two casea 1n which the operation was on the lett aide 1 atia:l

lation ot the exposed cortex ciisturbed speech, aJXl the patient beca. 

aphasie atter operation; in the case ot the one lett-handed patieut vith 

an epileptogenic tocus ill the right temporal lobe, electrical sti.EltJtion 

ot the cortex did not attect apeecll, and ,. language diaturbance coul.d 

be discovere4 atter operation. There is ot course •ch eçirical e'Yidenee 

to aàev tut the right hemisphere ia rare:cy- dolliu.nt tor laDgU&ge, eTen 



in lett-b&Dd.ec:l peraoM 1 except in easea where there il also right hemi

plegia due to groas destruction of the left hemisphere dating trom the 

first tw ;rears ot ille (Wepman, 1951; Roberte, 1951). 

The extent ot temporal-lobe remon.l waa estilated from measurementa 

and drawings •de by Dr. Penfiel.d. at the t:iae of operation. Figure• 1 

and 2 abow the largest removals made in the right and lett temporal lobee, 

reapectively. In the experimental group as a wbole, the dimeBSione ot 

the exciaed areaa aa meaeured bacle troa the temporal tip V&l7 from 4 to 

8 centillletrea along the base, am from 5 to 8 centimetrea along the 

lover bank of the tissure ot Sylnu. It is iilportant to note that the 

abnoral.ity waa uual.l.y feund. on the ventral and meaial surfaces of the 

taporal lebe and that the reaeftl. of tilaue otten extended to include 

the WlCUS, am;ygd.al.Gid nu elna, and hippocaapua. In OIÙ7 three patienta 

waa the remoTal restricted to the lateral aspect of the teçoral lobe. 

In about halt the casee there waa surgical interNption ot the optic 

radiations wbich resulted in a bollgZVJIIDUI detect in the upper quadrant 

or the viaual field, on the aide contralateral to the lesion. 

In additioa to the 25 temporal-lobe cases, 13 patients with epilep

togenic foci in frontal or parietal cortex wera &lao t ested, betore ..:1 

alter brain operation. These control operations conaisted ot 6 lett-front

&1, 3 right-frontal, and 4 right-parietal excisions. 'l'he aize or the 

rftiOT&ls varied coasiderabq. Ot those in the parietal lobe, two includ

ed most or the posterior parietal lobule as well as the poatcentral 

gyrua; the other two vere aimilar, but did not extend. quijre as far poster.i.or-



].y. Among the trontal-lobe casea, 2 sbowed maxi•l abnormalit;r in 

the anterior frontal region, and at operation the tiret 5 or 6 centi

metrea of the frontal lebe were &llpUtated. The remain1 ng ablations were 

mainl7 in the superior mid-frontal region, extending forward b,- Taryi.Dg 

amounta. Care waa taken not to invade Broca'• area in an;r of the lett 

troiitial remvala. Included in the frontal group are tw cases of bi

lateral frontal-lobe damage, but the excision waa on the aide of great

er abnol"El.ity onl.y. Co:nsidering the frontal aad parietal caaea aa a 

vbole, we see that ao.me or the re.oval.a were comparable in size to the 

temporal-lobe onee, othera be~ clearly • mailer. However it ie œte

worthy' tbat the test batteey did :not eacnr alQ" relationship between aise 

ot ablation in frontal or parietal cortex and degree of ilapairment. 

Tbie •tudy vae not planned to include a noral control group, its 

purpoae bei.Dg to inTeatiga:be the special etfecte of teaporal-lobe 

lesions aa compared wita lesions eleewbere, and differences in the ettect 

ot rigbt. and lett temporal-lobe lesions. Bu.t aoae of the teats ueed 

were unetandarcliaed., am the procedure in otheN was mditied, ao it 

waa wort.hwhile to Œve eome no:rul control data. Seven convalescellt 

patiente at Queea Hlr;y Veter&ll8' Hospital, kontreal, were gi Yen the test 

batter;y. Thq were aelected to match the brain-damaged groupa aa far aa 

possible in age, vocabul.ar;r, and occupatioD&l. atatua, aDd. they did not 

sutfer troll al\Y neurological, psychiatrie, or panclular diaabillty. It 

is of intereet to note tlat thia nall no:ral control grollp, iBadequate 

as to l'lUJIIber of caaea included, reeeabled the frontal md parietal lobe 
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ca••• verr closely on a].a)st all test•• 

The ee•ential ooatrol groups ot this etuq are: tiret 1 the parietal 

and frontal cases, showing tha.t it 1s nor mere presence of epileptoge1c 

tiaaue, but ita locu, whi.ch determinee the deficit• seen with temporal

lobe dallage; and aecond.l,-, the lett teaporal-lobe patients, showing tbat 

the right temporal group bad deficits that the lett d1d not. Tablee 1 

and 2 give erldence of the tK>mparability ot these varioue groupa, apart 

from the presence or absence, or J.ocu•, ot cerebral leeion. Througheut 

this etudJ' the score on the stantord-Binet Vocabul&r7 Test (1916 edition) 

1s takea as aa index ot the patim'e intellect.ual level betore operation, 

providing a turther check on the cœaparabillty of the eeveral groupe. 

