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I. INTRODUCTION 
1. 

The particular for.m ot epilepsy which often follows a focal le­

sion in the temporal lobe is eharacterized by various combinationa of 

abnor.mal experience and unusual behaviour. The clinical significance 

ot these subtle feelings, crude sensations and unusual actions has 

been known tor some time. If we agree that focal lesions in the hUlllan 

temporal lobe may produce paroxysms characterized by subtle changes 

in perception, hallucinations and dreams, or unreasoning behaviour 

which is apparently autaœatic, it becames obvious that this region 

must have tœportant tunctional representation. 

Àn alteration in perception, or a perceptual illusion, of the 

type that occurs in temporal epilepsy, is a brief radical change in 

appreciation ot present experience, while the hallucinations or dreaas 

are viTid little complexes of imagery and sound in the symbole of paat 

experience. The unnsual behaviour which occurs in same of these t~ 

poral seizures is an apparently unnecessary and purposeless panoply of 

randam actions. Self manipulation, self inspection, continuation of 

routine actions and procedures to the point of absurdity characterize 

this dimming of eonsciousness. 

Focal epileptogenic lesions in the tamporal lobe produce these 

bizarre changes. SUrely we may presume that tunctional representation 

here is of a higher order, either intrinsically or because of intimate 

connections, than the sensory areas of olfaction, audiovestibular re­

ception and vision, which lie on its boundaries. Thase clinieal obser­

vations indicate that tunction here may be related to perceptual juds-
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ment and acquired patterns or records of past experience. These are 

in a sense psychical tunctions and it is somewhat difficult to make 

accurate analogies concerning them from animal experimentation. 

However further investigation has been made possible by direct elec­

trical stimulation of the human temporal lobe in conscious patients. 

This stimulation is an essential step in surgical treatment of 

temporal lobe seizures as it often leads to reproduction of the aura 

and production ot after-discharge in abnormally active areas, thus 

assisting in localization of the epileptogenic foeus which must be 

excised. In the present technique, verbal responses to the stimula­

tion follow caretully controlled interrogation and have been aceura­

tely recorded. Since most of the direct responses to electrical sti­

mulation of the temporal lobe are within the mental experience of the 

patient, and cannot be seen by the objective observer, it follows that 

the verbal expression of these responses is of primary importance. 

The interpretation or these responses forma the basis of the present 

study. In so far as possible this has been directed towards a further 

understanding of the functional significance of the areas stimulated. 

The responses fall into certain categories which the previous 

clinical observations have predicted. These categories have been dis­

cussed separately and in combination so as to develop certain theore­

tical conclusions. Reasonable evidence has already been presented for 

functional localization in the neighbouring sensory areas of olfaction, 

audiovestibular representation and vision, and this has not been re­

viewed here. There is a cortical representation of speech in the pos­

terior temporal region of the dominant hemisphere which has been re-
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eently studied in some detail by Roberts. The actual evidence oon­

cerning it is not presented in this report. Similarly, a discussion 

ot the evidence for automatic behaviour following stimulation of the 

interior and mesial parts of the temporal lobe has not been presentai• 

ainoe Feindel has just completed a study of this phenomena. The 

author is not aware of the conclusions reached in the latter study 

and same independant material has been included here for discussion 

purposes. 

We are prtœarily coneerned with an analysia of those verbal re­

aponeea which aftord a random gliapse into the memory records. hallu­

cinations, and brief paychical illusions of the conscious co-opera­

tiTe patient tolla.ing stimulation ot his temporal lobe. Theae des­

cribe involuntary paychical experiences presented tor the patient'a 

conscious inspection atter attmulation by a weak electrical current. 

This analysis is tollowed by a theoretical discussion which attampts 

an interpretation and integration of the (ata presented in terms ot 

cerebral tunctian. 
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II. IIA.ft:RX.U. J.ND JŒrROD OF »üL'!SIS 

The basic material for this analysis has been colleeted from 

the records or 157 temporal lobectomies. Each operative procedure 

was perfonaed for the relief or seizurea arising in the temporal 

lobe. !be patient was conscious and uauall.y alert during the elee­

trical stimulation which preeeded excision in each case. One hun­

dred or these patients had focal non-neoplastic lesions contined to 

the f'irst temporal, uncua, hippooampus and hippocampal gyrus. Most 

ot the present evidence has been drawn from this last group. This 

selection was necessary and natural because the majority of positive 

responses to eleetrical stimulation of the temporal lobe came troœ 

the cases in which the essential lesion was focal and non-neoplastic. 

Statistically, this group tormed 60.3~ ot the present series and on 

this basis alone would be axpected to provide more responses to elec­

trical stimulation. However, it is interesting to speculate that 

this type of objective abnormality may produce a local epileptogenic 

process which somehow facilitates response to stimulation, but does 

not greatly interrere with the intrinsic tunctions of the temporal 

lobe. Thas the epileptogenic process highlights or distorts a par­

ticular tunction or tunctional representation. This distortion ot 

tunction often is reeognized clinically in the initial phenomena of 

the seizure pattern and serves as an early guide to localization of 

the lesion. At operation the entire temporal lobe is available to 

electrical stimulation and exploration in the search for the localized 

lesion. Perhaps the focal nature or these lesions leaves mueh of the 

normal temporal tunction intact, but somehow racilitates their explor-
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atton •ith the stimulating current. In large infiltrating or other 

destructiTe lesions, widespread damage may radically alter funetion 

so as to render its study by electrical stimulation :t'ruitless. 

!he records of these stimulations and responses have been made 

at the time of operation. The conditions of stimulation and inter­

rogation have been earefully controlled and approximate the standards 

o~ physiological experiment. The answers and other verbal responses 

are recorded verbatim in chronological order. !he detail and gene­

ral principles of this excellent technique are the resulta of the 

work of Professor Wilder Penfield and have been deseribed by him in 

eonjunction with Erickaon, and later with Rasmussen. The entire sy­

stem will be discussed in an authoritative treatise soon to be pub­

lished by Professors Pentield and jasper, and therefore it need not 

be discusaed in great detail here. 

In the present report the location of these stimulation pointa 

on the temporal lobe has been illustrated by the use of a part ot a 

brain chart. This chart is a projection of the various contours of 

the cerebral hemisphere on a plane surface. It is designed to un­

fold at the upper and lower banks of the Sylvian fissure, thus ex­

posing a further projection of the insular and superior temporal sur­

faces which have been hidden by the surrounding parietal and frontal 

operculae. It properly folded along th& Sylvian banks and at the 

level of the frontal operculum, it will graphically demonstrate the 

close relationship of the uncus and part of the superior temporal 

surface to the insula. We have called this region which lies close to 

the brain stem and insula, the peri-insular grey. It is the most fre-



5. 

quant site of the focal lesions deacribed above and a frequent source 

of interesting stimulation responses. The meaial and interior surface 

aa well as an internal or peri-insular view of the opercular regions 

have been diagrammed on the reverse aide of this projection. We have 

also used the inferior surface diagrams as illustrations. The seg­

ment of this chart which is most frequently used in illustrations is 

shown by the interrupted linas in Fig. 1. 

This chart was developed in response to a definite need tor gra­

phie representation of the various contours of the cortical surface 

in the temporal region. The need for accurate graphie representation 

has been paralleled by an equal necessity for more accurate descrip­

tion of these surfaces and contours. Bacanse description by name of 

contour or structure is misleading and often vague, we avoid it and 

have come to rater to locations in terms of general surfaces. Thus 

we spaak of the lateral surface instead of tiret, second or third 

temporal convolutions and in similar tashion of the superior, interior 

and mesial surfaces. There must be a smaller division of these sur­

faces or we cannot precisely locate points within their boundaries. 

This division has been accomplished by means of arbitrary measure­

ments, which the operating surgeon can make during the surgical pro­

cedure, and accurately transfer to the chart. The most practical of 

these measurements is on the lateral surface. 

!hus we use an axis of measurament which begins at the temporal 

tip and tollows the curvature of the lateral surface posteriorly in a 

plane midway between the interior lip of the Sylvian tissure and the 

lateral edge ot the third temporal convolution where it curves towarda 
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the floor of the middle fossa. This axis is divided in cent~etrea 

and by this division we can say that a point is, for example, 4 cm. 

posterior on the lateral surface of the temporal lobe. Bow we 

woul4 also 11ke to record its relatiTe location in the vertical plane. 

'rhis 1s done by measuring downwards trom the inferior lip of the 

Sylvian fissure to the point. It is possible to combine these two 

measurements in the form of co-ordinates. Thus L 4-2 ind1cates a po­

sition 4 cm. posterior on the lateral axis and 2 cm. inferior to the 

Syl vian fissure. Ye know i t ia on the lateral surface b;r the latter 

-x.•. The lateral axis is shown in Fig. 2. SWlarl;r we measure 

the location of points on the other surfaces. These measur.-entà are 

of laas practical interest to the operating surgeon but serve a usetll 

purpose in our present illustrations. On these surfaces we measure 

posteriorly from the anterior limit of the bony temporal tossa in & 

plane midway between the edges of the surface. 'l'bus the plane ot 

measurement on the superior SQrface lies midway between the inter1or 

lip of the Sylvian fissure and the peri-insular border of the superior 

surface. !he plane ot measurement tor the infer1or surface lies mid­

way between the lateral and mesial edgee. 

We .œay measure 1nward :from the lip of the Sylvian fissure on the 

superior surface and outward :from the tentorial edge on the inferior 

surface, tbus adding a second co-ordinate in each plane. 

This report includes tabulations which describe the locations of 

the various stimulation points by means ot these co-ordinates. It is 

otten 1œpract1cal to attempt accurate measuraments of the mesial sur­

face and the structures which compose 1 ts contours are theretore des-
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scribed by name when used as references to point location. The co~ 

bination of tables wil.l provide the reader wi th opportun! ty to cor­

relate the verbal response with the locations of the stimulations 

which preceded them. 

The voltage is listed as a matter of interest but no attempt bas 

been made to discuss its significance in detail. 

The introduction of a coated electrode into the depths of the 

temporal lobe has proved a usetul adjunct to surface stimulation. The 

present method of deep stimulation requires an electrode which ia 

marked ott in oz. divisions so that the depth of stimulation may be 

calculated. The direction of this deep stimulation is aasy and alaost 

any structure within the contents of the temporal lobe can be reached. 

The description ot this direction for record purposes is not so eaay, 

and it is otten very difticult to make an accurate estimation in post­

operative atudy of the brain chart and stimulation records. This is 

untortunate because soma of the most signiticant responses have been 

obtained by this method of electrical stimulation, and we cannot ac­

curately evaluate their tunctional significanee in ter.ms of precise 

location without soma additional method of measurement or obaervation. 

The akilled surgeon, long-praetised in this method, finds individual 

use of deep stimulation and assessment of its direction easy, but thta 

is not true tor the surgeon who would acquire this technique nor tor 

the worker who wishes to make caretul evaluation ot the location ot 

atimulation points atter operation. 

~o this end, we have included the description of a new electrode 

holder. This deviee is intended to facilitate aecurate estimation 



ot the depth and direction ot deep stimulation in terms ot surface 

landmarka. Since this is not a technical report the only justifica­

tion for euoh an inclusion is the extent to which the materiel re­

ported depends on the frequent use ot deep stimulation. The con­

aciousness of a need tor more accurate estimation of point localiza­

tion in this type ot stimulation bas grown ClUt ot the study ot this 

material. 
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Fig. 2. Lateral Axis Measur ament in Cm. 
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III. REVIEW OF 'fHE LITERA.TURE 

We may now examine soma of the clinical observations which pro­

vide the basis for our previous statement concerning the fUnctional 

significance of the unusual behaviour and bizarre mental experiences 

which often follow an epileptogenic process in the human temporal lobe. 

In these observations we can note the particular qualities of the symp­

tama which may be useful in future conclusions. It will also be inte­

resting ta know if these phenamena can arise from either temporal lobe, 

and if there is any apparent relationship ta normal processes. 

Bughlings Jackson in 1888 reported the case of a physician who tor 

soma years had been troubled with paroxysmal feelings of familiarity. 

The patient himself was able to relate these feelings to his usual ap­

preciation of normal recollection. In this comparison he says that the 

paroxysmal feelings had no relationship to the external environment and 

that they were overpowering. Objecta, people or general surroundings 

which he had never seen before suddenly seemed intensely familiar. His 

mamory was poor throughout his life and he was subject to sudden epi­

sodes of nonsensical behaviour of which he seemed to have no recollec­

tion. At post mortem examination ha had what was called a softening of 

his lett uncinate gyrus. 

This is a case with a proven objective lesion in the 1 aft temporal 

lobe. There were sudden bizarre mental experiences in which the patient 

was aware of a sense of recollection without apparent cause or suddenly 

became unaware of his surroundings and performed senseless repetitive 

acta. Jackson described these mental experiences as •areamy states"and said 
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that they were the result of a part1al dissolution of a highest level 

of activity in the brain due to an epileptic diacharge. 

Fran a group of fifty similar cases he summarized the patients' 

impressions of soma of these feelings: •Old acenes revert ••••• I teel 

in soma atrange place •••• In a etrange country ••••• ~ dra~ state •• 

••• A panorama of something familiar and yet scmething strange ••••••• • 

Foster Kennedy described these phenaœena in a group ot nina cases of 

tumou.r of the temporal lobe which he re.ported in 1909. He says, -This 

is detective objective and inereased subjective eonsciousness and a sense 

of raminiscence.• 

In 1893 MacEWen descr1bed the case of a young man with the signs of 

an expanding lesion in the right cerebral hemisphere. Gn exploration 

thia lesion proved to be a right temporal abscesa. On admission tc hos­

pital the patient waa a little drowsy, but seemed quita alert mentally 

and answered questions in a clear aceurate fashion. Be was never at any 

ttme eritically 111, nor did he lose eonsciousness. !be next day, atter 

the abscesa had been drained, he was unable to remember caming to hospi­

tal and did not re.call any of the previous examinations or questions eTen 

though he did not seeœ oontused. His memory had been declining before 

!Operation and for about one month he had difticulty remembering recent 

eventa. Perhaps his ability to record present experience had been al­

tered by the presence of the lesion in his temporal lobe. There was 

never any aign of a disturbance of consciousness. 

In 193~ German reported a caratul study of a case with sy.mpto.œs of 

:recent memory losa and sorne euphoria. ~is patient proved to have a 



glioblastoma ot the lett temporal lobe. In the postoperative period 

hia memory d1ttioulty was marked and he waa somewhat euphorie. These 

are two case reports, widely separated in time, which assooiate ob­

jective lesions of the temporal lobe with memory detecta. 

In 1889 BUghlings Jackson deseribed the case ot a waman who had 

a tumeur of the right temporosphenoidal lobe. Ber memory was poor. 

13. 

She trequently had a vision in whioh a little woœan dressed all in 

black tlitted to and tro aoross her kitehen. !he patient knew this 

was a vision and was greatly eoneerned over it. She knew that the 

little woman was not in the external environment and was able to relate 

her dream or hallucination to reality by consoious oomparison ot its 

contents with the data of her ünmediate environment. 

Contemporaries of HUghlings ~ackson eonsidered that eomplex Tisual 

hallucinations were due to lesions of the occipital lobe and the v!~al 

pathway. Henschen in 1890 presented the view that these arose as the 

result of a lesion in one occipital cortex and were always present in 

the opposite visual field. ~olly in 1902 and Piek in 1904 conoluded 

that these visions or dreams were due to lesions ot the optie pathway. 

Foster Kennedy in 1909 described the case of a woman who had a tumour of 

the right temporal lobe. (This was from a series of nine cases ot tem­

poral tumour, seven of which showed psychieal phenomena) She had a re­

current vision (in her lett visual field) of a woman dressed in blue. 

He eoncluded that this was the effect ot the tumour in the right tempo­

ral lobe and not due to specifie involvement of the visual pathway. 

In a series of fitty-nina proven tumours of the temporal lobe whieh 

he reported in 1921, Cushing noted that twenty-four had attacks oharacte-
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rizad by "dreamy states"• In thirteen of these there were complex visual 

hallucinations. He states, • One would naturally expect visual halluci­

nations to be a feature of occipital rather than temporal lobe tumours, 

but the former are far lesa cammon in my series (or occipital lobe tu­

mours) and though they have not been thoroughly studied with this point 

in view it is my impression that they are lesa prone to have petit mal 

attacks and that subjective visual phenomena, if any, are much more 

likely to be of colours and lights than of pictured seenes." We will 

later present evidence on this point from the present series. 

Horrax in 1923 reviewed the problem of visual hallucinations. He 

quotas the views of Jackson, Hensehen, Piek, Jolly and CUshing, and 

then presents a series of seventeen patients with visual hallucinations, 

all of whom had tumours of the temporal lobe. Six ot the tumours were 

demonstrated at post-mortem examination and eleTen at operation. Thir­

teen of the total also had feelings of familiarity and other •dreamy 

states~ whieh haTe the qualities of psyehieal illusions. 

