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A clear double dissociation between the effects of left 

and right temporal-lobe excisions was demonstrated for two 

identically-designed learning tasks that utilized different 

memoranda. Patients with left temporal-lobe lesions showed a 

deficit for the verbal task and normal performance for the 

non-verbal analogue, whereas the converse was evident for 

patients with right temporal-lobe lesions. Again, on two 

formally similar tests of short-term recall with interpolated 

activity, this same pattern of dissociation was observed for 

the retention of verbal as compared with non-verbal information. 

For both pairs of experiments, the severity of the material­

specifie learning and retention deficits was directly related 

to the extent of surgical encroachment upon the hippocampal 

zone of the affected hemisphere. These studies implicate 

the hippocampal region in the crucial transfer of experience 

from a temporary storage system (primary memory) to more 

permanent long-term storage (secondary memory). 



.. .! , 

HUMAN MEMORY AND THE MEDIAL TEMPORAL REGION OF THE BRAIN 

by 

Philip M. Corsi 

A thesis submitted to the Faculty of Graduate Studies 

and Research in partial fulfi1ment of the requirements for 

the degree of Doctor of Phi1osophy. 

Department of Psycho1ogy 

McGill University 

Montreal April 26, 1972 

~ Philip M. Corsi 1973 



Preface 

The chief finding here is that the medial temporal region 

of the brain, including the hippocampus and parahippocampa1 

gyrus, is vital for severa1 aspects of human learning. In 

particular, with unilateral left temporal lobectomy in the 

dominant hemisphere for speech, the learning and retention of 

e1ementary verbal information Cletters and numbers) is impaired. 

If the 1eft medial temporal region is also excised, then the 

verbal memory defect is exacerbated. Yet, the retention of 

non-verbal information such as spatial location and spatial 

sequence remains intact. Conversely, after surgical removal 

of the right temporal lobe, the learning and retention of 

spatial location and sequence - tasks which normally are 

mediated without verbal strategies - are more difficult, 

a1though the recall of simple verbal elements proceeds nor­

mal1y. The severity of this material-specific memory impair­

ment is directly related to the extent of surgical encroachment 

upon the hippocampal zone in the right, nondominant, hemisphere. 

With bi1ateral damage to the medial temporal region, a more 

global memory disturbance results. Although the anterograde 

amnesia is not complete, it is emergent with respect to the 

memory defects observed after left and right hippocampectomy. 

l am indebted to the patients at the Montreal Neurological 

Institute who permitted me to perform these studies of them. 

l am grateful to Dr. Theodore Rasmussen, Dr. Charles Branch, 

and Dr. William Feindel for referring their patients to me. 

Special thanks are offeredto Miss Marcelle Provencher who, 



with great patience and care, transformed my handwritten 

draft into this fini shed manuscript. 

This work was supported by the Medical Research Council 

of Canada through Grant M-2624 to Dr. Brenda Milner. 
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CORSI 

It is now known that in man bilateral les ions of 

the medial temporal regions of the brain, involving both 

hippocampi and parahippocampal gyri, are associated with 

a generalized, severe, and lasting memory disturbance 

(Penfield & Milner, 1958; Scoville & Milner, 1957). 

Milner (1970) describes this disturbance: 

"Patients with these les ions show no loss of 

previously acquired knowledge or skill; nor 

do they have any perceptual difficulty. The 

immediate registration of new information 

appears to take place normally, provided the 

information does not exceed the span of 

immediate memory. Yet these patients seem 

largely incapable of adding new information 

to the long-term store." 

1. 

This picture is supported by evidence from several experimental 

studies, many of which are based on observations of a single, 

important case. Intensive study of the patient H.M. who 

underwent bilateral resection of the hippocampal zone for 

the relief of intractable seizures (Scoville, 1968) has re­

vealed much about the nature of the anterograde amnesia which 

follows damage to this area of the brain. Milner (1970) has 

shown that this patient is capable of remembering subspan 

verbal information for several minutes; however, as soon as 

his attention is diverted he forgets. This finding is 

consistent with the suggestion of Drachman and Ommaya (1964) 

that amnesic patients can hold a simple memorandum for long 
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intervals in the absence of distracting activity. Further 

studies (Drachman & Arbit, 1966) have demonstrated that 

patients with bilateral lesions of the medial temporal 

region have normal immediate memory, but are unable to 

learn a series of digits or a sequence of light positions 

which exceed their immediate memory span. 