It ehould be noted that the mean acore tor all aubjects was 28, alightly 

above the mean tor noral. adulte cit.ed by Weisenburg, Roe, and lfeBride 

(1936). 

EXPERIMD'l'AL PROCEOORE 

The battery ot testa was given to eacb patient iDdiVidual.ly bet•re 

and atter operation. 1'he tiret test aessiona took place from 12 hoara 

to tiTe da78 betore operation, and the re-testi.Dg about t.hree weekelater, 

at the tille or the patient'• diecharge trom hospital. The precise tiM 

of ret. est depended on the rate of recowry ot the indirldual. patient 1 

but it vas alwaye bet.WHn the sixteell'th &Del twent7'-eecond. post-operatin 

da78. Testbg wae di vided into tw sessions ot about ene and one-quarter 

houra each, both betore al'ld atter operation, •king a total ot tour 

sesaiona in &11. The conditiou et teeting (auch as place and tiae ot 
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TABLE 1 

Group Comparisons with respect to Age 1 S.X, and Vocabul.ar7 

Group N 

Right temporal 11 

Lett temporal 9 

Frontal and 1.3 
Parietal 

Normal 7 

Additional eases 
(2nd operation) 

Rigllt temporal 2 

Lett temporal 3 

Age Sex Stanford-Binet Vocabul.ary' 
(ForaI) 

Mean and M F Mean Standard 
error Range 

29 6 5 27.9 t 1.56 
(17-47) 

27 5 
(16-4.3) 

4 29.4 % 2.,38 

26 11 2 28.8 :t 1.45 
(14-41) 

28 6 
(19-.38) 

1 28.3 = 2.14 

31 2 .30 
. .,. .n -(27-.35) 

32 
28 • .3 t 1.35 (24-45) 2 l 
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TABLE 2 

Diatribntio~ ot Occupationa in the Varioua Groupa 

Occupation Right Lett 
Temporal Temporal 

Proteasional 1 1 

Busineas 1 1 
executives 

Studenta 

Uni nrsity 1 

College 2 1 

ottice vorkers 2 2 

Skillecl - 1 
labourera 

Unaldlled. 1 1 
labourera 

Houaewivea 2 1 

Uneap1oyed 1 1 

Fl'OJltal lbru.l 
aJld 

Parietal 

1 1 

1 1 

1 -
2 

2 

2 1 

1 1 

1 1 

1 -

Additional Cases 
(2nd operation) 

Right Lett 
Temporal Temporal 

1 1 

1 1 

-
... 

-
1 

- -
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day) were kept as far as possible the eame before and atter operation 

for &111' giTe patient, and tbe order in which the testS~ vere presented 

vas constant for all nbjeete. lftlere tvo tests appeared to meaaure 

ei.mil&r tunctions, aa vith tlw two testa of 'bleck design, they- were 

given in different sittings. Alae, it waa thought advisa'ble to inter

aingle verbal, pictorial, and spatial testa, in order to retain the 

subject's interest, and prevent discouragememt atter a series of tailures, 

since SOM or the tests appeared. eaaier, er 110re interesting, to the 

patients than ethers. Wberever possible, different to~ or the .... 

test were used betore and. &t'ter operation, so as to minillise the et:fecta 

of practice; however, in auch cases &n1' atri.ldng drop in score a.tter 

operation waa always checked b7 ha'ri.ng the patient take the tiret forli 

of the test again. 

JfaJJT testa vere tried before the tiDal battery was selected. IR 

general it vas corwidered desirable to have tests that were short, accept

able to the aclult patient, and not auch as to entail the use or eumbroua 

equipaeat; this laat point vaa partiœlarly important, a ince testiltg bad 

aometilllea to be clone at the patient'• bedaide. The testa tinal.lT aelect

ed are liated below: 

1. The Stantord-Binet Vocabulary Test (1916). 

2. The Weehaler Simil.aritiea subteat • 

.3. The P'ourth Word Seriee (analogies teat: Hebb 1 1942b). 

4. The KcGill Verbal Situation (lilebb and MDrton, 1943). 

5. The MeGill Pieture Anoaly Series (Bebb and Hort;on, 1943). 

6. The Wechaler Picture ArrangeJRent subteat. 



7. The Wecha1er Pieture Coçl.etioa n.btest. 

8. The Raven Progressive Matrices (1938 edition), Sets A, B, and c. 
9. The (pictorial) Aaal.ogies nbtest ot the Calitornia Test ot 

Mental Haturit7 ( C .M. M.): nementary and Intel'll8diate Seriee 

(1946 edition). 

10. The Benton Vieual ReteJit;ioa Test (Benton, 1945). 

ll. 'l'he Wechaler Block Design aubte.t. 

12. The ~r Blocka Test (an experiaental block-deaiga test, 

unpubliehed). 