Horrax stresses the complexity of these hallucinations and givea 

as an example the case of a young boy of 16 who had a glioma of the 

lett temporal lobe. This boy' s mamory for recent events was poor. On 

many occasions he 'saw• diatinctly a crowd of men 'playing cards and 

having a good t1me'. ~Y were usually acquaintances of his playing 

euchre, and the game inevitably ended in an altercation among the par­

ticipants. This hallucination which preoeded his attacks has many ele­

ments of the boy's past experience in it. It did not always present it­

self as oompletely as cited, but the basic elements were always the 

same. For our fUture discussion, it is 1nterest1ng that Horrax notes, 
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"As to the mental attitude of the patients toward these phenomena, it 

has been recorded in some instances in our own histories and in the 

cases elsewhere that the patients were quite aware that these were 

hallucinations.~ It would seem that these bizarre experiences are 

subject to conscious inspection, and that the patient voluntarily makes 

a comparison with immediate external experience, concluding that they 

are unreal. 

Frazier in 1934 recorded one casa of auditory hallucinations and 

three 'dreamy states' following tumeurs of the temporal lobe. In 1g41, 

Penfield reported the case of a young minister who had a tumeur of the 

right temporal lobe. This man had no unusual neurological signa and 

had complained only of occasional generalized seizurea during the pre­

ceding eighteen montha. These attacks were nocturnal and usually fol­

lowed a dream in which he round himself in a roam which seemed familiar. 

This was actually a dream about a roaa in his own house. SeTeral times 

when awake he walked into that Tery room and had •a little feeling of a 

dream~. Here is a fascinating example of a dream which preceded major 

convulsions. The content of the dream was based on past experience 

and in it he was quite aware of a feeling of recollection. The elementa 

of past experience and the feeling of reminiscence sugge~t that the epi­

leptic discharge was using a pattern of pathways in which a record of 

past experience was stored. 

In 1946 Penfield also reported that: •Elaborate hallucinations, 

like dreams, constitute a moderately common manifestation of a seizure. 

The localization of ictal hallucinations is in the cortex of one temporal 

lobe. The experience may be entirely Tisual such as a scene fran the 
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distant past. There is usually soma doubling of consciousness so that 

the patient recognizea the signiticance and unreality of the state. 

It may be a vivid past experience, auch as that of a waman who saw her­

self giving birth to a child. It may repeat the formula of a tam!liar 

childhood dream, but usually it is a simple experience with no child­

hood significance and the elements are chiefly visual and auditory. 

MUsic as a hallucination may be a simple air or it may be a symphony. 

It seems to arise in the anterior pole of one temporal lobe.M Be ie 

implying that these phenomena may arise atter epileptic discharge in 

either of the two temporal lobes and he states clearly that the patients 

are usually aware that the experience is not in the e:xternal environ­

ment. Also there is evidence that these experiences are drawn fran re­

cords of the past. In the same report Penfield also emphasizes that il­

lusions of perception may occur during epileptic discharge in one or 

the other temporal lobe. 

Penf1eld and Kristianaen summarized their evidence regarding 

psychical seizures in 1950. Out of 222 cases with epileptic attacks, 

29 presented soma psychical phenomena. There were tive cases ot hallu­

cinations, nina of perceptual illusions and one with fear, all with an 

epileptogenic focus in the temporal lobe. These authors point out that 

the hallucinations were caaplex and were usually made up from the ma­

terial of past experience. Including both sounds and sights, they were 

not similar to the simple visions of coloured lights which follows cor­

tical lesions in the occipital lobe. The illusions which they cal! 

paychical are described as illusions of perception cr interpretation ot 

past experience. They are distortions of judgment concerning present 
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environmental experience. Both tha hallucinations and the illusions 

are related to the individual's experience, either in hia interpreta­

tion of it, or to his past experience. 

We can summarize briefly the clinieal evidence thus far presented. 

~ocal apileptqgenic lesions of one or the other temporal loba can pre­

duce, as part of the seizure pattern arising with their discharge, at­

tacks which are eharacterized by psychical phenamena. These are hallu­

cinationa, illusions and occasionally automatic behaviour. The hallu­

cinations ara vivid complexes of image and sound, drawn from the ele­

ments or paat experience of the individual. !he patient is aware that 

these hallucinations are unreal and ean compare them with present ex­

perience in a •doubling of conaciousness". The illusions are distor­

tions of interpretation of present experience. 1'hey may convey a false 

sanaa of recollection or reminiscence which 1• stronger than, but si­

milar to the normal feeling of reminiscence or familiarity. Or they 

may involve distorted perception of senaory data trom the tmmadiate 

environment. Objecta may seam nearer or farther away. Automatic be­

haviour involves apparently nonaenaioal repetitive acta or the repeti­

tion of otherwise sensible routine procedures to the point of absurdity. 

!he individual is unaware of these actions atterwards. Here an altera­

tion of consciousness accompaniea behaviour, which suggests the indi­

Tidual is completely at a losa to make the simplest of judgments eon­

cerning his tmmediate environnent and present experience. 

!meng the cases reviewed above memory for recent events was dia­

turbed in feur reported by Jackson, llacben, Horru and German res:pec­

tively. Three of these had lesions in the le:t't temporal lobe, one in 

the right. Memory patterns or records formed an important part ot 
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many of the hallucinatory experiences described in the preceding re­

ports. (It should be noted here that Penfield and Rasmussen report 

no significant memory disturbance tollowing temporal lobectomy. This 

is in accord with more complete etudies of the problem.l We may con­

elude that focal disturbance of the temporal lobe without regard to 

aide can produce abnormal interpretation of present experience. in­

voluntary recollection of past experience, perhaps inability to record 

a present experience, and a d~ng of consciousness in which there 

is both complete losa ot ability to interpret the present environment 

and record from experiences in it. Since this clinical evidence seams 

to show that abnormality in either temporal lobe can produce these 

changes, perhaps we may assume that interpretation of present expe­

rience and recording of past experience oecurs in both temporal lobes. 

Involuntary distortion of interpretation of present experience 

and recollection of past experience have been produeed from either 

temporal lobe by disease, and Pentield and Rasmussen in 1950 reported 

that they had produced these phenomena from either temporal lobe by 

electrical stimulation and noted that the temporal lobes must be ot 

equal functional value. The ablation of ona, whether dominant, or 

non-dominant, was not followed by marked memory loss or impair.ment of 

perceptual interpretation. We have already stated that these involun­

tary alterations of judgment and recollection of past experience seem 

to be available tor conscious inspection and if necessary, voluntary 

eomparison. This is certainly true in the cases of electrical st~u­

lation of the human temporal lobe reviewed by Pentield and Rasmussen. 

Then it the temporal lobes have equal value in these functions of 
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judgment and recollection, there must be same coordinating mechanism 

to allow tor synchrony and coordinate action. The tact that the in­

voluntary phenanena are available for conscious inspection suggesta 

that this coordinating agency may be related to the maintenance of a 

eonscious state. There is clinical eTidence for the existence of a 

central agency eoncerned with the mechanism of conseiousness in the 

reports of Fulton and Bailey, and Cairns, Oldtield, Pennybacker and 

Whitteridge. These authors show that an isolated lesion related to 

the higher brain stem may produce profound disturbances ot eonscious­

nesa without other remarkable phenomena. Meyer has summarized this 

evidence. Penfield and Jasper in 1Q47 have pointed out that epileptic 

discharge erising in the upper brain stem is associated with an ÜBœe­

diate alteration of eonsciousness and that this is the most characte­

ristic clinical expression. T.here is experimental evidence tor this 

as wall in the work of 7asper and Fortuyn. 

The temporal lobes are bilateral, symmetrical in for.m, and ap­

parently in tunetion (with the exception of the cortical ar&a tor 

speech diseussed by Roberts in 1950, which lies in the posterior part 

ot one lobe). Theretore we may presume sana coordination of two bi­

laterally symmetrical tunctional ar~s and it seems reasonable to sug­

gest that this coordination be central in location. 

In direct application to the present hypothesis, Marsan and Stoll 

have shown tunctional relationships of each anterior temporal pole to 

the pulvinar-nucleus lateralis posterior complex of the thalamus; 

septal area-fornix system; hypothalamus; basal ganglion system; thala­

mic reticular system; (centrum medianum reuniens). They suggest that 
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these are subcortical structures connecting the two anterior temporal 

regions by means of tunctional pathways, and show how it is theoreti­

cally possible tor impulses originating in the central system to af­

fect either temporal lobe singly or both temporal lobes s~ltaneously. 

FUrther infor.mation ooncerned with the possible connection of a central 

coordinating mechanism was presented in 1951 by Starzl, Taylor and 

Jagoun tram an experimental work on the brains of cats. They concluded 

that there was an ascending reticular activating system which receivea 

connections tram afferent paths and exerts generalized influence o~ 

the cerebral cortex. Pentield and Rasmusse~ (1950} conclude atter a 

review of pertinent evidence that ~ it is clear that the most important 

means of coordinating the tunction of cortical areas is not the associa­

tion mechanisms within the cortex. Such coordination is provided 

largely by the integrating action of subcortical centres which must lie 

within the mesencephalon and the diencephalon. Theretore, if the term 

'seat of consciousness' is to be used at all it must be applied to the 

old brain, tor the diencephalon is 'that nervous centre to which the 

most heterogeneous impressions are brought'. From it must go out etfec­

tor neuronal impulses that are capable of summoning a memory, of 

causing the lips to speak or an arm to move." They conclude further 

that: "Through these interconnections (meaning connections of the cor­

tex with subcortical higher central structures} memories are stored in 

neurone patterns within the temporal cortex and the frontal cortex ia 

utilized in the elaboration of thought.• 

We may digress for a moment and ask how memories might be stored 

in ~euronal patterns. Obviously, as shown by Pentield and Rasmussen, 

memory records have been reproduced in little sequences suggesting the 



21. 

possibility of a neuronal pattern. BOw may this be formed ? Per­

haps the work ot Ecoles and Mo!Atyre on the plasticity of monosy­

naptio reflexes in experimental animale may be applicable to this 

process or recording. !hay suggest in their paper that same auch 

process tor.ms the neuronal background tor both learning and memory. 

Âll this evidence tram the resulta ot human cortical sttmnla­

tion or temporal lobectomies, and tram clinical observations on pa­

tients with focal temporal lesions, points to the eonclusion that the 

temporal lobe in man may be eonoerned with interpretation of present 

experience and the recollection ot past experience. It seaae poa" 

sible that aach temporal lobe ia man has equal tunotional value ana 

that they may be coordinated in action by means ot a centrally placed 

integrating system which is within the confine ot the upper brain 

stem. 

we may return tor a moment to the temporal lobe itselt without 

reference to its possible connections and review other exper~ental 

evidence tor localization ot tUnction within its liadta. In 1Q59 

Kluver and Bucy reported unusual behaviour in monkeys following t~ 

poral lobect~. They called this behaviour •paychic blindnesa•. 

Âpparently, the animale would pick up any er all objaets without r.­

gard to kind, and place them in their moutàa. They had lost at leaat, 

to soma extent, their ability to interPrèt their immediate environ­

mental experience. When previoualy, t~se monkeya bad shawn evidence 

ot fear reactions to snakea, tollowing temporal lobect~ they no 

longer reacted in the uaual mannar when shown a snake and in tact it 

ia reported that same ot the animale attampted to eat the anakes. 
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We might assume that in the bilateral ablation of their temporal lobes 

they had lost the experience records, comparison with which might have 

permit~ed a satisfactory judgment or interpretation of the immedia~a 

experience with snakes. 

It is doubtful that the ablation included a representation ot 

fear or other emotion. This seems reasonable because it is difficult 

to oonclude that there is a precise cortical representation tor fear 

in these areas. Bard, 1939, was unable to find significant cortical 

representation for fear in cats, and concluded that this must be sub­

cortical or hypothalamic in origin. This is in contradiction to the 

Papez theory of general emotion (1937), which assigna the hippocampue, 

hippocampal gyrus and cingulate gyrus important roles in the basic 

emotions. Clinically, fear has been associated by Penfield and Kris­

tiansen,(l950) with epileptic patterns arising in the intermediate, 

frontal and posterior Sylvian regions ot the cortex, but they could 

not draw a conclusion as to localization from these cases. Penfield 

and Rasmussen (1950) noted the association of fear responses to epi­

gastric sensations follawing electrical stimulation of the insula in 

conscious human patients. Ba11ey and Gibbs, (1951) correlate rage tan­

trums and psychotic behaviour associated with emotional disturbances 

with electrographic evidence of abnormality in one or other human tem­

poral lobe. They consider that the hippocampus and uncus have same 

essential relationship to emotional behaviour and avoid excising this 

area in the surgical treatment of temporal lobe epilepsy. Their ideas 

are thus in accord with the Papez theory of general emotion, as dis­

cussed by MacLean in 1949. It is difficult to conclude tram this in­

formation that the temporal lobe in man has any specifie representation 



~or ~aar or other crude emotions. OUr present evidence summarized 

in this report permits further conclusion relative to this problem. 



24. 

RXSUL!'s·- A 



-
25. 

1. INVOLUNTARY RECOLLECTION 

In soma patients tram the present series electrical stimulation 

ot the temporal cortex has been tollowed by a briet recollection ot 

past experience. These recollections have been involuntary and may 

oonaiat ota snatch ot song, tamiliar voices, a childhood acene or 

neighbourhood noises. These are fragments tram the records ot ex-

perience, both recent and past, which haYe been summoned tor con-

soious examination by an artificiel stimulation. 

Twenty-nine responses tall directly within the category ot memory 

records and have been derived in eleven cases. Eighteen responses are 

tram the right aide; eleven t.rom the lett. Soma hallucinations and 

dreama tollow!ng other stimulations are so closely related to the ela-

ments of past experience as to be almost indistinguishable trca memory 

responses. These we will diseuse in a separate section. 

The surface areaa tram which involuntary recollection has &ee~ 

evoked are shawn in Fig. 3. The numbers illustrated are from tba 

stimulation sequences of the various cases and have no relationahip to 

each other. Table I is a tabulation ot these responses in •hioh we 

may compare verbal oontext with point localization. 

We may examine the general characteristios of tbese responses 

within the particular qualities of the individuel caae. This examin-

atton will provide the evidence tor turthar conclusion. 

T.s. is a boy ot 19 who bad seizures tor two years. T.hese ori--
ginatad in the right temporal lobe, and usually oceurred while he was 
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listening to llllsic. He would experience a sensation or warmth and a 

tingling in his right hand. This was often followed by a generalized 

seizure. At operation his right temporal lobe was grossly abnormal 

along i ts mesial surface and electrographic ab normal! ty was recorded 

trca the temporal tip at Points A and B in :rig. 4. 

Point 14 was stimulated 9 times with a current of 5 volts. This 

voltage is highar tban the voltage threshold tor the post-central 

gyrus. During the first three of these stimulations he aaid he !elt 

as if he were going into an attack or answered, "Nothing•. In the 

second and third there was an eleetrographic abnormality as noted a­

bove. In the fourth there was a "flattening~ of the electrographic 

record, and a:rter about ten seconds the patient,said, •r feal as 

though I was in the bathroom at sehool•. He had not been warned tbat 

stimulation was in progress. During the f1fth stimulation he said, 

~othing•, then added, ~ight blurring on the street corner•. When 

asked where, he said, "'South Band, Indiana- .racob and Washingtontt. 

Whan asked about it, he said he seemed to be looking at himself at a 

ycunger age. !he aixth time he said, "Nothing". This was his first 

response at the stimulation, but it waa quickly tollowed by the state­

.ment, •r !'eel as though I am going into an attack". When aslœd why, 

he said, "That music :from the stage hit, 'Guys and Dolla'"• When 

asked to nama the song, he was unable to name it. He added that it was 

more like it was -when I was listening to it•. It was an orchestration. 

"I seemed to be there". !he eighth and ninth stimulations were nega­

tive. 

This boy had been in South Bend, Indiana, and had recently sean 
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the musical camedy, ~Guys and Dolls~. The music and the scene are 

familiar to him. He is aware of their familiarity. This feeling of 

reminiscence is aceampanied by a sense of participation. Thus he 

recognizes the music and the seene in South Bend as fragments of 

past experience. At the same time he is conscious and knows that be 

has not voluntarily aummoned these memories to the foreground of his 

consciousness. The atimulating current has done this for him. Ap­

parently the pathway stimulated is also available to voluntary inter­

pretation, because he knows that both the song and the scene are being 

played only for him and are not in the immediate external environment. 

This patient's attacks were most likely to occur when he tried 

to identify a musical melody and found identification difficult. At­

tempt at voluntary recollection seemed to activate the epileptogenic 

focus. Electrographically, this focus was localised in the anterior 

temporal cortex. It is therefore not unreasonable toessume that 

thes& memory records lie here also. 