It seems that as long as these people can verbally 

rehearse the material-to-be-remembered, their retention is 

intact. However,if the memoranda cannot be easily ver­

balized, then the opportunity for rehearsing the material 

without distraction does not benefit the amnesic subject. 

L. H. Prisko (1963) has used the delayed paired-comparison 

method of Konorski (1959) to show patient H.M.'s rapid 

forgetting of simple perceptual information which could 

not be verbally encoded. H.M. was unable to match clicks, 

tones, shades of red, light flashes, and nonsense patterns 

after short delays up to 60 seconds, whereas normal subjects 

showed no decrement in performance over the same intervals. 

Using a delayed matching-to-sample technique, Sidman, Stoddard 

& Mohr (1968) have confirmed Prisko's initial findings. They 

observed a sharp deterioration in H.M.'s recognition of non­

verbal material (ellipses) over retention intervals of less 

than 30 seconds. At 32 second delays, the sample stimulus 

ceased to exert any control over H.M.'s matching choice, 

while for normal subjects accurate matching has been observed 

for delays of 40 seconds or longer. In both of these studies, 

a severe retention deficit was evident regardless of whether 

2. 
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the patient was distracted during the intratrial interval. 

Most recently Milner & Taylor (1972) have investigated the 

retention of somesthetic information for patient H.M. In 

their experimental task, the subject was required to palpate 

an irregular wire shape and then, after varying delays, to 

select the sample shape again, by touch, from a group of 

four similar ones. H.M. was able to match the shapes at 

3. 

zero delay and showed normal intermanual transfer, yet his 

recognition declined sharply as soon as a delay was introduced, 

and fell to chance beyond 30 seconds. Control patients with 

unilateral cortical excisions showed errorless matching with 

intratrial intervals of several minutes. 

The experimental studies of global memory dysfunction 

after bilateral lesions of the hippocampal zone, reinforce 

one's clinical impressions of patients with such lesions. 

For these people, the ongoing events of daily life seem to 

be forgotten as soon as the focus of attention shifts to 

other occurrences and so, for the most part, they seem to 

live from moment to moment. Yet, it has recently been shown 

that the memory loss in amnesic patients is not as complete 

as either their behavior in everyday life or in some formaI 

learning experiments would suggest. Moreover, it has been 

proposed (Milner, 1968) that certain kinds of learning 

might even occur at a normal rate. Milner, Cork in & Teuber 

(1968) have demonstrated that patient H.M. was capable of 

sorne learning on simple visual and tactual maze problems 

with intensive practice. This patient was able to retain 

1 
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the solution of a visual maze up to one week after training 

to a strict criterion and when tested two years later on the 

same problem (Milner, 1970) he showed considerable savings 

(75 per cent), even though he had forgotten that he had 

previously learned the maze. Warrington & Weiskrantz (1968) 

have shown that amnesic subjects can learn to recognize 

fragmented drawings of words and common objects, and that 

they retain this form of perceptual learning for several 

weeks. This finding has been confirmed by Milner, Corkin & 

Teuber (1968) for the patient H.M., who learned to recognize 

incomplete pictures normal1y and demonstrated a high degree 

of retention after four months. 

The most striking example of sparing of learning and 

memory after bilateral hippocampal damage occurs with 

respect to motor skills. Milner (1962) was the first to 

suggest that the acquisition of motor habits might be 

unaffected by hippocampal lesions. Following this suggestion, 

Corkin (1968) investigated the performance of patient H.M. on 

several manual tracking and manual coordination tasks. H.M. 

showed learning and retention of motor skills over several 

4. 

days of testing, although his initial performance was inferior 

to that of normal control subjects. This finding, in contrast 

to the evidence of severe deficits on many other learning tasks 

for this patient, is consonant with studies in normal subjects 

which have established differences between kinesthetic memory 

and memory for words or visual location (Posner, 1966; Posner 

& Konick, 1966; Williams, Beaver, Spence & Runde11, 1969). 
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To date, efforts to raproduce the hippocampal amnesic 

syndrome in monkeys have proved largely unsuccessful. It 

has been demqnstrated that analogous bilateral les ions of 

the medial temporal region in monkeys do not produce deficits 

of the severity and permanence reported for man (Orbach, 

Milner & Rasmussen, 1960; Drachman & Ommaya, 1964; Cordeau & 

Mahut, 1964; Correll & Scoville, 1965). The most consistent 

and reproducible effect, although not invariable (Dorff, 1964; 

Waxler & Rosvold, 1970), is a selective impairment on spatial 

delayed-alternation but not on delayed-response tasks (Mahut 

5. 