13. The Balet.ead Tactile Porllboard. 

14. The Portns lfaze Test: V:l.nel.&Dd Re'Yiaion (1919). 

15. The Wecbs1er Digit Span aubteat. 

16. The Wecbaler Digit. S)'Jibo1 aubteet. 

It should be pointed out that certain 110diticatiou ot atantlard 

procedure vere introduced tor eeveral ot the testa. The Progressive 

Matrices and the C.M.M. Analogies testa vere givea indiTidu&J.lT 1 which 

mkes the pub1iehed norma inapPlicable to this atudy. Also, in the 

Progressive Matrices test the tiret. three sets ot probleu were divided 

iDto two seriee (A2, 3, '' ? ••• and Al, 4, 5, S, 9 ••• ) tor use betore 

and after operation. It ahould &lao be noted that the McGUl Picture 

Ano•17 Series included 34 itUI8 in each series, inetead ot the .30 re

ported in the stand&rdiaatioa ot the test. Laetq, tor the Tactile 

P'ormboard Test., Halatead1a (1947) procedure waa IIOditied slightl7 ia 

t.hat the aubject waa required to place the ten ditterentl.7 abaped 

blocke in the appropriate ho1ea tvice olÜ71 and was allowed to uae 
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both banda. Ill this case the changea were introd.uced to redu ce teatiDg 

tiae, and ao ake an apparentq rather disturbi.Da teat 110re acceptable. 

la this liNLtter,y, teata were ineluc:lecl which appear to ..aaure the 

Alle or a1•11ar tunctiona ia a-~ popù.ation, but which dittered 

in 110de et presentation. Atter braiB injur,y, a teat JJ/&7 beceM an in

dex ot ...thini it ia not m.eant tor - a cru.de a:a.mple beiDg the etteot 

ot le• ot Tiaual aaity on a perto:rance test, whereas a no.n-Yisual. 

perforance test mq show tàat the lesa ia eensor.r rather tbaD intel

lectual. In the preaeat tellt battei'T, the C.M.H. Analogie• subtest and 

the HcGill Pourth Word S.riea 'Nth •anre ability to reaaon b7 analogy, 

but they ditter ia that ene ia vinal (pictorial) 1 and the other verbal. 

Again, beth the HoGill Picture .Aaomal.T Series and the HcGill Verbal 

Situation were deaigned to Dll&sure awareness of the way hwBaD beiJtga 

iD the llorth Americ&ll culture uiRl&l.lT beh&Te ill •cial situatiena; but 

here allio the testa difter in tbat one is Yisual and the other Terbal. 

Lastq 1 both the Halatead Tàctile Fonaboarci and the two tests of block 

deaigD d.-ad the appreciation of geometrieal. fo:nu and spatial rel.a

tionahipa, bllt ill one case the problem ia Yisual., in tae other tactual. 

In all these instances a epeciticall.T viaual deficit wuld attect the 

Tisual forme ot tbe testa oalT. 

It sbould be added that this batte17 did not iDclude tests of 

simple nsual and Mm&eathetie tunetions, because theae are part. ot 

the regular neurological U&lliœ.tion given to patienta betore and atter 

operation. Also, thorough cl.i.aical teatiDg tor aphaaia was carried out 

betore and alter operation b7 Dr. La.at- Robert• &Di Mr. Robert Sparka. 
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RE'SULTS 

The aoat atrild.Dg fiDd:ing ill tbia atucl7 wae that the g~p with 

te.poral-lobe lesioaa sbowed certain apecitic deticita betere operation, 

and tb&t the operatin procedure at 110at. illtenaitied aa alread7 existing 

loas of :tunction. .Aa exception to tbia l&at atatement ia of cour•• the 

tranaieat aphasia vhich tollewecl lett teaporal aDd lett frontal re110val1; 

hoover, this did not deTelop untU at leaat 24 houra &tt er operatioR, 

and it ia attributable to reversible patlwlogical changea, wbich inter

fere vith the tulctionimg of tiasue in the neighbourhood of the excision 

(Robert•, 1951; Porsa781 1952). ID general, the reaults show that the 

preaence of areaa or long staD.d.iDg abno~lit7 witbin tlae teaperal cortex 

producea certain cbaracteriatic deficits. To anticipate the detailed 

accou'nt or the resulte, it .,. be eaid tbat the teçoral-lobe greup as 

a vbole ahoved a apeciticalq viaul illpairmn.t. In additioa to tkia1 

the rigkt teaporal greup w.a interior to the lett temporal greup, aa 

t.o the other subjects, on certain taotual and vinal tuk8 requiriD& 

the perception er apatial patterDiQg. 