This involuntary recollection of past experience has followed 

eleetrieal stimulation in ethers. Lat us examine the case of Qi!• 

This 45-year-old housewife had seizures for eight years before radi­

cal treatment. Rer attacks began with a feeling of fear, tollowed 

by lip-smacking and swallowing. Her behaviour was often automatie~ 

At operation electrocorticogram showed a spike focus over the tip of 

the right temporal lobe and there was gross abnormality in the tirst 

temporal convolution, uneus and hippoeaœpus. Fig. 5 diagrama the 

location of point 17. Here the patient was stimulated with a current 

of 5 volts. (This is three times the voltage necessary to produce 
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response tram the post-central gyrus). She responded, ~ I just 

heard one of my children speaking". When asked, ehe said it was the 

older one, Frank. When asked what he said, she said, "I oould not 

gat that. There waa soma other noise at the same time," and when 

asked what it was, she said, "Neighbourhood noise". This stimula­

tion was repeated without warning. She said she heard the noise but 

not ber boy's voice. 

This is not the comparatively simple response ot the post-central 

gyrua, as in Point 4. Here on stimulation with only 1 volt, the pa­

tient said that she fthad a stiffness in her face - more on the right~. 

This is a simple sensory response, the pattern tor which is not ac­

quired. Another type of sensory response (auditory) is illustrated 

by that evoked at Point 15 with 1.5 volts. Bara she heard a •humm1ng•1 

a charaeteristic response for the auditory area. Repetition of this 

stimulus yields the same result. On the other hand, repetition ot 17 

at 3 volts (the same as the first voltage) causslthe patient to say 

she heard only the -noise• - meaning the street noise - and not her 

boy's voice. This difters troœ the simple sensory response which is 

relatively constant in repetition. At Point 17 st~ulation has evoked 

a camplex response. Its complexity suggests that wa have activated 

a multi-synaptic pathway. The contaxt of the response describes a paat 

experience. We have evoked a part of the acquired pattern which forma 

its record. 

This woman was able to diseuse her response at Point 17 soma daye 

latar. She said that it had been her habit to listen for her son 

Frankie, (whose voice she had heard under stimulation) while he was 

playing in the street, as she feared he might have an accident. Here 



we have the record of a real experience evoked by the stimulus. 

Later ehs can recall its relationship to her home lite and at the 

awne time tell us that the recollection in the operating roo.m seemed 

~ore real• than a voluntary aemory. She is intelligent and this is 

valuable introspection. At the time of stimulation, ahe hae made a 

compariaon between voluntary and involuntary recollection and con­

eludes that the latter se8ll8 aore real. ObTioualy ehe knew that ahe 

wu in the operating room at the tima of stimulation and that ehe waa 

not at home listening tor her son in the street outside. In the 

briet instant tollowing artificial recollection she haa apparently 

made a comparative judgment coneerning this experience. To make this 

judgmant, voluntary and involuntary recollections had to be coordina­

ted. This ~pliee a coordinating agency or mechaniam. 

Jlow the right temporal lobe was stimulated and involuntary re­

collection occurred. Atter stimulation it was excised. yet volun­

tary recollection of both the stimulation experience and the original 

etreet aeene is still possible. This is signiticant, becauae it aug­

geats coordination ot an aequired pattern in the right temporal lobe 

wi th another area ct memory recarda. Consider again the judglllent ab.e 

has made concerning her artiticial experience. The sights, sounds and 

perhaps amells of the operating room must be quickly recorded. These 

torm the sensory intor.mation from the ~ediate environnent and this 

information is somehow caœpared with the involuntary recollection ot 

h8l" neighbourhood. The comparative analysis resulte in a judgment 

concernins her wbareabouts and the unreal character ot the involuntarr 

recollection. This certainly seems to require the existence ot a 

higher centre which can coordinate a variety ot sensory impressions 
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with records of past experience. Here recollection has been quicklJ 

correlated with judgment, and a record of the conclusion established. 

Another case in which involuntary recollection followed sttmu-

lation is that of Bi!• This lady was twenty years old. Ber attacks 

began at about the age of six years. A substernal sensation gaTe her 

warning of their onset. This was followed by puckering of her lipa 

and swallowing. The attacks often beoame generalized. Rer right tem­

poral lobe was exposed at operation. There was objective abnor.malit,y 

along the inferior and mesial surface. The entire temporal lobe at 

first showed delta activity and an electrographic seizure was produe&i 

by stimulation ot the insula anteriorly. The cortex of the first tem­

poral convolution close to the Island of Rail was stimulated at Pointa 

23 and 24 with 4 volts. Thia reproduced her aura. (The post-central 

threshold was li volta}. These points are shown in ptg. 6. When 23 

was repeated the patient said, •r haar musicw. When it was repeated 

without warning the patient said, •r hear the music". !he third 'Um& 

point 23 was stimulated, the patient said, •r heard the music again 

•••• It is the radio". She bad not been warned. When asked what tune 

was being played, she said abe did not know, but it was familiar. 

Again stimulation caused her to say, •r hear it•. She was able to hua 

the tune. Three f'urther stimulations followed, and the patient was 

able to hum the tune with such accuracy that it was quickly recognize4 

as ~arching Along Together•. These stimulations were all on the 1n­

ferior bank of the fissure of Sylv1us close to the Island of Reil. 

Notice that she tirst experienced her aura, then simply •music•, 

knowing only the melody was familiar. As the stimulation was repeatei 

the melody became clear, and she could reproduce it for the operating 
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roam staff. It is interesting that she heard the tune, not as it 

the original were being played inside her head, but as if she ware 

then hearing it as broadcast from a radio. 

heard it on a radio program. 

She had previously 

Here perhaps we have evoked her recollection, not only of the 

melody but of some of the circumstances in which she heard it in real 

lire. As the stimulator is applied she says that she hears the mu­

sic, describes it as beat she can, concludes that it is familiar and 

says that it sounds as if it came from a radio. She is not quite cer­

tain that the tune is not being played in the operating roam. Eigh­

teen days after operation she said that we had turned on a radio or 

phonograph in the operating roam. Sha was convinced of this because 

the stimulation machine looked like a radio and it was turned on and 

ott. Despite this false idea she could still hum the tune as in the 

operating roo.m, although not as completely. It is interesting that 

she ramembers the ~sic~, but does not recall the aura which preceded 

it. It is important that she cculd think about her experience at the 

ttme of stimulation and recall it later, regardless of her falae inter­

pretation of the immediate origin. Rer conclusion is not fantastie, 

because she bad actually heard the tune on the radio before operation 

and ~it sounded to her as if tram a radio• at stimulation. 

These resulta are somewhat similar to tho se in the case ot J' .T.,, 

a young man of twenty-two whose attacks originated in the right tem­

poral lobe. He had a cephalic aura often tollowed by automatic be­

haTiour. At operation the depth of his first temporal conTolution waa 



st~ulated at Point 73 (Fig. 7 & 7a) by a 3-volt current. On the 

third stimulation in this region, he exolaimed, wtes, Dootor, Yes, 

Dootor, now I hear people laughing - my friands in South Africa.• Be 

was asked if he could recognize who they were, and he said, ft Yes, 
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they are two cousins, Bessie and Atm. They are both girls." The pa-

tient did not know what they were laughing at, but thinks they must 

have been joking. 

Soma time after the operation, he described this experience for 

us. He said that this was a fragment from a ohildhood scene in whieh 

he had gone across a meadow on a visit, and his two cousins, laughi~ 

bappily, had CODl8 llal:tway to me et him. Re thought the scene was re-

produced at operation incomplets in ~agery and sound, but he did not 

think it was like a dream. 

Eire agatn the patient remembers the stimulation experience atter 

excision or the area from which i t was evoked. Also he can compare 

the substance of the involuntary recollection with voluntary recollee-

tien just as he did at operation. 

In eummary, the most simple of these responses are of an aucli-

tory nature and lie close to the auditory area. (E.g., "A voice calling 

rrr husband' s name, Ji:Bny, 1i.mmy •••• • in !!.!!• Se.e Fig. 8) The more 

anterior or more mesial the origin, the more complex the response. 

!hus J,r. and G.F. cited above are on the superior surface anteriorly, - -
and T.s. 1s anterior on the lateral surface. These memories are ad~ -
mixtures of sights and sounds when complex. They occasionally carry with 

thea (in recollection) the emotional colouring of the original expe-

rience. They are not reproduced early in stimulation and in saœe cases 
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aeveral stimuli with other responses in or about the same point have 

preceded the single memory response. Whatever the memory recalled 

for the patient, each part is an entity which may be followed in a 

gra4ua1ly developing sequence by related acenes. The entity may it­

self be a small part of a larger panorama, but the individual presen­

tation is complete. 

In these cases st~lation has been follewed by recollection ot 

past experience. This is 1nvoluntary recollection and the patient is 

aware that it is involuntary. The patient knows tbat the scene or 

song appears tor him alone and is not in the immediate environment. 

In each case the substance of the recollection has been available to 

voluntary inspection, interpretation, and comparison with present ex­

perience. 

These recollections are records of past experience. The recorda 

are therefore acquired patterns within the temporal cortex. Each 

memory pattern is available to the stimulus of voluntary recollection 

as well as to that of the electrical current. The area containing the 

patterns evoked by stimulation has been excised and after excision 

voluntary recollection seems to reproduce the same memory patterns. 

Ân area of mamory has been excised and yet memory remains elsewhere. 

P&rhapE these mamory patterns have been acquired in the opposite tam­

poral cortex as well. We know that stimulation has avoked eighteen 

memory patterns from the right temporal lobe, and eleven trom the lett, 

therefore this representation may occur on either aide. Since we haTe 

neTer evoked involuntary recollection axcept in the temporal lobe, it 



seems reasonable to conclude that these ramaining memory patterns 

lie in the opposite temporal cortex. Both the patterns evoked by sti­

mulation and those remaining atter excision are available tor volun­

tary recollection, conscious inspection, eamparison with present ex­

perience and tinally, interpretation. !his is signiticant because 

it may imply a central eoordinating mechaniam connecting the two tem­

poral lobes. Coordination by this mechanism includes both memor.r ar~s 

and involves comparative action, comparative analysis with present 

se~y data and the existence of a state or eonseiousness. 
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INVOLUNTARY RECOLLECTION RESPONSES (Table I) 

Initial Stim.lio. Coordinat& ~ No. ~ 

18 L 1-0 446 Rt. 

24 L 1-1 446 Rt. 

T.s. 14 649 Rt. 

N.c. 23 L 2-0 657 Lt. 

Lateral SUrface 

Patient sai d i t made her tr;v to imagine a 
:tam111ar song. It ia not that she heara the 
music. 

Voltage 

Patient said "no", then said "it reminded me o:t 3 v. 
a song, but I do not know what song 1 t was". 
Repeated: "Right there•. When asked what ahe 
meant, ahe said i t reminded her o:t a song. 

"Slight blurring on the street corner•. When 5 v. 
aaked where, he said •south Band, Indiana ••••• 
Jacob and Washington.• 'lhen asked about it, he 
said he seamed to be looking at himself at a 
;vcunger age. 
Repeated:•I :teel as though I am going into an 
attack". When asked why, he said, "That music 
tram the stage hit, 'Guys and Dolls' •••tt 'llhen 
asked which song in this play he eaid he did not 
remember. When asked whether he remembered it 
he said it was more like an orchestration. When 
asked whether he seemed to be there or was re­
membering it, he said, "I aeemed to be there.• 

"'It made me think: ot a baby song, I cannot think: 2 v. 
o:t the worda.tt 
Repeated: tti had a little pain in my head. I again 
thought o:t the song."' When asked what song, she 
said, "That baby song - The War Ma.rch of the 
Priests." 
Repeated without warning: After withdrawal, the 
operator said, "'You don't notice an;vthing, do 
;vou ?" and she said, "Yes, I was try-ing to iden­
tify' the song." When asked i:t she would lib me 
to stimulate again, she said "Yea". Stimulus 
waa applied, and atter a time, she began to hum 
and hummed an air quite accurately- and then she 
aaid, "'It is the War March of the Priests". 
Repeated: Patient was asked it she heard the air 
and she said ahe heard another one which sounded 
ver.y much like WWar March ot the Priests". She 
added that it was not a baby song atter all. She 
thinks the tiret song she beard waa a baby song. 



Initial St~.No. Coordinate SP No. 

N.C. 23 L 2-0 65'1 

S.B. 17 L 3-0 590 

N.c. 20 L 3-2 657 

s.B. 16 L 3.5-0 

R.L. 14 L 4-0 545 

a.w. 30 L 5-0 

a.w. L 6-0 594 

Si de -
Lt. 

Rt. 

Lt. 

Rt. 

Rt. 

Rt. 

Rt. 

36. 

SUJII1lal"Y Voltage 

(Continued) 
Aa a tinal test the patient ia asked to let me 
know when she hears the sang. Atter s cme delay 
Point 23 was stimulatecl. When aaked what it 
was alla said all ahe could tb.ink ot waa the 
"War March of the Priests•. She says ahe haa 
the Ballelujah Chorus on a record at home anet 
this is on the other sida of it. lhen asked 
what it is she hears, ahe says it is just an 
arrangement of the orchestra and no voice. She 
is only able to hum 1t part way and she added 
that she does not know the worda. 

•something I have heard of, but I cannot re­
member it ••••••••" 

"I feal like a sick spell"· Stimulus waa with­
drawn. She then addecl "Kother is talking to me•. 
Repeatecl: Patient laughecl. When aslœd what had 
happened she said, WWell, it is kind of a long 
story, but I will tell you.• Stimulus waa with­
drawn. She went on to explain a rather CCIIlpli­
cated si tua ti on and then said ahe said to h.er 
mothar, -non•t forget the fabulous feeling". 
When asked if that was something she sald to her 
mother, ahe said yes. When asked what her 
mother said, she said her mother mocked her. 
When asked whether it waa a dream or sœething 
a he remembered, sha excla~ecl -No•. Then she 
said, "I took lifT arm and brought 1 t down on the 
plate and broke the plate all to pieces.• When 
asked wbere 1 t was, she sa id in ber home in 
Richland, Washington. 

2 v. 

2 v. 

Patient described the following during continua- 2 v. 
tiœ of stimulation: ftSCIDethh:g bringa back a 
memory •••• I oould see Sevan Up Bottling 
Companr ••••• Harris Bakariea ••••••• • 

"It soundea like a voice saying worda ••••••• 4 v. 
'1imm7••••1~ ••••• 11mmy'" When asked ahe 
aaid i t was her hus band' s name and what alla calle 
him. She recognized the votee of her busband. 

"I beard aomeone speak1ng • • • • lD1' mother "telling 3 v. 
one of ~ aunts to come up tonight. 

"My motb.er ia telling my brother he has got hia 3 v. 
coat on backwards. I can just hear them •••• • 



Initiai Stim.No. 

R.W. 38 

R.w. 31 

M.N. 18 

M.N. 

c.F. 1. 

Coordinate sr No. 

L 6-0 594 

L 7-0 594 

L 7-0 6&7 

Si de 

Rt. 

Snrrme.ry 
(Continued] 
When asked 11' he remembered 1 t, he aaid, "Oh 
res, just be1'ore I came here •• ••" When ask:ed 
if he tbought these things were like dreams, 
he sai d, "No". 

37. 

Voltage 

3 v. 

Rt. "Seme as be:f'ore ••••• m:y mother telling 'IJJ1' aunt 3 .,.. 
over the telephone to come up and Ti si t ua. • 

Lt. Patient aaid "Oh y-es, there ia something•. A. 3 v. 
little later ahe said, •rt is like music in 
the background". 
Warnipg without stimulation. Nothing. 
Warning with stimlation. Music ahe thinlœ ia 
like an orchestra. 
Stimlation along the tirst temporal convolution 
from betore backwarda produced nothing until 
Point 12 ia reached, and then she said, "There, 
I hear the music". 
Electrode was kept in place. She was asked to 
let us know when it had stopped. Very- shortly­
after withdrawal she satd it had stopped. When 
asked, she said 1 t was ei ther an orchestra or an 
organ. 

L7-o 667 Lt. Re-stimulated: Patient said •oh, i t is music". 3 .,.. 

L 8-0 

There was atter-discharge. She was asked to 88.T 
when it stopped and she said •No• and at this 
moment the after-discharge had disappeared at 
electrode 3. When asked, the patient said she 
heard the music. 
Repeated: Patient said, ~tHo". Then she said 3 .,.. 
"Oh". Uter a little time, she said "Music, too 
ter away- to be able to name•. When asked she 
sai d i t was like the music she has been hearing 
with her attacks since coming to hospital. 
Repeated: Patient said, "No, nothing• and then 3 v. 
ahe said, •oh no, it is music, but it ia too t'ar 
awq". There was a 1'lattening o1' the record t'rom 
the electrode adjacent to Point 12. 
While stimulus was continued, patient said, "Oh, 3 .,.. 
ao many things are happening nay t'rom rou can­
pletely-." When asked afterwards what she said, 
she thcught she beard something but she cculd 
not sq tor sure now what it ia. 
Repeated again wi thcut warning, patient aaid, 
•r cannet haar words, but I can haar •••••• I 
cannot say- the word." 
Re-stimulation now produces nothing. 4 v. 