& Cordeau, 1963; Correll & Scoville, 1967; Mahut, 1971). In 

addition, a general defect in visual discrimination learning 

has been found to be associated with bilateral inferotemporal 

les ions in the monkey (Mishkin, 1954; Mishkin & Pribram, 1954). 

Further experiments (Iwai & Mishkin, 1968; Iwai & Mishkin, 1969) 

have revealed that the impairment produced by large infero­

temporal lesions involves at least two distinct components; 

with posterior damage to this area, a loss in visual pattern 

perception has been observed, whereas more anterior lesions 

have resulted in defects of visual learning and retention. 

Recently, Iversen & Weiskrantz (1970) have shown that hippo­

campallesions aggravate the deficit in pattern and object 

discrimination learning after bilateral inferotemporal damage. 

These authors have proposed in line with Iwai & Mishkin (1969) 

that in the monkey, the posterior inferotemporal cortex is 

concerned with perceptual analysis, whereas the anterior 

temporal cortex, including the medial structures, mediates 
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the encoding of new information; and they further suggest 

that for man these mechanisms have evolved to process verbal 

in addition to non-verbal events. Still it is evident that 

although some learning defects have been found for monkeys, 

6. 

they have not been of the magnitude or kind observed in patients 

with bilateral hippocampal lesions, and these findings suggest 

an evolutionary discontinuity between monkey and man in the 

function of the medial temporal structures. 

In contrast to the global memory disturbance produced in 

man by bilateral lesions in the hippocampal zone, the effects 

of unilateral les ions of the temporal lobe are far less severe 

and specifically related to the nature of the information presented 

to the patient. Although rare instances of persistent amnesia 

have oeen reported after unilateral temporal lobectomy, these 

are usually seen only in patients with electrographic or 

radiological evidence of additional damage to the opposite 

temporal lobe (Milner, 1966). In general, people with left 

temporal-lobe lesions in the dominant hemisphere for speech 

typically show impairment on verbal learning and verbal 

memory tasks (Meyer & Yates, 1955; Milner, 1958). This 

deficit is observed irrespect ive of whether the verbal 

material to be remembered is heard or read (Milner, 1967; 

Blakemore & Falconer, 1967). Further, it is not dependent 

on the specifie method by which verbal retention is assessed 

(Milner, 1958; Milner & Kimura, 1964; Milner & Teuber, 1968). 

With corresponding lesions of the right, nondominant hemisphere, 

verbal memory remains normal; however, the retention of "non-



CORSI 

verbal" information, such as complex visual or auditory 
patterns, is selectively impaired (Kimura, 1963; Prisko, 
1963; Milner, 1968; Shankweiler, 1966; Warrington & James, 
1967). People with right temporal lobectomies also show a 
learning deficit for both visual and proprioceptive maze 
pI'oblems (Corkin, 1965; Milner, 1965). The performance of 
patients with left temporal lobectomies is intact for aIl of 
these non-verbal tasks. 

Within the large group of patients at the Montreal 
Neurological Institute who have undergone unilateral temporal 
lobectomy for the relief of focal epilepsy, there is a wide 
variation in the severity of these material-specific retention 
deficits. Since the surgical removals usually involve the 
hippocampus and parahippocampal gyrus as weIl as the lateral 
neocortex, it is important to the understanding of cerebral 
organization of function and 'cr'itic'al on clinical grounds to 
find out whether the severity of the memory disturbance is 
related to the degree of damage to these medial structures. 
Milner (1967) has tentatively suggested that left hippo­
campectomy may increase the verbal learning impairment seen 
after removal of the left temporal lobe. Furthermore, it 
has been shown that following right temporal lobectomy, a 
deficit in maze learning occurs, if and only if the bulk of 
the hippocampus is removed on the right side (Milner, 1965; 
Corkin, 1965), and there is sorne indication that the same 
is true for the impairment in recognition of unfamiliar 
photographed faces (Milner, 1968). 

7. 
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The Present Investigation 

The studies to be reported here were specifically 

designed to bring out the role of unilateral hippocampal 

lesions in material-specific memory disturbances. The tasks 

used to assess mnemonic function were tests of short-term 

retention and learning with interpolated activity. In 

addition to groups of normal subjects and patients with 

unilateral temporal-lobe excisions, the well-known patient 

H.M., with bilateral hippocampal damage was also examined. 