Before givi.D& the resulta, it sheuld be explained that a aillple 

~i• of ftriance vas done tor each test, whereTer tkere waa U;y 

auggeation or a aigniticant dittereace betWMn the ...._ acore• tor UV' 

tvo groupa or nbjecta. It this aa&qaia 7ielded an over-all ! ratio 

signiticant bel.ow t.lle 5 per oeat leru, Piaher•s 1 technique wu thea 

used to test the aigniticanee ot the ditferenca betnea aDJ' tw group 

meana. It the! ratio wu not aipiticant, no turther atatiatical 
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Temporal-lobe Caeea Yef!U! othera 

The tiret tindings 111 be preaented are based on a CCNilpariaon ot 

the test seorea ot the temporal-lobe eues as a whole with thoae ot 

all other aubjecta. The three teats vhich ditterentiated betveen the 

right and lett temporal-lobe groupa (the Bal.atead Tactile Forllboard 

a.Dd the two teats ot block design) will be oonsidered sepa.rately in 

the nexti aection. 'l'able .3 show the mean rav acore• ori the other 

thirteen tests tor the different p-oupe betore operation. It will be 

seen that there are a muaber ot irlticatione ot mild losa in the brat.

dulaged groupe compared vith the aomal group, but none ot these ia 

aigniticant. T&ken together, they •7 indicate .an ettect ot the brain 

injuey or, mre prob&bly in viev ot the literature, an ettect ot 

phenobarbital sedation. 

A comparison ot the scores ot the temporal-lobe group with those 

ot the trC>ntal and parietal control group show the teaporal-lobe group 

to be interior on tw Yiaual testa. Theae are the McGill Picture 

Anomly' Series (l, : .3.26), aud tœ Wecbeler Picture Arrang_,nt au'bteat 

(1: 2.80). Both ditterencea are eigniticant belov the 1 per cent level. 

The Picture Arrangement subteat (Wecheler, 1944) requirea the aubjeet 

to place a series ot cartoon drawi.nga in the right order to t..U a stor:r 

(as in a comic strip). In the Picture Anoaq Series, the aubject ia 

contronted. with a number ot crudel.y- drawn acenea am bas to poiRt to 

wbat ia most incongruous in eacll (tor uample: a an knocking his ci-
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TABLE 3 

Group Mean Score• betere Operation ( oaitting Halatead 

Formboard aad Block Design Teste) 

Grollp 

Teaporal Frontal and Normal 
Test Parietal 

ll = 20 ll = 13 N:7 

McGill Picture 
Ano~ 24.9 28.7 28.7 

Weehaler Picture 
Arrangement 8.75 ll.l ll.O 

Wech8ler Picture 
Complet ion 10.4 10.4 n.5 

Baven Progressive 
Matricee 13.1 13.3 14.4 

Benton Visual 
Retention 5.5 5.3 6.1 

C.M.M. Picture 
Analogies 21.4 22.2 23.0 

McGi+J. Fourth 
Word 22.2 23.5 23.0 

Stantord-Binet 
Vocabula17 28.6 28.8 28.3 

MeGill Verbal 
Situation ll.7 ll.5 n.5 

Wechsler 
Sim11aritiea 10.6 10.4 10.8 

Porteua Maze 13.6 14.4 14.5 

Wecheler Digit 
Syabol 9.3 9.5 n.o 

Wecbaler Digit 
Span 9.5 8.9 10.8 



garette aah into a wol&ll'• eup in a reataurant., or a broom being used 

to paddle a canoe). On this test, the frontal aiJd. parietal control 

group, as vell as the norul subjects, responded qui~ and accurateq, 

while sœe of the t•poral-lobe patienta wre slow and hesitant even 

when the;r gaYe the correct auwer. (The acore on the test ia the muaber 

et correct reaponeea, ald apeed et reapo:ue ia IlOt t&ken into acceunt.) 

Thu the interiority of the taporal lobe group waa actu&117 e'9'811 great

er than the difference in acores wuld auggest • 

.Atter operation, the difference between the groups on these tw 

testa was aintained, but DOt sipiticantl.T inereaaed. Both the teapor

al-lobe and the frontal- aDd parietal-lobe patienta tended to make 

slightly' lover scores on the Picture .A.l»maJ3 Series &tter operation, 

and tbree temporal-lobe patienta ahowed a marked loea. On the other 

hand there vere other patienta who iaproved. Fora II ot the Wechaler 

Picture Arrangement subteat is known to be a little eaaier than Fer11 I 

(Ger'both, 1950) 1 ao that the lack of iaproY•ent on Form II, as compar

ed with Fora I, 187 actuallT imp]J' a alight losa atter operation, not 

apecitic to &Jl1' group of patienta. .Againat this, it •7 be pointed wt 

that retest with Pora I neYer contirmed &111' aupected deficits. Final

l.y, neither betore nor after operation did the other 'rlaual testa die

criJI:!.nate between the varioua groupe. 

Special De(icita ef th! R.t&ht Tgporal-lobe Gr!uP 

Clear e'rldence vas obtained tbat lesions of the right teaporal 

lobe impair the appreciation of spatial relationahipa. So11.e nbjecta 
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in the right temporal greup were seTerelT banclica.pped on the tactUe 

tol"'lboard and the tw block-deeign testa, and the group aa a whole ade 

lower scores than other nb je ete on these teste. Tablee 4 and 5 swa

•riae the tindinge, but these require turther claritication. While it 

ie neceaeary to analyae the reaulte tor theae tbree teste aeparatel.T 1 

it should be reiiUlbered tbat it ia the combined deficit wbich ia parti

cul.arly aigniticant. 