203 Rt. •Familiar stght danced into my- mind and away- Thr. 2 
again". 
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Ini tia1 Stim. No. Coordinats SF No. ~ Voltage 

n.F. 23 

n.F. 24 

1.T. 24 

17 

Sup. sur:t. 491 
3-1.5 

Sup. Sur:t. 
3-1.5 491 

SUp. SUr:t. 546 
3.1 -1.5 

Sup. Sur:t. 601 
4-1 

SUperiar Surface 

Rt. Repeated: "I hear sane music". Repeated wi tb.- 4.v. 
out warning. "I hear the music". 
Repeated without warning. "I hear the music 
again. It is like the radio.• 
Repeated wi thout warning. "I hear i t." She was 
asked to tell us about 1 t, and hummed the tune. 
When asked, she said she never noticed that be­
tore an attack. 

Rt. Repeated without warning. Patient said "A :tunny 4 v. 
sensation •••• • On enquiring, patient said it 
was not a question o:t being made to think about 
it, but that she actually hears it. This hua-
ming is carried eut in time wi th the music which 
she hears. 

Rt. He e:xclaimed, "Yes, Doctor, Yes, Doctor, now I 3 v. 
hear people laughing - my :triends in South 
A:trica." He was asked i:t he could recognize who 
they were, and he said, "Yes, they are two cou-
sins, Bessie and Ann• They are both girls.• 

Rt. "I just heard one o:t my children speak:ing." When 3 v. 
asked, she said it was the older one, Frank. 
When asked what he said, she replied, "I could 
not get that." "There was some other noise at the 
same time,"and when asked what it waa, ahe said, 
"Neighbourhood noise". 
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Involuntary Recollection Responses 
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Case, T.s. No "649 (Fig. 4) : Stimulation evoldDg involuntary 
recollection. "Slight blurring on the street corner •••••••••• 
South Bend, Indiana ••••••••••••••• that musie from the stage 
hi t, 'GUys and DoUa' ••••••••• " 
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Case, G.~., No. 601 (Fig. 5) : Stimulatio~ evoking involuntary 
recollection. •I just heard oné of my children speaking.~ When 
asked, she aaid, •I could not gat that. 1,'here was sane other 
noise at the sazœ time,• and when a:sked what it was, ehe said, 
"Neighborhood noise•• 
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C•s•, n.r. No. 4~1 (Fie. 6) : ~r haar the mu•ic •••••••••• I hear 
the music aga in ....... It is the radio •• ·'· .'l'he patient was able 
to hum the tune with such accuraey tha.t it was quickly recog­
nized as WM&rching Along Together. 



45. 

El 

/ 
/ 

Fig. 6 - C ase, n.F. 



. ' 



··:• 

! : • 

. . . ' . -,, ; ,, 

:· __ :.• ' l i · .. ' r·; _,_ . 

. ; 

·'' 
·'' 

.·., 
.· . ~ 

•.. ~ , ·- ..; : ("~ • .... 
.·T . 

;:_,.t! d 

. •.) 

46. 

..• J~)t · . · ·.:·;:J ( -:-·.-":::l'" 
"' . . ·J~ <!.b il~I:~ 

9! 'l'! ~· :·: ~f-;t' 



Case, J.T., No~ 546 (Fig. 7} : Stimulation provoking an inYoluntary 
recollection. Thil!l patient had ~xperienoed e.ttacks beginning with 
a sensation in the :forehead and e;res, be:fore operation. A right osteo­
plastic craniotomy was carrie4 out, and a grayish, avascular neoplasm 
was diseovered in the posterior temporal region, After stimulation at 
Point 7 wi th 3 volts, using the B.a.hm StiEW.lator, the patient expla.in9d, 
"Yes, doctor ••••• yes, doctor •••• now I hear people laughing •••••••• my 
:f'riends in South A.t'rica •••• " Re was asked if he could recognize who 
11hese friends were, and he said, WJ'es, they were two cousins, Bessie 
an4 .A.nn. They are both girls•• Be did not know 'Ilhat they were laugh­
ing at, but thinks they must have been joking. 
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Fig. ?a 

Opera.ti ve Photograph. 
StL~ulation producing involuntary 
recollection. 
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<f!ss• · ~.L., No. 549 (J'tg. 8) S:Umlation w.ocluei ~ involuntary 
r~o-ellection •. .1tter qposure in a. rtgb.t o&-teopla st ic craniotomy, 
·atimulation at 14 Wi'* 2 TOlte caueed the patient to say, •rt 
aounded lilœ a voiee saying woras •••••• Ji.llll!Y~ ••••• Ji.mmy ••••••• 
JiiilllY• ••• • When asked, she said it waa ber husbani 's rœme, and 
what alle calls him. Sh& reeognized this as the voi ce of her hus­
band. 
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2. ILLUSIONS 

When after e. long separation, we10see egain the face of an old. 

friand, or revisit the scenes of childhood, we know at once what is 

familiar and what is not. Minutes betore the encounter it is doubt­

tul if many of us could give an e.ecurate account ot the triend's 

face or the original childhood acene. Yet the changes ae .. obvioua 

to us. It is not the individual feature such as tbe nose or the 

church door which seems strikingly familiar, but the com~osite pic­

ture. This enti ty we quickly compare wi th our old DelllOry record 

and wi thout apparent effort produce a juàgJ:Iaent that the t'ri end is 

well presernd or the oli town 12huged. ~ :tri end' s face and the 

town •quare have served as adequate stimu1i to an area of !Mlllory re­

cords. Our recollection of these people and places haa been stirred 

by a more natural sttœulus than tha eleetrical carrent deseribed in 

the preceding section, to bring traePle.nts of the m:emory record to tJae 

surface of consciousneaa. 

It does not s&em unusu.al that a chance eneounter wi th old 

friands or childhood seenes should conve7 a sense of faziliarity, but 

1 t is important that thia occurs coneerning features which we could 

not voluntarily recall. This ia of particular interest in regard to 

our discussion on mamory mechanisma since it seems to provide evidence 

that sane mamory records exist beyond the scope of voluntary recall 

and w i thin the range of an adequate erternal stimulus. It is also 

evidence of a mechaniam tor comparative e..nalysia of past and present 

experience. 'flle sense ot tamiliari ty signala this tunct1on in sub-
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jective experience. 

We are here directly interested in ~he sense or ramil1ar1ty whioh 

otten aecampanies aad aomet~ precsàes thase recollectiona. The 

taee ot a pas~-b7 on the street .may seq f'aailiar, bat we are un-

able to ievelop the brpreuion beyond the sense or raailiarity. Late:r; 

the pasaing face preTes an adequate stimulus to recollection. !he 

aen.se or tamiliarity, hnever, signala this action. It is not at 

tiret directed to the nose or ayes or a single part of' wear1ms ~pa-

rel. Wa eimpl,- aar, *nat man loùs f'amiliar•. In so 4oing a nonel . ~ ~ ~ 

':' .. - ....... 

judgment bas been ma4•~ . Rvwé'ver, the ~4tnse or ramiliari t:r sometim .. 

occurs wi thout logical s'\.i.JJI.l_lua• When · •1s ocew-renea. is without ap-
"~"-. 

peret cause and ia frequqt, we SSl" it ia abnormal. It bas caae to 

be recognized as an aberrat~on ot judgment, a distortion of ~ normal 

and may be a warning or an epileptic procese within the temporal lobe • 

. In i ts abnorilal :t-e:rm, ·;l. t was. de seri bad by_ Jackeon: as "" •daj• vu• 
' . 

· aensâtion. 

B7 aeam.s or eieé-tr1cal stimula~J.ol:l. Ot the_ temporal lobe, we have 

produe.d a •teeling or tamiliari tytt teur ttmas in three patients. In 

one of these it was called a •reeling Ct repetition•. In an additiooal 

case, the patient (~.} had a feeling or raminiacence coneerning a 

thought whieh •entered his head• during stimulation. W8 have receg-

nized thie r~eling ot tamiliarity in othar casas as part or an apilepw 

tic pattern arising 1n the temporal lobe• !he attmnlationa which were 

f'ollowed by a •teeling of ramiliarity• are diagrammad as te location 

in the temporal lobe in Fig. ~. 
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Let us examine a caee in point to provide evidence and perhaps 

material for turther dis~ssion. K,L. is a young man of twenty-

seven. Re had a dittieult birth and began to have attacka at the 

age of eighteen years. H8 described his frequent minor attacks as 

b&ginning with a feeling that things h• looked at were suddenly 

:tamiliar. These things oceasionally seemed larger to him. Hia be-

havicur then beoame automatic. There •as a great deal o:r electro-

graphie abnormality over the right temporal lobe with a max~ OTer 

the inferior anterior surface, ·.A~ ~••1ation his right temporal lobe 
1 • • . 

was exposed. Stimulation at ~·volta thrbugh.Point 1~~ on the late-

ral surface of the second témporal convolution (rig. 10) and 1nto 

the third convolution, at a depth of 1 cm, 1 eaused the patient to 

aay, "'Nothing•. Re explained aftanard·that it was as if he ware 

having an attack. When asked why, he said, "'Because things aeeœed 

familiar. as thdngh r bad bettn through thi~ bafor••" !he ·.u.muiation 

itself must have been·deep in the thirt temporal convolutiQR near 

the tloor. This w~s close to a previous atimulatio~ at the same Tel-

tage. . . ' . . . . . : 
.Again, wheli' 'lstimulated with 2 ·Tbl••• ·oa the lateral surface. ot 

the uncus, ha had the •:reeling lika before an attack•, and repetition 

produced the se.me reault. By this he mea.nt "the feeling of tamili-

ari t;r•. 

It is clear that thia patient had not been in our operating roca 

betore, nor was there anJthing in his previous experience comparable to 

craniotamy and cortical stimulation. Howaver, following application 

ot a 2 volt· current to his uneus and third temporal eonTOlution, -. 

hctd made a false judglllent concerning his present experience, SoaellOll 



a most unfamiliar acene had for a brief instant seamed completely 

tamiliar. This illusion was not directed at any single object or 

person but included the entire panorama of present experience. 

A.tterwards he deacribed 1 t as •oTerpowering" but at iha t~ he knew 

the judgment was fe.lse. That ia, while we e.ctivated one part of a 

machanism and provoked it to a false conclusion, another part aetea 

normally and provided information the.t the "feel.ing of tamiliarity•, 

al though •overpowerinc• waa false. !he" DalSt have been an integra-

tien of these mechanisma ao complex as to arrange tor s~ultaneoua 

action and consequent appreciation that the judgment was fals.. 

How does :\his abnormal': feeling ot .. f8.ailiar~ t:f coq>arê wi th the 

normal feeling of familiaritr that comas with recollection after ade• 
·. 

tuate external s11mulua t It is not fQell~tecf di:netly on a· parUOUW 

objec't ar GbjHt~ in tlle ilmaediate enviro~ent·, and ts, u iulsaid 

la. ter, •overpowering•. 'l'lie normal seua ot familiari tr 1s not over-

powering. It tollows an encounter with elements ia the present en-

virement on which one haa. focuMd oeascious a.-ttention in the past. 

Both the normal and abnorJDé.l ·s'anse ot fami.li.~uri tr co mey an awareneaa 

of recollection. A.ctual recollection 'follcnra the normal sense o't 

familiarity but does not oceur following the abnormal. In the nol'llal 

a sense o't familiaritr signala the comparison ot present experience 

with similar past experience• In the abnormal, the feeling of famili• 

arity occurs without subsequent comparison ot present experience with 

aimilar past experience. .Lpparently, cœparison 18 attempted, si nee 

the indiTidual knows at once that the teeling ot familiarity ia talse. 

'rbe signal hoiet affirma a ftlnction which callllot occur. n a&eJU 1m-

ponant to report that both feelings are somehow related to the mecha-
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nism of recollection. 

In the case of E.L. cited above, another stimulus evoked a dit---
tarent type or abnomal experience. This preceded the sense of tami-

liarity which we bave just describad. The stimulator was introdueed 

at 1g3 on the second temporal convolution and directed to a deptb 

of 2 em. reaehing the third convolution. A.tter atiDlllation ber& wi'th 

a volts, he aaid, -Feels like an attack coming on•. When asked w~, 

ha said, •Beeause everything looks funny•. When this was repeated ha 

said, "There we go again •• ••• 'rhings looked as if they were sidewaya a 

little•. He understands that there is no actual distortion of hia 

extarnal environment and is aware or an involuntary false conclusion 

ro.nzent has been misinterpreted. !'hia miainte:rpretation haa been aub-

ject to conscfoua inspection and voluntery correction. le haTe avok&l 

a Ddsinterpretation of present experience from ens temporal loba and 

yet there has been a simultaneoua Toluntarr correct interpretation. 

Perhaps this indicates that he is malting the correct judgaent with the 

opposite temporal mechaniaa and the tao are theretara eoordinated by 

maans or a higher agency whioh is central in location. 

In the case of.!!!!!,, a man or twenty-six, whose at"lacks began in 

the right temporal loba, atimulation at Point 12 on the inferior sur• 

face with 1.5 volts (Pig, 11) cauaed h~ to aay, Wias, in my mdnd I 

had a feeling as though I wera standing u:p and dropping over tœarda 

tU floor.• When he was asked if th!e eould posaibly have baen lUce 

an attack, he replied that he had a feeling of tam111arity as th~ 

be had dona it, although he does not raaember doing anythiDg lib this. 
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The surgeon noted that the point is directly over the petroua ri~ 

and slightly aaterior. 

In this patient stimulation has evoked a false sanaa of remini-

seance in association with a talee interpretation or ~ediate ex-

perienee. !he patient t'eels that hia pos1 tfon is changi.ng. ill :rela-

t1on to the external environment. and this talse sense of bolilT 

displacemeat seems briefly familier. Despite this eompoundimg ot 

illusion, l\e bows that the experience i• not femilior and '\hat a 

ia not talling. 

A sense of faailiarity wa.s again produced in the case ot a.s., 
~ 

w!Lose first temporal g1J'Us· waa S.tiihulated in the region close belftl 

the lower end of the central tissure 't Points 24 and !5 with a our­

rent of 3 volta (Fig. 9). Atter at!Blla tion he. said, "A slight 

feeling of faœiliaritT ••••• • ~oint &5 produced the s~ result 
~-- ' - . ' 

wi th '\b,e aeae curr.nt. . a-re ·the feeling ot. f'811l1lio.ri ty· le !lOt. 41-. . . ·~ 

rected toward any particular object, action or scene. The patie.!lt 

again undt.r,tood tbat· 1here was nothing actually r.ü).iar' in the 

enviroiJnent. 

In these cases we have provided exaœples of illusions in whieh 

the patient f'elt the tmmediate situation or environment was tamiliar. 

In the case ot ,A..R. an 1llus1 on ot po si t ton accompa.nied the sense et -
tamiliarity. ~· thought that objecta in his enTiroœent •1ooiraa 

Sametimes stimulation has produeed a sense of' individual dia-

location with regard to the enviroDBent. AB tor example in the caae 
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ot G.A., on stimulation ot her tiret temporal convolution close to -
the lower end of the central fias~, • I have a queer aensation aa 

if I ware not thar••••·• Again, in the case of D.A., who felt as it 

he were • •••• out of this world•. rue was produced at a point on 

the second temporal convolution with ~volts and later from the peri-

insular grey in the stump of the amputated temporal lobe with 4 volts. 

Each ot these three individuals bas made a statement eoneerning 

his relationship to his immediate anvironmant. In thair oan words, 

thesa people deeeribad a sense of separation trom the immediate sur­

roundings.. !hi~ mtsintSl'pretation or•"'.ti~-- l~dividu.l.'if envirolJlBitD.tal 

ralationship is coincident with an aeeurate understanding of its 

talsèhood •. It may ba similer te •thËl-- "minta~ diplopie.• 4esori'bed. by 

H~ 1aelœon. !'erhaps this i Il e"fidane'e ·et a meehan1Sl!l whieli in -the 

normal is continually interproting the individual's ralationship to 

present experience • 

.l.nother tYPe ot i:Uusion tollo1ted _stimulation in the case ot 

,!!!•, who h.ad attaeks arising in the r~ht temporal lobe eharaeterized 

'by a sense ot •inoreased awarenes•• preceded by a rising epigaetric 

sensation. He telt more aware of elements in the immediate environ-

ment. At operation, stimulation of his right temporal lobe at Point 

11 with 2 volts was tollawad by a sensation in his right toot. He 

asked that this ba repaated because he felt the increased awareneas 

which he associated wi th his attacks. Point 11 was wi thin the tiret 

temporal convolution anteriorly. Atter stimulation deep to Point la, 

which lay on the second temporal convolution posteriorly, he thought 
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things seamed more distinct. 