This man's performance provides a reference from which to 

evaluate the extent of the memory disturbances fOllowing 

unilateral temporal-lobe surgery. 

Sübj'e'cts 

The people who were studied were patients at the Montreal 

Neurological Institute. AlI of these patients underwent uni­

lateral temporal lobectomy for the relief of focal cerebral 

seizures. The cause of the seizures in most of these people 

8. 

was focal cerebral atrophy dating from birth or early life, 

although a few cases of adult hûad injury were also included. 

Patients with evidënce of diffuse cerebral damage, or with 

epilepsy of unknown origin, were excluded, as were cases of 

intracranial tumor. Moreover, Wechsler Intelligence and memory 

quotients were known for aIl patients, and it was possible to 

eliminate those with an I.Q. rating below 70. Altogether 39 

patients who underwent left temporal lobectomies and 39 patients 

with right temporal-lobe removals were studied. These two groups 

included only people with speech representation in the left 
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hemisphere (as demonstrated by cortical stimulation and, in 

sorne cases, by the Wada (1949) technique of intracarotid 

injection of sodium Amytal). The majority of patients were 

tested in long-term (1-10 years) follow-up, although 19 

patients in the right temporal-lobe group and 15 patients in 

the left temporal-lobe group were tested three weeks after 

operation. Most of the patients were on small doses of 

barbiturates, and there were no systematic group differences 

with respect to the nature or amount of this anti-convulsant 

medication. 

In order to investigate the special role of the medial 

,temporal-lobe structures in material-specific retention 

disorders, the right and left temporal-lobe groups were each 

divided into four sub-groups depending on how much of the 

medial temporal region was removed. A classification system 

suggested by Dr. Theodore Rasmussen was utilized in making 

this subdivision, and the hippocampus served as the brain­

mark for delineating the extent of medial temporal-lobe 

excision. The surgeon's measurement of excised tissue at 

the time of operation was used in assigning a patient to a 

specific sub-group. 

The four left temporal sub-groups are illustrated by 

representative cases in Figure 1. Figure 2 presents the 

analogous information for the right temporal group. The 

removals in every case included the uncus and amygdaloid 

nucleus, but the extent of removal of the hippocampal complex 

(hippocampus, parahippocampal gyrus, and fusiform gyrus) varied 
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considerably from patient to patient. As indicated by the 

figures, G'r'oUp l for each series consists of patients in 

whom the medial aspect of the temporal lobe was entirely 

spared. In Group II, the pes hippocampi was removed, but 

the body of the hippocampus was left intact. Group III is 

composed of patients with medial removals that include the 

pes hippocampi and one additional centimetre of the body of 

the hippocampus. The patients in GroUp IV underwent radical 

removal of the hippocampal zone. The medial excision in 

these cases was carried back lateral to the brain stem. 

The extent of lateral cortical removal (measured at the 

Sylvian fissure and the base of the temporal lobe respectively) 

for the different lesion groups is presented in Table 1. Across 

the left temporal-lobe sub-groups no significant variation in 

terms of the lateral extent of removal at the Sylvian Fissure 

(F = 1.39, P >.25) or at the base of the temporal lobe 

(F = 0.26, P >.25) was observed. Similarly, no significant 

variation was found for the right temporal sub-groups, for 

removal along the Sylvian fissure (F = 1.52, P >.25) or àong 

the base of the temporal lobe (F = 0.69, P >.25). 

Age and intelligence-test data for the various patient 

sub-groups are given in Table 1. As indicated, 20 normal 

control subjects (student nurses and technicians) were also 

tested, and there was no significant variation for the right 

and left temporal groups and the control group with respect 

to age CF = 1.24" P >.25). In addition, the temporal-lobe 

groups did not differ significantly with reference to Wechsler-
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• 

Table 1 

Age, Lateral Extent of Removal, and Follow-up •• Q. of 
DiHerent Lesion Group 

Mean Mean Lateral Removal (cm) M_ 
Group N Sylvian Base of 

Age FillUre Temporal Lobe W ....... LQ. 