An &Dalyeis ot the reiNlta obtaiDed with the Halatead TaotUe Fora

board abowa the right temporal-lobe group to be arkedlT impaired, bath 

betore and atter operation. This test •kea use of the Seguia tol'ltboard, 

but the subject is bl.indtol4ied. '!bree scores are obtainecl: the aTerage 

tiae in Jlimltea tor two trials ('!'); tbe nuaber of ahapee correctly re

eallH (S); and the nmlber cerrectly' localieed (L). Betore eperatien, 

the right temporal patienta made poorer acores, on all three couts 1 

tbaa d1d the lett frontal, lett teaporal, and right parietal patiente. 

The differences between the acores ot the rigl\t aDd lett teaporal-lobe 

groupa ter beth tiM aDCl naber of ebapea recalled were eigDitic:aQ.t be

yond the 1 per cent lenl. Anaqaie et variance taUed to ehov grellp 

differences ter localisation acores betore operation. An iDtereating 

poi.Dt -.,a th&t tw ot the tbree patieata with duage to the rigàt trout

al lobe alao uade poor time acores o!l this test, but the ••llneea et 

the eampl.e prevents &fl7 generalisatioa with regard to right trontal-àbe 

tunetion. 

Atter operation, tbe right temporal-lobe group eontiœed to do poor-

17, &lld both the S and L scores vere eigniticantly' lelfer th&Jl thoee ot 



TABLE 4 

Group Mean Scores tor the Halstead Tactile Formboard 

betore and atter Operation 

Group 

Mean tille tor 
2 trial& 
(minutee) 

)b. ot ahapea 
correctl.y re

calle4 

.lb. ot ebapea 
eorrectl.T lo

calised 

Betore Atter Betore Atter Betore Atter 

Right 
temporal 11 6.0 4·5 4.6 4.8 2.0 1.8 

Left 
temporal 9 ,3.2 ,;.,; 6.6 7.1 2.6 2.9 

Le tt 
trontal 6 2.8 ,;.o 5.6 6.5 .3·7 4.0 

Right 
tront&l. 7.3 4.6 6.0 7.1 2.8 2.5 

Right 
parietal 4 3.8 6.,; 5.8 6.5 4 4 

First Second First Second First Second 
test teet test test test test 

lror-.1 7 .3.4 2.8 6.6 7.0 4.1 5.6 
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TABLE 5 

Group Mean Score• before and after Operation for 

Visual Tests ot Block Design 

Te at 

Triangular B1ocka 
Group N 

Betore Alter 

Right 
temporal ll 9.4 7.8 

Le:tt 
temporal 9 10.1 ll.4 

Frontal 
and 

Parietal 13 10.7 10.6 

Firat Second 
test test 

:Normal 7 u.o 11.9 

Wechsler Block 
Design 

Before Arter 

9.5 9.0 

ll.5 12.1 

11.8 10.2 

Firat Second 
f.ést· test 

12.0 12.0 
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other groupa ( aee Table 4 tor detaUs). However the picture bad cb&Dge4 

a little with regard to ti.M acores, as the parietal group vere nov •ch 

al.ower than all other aubjecta. It ia moat likeq that the aloviDg-dnn 

ot the parietal-lobe patienta vas related to the loaa ot tactual aenai

tivity tound in thetr neurological exawlœtion atter operation. It aat 

be empbaaiaed that there ws no oorreaponding diaturbance ot recall; 

the aubjecta in this group were able to profit troa the long time speat 

placing the blocka in the board, and àrw comparative]J" accurate repro

duction• ahow:l.ng the arr&RgUI8llt ot the varioua ahapea, Tbat there waa 

DO general diaturbance ot tora perception in theae parietal-lobe casee 

ia also ahown b7 their good perterance oa rlau.al teata ot block deaip.. 

Further, it waa possible to reteat one patient tvelve montha atter an 

extensive parietal-lobe excision, &lild at tbat t:iae hia perto:ru.nce waa 

better than betore operation. This was not the case with tw right 

temporal-lobe patienta aeen for tollow-up atud7. 

The i.Jiportant point appears to be the combination ot peor ti.M and 

poor recall aoores in the right teçoral group. Such a eombi.Datioa 

shows tbat despite beiDg uposed to the board for a longer peried tball 

.110st ether subjecta, theae patienta were able to recall lesa. The ah 

reaaon for the del.a7 in placillg the blocka appeared to be due to a 

ditfieult;y in recegniaing the cerre ct hole vhen thq caae to it; they 

bad no difficult;y in recogniaing the abapea of the bloeka. The nol"'ll&l 

a11bject •7 wate tiae trying to place a bloclc in the wrong hole, b.tt 

aeem to reeogrdae the right hole instaut]J". 