By saying "Things seemed more distinct~ this man meant that he 

was more acutely aware of objecta within his environnent. These did 

not change aize, seem nearer or farther away. He was simply more 

conscious of their presence. There is no implication that his visual, 

auditory, olfactory or ether sensory faculties became selectively or 

generally more acute. The sensory information presented by these 

faculties for conscious inspection se&ma more distinct in his mind. 

In som.e of his attacks he became more aware of certain objecta, such 

as the corner of a desk or the pressure of a seat cushion in a car, 

but no particular sensory mechanisa was selected. We may say that he 

is interpreting sensory data from his environment in a usual fashion, 

but that he is more aoutely awa.re of that interpretation. His com­

parative analysis of present experience is normal, but he is abnormally 

aware of this analyste. The abnonnal interpretation follows stimula­

tion and is involuntary, but it is voluntarily correeted by normal in­

terpretation. 

Stimulation about the audi tory area in the temporal cortex has 

often caused the patient to misinterpret the quality of sound in the 

environnent. In the case of w.w., stimulation at Point 14 on the left 

temporal lobe, with 3 volts, eaused the patient to say, ~ voice 

sounds as though it were in a space where it might echo•. This was re­

peated, and the patient said, W!es, an enclosed soundw. Point 15 close 

to 14 was stimulated with the same eurrent and the patient said, •Yes, 

detinitely, an enclosed sound~. These points are on the lateral sur­

face near Heschel's convolution. His response ia stmilar to that of 
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others who bave said tbat the voices of those in the operating roam 

aound more distinct, loud•r, or often mèrely •different~. All ot 

them, including this patient, knew that the voiees had not aetually 

ehanged. 'they understand that they are somehow misinterpreting the 

sensory data. 

In aummary, we have evoked by eleetrical stimulation 21 pay-

chical illusions in 17 patients; 8 trom the left and 13 rroa the 

right. Theae illusions (Fig. 9) of familiarity, bodily displaee-

ment, individual dislocation, increased awareness, and changes in the 

appee.rance and sounds of the immed.iate ~nvironment, ers all misinter-o 

pretations of present experience. !,bey aré subject to conscious in• 

speetion and simultaneeus correcthli. Ia.each case the individual 

unllerstands that an involuntary misintel"Pretation has oceurred and 

aimultaneously makes a voluntary correct interpretation. This aight 

sus&est tbat we haTe activated an area coneerned with judgment or cam-
, . ' .. '• 

p~a.t·~Te analysis oi immediate sensory dé.'te., distorted its f'11.nction 

and eausad a talee judgment. Meanwhile, another area with similar 

tunction ha~' evolved ,a correct judgment. o:r interpretat:f,on. The valid 
'.·' 

interpretation may haTe resulted from normal activity in the opposit• 

temporal lobe. This asaumption i s not unraasonable, si nee we ba.Te 

evoked 8 illusions from the left and 13 trom the right temporal lobe, 

thns showing that misinterpretation of present experience can be pre-

duced on either side. There must have bean rapid coordination of the 

normal and abnormal judgments since the individual is aware ot 8oth 

the correct and incorrect interpretations at the same time. This co-

ordination must include incoming sensory data because it forms the 

raw material tor perceptual judgmentor interpretation ot present 



sensory experience. Here, then, we have postulated the existence of 

a mechanism wh1ch coordinates the two temporal lobes with incoming 

sensory data from the inmediate external environment. Surely this 

must be central in location and tunetion on a high phyaiological 

leTel. 

60. 



Initial Stim. No. Coordinats SF No. 

L 1-.5 588 

D.A.. 14 L 1-1.5 358 

R.w. 11 L 1.5-.5-ld 518 

H.D. 14 L 8 - 1.5 353 

R.s. 24: L 2.5-0 507 

B. McK. 28 L 2.5-0 470 

L 3-2-2d 550 

L 3-2-ld 560 

R.D. 13 L 3.5-0 353 

15 L 3.5-3 446 

R.s. 25 L 4.5-0 507 
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PSYCHICAL ILLUSIONS (Table II) 

Si de Summary Vol tage - Lateral Surf'ace 
Lt. ~A feeling of quiet all around my body~. When 3 v. 

asked for an explanation he said, W!our voies 
is quiet and I have a feeling all around my 
body as though waiting for something to happen.~ 

Rt. Repeated: "Out of' this world". No signiticant 2 v. 
atter-discharge. 

Rt. Repeat~: with the electrode probably in the 2 v. 
tirst temporal convolution, produced sensation 
in the right foot. Patient then asked if it 
could be repeated because he f'elt as he does in 
an attack, an increased 'awareness'. 

Lt. ~As if' I wasn't here". ltv. 

Rt. "Slight feeling of familiarity•. 3 v. 

Rt. -There is a funny sensation which has been coadng 3 v. 
over me, as though I were fading from this room". 

Rt. At a depth of 2 cm. a~e thing. •Feels like en a v. 
attack coming on.• When asked why, he said, 
"Because everything looks funny". When aslœd 
what he meant, he said the machine looked f'Unny, 
just like in one of his attacks. 

Rt. At a depth of 1 cm., patient said abruptly 2 v. 
•nothing". He explained afterwards that 1 t was 
as though he was having an attack. 
There was an activation of' many isolated spikea. 
Direction from Point 19 was a little downward. 
This last stimulation must have been deep in the 
third temporal convolution where first stimulus 
was, near the floor. 
When asked about the previous stimulation he said 
it felt like an attack and when asked wby, he said 
because things seemed familiar, "as though I had 
been through this betore." 

Lt. He felt queer ••••• "All sounds seemed to be distant".lty. 

Rt. 

Rt. 

"I felt as though my system were apart from my 
mind". 

"••••••• a feeling of familiarity". 

3 v. 

3 v. 



Initial Stim. No. Coordinats SF No. Sida 

0 

R.w. 12 

14 

3 

l 

2l 

A..G. 

24 

L.G. 13 

L 4.5-0 128 

L 4.5-2.5 518 
2.5d 

L 5-3 651 
1.5d 

L 5.5-0 128 

L 6-0 128 

L 7.5-0 272 

L 8-0 432 

L 8-1 332 

L 8.5-1.5 443 

Rt. 

Rt. 

Rt. 

Rt. 

Rt. 

Lt. 

Lt. 

Lt. 

Lt. 

Summary 

Patient said "I have a queer sensation as if 
I am not here•. Then a little later, •As 
thrugh I were half' and half' here.• Thia 
lasted about 30 seo. Says ahe never had that 
feeling bef'ore. 

When asked whether things looked different he 
said he could not say but thought they did. 

Patient said •Ah" and then tti just got the 
taste I get betore my attack." Stimulation 
continued and then withdrawn. After with­
drawal, he said "I had the feeling of' repeti­
tion too.• When asked to explain he said, 
"It is a feeling that cornes over me as though 
the twhole set-up' had occurred bef'ore." 

62. 

Voltage 

Thyratron 

2 v. 

5 v. 

"I f'eel like I am going away again". Continued Thyratron 
a rew seconds after stimulation. 

"I feel queer•. Feels as though she were Thyratron 
f'loating away. Feels as though arm were 
moving • Wi th t hi a f'eeli ng, Dr. Sant ha re-
ports a choreiform, athetotic moT&ment, lert 
arm. Patient said, "Am I here ?a 

Repeated:"I f'elt as though I were staring in- Thyratron 
to apace. I could see everything, but my mind 
was different altogether. 

"Things are distant". When asked whether it 
was a sound or what she saw, she said,"Your 
voice." 

"Sanething etrange and unnatural in my thoughta". 

A thought entered his head whioh he seamed to 
have had before. 

2 Te 

3 v. 

2 v. 



Initial. Stim. No. Coordinate s:r No. Si de 

E.L. 15 s • 5-1 552 Rt • 
2 

R.S. 30 s 1-.5 507 Rt. 

R.s. 31 s 1-1 507 Rt. 

A..H. 12 I 5-4 348 Rt. 

20 Unous 560 Rt. 

63 

Summar;y Voltage 

Superior Surface 

"Things seem far away" 3 v. 

Feeling of familiari ty. 4 v. 

A feeling of familiari ty and it made him a 4 v. 
little sick. 

Interior Surface 

wyes, in my mind. I had a feeling as though I l§v. 
were standing up and dropping over toward the 
tloor.~ When asked whether this could possibly 
have been like an attack, he replied that he 
had a familiar feeling making him teel as though 
he had dona it, although he does not ramamber 
ever doing anything like this. He explained that 
this might happen during an attack and he would 
not ramember it. This point is directly over the 
petrous ridge and slightly anterior. It could be 
on what corresponds to the 3rd or 4th convolution. 
Repeated: Patient said,M I seem to be falling 
again"'. 

Un eus 

Lateral surface of uncus or anterior toit. 
Patient had feeling like before an attack. 
Repeated once, the same. He apparently means 
the feeling of familiarity. 

2 v. 
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Case, J.t., No. 560 (J'tg. 10} : Be explained a.fterward that 1 t 
was ae ithewere haVing an attack. Whanaakedwhy, he said, 
-necause things see.med :familiar, as though I had been through 
this bet'ore. • 
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aa .. ~.H.a No. 348 (Fig. 11) : Wfes, in~ mind I had a feeling 
as theugh I were atanUng up and dropping over towarda th8 tloor .• 
Wb&n as!œd it this could poseibly haTe been like an attack~ he 
Peplied that he had a feeling of' tamiliari ty, as though he had 
tone it, altb.ough be does not rameœber doi~ an;tthing like this. 
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5. PSYCHICAL HALLUCINATIONS 

The preceding sections provide examples of involuntary recollec­

tion of past experience and unusual interpretations of present ex­

perience which have followed electrical stimulation of the human 

temporal lobe. The same type of stimulation bas been followed by 

descriptions of other bizarre experiences. In ~hase, temporal stimu­

lation may evoke the description of a small scene or perhaps a voice 

calling. Neither elements of the seene nor the origin of the voice 

are in the external environment. The patient may say that he has 

~seen~ a man sitting on a chair, people talking in a roam, or a man 

walking with a dog. He uses the ~ord ~seen~ but both he and the ob­

servera know that the vision is within the mirrors of his mind and not 

in the world outside. The volces may be ~heard", but the hearing and 

the origin of the voioes are internal. The sounds are never simple 

tonal repetition auch as one encounters after stimulation of the audi­

tory areas. The images of such scenes are drawn from avery-day lite, 

and their source is in his ordinary activities, or else from his rea­

ding or the various forme of draœatie art to which he is exposed. For 

exemple, a small boy saw Mrobbers" during stimulation. The scene did 

not terrify him, and perhaps if real in origin it might have. Hawever, 

•robbersft are vividly deeeribed in many forme in stories and comie 

books. These hallucinations are complex constructions built with 

symbole from the records of past experience. 

The case ot ~· will serve as an individual example for study of 

these generalizations. We may compare it with othera of aimilar type 

and test them for relationship to the cases presented in the other 
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sections. ~· was twenty-tive years old at the time he undsrwsat 

craniotomy and cortical excision for seizures arising in his right 

temporal lobe. H8 had had attacks for six yeara. At first these 

were charaeterized by vertigo and by the sound of a votee calling 

hia name. Later they bsgan with an epigastric sensation. Seizurea 

otten followed unusual er prolonged voluntary recollection. Ba 

might try to remember it a taoe was tamiliar and as the conscioua et­

tort ot recollection progressed, an a\tack would begin. Be once aaw 

a light in the hospital ward which seeaed familiar, and as an attack 

began he re&lized that he had been trying to substantiate the f~ling 

of tamiliartty with recollection. Electro~aphio abner.mality waa 

maximal in the right temporal lobe.. '!hia was exposed at oparation and 

the first temporal convolution sUmub:ted with a volts, at Point 18. 

J1g. 12 illustrates the stimulation points in the case of ~· It 

should be noted that he waa a.goed witness and dtd not attempt to ela­

borate on the aensory responses as from the post-central gyrus at 

Point 4 in the face a:Pea, he s~mply said, -Numbness: in lett upper lip" 

when stimulated with 1 volt. 

After stimulation at Point 18 he was asked what he noticed. He 

bad not boen warneà. He said he was a little droway and not sure. 

"Someone was there in front of me, right where the nurse is sitting or 

aomeona.~ Point 19, more posterior on the first temporal convolution 

and closer to the auditory Br$8. was stimulated with the same voltage. 

He aaid, "I em trying to find the name of a song. i'here was a piano 

there and someone was playing. I could hear the song, you know. It 

ia a song I have sung betore, but I cannet find out quite what the title 

of the song is. Tha.t was what I waa trying to do when you tinishù 
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stimulation.~ Notice that he has been able to attempt voluntary cam-

parison of the imagery and sound in the hallucination with past ex-

periance during stimulation. 

It may be important that the tune is one that he has heard batore, 

but ha doas not see himself playing it on the piano nor does he hava 

a sense of having participatad in the scene. Yet all the elements are 

cammon to his experience and as he etudies them he understands their 

unreality as compared with his true surroundings. 

Stimulation at 19 was repeated with the same voltage and without 

warning. The patient was not asked a question. At the end of stimu-

lation he said, "Sameone speaking to another and he mentioned a name, 

but I could not understand it." Theae are not simple sounds, or simply 

a disembodied voice, but the voice of a person speaking. He is not 

frightened and the experience carries no emotional colour to him. When 

asked whether he saw the person talking, he said it was just like a 

·dream. When asked if the person was there, he said, "Yes, sir, about 

where the nurse with the eyeglasses is sitting." When 19 was repeated 

again, without warning, the patient sa1d, " Yes ••••• Oh Marie •••• Oh 

Marie ••• someone is singing •••• " When asked who it was, he said, 

"I don't know, doctor, I eannot recognize the voice". FUrther repeti-

tion at the same point with the same current produced nothing. The 

tourth time Point 19 was stimulated without change of current,he ob-

served during the stimulation, ~oh Marie ••• Oh Marie ••• " When asked 

what this meant, he said it was the theme song on a radio programme. 

"The Life of Luigi is the radio programme". There followed a dis-

cussion of the song with a member of the surgical team and the patient 



then sang the refrain, ~oh Marie •••• Oh Marie •• ~ which the surgeons 

recognized. 
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Here four hallucinations and one negative response have been pro­

duced at one stimulation point with the same current. Each is a can­

plete entity. He does not see or haar the parts being assembled, but 

only the final product. They are brier and often end betore the sti­

mulator has been removed. All are subject to his conscious judgment, 

in which he concludes that they are false, e.g., not within the ex­

ternal environment. At first, he ~sees" aomeone sitting, then a man 

playing a tune he can almost recognize. By simultaneous voluntary re­

collection he is able to focus his mamory mechanisms on this interna! 

experience in the brief interval of its appearance. The theme song 

of the radio programme is obviously stored within his recollection 

records. It is interesting to theorize that he has opened these to 

the stimulating current by voluntary control, sinee the appearanee of 

the song tollows close on his voluntary attsmpt at recognition of tbe 

piano tune. At any rate it seema that we have had access to multi­

synaptic pathwaya and that more have become available to stllnu!ation 

as it progressed. These patterns are also available to comparison by 

recollection and thus to the mechanisms concerned in comparative analy­

sis ot present and past experience. 

Row do these responses differ trom those we have classified as 

involuntary recollections ? An important difference is that there is 

no immediate sense ot familiari ty about them. The pa tient does not 

relate the piano player to his previous experience. Later he relates 

his description of the radio programme to past experience, but at the 
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time of st~lation he does not say, •r was sitting listening to a 

man playing the piano•, or •r saw myself sitting listening •••• ete.• 

Rather he sees the man playing as if for the first time. However, he 

bas heard the radio theme song before, and this is an example of an 

involuntary recollection related in origin to a psyehieal hallucina­

tion. 

In the same patient stimulation at Point 16 with 2 volts was 

tollowed by a description, ~amething brinks back a memory •••• I 

could see Seven-Up Bottling Company and Harris Bakery ••• • Bere the 

patient was aware of a sense of familiarity or reminiscence, and this 

response must tall into our category ot iDToluntary recollection. We 

may conclude that this sense of peraonal participation is anather fac­

tor which aeema to differentiate involuntary recollection response 

tram psychical hallucination. Both recollections and hallucinations 

use the same symbols the words and figures, the meanings and 

~es of the individual's past experience. We would not expect to 

evoke a hallucination of a Roman chariot in an individual who had no 

knowledge of chariots. 