Nonnal Control 20 28.1 - - NotTesteel 
Left Temporal 39 30.9 5.2 5.9 104.1 
Left Temporal 

Sub-Groups 1 9 29.6 5.6 5.9 103.7 
Il 10 28.3 5.1 5.9 106.7 

III 11 30.8 5.4 6.1 104.0 
IV 9 35.2 4.7 5.7 101.7 

Right Temporal 39 26.5 57 6.6 105.5 
Right Temporal 

Sub-Groups 1 7 21.3 6.2 7.3 102.7 
Il 14 30.1 5.6 6.6 107.1 
III 7 22.1 6.3 6.9 106.4 
IV 11 26.1 5.5 6.2 104.9 

13. 
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Bellevue Intelligence test scores CF = 0.11, p >.25). It 

should be noted that because the research reported here was 

conceived progressively, there is sorne minor variation in 

the composition of the different patient groups for the 

retention studies that follow. In aIl cases this variation 

14. 

is insignificant and Table l thus serves as an overall summary 

of the indicated variables across these studies. 

In addition to the unilateral cases, the patient H.M. 

(Scoville, 1968) who underwent a radical bilateral medial 

temporal-lobe resection for the relief of generalized 

seizures was also studied. In H.M., the surgical removal was 

said to extend posteriorly along the medial aspect of the 

temporal lobes for a distance of 8 centimetres from the temporal 

tips, thus destroying bilaterally the anterior two-thirds of 

the hippocampi and parahippocampal gyri, as weIl as the unci 

and amygdalae, but sparing the lateral neocortex. At the time 

of testing, 15 years after operation, this man was 42 years 

old with a Wechsler I.Q. of 118. In order to highlight the 

special nature of this patient's memory disturbance, his 

performance will be considered separately from the group data. 

The 'Exp'er'ime'nts 

Altogether, four short-term retention studies were carried 

out. Two of these tasks required the recall of verbal in­

formation and the other two, required the recall of non-verbal 

information. 

Ve'rbal' 'S't\ld'ies 

Re'c'a'll' 'of 'co'ris'on:a:nt'tr'i'g'r'a'ms. This verbal memory task, 
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which is a simplified version of the Peterson and Peterson 

(1959) technique, required the recall of individually 

presented, consonant trigrams. The trigrams were selected 

to be of equal, lowassociation-value (Witmer, 1935). On 

15. 

any given trial, a trigram followed by a 3-digit number (e.g. 
"DFX357") was read aloud to the patient at the rate of one 

letter (or number') per second. His task was to repeat the 

number immediately after hearing it and then to count backwards 
from it as quickly as possible until he was signalled by the 

onset of a red light to stop counting and recall the consonant 
trigram that preceded the number (e.g. "DFX"). The patient 

was given 15 seconds in which to recall the letters and then 
a new trial began. In This design, the counting served as a 

device to keep the subject from rehearsing the 3 consonant 

letters. Pilot studies had demonstrated that the original 
distractor task employed by Peterson and Peterson (1959) in 

their study of normal college students (countipg backwards by 
three in time to a metronome) was too stressful for the present 
patient population, and therefore the patients were simply 
requested to count backwards as rapidly as possible. They 

were also told that the counting was just as important as 

remembering the letters. 

There were 6 conditions in the experiment, the variable 

being the length of the retention interval, namely, 3, 6, 9, 

12, 15 or 18 seconds. Altogether 24 trials were conducted 

for each subject, with.4 trials occurring at each of the 6 
retention interv~ls. The score was the total number of letters 

'- ., 



CORSI 16. 

correctly recalled for the 24 trials. 

With normal control subjects the decline in correct 

recall for this task becomes quite marked as the retention 

interval gets longer (Figure 3). Analysis of variance on 

recall scores for the combined normal-control, left-temporal, 

and right-temporal groups yielded an F-ratio of 48.91 (p <.001). 

As illustrated in Figure 4, the left temporal patients were 

impaired relative to the right temporal patients (t = 8.26, 

P <.001), whose performance did not differ from that of the 

control subjects (t = 0.13). Mean per cent correct-recall 

scores for the various groups are given in Table 2 and are 

plotted in Figure S as a function of the retention interval. 

Analysis of the performance of the 4 left temporal 

sub-groups, which is summarized in Figure 6, revealed 

significant variation across these groups (F = 2S.S9, P <.001). 

Those patients with the hippocampus spared (Group 1) recalled 

significantly more letters than patients in Group II Ct = 3.98, 

P <.001) who, in turn, were superior to the patients with more 

extensive mediùl renLovals in Group III Ct = 3.10, P <.OOS). 

The scores for Groups III and IV did not differ statistically 

Ct = 1.SS, P >.OS), although the patients with radical hippo­

campaI removals tended to show the most severe impairment of 

verbal recall. The performance of patients in Group l was 

superior to that of the other left temporal groups; these 

people were nevertheless impaired relative to patients with 

right temporal-lobe excisions Ct = 1.83, P <.OS, one tail test). 