When w turn tQ the two ·visual. block-deaign testa, w again tiDd 
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atatiati~ aignitie&Dt evidence of the interiority ot the right 

teaporal-lobe group. This d.oea net appq to all the indi:rlchaal.a ot 

the group, and there is conaiderable overlap betweea the scorea for 

the right temporal gNllp and the ether groups atudieà.. However, none 

ot the right taaporal patienta did as well as the beat aubjecta in 

other groupa. A turther point to be streaaeci in c:onaideriDg the dit

terence• between the effecta of lett and right temporal-lobe leaiou 

1a tba.t the lett t.aporal-lobe patienta couistentq ade higher acores 

on theae testa than the frontal and parietal controle, aad aloM equalled 

the performance of the nor-.1 ~up. The iBdirldu.l ditterencea 1a the 

frontal and parietal group on these testa vere atrikillg. 

We ahall conaider the Triangular Bloeb Test tirst, aa this test 

was particnlarq interesting in shcndng a sigDiticant poat-operatin 

drop in mean score tor the right temporal group. The Tri&Dplar Blocka 

teat consista et a series of outline drawiDga which the 8\lbject bas te 

cepy, uaing two, three, or fMU' black wedea blocka; theae are ot equ.l 

aize, &Dd eut in the tora of right-angled triangl.ea. Considerable data 

bave been collectecl on this test at Mdlill University, but the atandard

iu.tion 1a incoapl.ete. IR the present atud1", the right temporal-lobe 

patienta made alightq, bllt not sigldtieantq, lover acores than other 

a11bjects betore operation. A.tter operation, the M&a raw acore tor 

the right temporal group drepped 1.8 pointa, aa contrasted with a mean 

rise ot 1 • .3 pointa tor the left temporal group, a difference girlng a 

f value of .001. 'l'he aue test it_. vere uaed betore am atter opera-
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tion, ae that the illprevement. of the lett temporal group appeara to be 

a normal practice etfect. 

In the case ot the Wechaler Bloek-Deaign nbteat, the reruts were 

different in that there waa no aignif'ieant difference betweea the acores 

betore a:ncl atter operation. Table 5 shows tbat the mean acere tor the 

rigbt, temporal group was lower than that tor the lett betore &Dd atter 

operation, but in both inatanas the l. ratio was slightq above the 5 

per ceut luel. It we take the average ot the individual scores betore 

and atter operation, tbe "within groupa• variance ia reducecl, resulting 

in an l. ratio signiticant at the 1 per cent level. The 1 value ot .3.1 

indicatea that the right te.,.ral-lebe group is interior to the lett at 

the 1 per cent level. 

Theae to:naal meaaureaenta ot spatial ability vere supplemented. by 

a tew qualitativeq evaluated testa, such as that of requirirlg the patim 

to draw a strMt map ahowing libere he lived, or a plan ot the hospital 

ward. SoM ot the patienta vith d&age to the rigltt taporal lobe were 

qui te at a loss with auch tasks, two ot th• being UD&lùe te repreaent 

the intersection of streeta on a map. Sillilarl.y', clrawinga ot aa1•Ja 

and of common objecta ahoved. groas structural detecta. Such severe dia

abilitiea were not tound in &IV' ot the othér groupa. 

The co.œplex disturbance of spatial ability revealed by poor pertor

lll.llce on the varioua testa considered in thia section was not •niteated. 

by all the patienta in the right teapor&l.-lobe group. It li&& noticeable 

that the most severe diaturb&nce occurred in cases where the rf80vals ex

tended far baek along the interior surface of the temporal lobe. A cea-
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parisoa ot the excisiona shawn in Figures 3 and 4 illustrates this point. 

The case shown in Figure 3 bad no illpairment ot vieual or tactual tora 

perception, either betore or atter operation; the one in Figure 41 in 

lfhich the excision extended a shorter distance along the tiret temporal 

convolution, but tarther aloag the base, showed. severe impairment, and 

the deticit increaaed. slightl3' atter operation. The 110re extensive lesiol18 

in the right temporal lobe, a1 in Figure 1, caused extreme deticit. 

Test Pertot!!pCe &tter Lett Temporal-lobe Ablationp 

Atter operation, both the lett t•poral- and the lett trontal-lobe 

patients showed. a aigniticant drop in score on all verbal testa, altheugh 

clinical testa ot apbaaia sometimea 1howed little deticit at thil ti.M; 

no verbal impairment. was tound atter exciaiou in the right head.aphere. 

An intere1ting tinc:ling waa that the lett-temporal group did worae tban 

the lett-trontal group on the McGill Verbal Situation (1 = 2.17; E. = .05), 

whereaa the Fourth Word am Wechaler Si mil aritiea testa did not ditteren

tiate between these groupa. The Verbal Situation Test calle tor rea~ 

comprehension Of lhort extracta ot CODTersatioD1 &Di the lett temporal

lobe patients otten llissed the poillt ot the question~. Thil supporta the 

view that, in temporal-lobe apbasia, audito17 comprehension is particular

ly artected. 