Are these hallucinations comparable to anything in normal ex­

perience ? Perhaps they are related to the proeesses of imagination 

and day-dreaming. It is perfectly possible for a normal person to 

•imagine• a man playing a piano. Here what we call ·~agination• 

makes an abstraet of the records of the individual's past experience 

with regard to men playing pianos. The abstract is somewhat Tague 

and lacks the clearer imagery of voluntary recollection, e.g., of a 

specifie man playing a piano in a specifie environment upon which the 



individual haa focused his conscious attention in the past. In­

voluntary recollection may be even ~ore real• as in the case of 

Q.:!. abova. 

74. 

Similarly the psychical hallucination evoked by stimulation in 

the case of ~· is abstract and somewhat vague. He sees a man sit­

ting, any man, not one related or identifiable. Later a man is 

playing a piano. Now the soene becomes aore specifie. The patient 

can almost recognize the tune as one he has heard. This scene be­

cames almost an inToluntary recollection. After the next sttmulation 

he does have an involuntary recollection. He •hears~ a song which 

ia at once familiar. Further stimulation at Point 16 develops a 

clear memory pattern concerning a familier advertising sign. This 

ecene ie specifically related in his own consciousness to past ex­

perience. Thus it may be, perhaps, that involuntary imagination, if 

prolonged, may be followed by involuntary recollection. Similarly, 

in the normal, perhaps if voluntary imagination is prolonged by con­

tinued eftort, it resulta in soma for.m of specifie Toluntary recol­

lection. 

We ~ggest ~hat in these hallucinations there has been selection 

of indiTidual ~bols from several acquired patterns. These ara 

grouped for conscious inspection. Continuation of the process of 

selection of one or all of these separate elements may focua con­

scious attention on an entire acquired pattern of which the element 

is only a part. 

In this patient {~) the hallucinations did not bring with 

them any emotional colouring. He was not atraid, angry or depreased. 
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In general, the hallucinations whioh tollowed stimulation were not 

accompanied by ~ear or other emotion. However, fear may accompany 

involuntary recollection if it was part of the original past ex­

perience. Pe~ield and Rasmussen cite the case of Ii!•, a young 

girl, whose epileptic pattern seemed to lie in the right temporo­

parietal region. She had had a terrifying axperience earlier in 

childhood. The neuronal pattern ~orming the recollection records 

for this experience bad became involved in the epileptogenic pro­

cess. Stimulation here evoked an involuntary recollection of parts 

of this experience and she was conacious of its territying qualitiea 

and of ber previoua participation. As we will aee later, emotion 

can ba ev~ked tram the temporal lobe following stimulation, but 

when related to involuntary recollection or involuntary ~!nation, 

it must have been present in the original experience record. 

The case of ~.serves as a turther example. He was fourteen 

years old at the ttme of operation for focal cerebral seizures a­

rising in the lett temporal lobe. His attacks started in his sixth 

year. The minor attacks occurred only when he closed his eyes. ES 

would then sea a roem in which ha might have been, although he 

could not see himself. The room then became distant as if he were 

looking at it through the wrong end of field glasses. Thers was 

maximum electrographic abnor.mality in the left temporal region with 

some conduction to the right. 

At operation (see Fig. 13 & 13a), with his lert temporal­

parietal cortex exposed, Point 17 was sttmulated with 2 volts. This 

was approximately 7 cm. posterior on the temporal lobe and in the 
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plane of the first temporal convolution. He said, "Un homme 

battutt. When asked if it were someone he knew, he said, ~o, a 

stranger". When asked with whom he was fighting, he said he could 

not distinguish very much. Point 17 was repeated with 3 volts. 

Patient said, "Yes, a man •••••• tt He then explained he saw a man 

walking. When asked whether the man was in town or country he said 

he could see only a man and a dog. Point 19, more anterior than 

17 and closer to the anditory area, was stimulated with 3 volts. 

The patient did not at first respond. On renewal of st~ulation he 

said, "Chante un chanson". He explained it was a song he had heard 

before. When asked whether it was sameone singing ar an orchestra, 

he said he seemed to haar it. When stimulation was repeated with 4 

volts, a hallucination followed. The patient said a little boy was 

playing with another one, but he does not know what they were doing. 

When asked if he heard a song, he said, Wfes•. 

This boy understood that the man fighting and the boys playing 

were not in his ezternal environment. These are hallucinations, not 

involuntary recollections but all the images and sounds fall within 

the range of past experience. We should note that these occur far 

posterior on the temporal lobe and their location should be campared 

with those of the signifioant points in the case of~· 

Further comparison as to location of stinulation point and re­

sponse evoked can be made in the case of H.P., a young girl of fif­

teen years. Her problem has been reported at length by Penfield in 

1947 and by Pentield and Rasmussen in 1950. The case is reported 

here to amphasize the anterior-posterior extent over which psychical 
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hallucinations may be evoked. Following a stimulation at Point 18 

with ~ volts she said, MI am seeing somebodyft. When asked, she 

said it was the same sort of thing she sees in her dream, meaning the 

dream which characterizes her attacks. This was repeated without 

warning. Patient said after a ~ew seconds, ftit is ooming again". 

When asked if she saw somebody she said, ~re, a bo~. She does not 

know where he was. With 3 volts at Point 22 she said she felt dizzy, 

and said, "Dream is starting •••••• there are a lot of people~. When 

asked if they were speaking, she said she did not know. When aslœd 

where they were she said, •rn the living-roam". When asked if she 

recognized tham, she said, "I think one of them is mother~. 

All these points are in the anterior portion of the lateral sur-

face. They are illustrated in Fig. 14. If~· is compared with 

the case of R.W. who saw "robbers" after stünulation of Point 24 -
close to the temporo-occipital junction we may appreciate the wide 

antero-posterior extent over which these hallucinations may be evoked. 

Also we must illustrate the difference between responses evoked 

from the occipital cortex in which the patient sees coloured lights 

and the more complex phenamena cited above. This difference is tm-

portant because the coloured ltghts have been called hallucinations 

by some writers • 

. In the case of !:.!•, a housewife of thirty-two, we can compare 

a simple visual hallucination produced by stimulation of the occipital 

cortex with the examples of more complex voluntary imagination which 

have been cited above. The patient had her first major seizurea nine 
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months before operation and two months previously had begun halluci­

nating. She showed eleetrographic evidence of a destructive lesion 

in the right posterior temporal and occipital regions. At operation, 

stimulation of Point 22 with 4 volts caused her to see red, white 

and orange colours ott to the left. This point is on the lateral sur­

face of the right occipital cortex just above the leval of the calca­

rine fissure. Stimulation at Point 23 on the first temporal convolution 

with 3 volts caused her to say, ~e play •••• the men were talking ••• ~ 

When asked who they were, she said she did not know. This point is 

close to the auditory area. Stimulation at Point 18 on the same con­

volution with the same current preceded this. She said, "White 

Christmas". She meant she beard an orchestra playing the popular melo­

dy of that name. Tbese examples serve to differentiate the simple 

visual hallucination such as coloured lights frœ the more complex 

psychical hallucinations composed of imagery and sound. 

Fifteen cases cited in this section provide examples of psychical 

hallucinations. There were nineteen responses of this type, twelve 

frœ the right side, sevan from the lef't. These are small complexes 

of' imagery and sound summoned for conscious inspection by artificial 

electrical stimulation. The complexity suggests that they are repre­

sented in neuronal patterns. They are involuntary in origin but the 

patient can and does exercise voluntary comparative judgment con­

cerning their content and relationship to his immediate external en­

vironment. The symbole and images are those of' his past experience, 

and each hallucination is theref'ore in an acquired pattern. We have 
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diacussed one case in whieh a patient has compared the hallucination 

with pa8t experienQe by Toluntary recollection. 

The 1magery of these hallucinations is involuntary in produc­

tion, but aomewha~ aimilar ~o the aoenes and symbole of voluntary 

imagination. Thia type of response might be ealled involuntary 

imagination. 



PSYCHICAL HA.LLUCINA.TIONS (Table III) 

Initial St~.No. Coordinate SF No. Sida 

15 L 0-1 308 Rt. 

23 L 1-2 308 Rt. 

H.P. 22 L 2-1 308 Rt. 

18 L 3-1 308 Rt. 

H.P. 24 L 3-1 308 Rt. 

25 L 3.5-0 615 Lt. 

1? L 3.5-0 44ô Rt. 

E.c. x L 4-0 430 Lt. 

s.B. 18 L 4-1 590 Rt. 

Summary Voltage 

Lateral SUrface 

~d that dream •••• " 1~ v. 

"That feeling again." When asked what had 1~ v. 
happened, and if there were people in the room, 
she said she did not know. 

"Dream is starting ••• the re are a lot of people 1~ v. 
in the living-room ••••• I think one of them is 
my mother ••••••• • 

"I am seeing sanebody." When asked if it was the 1~ v. 
same sort of thing she_sees in the dream, abe 
said yes. 

"I fel t that feeling again •••• somebody i s in 
the room ••••• " 

Repeated. "There was tel king or murmuring, 
but I cannot understand i t."' A.pparently they 
resemble the voi ces she has heard be fore her 
attack. 

1~ v. 

2 v. 

"I seemed to hear a song, sort of familiar-like, 3 v. 
on the radio .tt 

Patient was naming things and named one object. 3 v. 
Then he said suddenly, "There he is". When asked 
what he said, he said, ':'Like a spell. He was 
doing tha t thing, grabbing something from some-
body ••••••• It was samebody elsa doing the grabbing." 
When e.sked what he was grabbing, he said, "A stick 
or something." When asked where he was, he said, 
"Up the street." He said that was like an attack -
"Doing that thing ••••• w 

"Soœone was there in front of me ••• rtght where 2 v. 
the nurse is sitting, or saneone ••••• " 



In1 tial Stim. No. Coordinats Sl!' No. Si de 

G.L. 15b L 4-l-2d 577 Lt. 

G.L. 15c L 4-l-2d 577 Lt. 

L.G. 17 L 5.5-1.5 443 Lt. 

S.B. 19 L 6-0 590 Rt. 

L.G. 14: L 6-0 443 Lt. 

82. 

Voltage 

Anterior at a depth of 2 cm. Patient did not 2 v. 
respond. ~ter withdrawal, she said,"Samething 
coming to me from something." ".l dream" • Wb.en 
asked whether it was like an attack, she said 
Wfes" (There was soma 4 seo. activity near 
electrode 5 - H1} 
Repeated without warning. Dr. Roberte switched 2 v. 
on the current and then spoke to the patient 
during the stimulation and she did not reply. 
A:tter cessation of the stimulation she was si-
lent for a time and then when asked if she no-
ticed what Dr. Roberts did, she said, "I don't 
know what you did, I was trying to see what they 
were doing." "The scenery seemed to be different 
from the one just before". She said, •r think 
there were people there, but I could not awear to 
it. That is what I call an attackllt. There was 
after-discharge at electrodes 5 and 6, a series of 
spikes about 2-3 sec. spike and wave form at 
electrode 5. Electrode 5 is marked C and Electrode 
5 is marked D. 
Dr. Roberts thought that following this induced 
attack there was a slight degree of aphasia. During 
the attack Dr. Roberts made gestures with his hand. 
When asked about it, she said yes, she saw his 
hand. - "I see the people in this world and in that 
other world too at the same time". 
This stimulation may be in first or second convo­
lution but is def'initely anterior. 

"Something flashed over me ••••• sanething I dreamt" 2 T• 

won homme battu ••• " When asked if it were someone 2 v. 
he knew, he said, "No, a etranger." When asked 
with whom he was fighting, he aaid he could not 
distinguish very much. 
Repeated: W!es, a man". He then explained he saw 
a man and a dog walking. When asked whether the 
man was in town or in country, he sa id he could 
only see a man and a dog. 

"Someone is speaking to another and he mentions a 2 v. 
name, but I could not understand it •••• I am 
trying to find the name of a song ••••• There was a 
name there and someone was playing •••• I could hear 
the song, you know •••• It is a song I have sung 
bef'ore, but I cannot f'ind out quite what the title 
of the song is." 

He them explained there were two men ai tting in 4 T. 

chairs singing. He doeen't think 1 t 18 the seme 
song he heard bef'ore. 



Initial Stim. No. Coordinats SF No. Sida 

R.W. 23 L7-4 594 Rt. 

c.::r. 1 L 8-5 203 Rt. 

15 L 8.5-1 626 Rt. 

ll.G. 1 L 9-.5 144 Rt. 

18 Un eus 577 Lt. 

Summary 

"Pain in my forehead and there were 
rôbbera.~ "B8 waen't in front, he was ott 
to the 1ett side.n There was after-dis­
oharge at electrode 2 and between alec­
trodes 6 and 7. Electrode 2 ia posterior 
to the stimulation. Electrodes 6 and 7 are 
about 3 aœ. above it. 

ltJ'amiliar sight danced into my mind and 
away again." 
Rapeated wi thout warning. Patient saw 
nothing. W)len aske4, said yeas, three or 
four thinga danced before his memory. 

Patient said, "Oui, 1l, ll, l'" and he 
began to atruggle. Stimulus was wi th­
drawn. When Dr. Puquet enquired atter the 
struggling waa over, ha aaid, •It was he, 
he came, that foo1 •••••• " 

"It' s a dreaDh The re are a lot of people 
I don't know the rest." When askaa 

wbether she hears or saea people, she says, 
"I don't seem to see them- I hear them. 
I don't hear them talking. I just hear 
their teat." 

Superior Surface - Unoua 

"I keep seeing thingas ••••• dreaming of 
things" 

83. 

Voltage 

2 v. 

Thyratron 
2 

3 v. 

Thyratron 
10 

2 v. 
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Ca•e, S.B., No. 590, Jig. 12 : (Point 18) ~omeone was there in 
tront ot me, right where the nurse is sitting, or someone.• 
{Point 19) "I am trying to tiDd the name of a song. There lfal!l 
a piano the re aJXI. someone was p1aying. I cou1d haar the ao~, 
yen know. It is a song I have SUDg betore, but I cannot tind 
out quite what the title of the song is." 
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Fig. 12 - Case, S.E. 



.. '' · ·~ lt .· 

86. 

,:· 



Case, L.G., No. 443 (Yig. 13) : Stimulation producing an hallucination. 
At exposure in a le ft craniotomy, this boyta temporal lobe was seen to 
be rather yellCM and tough, particularly on the under surface. StiDlllation 
at Point 1? with 2 volts, using the Rahm Stimulator, caused the patient to 
a&YJtl •on homme battu •••••• tt When aslœ d if it w are a aneone he knew, he 
se.id, "No, a etranger." W'hen asked with whom he was fighting, be said 
he could not distinguish very much. Stimulation at Point 19 with 3 volts 
and the same stimulator: the patient said at first, "Chante un chanson." 
He e,.:lained that i t Wfie a song he bad beard before. llhen aslœd whether 
i t was eomeone singing or an orchestra he aaid he seemed to he ar 1t. This 
wae repeated at 4 volts. The patient then explained a little boy was 
playing wi th "the other one, but he doe s not know What they w ere do irg. 
When asked if he heard a song, he sai d, -Yes.• 
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Fig. 13 - Case, L.G. 
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Fig. 13a - Case L.G. 

Operative Photograph. 
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Fig. 14 - Psychical Halluciœ ti ons. 



4. EMO'l'ION 

There bas been an emotional response following st~ulation of 

the tamporal lobe in six patients. (see Fig. 15) Four of these re­

sponses ware evoked from the left side and two :trom the right. All 

the responses consisted of descriptions of fear or ~ear with lone­

aomeness or aadness. There have been no responses to electrical 

stimulation which auggest rage, happiness or joy. In each of the 

six cases of fear, the feeling occurred as part of the seizure pat­

tern. Perha,pa·it is·signiticant that ln eu~ eX»erl.aca, emotion 

associated with epileptic seizures has always been described by the 

pat1ënt in tentts which suggest that. it is rtnpleasant. It ia not 

fear of the ee~zure, but rather· a sepa:rate fear or •ense Of fear, or 

in the words of one patient, • a fear which was independant of~­

•lP. 
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A teeling of fear ~ay follow interpretàtion of present expe­

rience in terms of past experieace or in recollection of a fearfUl 

past experience or perhaps without app.rent cause. Seme of the 157 

pa:t ients composing the entire s~ies bave expresaed varying deg:reea 

ot fear iuring the st~lation which follows craniet~ and perhapa 

this is na.tural, although the number is 8Ul'Prisingly small among 

patients young and old, male or tamale, of varied background and pe:r­

aonalities. However, 1 his type of :tear reaction is 't1Bually com­

pletely identified by the patient attd critical observera as related 

to the tanci&d perils ot th& aoment. A!ain, aaae ether patienta 

have had a sense of fear asaociated with the particular experience 



record evoked by at~ulation (as in the case of J.V., cited abOYe). 

This is also apparent in origin to the observera and oceasionally 

to the pa ti elit himselt. G.F. in another stimulation than the one -
cited in the discussion on •rnvoluntary Recollection•, was conac1oua 

ot an apprehenaion or a slight feeling ot tear, whan the street 

acene appeared to ber as an involuntary recollection. She had been 

apprehenaiTe in the original experience of which this ie a recerd, 

because ahe telt her child might be hurt in the street traftie. ln 

the original llituation tlüs sense cf tu.r was t~e ·r,tsult of th& 
. ·;' . ~. ·- .. ~. ' ... • 

rap14 ccrnpariaon ot' this exp&riel1o•'•i tla the recerd ot her paat ex-

p$rhace ot 'QQay st:reeta. . ftia appreheuion baari OR e..,..ratiT& 

ual.taia was d1t1"ere:nt trcn 'the fear whieh ahe ol'dinarily ~xp~ria.ncei 

ill her seizu:res and also f'l'om the t'eeling of tear which abe noted 

tollowing 4eep stimulation tbrough Point 16 on the lat~al surface 

ot the taœporal lobe. fila di tterence if uaent ially one ot El88l'H 

in Qat the seue of tear wh1ch pnceasa &D. attaek or which tcllowecl 

tb.e stimulation just ci ted 1 s more intense.. Further, i t ia aot as-

aociated wi th the conte:x.t ot a par'\icular experience or situat1on. 

It ia interesting to speculate concerning the œ.ture of this ap-

prehenaion which coeurs in same involuatary recollections tollowiag 

st~ulation. Its existence aight imply that there is not only a re-

oord1118 of the simple images and sounda as amall sequences fran paat 

experience, but alsc the comparatiTe judgments made at the time ef 

the past experience. 

Hcw&Ter, in the six examples of tear tollowing electrieal att.u-

---- -------------------------------------------
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lation which we are presenting in this section, none are associated 

with re~ollection. The case of~· will serve as an example. She 

was a young wanan of thirty-five years at the time of eraniotomy. 

Whan she was sevan years old she began to have attacks associat&d 

with fear. It is interesting that she had what she called "frights• 

from the age of three to sevan years and that her first attack beg&n 

after she had been frightened. At operation her left temporal lobe 

was exposed. Stimulation with 2 volts at a depth of li am. to Point 

20 on the lateral surface anteriorly caused the patient to say, 

• ••••• like the feeling before an attack ••••• stronger than most of 

them ••••" When asked to describe what sha meant, she said she 

thinks the feeling is in her head and is a frightened feeling. She 

amplifies this by saying it is a disconnection •••••" You are 

thinking along, then ~here is a sudden gap". When asked, she said, 

•This is not a feeling of fear because I am going to have an attack, 

it is a feeling of fear which is independant of myself." 

In another case, ~., stimulation with 3 volts on the superior 

surface on the left caused the patient to have an attack characte­

rized by staring, lip-smacking, swallowing and stiffening of the 

arma and legs. He was eonfuaed afterwards for a few seconds and then 

was able to say that he had had a scared, "lonesome feeling" betore 

the attack began. This was quite similar to that which occurred in 

his spontaneous seizures. 

These patients and the other four in the series were atraid with­

out reasonable cause. They understood that there was no reasonable 

cause for the fear. We .ma.y say that they had illusions of fear. 
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These are not the feelings of fear which follow insular st~lation, 

where the patient has a definite epigastric or thoracic sensation 

as in the case of N.K., who when stimulated on the anterior portion 

of the left Island of Rail with 4 volts said she felt the fear • in 

her chestft. It is easy to understand a patient associating epigas­

tric, abdominal and precordial sensation with fear. The normal in­

dividual who has bee.n startled !'requently reels a quick epigastric 

sense of movement. However, in the normal person, this sensation 

does not rise to the throat as it may following an epileptic dis­

charge spreading from insula to the upper bank of the fissure of 

Sylvius. 

The fear responses which we are consider!ng in this section are 

not associated with any definite physical sensation or sensations. 

They ara within the patient's mind and he knows the ftfeeling of fear• 

is fals&. This may be as much a false interpretation of present ex­

partance as a feeling of falling forwards and therefore i t may be 

called an illusion of fear. Each"feeling of fear'• evoked has been the 

same as that which occurred in the patient's spontaneous seizures. 
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EMOTION RESPONSES (Table IV) 

Initial Stim. No. Coordinate Sir No. ~ 

B.S. 

L.R. 

11 

20 

16 
6 

8 

L 1-0 Rt. 

L 1-2 585 Lt. 

L 2.5 -2 .~ 601 Rt. 

L 6-l 535 Lt. 

SUDIJlal'Y 
Lateral SUrface 
B8 added fUrther that he was atraid he was 
going to die and he explained that he felt 
that way during an attack. 

Voltege 

Stimulation at a depth of l~cm. straight in, 2 v. 
a short stimulus. Patient said Wïesft. When 
asked what she meant, ahe said, •Like the 
feeling before an attack, stronger than mcet 
of them." When asked to des cri be what she 
meant, she said she thinks the feeling is in 
her head and is a frightened feeling. She am­
plifies this by saying there is a disconneotion ••• 
Wfou are thinkipg along, then there is a sudden 
gap.~ When aaked, she said, ~is is not a 
feeling of tear beoause I am going to have an 
attack, it is a feeling of fear which is inde-
pendent of myself." 

Electrode introduced slowly from outside, sti- !iv. 
mulating all the way. Patient said at first, 
"Nothing~. Then she failed to respond. Stimu-
lus was turned off. She then said "She was 
dressed differently". Wben asked about this 
she said, ttThe nurse who was standing behind Dr. 
Everett seemed to be dressed differently, as 
though her dress was tight 11ke a sheet.~ Then 
she said, "That is what is hard to put into words, 
that is what I notice in mT attacks, the last 
thing that I notice." She then explained that 
that is the last thing that she remembers when 
she wakes up after an attack. Then she added 
that the fear goes with it. When asked if she 
felt it that time, she said W!es". There was a 
merked depression in the electrographic act1v1ty 
observed in the electrocorticogram following 
this stimulus. 

The patient says that at the time of the last sti­
mulation she became frightened. She had a feeling 
in her head and in her face. She was unable to 
spaak and abe thought this was very similar to 
her own habitual attack. 



Initial Sttm. No. Coordinate SF No. Side 

x 

R.W. 11 

l!'usiform 
gyrus 

336 

Sup. Surf. 528 
2-1.5 

Lt. 

Lt. 
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Summary Voltat5e 

Fusiform syrus 

Stimulation on the fusiform gyrus on one oc­
casion produced a feeling of tright. She says 
she has felt it before, but does not think it 
was with attacks, and once again said she 
could not talk. 

Superior Surface 

On being asked, he said he had the scared, !one­
sorne feeling. This obviously came at the be­
ginning of stimulation. 

3 v. 
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RESULTS-B 



A TECHNIQ,UE OF DEEP ELECTRICAL STIMULA.TION 

m THE HUM.1N T~BAL LOBE 

98. 

In preceding sections we. have presented the need for additional 

methode ot deep stimulation and tor other purposes outlined signi­

ticant responses which have followed its use. Here we present an 

idea which may assist us in accurate determination of the location 

ot the electrode point with reference to surface landmarks. 

In the present technique a coated electrode marked off in am. 

is held in the operator's hand and introduced through the lateral 

temporal surface to a desired depth. The direction of the electrode 

towards deep structure must be estima.ted at the time of insertion. 

Only long practice makes accurate stimulation possible, and it is 

ditticult to deseribe these positions in accurate terms atter opera­

tion. Also, it is ditticult to calculate the position of the point 

in depth with regard to the entering direction, since the shape of 

the temporal lobe in cross section is roughly triangular, with ~he 

apex mesial and the base lateral. Tberefore, it the electrode is 

inserted at right angles to the lateral surface i t may enter the 

Sylvian tissure and stimulate middle cerebral vessels causing pain, 

or stimulate the insula and upper bank, proàucing a response out­

aide the temporal lobe. 

Likewise an insertion in the third temporal convolution may 

place the tip ot the electrode on the noor of the middle fossa and 

cause sensation in the face fran stimulation of the firth nerve, 

These diffioulties oan always be avoided with praotice but the 



method is still not entirely suitable to accurate description tor 

record purposes. 
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To provide a solution to these problems we suggest the use ot a 

small electrode holder which slides on a thin, ligbt ecale calibrated 

in centimetres. Both holder and scala are held in position by a 

curved arm which can be f'ixed to the bony edge of' the anterior tem­

poral f'ossa with an adjustable clamp. The a.rm is curved in two 

planes and connecta with the clamp and scale by means of' rotating 

joints. The double joints provide mobility of' the seale and the 

curved arm elevates it above the temporal cortex. A point has been 

placed on the anterior end of' the scala. The purpose of' t.his point 

is to fix the anterior limita ot the scala at the anterior limite of' 

the bony f'ossa. The long axis of' the scala is then adjusted to a 

position which corresponds to ourt lateral measurement axis. 

If' the present modal proves usetul, it may be advantageous to 

curve this seale in direct correspondance wi th this lateral axis a.o 

that all measurements begin at the temporal tip. In that case the 

eentimetre divisions would have to be altered prop~tionately. 

For the present it seems practical to try a flat scale which 

can be held above the lateral surface at any desired height within 

the limits of the arm and joints. The artist has shown some ot theae 

f'eatures in Fig. 16. This drawing dœs not attempt to detail the 

aetual electrode holder ring. This must have a universal joint con­

necting it with the elide whioh rides along the ecale in order to 

parmi t tree movement of' the electrode in an angular direction. This 
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direction can be measured by means of a amall angular scala divided 

in degrees. OUr present electrode could be redesigned with a smaller 

ahatt but it must retain the division of the shaft in ems. or other 

suitable measurement. 

Thus we have an instrument which c-an be placed in a tixed posi­

tion over the lateral surface of the exposed temporal lobe. If this 

position is calculated in terme of our lateral axis ct measurement 

we ean measure the position of the electrode in te:nns ot this axis 

and then read the angle ot insertion tran the small scala in the elec­

trode holder. The depth of insertion will be shawn as before by the 

markinge in the shaft of the electrode. 

Wa must have some other means or charting the deep structures in 

terme of surface landmarks if we wish to use this instrument intelli­

gently. This can be accomplished by making drawings of the temporal 

lobe as if it had been eut into cm. sections at the points of measure­

ment along cur lateral axis. Thus if we refer again to Fig. 2 which 

shows this axis, wa will understand that it is possible to divide the 

lobe into sections making aach eut at right angles to the axis across 

one of the cm. divisions. This provides a small sectional atlas ot 

the temporal lobe in cm. a&etions. E.ach section 1s related to a 

measurament on the lateral surface. 

If we consider the electrode holder as placed over an individuel 

section, for example, the one eut at the 5 cm. point, we can see how 

1 t ia possible to measure the depth and angular direction of the elec­

trode point in terms of the known contents of this section. If these 
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sections are diagrammed as small individual charts~ appropriately 

numbered as to leval on the lateral axis, we then have a ready 

means of charting the position of our electrode point in that 

particular section. Sample drawings of these sections are sh~n 

in Fig. 17. The numbers on each drawing indicate the position on 

the lateral axis at which the corresponding section has been eut. 

The position of the electrode tip within each 1ndividual section 

can be estimated by the angle of the electrode shaft. The antero­

posterior depth of &&ch section is only 1 cœ. and while thia depth 

proTides a alight source of error, this should not be too great. 

Perhaps an instrument aindlar to that described will prove use­

fu! in deep stimulation of the temporal lobe. It should be parti­

cularly applicable to point stimulation of the amygdaloid nucleus, 

uncus and hippocampus tram the lateral surface and might also be 

used in stimulation of the anterior visual tibers as they cross 

the ventricle. 



Clan( 
~ Arm 
J 

102. 

Eleclrode 
3radua-l:ed 
in c.ms. 

~ Tip of temporal fossa 

Fig. 16 - Electrode Holder to be used in Deep 

Stimula ti on. 
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V. DISCUSBIDN 

rt seems clear that :focal epileptoganic lesions in the huma.n t81Jlo'o 

poral lobe may produce seizures character1zed by psychical illusions, 

paychical hallucinations and un.usua.l behaTiour. Tbese lesions may 

occur in either temporal lobe and ret the seizurea produced, whethar 

their origin is in the right or lett aida, seem remarka.bly similar. 

Wa m!ght say that this is pre.sumpti...a clinical evidence that the . 

temporal lobes are ot aqua.l functional value insot'ar as the :tunctions 

distorted in thase seizure patterns are ooncarned. What ara thesa 

:tunctiona or functional representations whose distorted imagea we of­

tan see through the cloudad lenses ot' disease. ? In order to answer 

this question we must look once more at the qua.lities and character­

istios ot' the illusions, hallucinations and unusual behaviour whioh 

clinicians inolude in their descriptions of temporal epilepsy. 

Jackson has illustrated feelings of reminiscence, changes in the 

appearanoe of objecta and feelings of strangeness and t'aar as part of 

the complicated pattern of the temporal lobe seizure. No matter hOI 

aeamingly insignificant, transie~t or brie! these mental experiences 

me.y be, they usually represant a disturbanoe in cerebral tunction 

oaused by an ep1leptogenic disoharge. Penfield has said that the il­

lusions are psychical and are in tact brief alterations in the inter­

pretation ot' present experience. Horrax emphasizes that the halluci­

nations which eharacterize temporal seizures are camplex, both visual 

and auditory iD content and that th& patient understands that they 

are unusual. Clinioally, then, they are complexes ot imagery and 

sound which the patient examines in conscious inspection and classi-
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f'ies as unreal. The content or the hallucinations is drawn :trom the 

past experience of' the patient. This is emphasized by ~ackson, 

Horrax and Penf'ield. The selection of the content which parades be­

fore consciousness is involuntary and resulta from the action of the 

epileptogenic disoharge. So these are involuntary panoramas of 

images f'rom the records or past experience, appearing briefly in the 

f'ocus of consciousneas. 

This brief'ly reviews the evidence obtained fran clinical etudies 

of temporal lobe epilepsy. We can now recall the previous information 

derived from eleotrical etimulation of the human temporal lobe. Pen­

field and Rasmussen have reported a series of' cases in which both in­

voluntary misinterpretation of present experience (psychical illusion) 

and involuntary imagination (ps.yohical hallucination) followed eleotri­

cal stimulation of the human temporal lobe. They have also shown that 

involuntary recollection of past experience f'ollows electrical stimu­

lation of the human temporal lobe. We have presented a turther series 

of cases which damonstrate these phenomena. In both groups, these 

illusions, hallucinations and memory patterns have been evoked f'rom 

both the right and lett temporal lobes. 

Yollowing stimulation, images and sounds may appear before con­

sciousness in a sequence suggesting that we haTe activated a neuronal 

pattern, or a multiaynaptic pathway. These images and soo.nds are 

individually complete, but as the stimulation progresses they are re­

lated in almost cinematic sequence to others, which f'ollow. The 

images and sounds are not simple in design or tone. They are the fi­

gures of people, the music of' an orchestra, the melody of a song. 



All are within the range of the patient's past experience. 

Similarly, psychical illusions have been evoked from these areas. 

These are misinterpretations or misjudgments of present experience. 

Sometimes this is a false canparative judgment of present experience 

in ter.ms of past experience. SUch a false judgment appears in con­

sciousness aa a strong feeling of familiarity or raminiscence. The 

patient knows the scene is not familiar because no recollection re­

cord appears for his conscious inspection. The misinterpretation of 

present experience is available for voluntary correction and this 

occurs almost simultanaously. 

In these illusions we have listed several types, e.g., famili­

arity, awareness, a sense of dislocation, of posture, sound, etc. 

These have been evoked fran e i ther temporal lobe. It is interesting 

to speculate on the relation of each to function. We have shawn that 

an illusion of familiarity is related to the mechanism of recolleo­

tion, as a signal of its occurrence. Perhaps a sense of ~increased 

awareness~ may be related to tunction as well• Tbis illusion seems 

to imply increased awareness of everything in the immediate environ­

ment or in same cases increased awareness of a particular object, as 

a chair or the edge of a table. In this instance the particular ob­

ject must be within the focus of immediate consciousness. Since it 

is doubttul if we record anything in a distinct memory pattern on 

which the conscious attention can or does not focus for a time, why 

isn't it possible that we have activated (w1th the stimulating our­

rent) a pathway which is concerned in recording present experience 

and thus emphasized this process in consciousness. In other worda, 

106. 
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we have activated the peripheral or cortical side of an already fune­

tioning pathway between a central in~egra~ing system and the recording 

cortex. The central system can and perhapa has already selected this 

pathway for a record of imnediate experience and we have emphasized 

the cortical recording in consoiousnesa. !his would explain the 

• doubling of consciouaness• of 1aokson or the increased subjective 

consciousneas of Kennedy. 

The illuaiona ot dislocation ar unreality auggest another theory. 

Perhaps here we have (with the aid of an epileptic process) actually 

interfered with the r&cording of immediate experience, making the 

subject lesa aware ot his immediate surroundings• Since similar psy­

chical illusions have been evoked (in another S&riea) fran the insula 

as well, we might speculate that the inter'fe.rence is directed more 

toward the central integrating system than the cortical periphery. 