It bas alread7 been pointed out tut the lett temporal-lobe patienta 

were competent on block-design tests, betore am atter operation. An 

unexpected tinding waa their excellent performance on the Porteus Maze 

Test atter operation. Before operation there was no ditterence betweea 
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Figures 1 to 4. Brain maps (lateral and ventral 

views), showiJ:Jg representative 

t~ral-lobe re•vaJ.a. 1 as esti

ma.ted b7 Dr. Pentield at the tiae 

ot operation. 



Fig. 1 Large right temporal 
removal. 

Fig. 3 Right temporal removal, 
sparing posterior ventral 
surface. 

(fi rl-
l_ = 
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Fig. 2 Large left temporal 
removal. 

- -~ 

Fig. 4 Right temporal removal, 
sparing part of the first 
temporal cOnvolution. 



the ~rious groups on this test; atter operation the lett temporal-lobe 

group improved significantly compared with other brain-da.llaged groups 

(P .01). The norul control group was too small to tell whether this 

result should be interpreted as a genaine improvement in the lett tempor

al group, or as a norll&l practice ettect which other patients railed to 

show. The ext.remeq cautious attitude ot these patiente atter operatien 

ia consistent with an iaprovement in accuracy on this test. 

THE VISUAL AND TAC'IUAL DEFICITS WITH TEMPORAL-LOBE LESIONS 

It will be recalled that selective ablation etudies in the mnkq 

show tbat there is an area on the ventromedial aspect or the temporal 

lobe which bas important nsual tunctiona. The resulta of the present 

investigation suggest tbat the Hile ie tl"'le ot an. Both the :Pight and 

lett temporal-lobe groupa ehowed. a signiticant visual deficit, and the 

area or max1 g1m abnormality in JIDSt patients was on the mesial and in

f'erior surfaces of' the t•poral lobe. There was no indication of' de

ficit in the case of' two patienta who bad damage to the lateral surface 

OJÙ7, with subsequent excision of' the f'irst temporal coa"t"'lutioa. The 

visual data, then, agree substantial.l.7 with the an1ul etudies. However, 

the discoveey or a tactual deficit with damage to the right temporal 

lobe pointe to a difference between man and mollke;y, since no comparable 

deficits have been seen in monkeys with d&mi!Lge restricted to the tempor

al cortex. This may mean, as Pentield (19.35) has auuested., that in 

the human cortex, as compa.red with that of' lower primates, there has 

been a posterier and interior migration of' somaesthetic tunctioa; er, 



57 

it 11&7 mean that tbe presence ot abnormal.l.y tunctioning tissue in the 

temporal lobe a.t'fecta a wide area ot posterior cortex. 

We turn now to examine the nature ef the vieual. deficit se en with 

damage to either temporal lobe. Tbie de.t'icit is not attributable to 

viaual field detecta, since it is present betore operation,when v1sual 

fields are uniapa.ired.. (!lao, one patient showed. marked field detecta 

atter a parietal-lobe excision, y-et bad no ditficult;r with &JV' ot the 

viiU&l. tests o.t' this batteey.) The interesting point is tbat the tempor

al-lobe deficit occurs with two tests onl.7, both ot which deal with 

pictorial representations of sceaes of' everyda;r lite. Yet the de.t'ieit 

e&nnet be equated ~o a general losa o.t' "social intelligence", since no 

de.t'ect was seen on the Verbal Situation Test (apart of' course .t'rom the 

disturbance seen in the lett temporal group during recoTer;r .t'rom apbasia), 

am this test ia a.leo deaigned to measure some Jd.Dd of' social awarenesa. 

It seeu then that we are dealing speciti~ with an içairMnt of 

complu Tisual perceptions. 

HoweTer, a comparisen o.t' the Tiaual. tests wh! ch showed deficit in 

both temporal-lobe groups with thoae which did not, makes the nature ot 

this specificall.T Tiaul lese hard to detine. Tbe .t'act tbat no disturb

ance w.s .t'ound with the Picture Analogies or the ProgressiTe Matrices 

tests, both of wbich demand. an obTious effort of' concentration and are 

otten conaidered arduous b;r normal eubjecta, show that the probl• ia 

not one of •tiT&tion. The lack ot d.isturbance on the Wechsler Picture 

COIIlpletion subtest also shows that there is no groas inabilit;r to 
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recognise outline drawings of people and things. It eeems rather that 

the deficit appears when attention bas to be g:l. ven to many- aspecte of 

a complu: picture, or wh en different pi ct ures ha. Te to be arranged in a 

meaningtul order on the basie of slight differences of detail. Visual 

diecr:iJI:l.nations of this ldncl are well practised in our culture, but the7 

may be ditfieult to acquire in the tiret place. It ie clear that lllllch 

more experimental wrk is need.ed betore we can identit7 the imporl&Dt 

factors maldng theae tests ditticult for patients vith temporal-lobe 

clamage. The schematic nature of the drald.nga, the presence or absence 

of social anomalies, and the mode of presentation of the test may all 

preve to be important. 