If this interference is more central than peripheral, then this ia a 

very minimal dissolution ot consoiousneas at the higheat leval. 

On the other hand, the ill ua ions related to sound se• more simple, 

and as they are: usually evoked cloae to the au di tory e.rea they may be 

accepted as perversions of auditory perception, produced by the ati­

mulating current. Similarly we would like to relate the illusions of 

posture to a disturbance of vestibular perception, but this is ditfi­

cult in vin of some of the locations (u in !!.!!•}. 

One observation ia pertinent to all these involuntary misinter­

pretations of present· experience and perbaps to the various involun­

tary recollections of past experience as wall. !hat is the speed with 
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which the individual recognizes that the judgments are :f'alse and the 

recollections involuntary and unrelated to present experience. In 

other words, to the observer at least, the patient seems to know the 

character of the experience as soon as it happens. fhis suggests a 

very direct pathway between the reeording cortex and the central inte­

grating mechanism.. It makea one want to :poatulate a monosynaptie 

re lay. 

We have concluded that records o:f' past experience lie in the 

temporal cortex. These are not always available for voluntary re­

collection, but When eTolœd by electrical stimulation are always 

available :t'or conscious inspection. 'l'hey han been eroked :f'l"om 

either temporal lobe. Often a -.mory &Toked traœ one temporal lobe 

has been available for voluntary recollection after excision of that 

loba. I:f' one can evoke the se tran ei thar si de and the same recolleo-

tion pattern appears :t'or Toluntary recollection a:f'ter its stimulation 

origin has been exeised, 1t seams reasonable to suppose that records 

o:f' past experience lie in both ta.paral lobes. 

We have shawn that involuntary misinte.rpretation of present ex­

perience, ~!nation and recollection o:f' past experience have fol­

lowed electrical stimulation of either temporal lobe. It aeems that 

these bilateral representations are available to eonsciousness and 

are closely ooordinated in their :f'Unctions. Bailey and Fulton, Cairns, 

et al., aa wall as Pentield and Ra.elwsse.n, have pre.sented clinical 

&Ti denee whioh shows that central lesions, those in the upper brain 

stem, usually produce marked alterations in eonsciousness. Penfield 

and Jasper have shawn that epileptic discharge arising here is always 

:f'ollowed by an immediate losa of' consoiousness. This ia the transient 
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dissolution of the highest leval originally proposed by Jackson, 

Marsan, Stoll and jasper have presented significant evidence for tunc­

tional connections of the temporal lobes with the upper brain stem, 

and the work of Starzl, Taylor and Magoun substantiates this in 

showing the existence of a centrally placed integrating system which 

activatea the cerebral cortex in various areas. 

Fran all this and our present evi denee we may conclude that the 

bilateral representation of the records of past experience and the 

mechanisms tor interpretation of present experience which lie in the 

temporal lobes are connected. This connection is central, serving 

both sidas and is intimately concerned in the machaniam of conscious-

ness. 

The interpretation of present experience must be based on the 

initial reception of a multitude of sensory data. This data must be 

integrated and soma selection made so that the most essentiel facts 

are presented to consciousness. A pattern of appropriate past ex­

perience must also be selected and in turn compared with this data. 

It seems reasonable to inter that these selections are made by the 

central system since it 1s associated with maintenance or eonscious­

ness and is connected to each temporal lobe. Furthermore, i t haa 

sutficient cortical connections to permit reception of sensory data 

from widely separated areas. 

This evidence suggests the existence of a functional system cam­

posed of the two temporal lobes, one on each side and a central mech­

anism between. The central machanism is intimately concerned with 

the maintenance of consciousness and the reception of incoming sensory 
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data. It can also select record patterns from either temporal lobe 

for comparison with the data of present experience or open new path­

ways in the temporal cortex for the recording of experience within 

the ~ediate focus of consciousness. Once the latter records have 

been made, they in turn become available for fUture selection {by 

the central mechanism) and comparison with more immediate experience. 

Conscious or voluntary selection by this mechanism may also in­

volve elements from severa! separate acquired patterns. This selec­

tion permits comparison or integration of these elements in conscious­

ness and leads to what we have called imagination. This differa from 

recollection in that it is more random and the images are lesa speci­

fie in detail. Also they do not recall a precise record of actual 

participation in past activities. If this more randam selection is 

continued by voluntary effort or by artificial electrical stimulation 

of the cortex at one periphery of the system, actual recollection ot 

a past experience related to the preceding images may occur. This 

continuation suggests that the scenes ot imagination are in fact 

drawn from acquired patterns which record past experience and that 

one of these patterns bas been entered by the stimulation or the cir­

cuit of central selection. 

It has been necessary to amphasize the evidence tor a central 

integrating system because we believe that this forma an essential 

element without which these temporal fUnctions are impossible. HOw­

ever, we are not primarily oonoerned with the hypothesis of a 

'highest leval' here. This has been accurately presented by Penfield, 

and Penfield and Raamussen, and constitutes one of their most important 
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contributions. 

Here we are directly concerned with the runctional role of the 

temporal lobe in this system. On the basie of our evidence drawn 

from the resulta of electrical stimulation we can state that the pri­

mary functional role is the recording of present experience. This 

tmplies that the grey matter of the covering mantle in this region 

has a peculiar property which enables it to establish acquired or 

new neuronal patterns. Undoubtedly there is transcortical connec­

tion between these systems because we haTe watched stimulation iA 

which involuntary imagination preceded recollection of related but 

more specifie data. However, the principle oonnection for purposes 

of selection and camparison 1a central and not transcortical. 

These records extend over a wide cortical area stretching from 

the anterior temporal pole to the occipito-tamporal junction. This 

~plies that all this cortex has the property of establishing ac­

quired patterns. FUrther, this cortical area 1s bilateral and or 

equal tunctional value (with the exception of speech skill in the 

dominant hemisphere) on either aide. 

These are cortical regions of high tunctional value, therefore 

we might expect signiticant changes following their removal. In 

our present series we cannot yet make a definitive conclusion con­

cerning tunctional loss arter ablation. However, we may say that 

many patients after unilateral temporal lobectany show a transient 

mamory defect and soma have abnormal mental experiences which also 

seem transient. A physioian who underwent temporal lobectomy tor 

focal cerebral seizures described his mental experience after opera-
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tion in same detail. He said that nothing in the immediate environ­

ment seemed real to him. Also he had great difticulty in remembering 

daily occurrences on the ward. He felt that this difficulty in re­

membering was due to his feeling that all these occurrences were 

slightly ~nreal~. Perhaps this is his subjective expression of a 

temporary inability to record present experience. It is also inte­

resting to relate it to our previous discussion of illusions of in­

dividual dislocation or ~nreality~. In any case, it is significant 

that his difficulties were transient, since we might conelude tbat the 

opposite temporal lobe had taken up the fUll burden of runction after 

a period of adjustment. 

The information on functional deficits tollowing temporal lobec­

tamy in monkeys is more .definite than that derived fran present human 

etudies. Kluver and Bucy said that monkeys had •psychical bl1ndness• 

atter bilateral temporal lobectamy. Tbese monkeys ate or tried to 

eat objecta which were inedible. Previous to lobectamy they had been 

extremely afraid of snakes, but atterwarda tondled them and tried to 

eat them. We would say that this •psychical blindness" was really a 

losa ot ability to interpret present experience in terms of past ex­

perience. The monkeys bad lost their abili ty to make accurate com­

parative analysis ot past and present experience. They lacked judg­

ment. It is interesting that the only lwman whom we have observed 

atter bilateral temporal lobectomy did not show this deficit to auch 

a marked degree. Perhaps it may be necesaary to remove all cortex 

with the special properties of establishing acquired patterns in the. 

hnman, in order to produce so marked a deficit as tollowed lobectamy 



in the monkays. This was not dona in the latter casa. Further evi­

dence artar temporal ablation in monkays may be round in the work 
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of Blum, Chow and Pribram. These workers report that after tem­

poral lobectomy the animals ahowed marked deficit in 'visual dis~ 

criminative learning, patterned string problems, conditional reaction, 

and delayed reaction and changes in taste preference, in food selec­

tion and in tractability'. These animale could not interpret the 

immediate environment or present experience, and had lost the ability 

to compare past records or teading preference with present feeding 

experience. Their comparative analysis or present experience with 

past was also deficient. 

This state of •psychieal blindness• is seen in a more aOQte and 

dramatic form in patients who exhibit autcmatic bahaviour. In our 

experience this is most cammonly the result or apileptic discharge 

erising in, or electrical stimulat~on of, the amygdaloid nucleus and 

surrounding structures. For present purposas i t is usatul to theo­

rize on this mechaniam. The patient who suddenly, stares, inspecta 

his clothing in a random tashion, as if he bad never seen it before, 

or picks up a knite and caretully sections a tablecloth which ha then 

attampts to aat as if it were a sandwich, is said to show signa ot 

autamatic behaviour. These activities cease quiokly and he does not 

remember them atterward. Perhaps we could argue that this ia not 

only a partial dissolution or consoiousness but also a temparary da­

pression of the temporal system which records and interpreta present 

experience. The epilaptic diacharge or electrical stûnulation aided 

by the discharge has briefly paralysed the temporal circuits con-
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cerned with comparative analysis of present experience. Of course it 

bas also affected the central integrating system, but we are ooncerned 

here with its possible affect on the temporal lobe. At any rate it is 

reasonable to say that these patients are ~psychically blind~ for a 

brief period and that this psychical blindness may be due to a tran­

sient inability to interpret present experience, just as KlUTer's 

monkeys had a permanent inability to make similar interpretations. 

Atter consideration of our evidence and the related hypotheses, 

it is possible to reach ~inal conclusions concerning the prünary tune­

tiens of the human temporal lobes. The primary function of these 

areas is that of comparative analysis of present and past experience. 

Perhaps we might call this comparative ju~ent, or stmply, judgment. 

We may say that this is the place ot dreams and memory, imagination 

and learning, but all this serves no usetul purpose unless it is 

available in ready reference for comparison with the data of immediate 

experience, so that a critical and comparative ju~ent follows. An 

essential part of this mechanism lies in the temporal lobes and it 

is activated and controlled by a centrally placed integrating system. 



VI. St:!!f.A!! 

We have shawn that electrioal stimulation of either temporal 

lobe in the conscious patient may be !'ollowed by involuntary re­

collection of past experience or involuntary misinterpretation of 

present experience. Thase phenamena have been diseussed against 

the background of previous clinical and soientitic work. 

F.ram this evidence we conolude that the primary tunction of 

the human temporal lobe is the comparative analysis of present ex­

perience in terma of the records of past exPerience. Bach tem­

poral lobe has equal value in this funetion and the two are eo­

ordinated by a centrally placed integrating system. The compara­

tive analysis is rapid, and consista of camparison of material 

etored in e.cquired patterns (in the temporal cortex) with the sen­

sery data of immediate environmental exPerience reeeived and selec­

ted by the central system. 
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Comparative analysis of this type is a form of critioal judg­

ment of present environment baeed on the records ot past experience. 



.Jackson, 1. H. 

.Taokaon, :r. H. 

MacEwen, •· 

.T"ackaon, 1. H. 

bnn&dy, F. 

CUshing, H. 

Horru, G. 

Pentield, w. 

l'Ul.ton, J. F. 
& 

Bailey, P. 

BIBLIOGBJ.PH.Y 

1879 On aansory epilepsy: A case of 
cerebral tumeur affecting tha 
left temporo-sphenoidal lObe 

116. 

gi ving ri se to paroxysm&1 taate 
s•nsation and dreamy state. 
Medical Times Gazette, p. 224. 

1888 On a part1cu1ar variety of epi-
1epsy- (intellectual aura); One 
case wi th symptoms ot organic 
brain disease. Brain, 11: 129. 

1895 PyQgenic Intective Diseasea of 
the Brain and Spinal Cord, p. 
161, .T"ames Mac1ehoae and Sona, 
Glasgow. 

1899 Epileptic attaeks with a warning 
of a crude sensation of smell 
and with the intellectual aura 
(dreamy state} in a patient who 
bad symptom.s painting to gros& 
organic disease ot the right 
temporo-sphenoida1 lobe. Brain, 
23: ~. 

1911 The symptamatology of taœporo­
sphenoidal tumoo.rs. Arcb.. Int. 
lled.' §.; 31 ?-550. 

1921 The field detecta produoed by 
temporal loba lesions. Brain, 
44: 341. 

1923 Visual hallucinations as a cere­
bral localising phenomenon; with 
especial reference to their oc­
currence in tuaours of the tem­
poral lobe. Arch. Neurol. a: 
Payohiat., 10: 532-547. 

1929 Dienoephalic autonomie epilepay, 
Arch. Neurol. & Pay-chiat., 22: 
3~74. --

1929 Tumors in the region of the third 
ventric1e; their diagnosis and 
relation to patho1ogical sl&&p, 
1. Nerv.& Ment. Dis. 59; 1-25, 
145-164, 261-277. 



Gel"'lall, w. J. 
and 

Fox, J. c., Jr. 

J'raz! er, c. H. 
and 

Bowe, s. 11. 

Papez, J. w. 

Bard, p. 

Kluver, H. 
and 

Bucy, P. c. 

cairna, H. 
Old:N.eld, R. C. 
Pe!UlYbacker, J. B. 

and 
Wh1 tteridge, D. 

Pe.ntield, w. 

Pentield, W. 
an4 

Jasper, H. 

Jasper, H. 
and 

Fortuyn, :r. 

Mayer, J. 

Mac:Lean, P. D. 

117. 

1934 Observations tollowing unilateral 
lobectaJijP (tam:poral), Bea. Publ. 
Asa. Nerv. Ment. Dia. 13: 378-434. 

1934 Certain observations u:pon localisa~ 
tion in 51 veritied tumours of the 
temporal lobe. Res. Publ. A.ss. 
NerT. Mant. Dis., 13: 251-258. 

1937 À proposed mechanism of emotion, 
Arch. Neurol. & Psychiat., 38: 
725-743. 

1939 Central nervous mechaniams tor 
emotiODal behaviour patterns in 
animals. Res. Publ. Ass. Nerv • 
.Ment. Dia., ~: 190. 

1939 Preliminary analysis ot tunctiona 
ot the temporal lobe in monkeya, 
Arch. Neurol. & Paychiat., ~ 
979. 

1941 .A.kinetic mutisa with an epidermoid 
cyst of the third ventricle (with 
report on associated disturbanoe 
of brain potentials) Brain, ~; 
&73~290. 

1~6 Ps7chical Seizures, B. M. J •, Tol. 
ii, P• 639. 

1947 Highest level seizures, Res. Publ. 
.us. NerT • .Ment. Dia., !§.; ~a'll. 

1947 XZperimental etudies on tunotional 
&neltCDJ' ot pet! t mal ep11epay, n.s. 
Publ. Aas. Nerv • .Ment, Dis., Ml 
272--298. 

1949 Ettects of Diencephalic Injur.y on 
C'onsciousnesa, Mc-Gill UniverBitT 
thesia. 

1949 Psychosomatic diseaae and the 
'Visceral Brain': recent develop­
ments bearill! on. the Pa.pez tb&o1'7 
ot emotion, Paychoaomat. Mad. Vol. 
XI, No. 6. 



Penfield, w. 
and 

Rasmussen, T. 

Blum, :r. s. 
Chow, X:.L. 

and 
Pribram, K. H. 

Bailey, P. 
and 

Gibbs, J'. A· 

Pentield, W. 
ana 

Kristiansen, x:. 

Roberts, L. 

Maraan, c. A.j omone 
ana 

Stoll, :r., :rr. 

Starzl, '!'. E• 
Taylor, c. w. 

and 
Magoun, H. w. 

xecle.s, :r. c. 
and 

Mcintyre, A. K. 

118. 

1950 The Cerebral Cortex of Man. New 
York. The MacMillan Company. 

1950 A behaTioral analysis of the organ­
ization of the parietal-temporal­
preoccipital cortex, :r. Comp. Ieurol. 
93: 53-100. -

1951 Surgical treatment of paycho-motor 
epilepey, J' .j..M • .A., ill: 365-370. 

1951 Epileptio Seizure Patterns. Spring­
field, ill. Charles c. Thomas. 

1951 Localization of speech in the cere­
bral cortex, 'rr. Am. Neurol. A.. 

1951 Subeartical connections ot the tem­
poral pole in relatien to temporal 
lobe aeimrea, ueh. Heurol• & 
Psychiat. M,; 669-686. 

1951 Collateral afferent excitation ot 
the reticular fOI'!Ila.tion of the 
brain stem, :r. Neurophysiol. 1•: 
479-4g6. -

1951 Plasticity ot Mammalian Monoaynap­
tic B6tlexea, Natur&, 167: 466-468. -