The interiority ef the right temporal-lobe group com.pe.red with the 

left on teste ot spatial relationshipa, 'final and non-visual, provides 

support tor those who contend that the rigàt posterior association 

cortex is more implieated than the lett in su ch tasks (MeFie, Pierc;r 

and. Zangwill, 1950; Hécaen, A.juriaguerra, and Massonnet, 1951). Earlier 

work hu, however, been speciall;y concerned with the tunctions of the 

right parieto-occipital cortex, and in directing attention to the right 

posterior teaporal region, the present stucl7 strikes a compara ti vel.;y 

new note. Hebb'a (19.39.) report ot similar deficits in a single case of 

r~ht temporal-lobe removal is ot course in perfect agre•ent vith the 

resulta of the present investigation. 

It is possible tbat som.e objection will be raieed to interpreting 

the resulta of this study' as proving the greater importance of the right 
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hemisphere for tests of spatial abilit;r. It •Y be suggested that the 

strildng differences between the right and left temporal-lobe groupa are 

simply due to the excisions. on the left being smaller (due to the danger 

of invading the primary speech area in the posterior part ot the lett 

temporal lobe). This argument ea.a be retuted on t wo counts. First 1 the 

interiority of the right teaporal group was apparent before operation, 

and there is no reason to think that the pre-operative disturbanee was 

great er in the right-sided group. Secondly, though the removals on the 

right vere on the average grea ter th&n on the left 1 tw ot the lett

sided removals (one of wbich ia illustrated in Figure 2) were as great 

as an.y on the right 1 and both these patienta showed superior ability 

on the spatial patterning tests. It we consider the lett temporal-lobe 

cases as a ~ole, we fiaà DQ relationsldp betweea post-operative etti-

cienq oa theee tests and aise ot remval. We may therefere oonclude 

tbat the right temporal lobe ie JllOre implieated than the lett in spatial 

abUity-. 

The resulta suggest that the posterior temporal region on the right 

is JllGre im:~»rtant than the anterior region in these spatial testa, but 

this may be mereq a question of the aize ot lesion. 'l'here were no in-

stances of posterior removal alone. It is interesting to note tbat a 

tactual disturbance sim1lar to that sean in the right temporal cases of .., 

the present stu~ also occurred alter operation in one case of complete 

right occipital lobe remo"fal, in which there was soma invasion ot the 

posterior temporal cortex. 
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The cl.ea~cut deficits in the t-.poral-lobe group betore operation 

are a remarkable teatimo!'1' to the detrimental ett"ecta ot" long-standing 

cerebral abaormality. It has already been pointed out that the greateat 

abnormality waa usual.l.7 t"ound in the region which ani mal etudies have 

apecit"ical4r implicated in viaual tunctiona. Attempta to relate the 

resulta to eleetroencephalographic data tailed. Hot all patienta ahov

ed continuoua electrographic abno1'11&lit7 before operation; on the con

trary, it waa sometimes necessacy to give the patient metrasol in orcier 

to locate the source ot his attacka. It aeems reasonable to u:pect 

tbat theae patienta would be mat likeJ.T to show impairment at"ter opera

tion, but this waa net so. Agaill, it might be thought that where aeisures 

were frequent and eleotrographie abnormality severe and wideapread betore 

operation, the converse might occur, am the patient actuall7 iapr6ve 

atter operation. This was most convincingl.T demonstrated in the case 

ot two patients with buge r8111Qvala in the right haisphere 1 but it dici 

not occur in &D7 of the patients ot" the present atudT 1 with their re

latiYel.T restricted removals ot t•poral, parietal, or frontal cortex. 

The tact remains that retesting was carried out comparativeq soon 

atter operation, and follew-up atudiea on patiem.s whoae epileps7 bas 

been cured may show general improvement compared with the pre-operative 

level. At present, the t"ind.ing of marked intellectual detecta betore 

operation which are not greatl.y' changed. by the removal of the patho

logieal lesion and surrounding norœl. tissue, together with the apparent 

lack or relationship to the degree of electroencephalographic abnormal

ity, present a bat"fling problea tor turther research. 
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A battery ot aixteen tests waa giTeD to a group et pe.tieuta betore 

alld alter surgical removal ot epileptegenic toci in temporal, parietal, 

er frontal cortex. The p1rpose of the investigation was to compare the 

test performance ot the ·temporal-lobe group with that ot other subjecta, 

and, secondly, to compare right and lett temporal-lobe groupa. The 

resulta showed, tiret 1 that betore operation the tempcr al-lobe patients 

vere significantly' interior to the frontal and parietal œntrol patients 

on two visual tests (the McGill Picture Anomaly Series and the Wechsler 

Picture Arrangement subtest), both of which involve complex picture 

material dealing with everyday social situations. There was also a 

mrked interiority of the right temporal-lobe group on tests ot spatial 

patterning, visual and non-visual. These differences were present betore 

operation, but vere intensitied alter !'&moY&l ot the temporal lobe 1 a 

signiticant turther loss being observed in the right temporal group on 

one test ot bloCk design. 
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