The patients with right temporal-lobe lesions had also been 
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Table 2 

Recall of Consonant Trigrams for 
DiHerent Lesion Groups 

Group N Mean % Corred Recall 

Normal Control 20 77.8 
Right Temporal 30 78.1 
Left Temporal 38 58.3 

Sub-Groups 
1 1 9 72.5 

li 10 60.4 
III 10 52.4 
W 9 477 

19. 
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Figure 6 

Verbal Memory Defect after Left Temporal Lobectomy 
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subdivided into 4 groups depending on the extent of medial 

temporal removal, using the same criteria as for left 

temporal classification. However, no significant variation 

was found across the four right-temporal sub-groups (F = 0.83, 

P >.50) on this verbal task. 

The severity of the verbal memory deficit in this 

experiment was found to be directly related to the extent 

of the encroachment upon the hippocampal zone in the dominant 

hemisphere for speech. For patients sustaining extensive 

surgical removals of the medial temporal-lobe structures in 

the left hemisphere, there is an impairment in the ability 

to hold verbal inputs for even very short intervals when the 

opportunities for rehearsal are restricted. From this study, 

there appear to be no sharp discontinuities between the per­

formance of people with large medial temporal-lobe excisions 

and that of normal control subjects (see Figure 5). Even 

though the verbal recall of left temporal patients in Groups III 

and IV is quite impoverished relative to other groups, the 

retention curves obtained for the various groups run roughly 

parallel to each other. 

Hebb' sr"e"cürri"ng digitstask. This next experiment was 

a further attempt to understand the nature of the verbal 

memory impairment which results after lesions of the hippo­

campaI zone in the dominant hemisphere for speech. The design 

of this task fOllows"from an experiment originally conducted 

by Hebb (1961). In the present study, the immediate memory 

span for digits was first ascertained for aIl subjects by 
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the method of Wechsler (1944). The subject was next presented 

with 24 sequences of digits, one sequence at a time. Each 

sequence was one digit in excess of the patient's i~~ediate 

memory span. So, for example, if a person was able to recall 

7 digits in correct order irnmediately after hearing them, then 

he was presented with 24 sequences of 8 digits each. The 

sequences were read aloud at the rate of one digit per second, 

with a 15-second interval between sequences. The subject was 

simply instructed to repeat each sequence irnmediately, in the 

exact order of presentation. For this task, there was one 

special feature about which the patient was not informed: on 

every third trial (3rd, 6th, 9th •••• 24th) the same series 

of digits was repeated, whereas the other intervening sequences 

occurred only once. Two performance scores were obtained for 

this task. The first score was the number of recurring sequences 

which were recalled in correct order (7 maximum) and the second 

was the number of non-recurring sequences correctly recalled 

(17 maximum). In scoring, the first presentation of the 

repeated sequence was treated as a non-recurring sequence. 

With normal subjects, Hebb (1961) has shown and Melton 

(1963) has confirmed that recall of the recurring sequences 

improves progressively over repetitions, whereas no significant 

cumulative improvement occurs for the non-repeated sequences. 

In 1961, this finding convinced Hebb that some "structural 

trace" may be established very early in the memory process. 

It is of interest to analyse the performance of patients with 

dominant, left temporal lobectomies on this task because it 



CORSI 

provides a nice method for following the course of verbal 

learning and, presumably, the course of consolidation of 

memory traces over a short series of trials. 

Tc date, 33 patients who have undergone right temporal 

lobectomy, 39 patients with left temporal-lobe removals and 

17 normal control sUbjects have been examined on this task. 

These groups are comparable with regard to age, intelligence 

and immediate memory span for digits (F = 1.06, P >.25). The 

mean digit span for the three groups was as follows: normal 

control subjects 6.7; right temporal patients 6.5; left 

temporal patients 6.3. In addition, no significant variation 

was observed for this variable across the four left temporal 

sub-groups (F = 0.01, P >.50). 

24. 

Analysis of variance for the combined left temporal, right 

temporal, and normal groups yielded an F-ratio of 19.93 (p <.001) 

for the recurrent-sequence scores and 3.31 (p <.05) for the non­

recurrent sequence scores. As indicated in Figure 7, the 

patients with left temporal-lobe removals show an impairment 

on this verbal task when compared to the right temporal patients 

~ecurrent sequence, t = 5.40, P <.001; non-recurrent sequence, 

t = 1.99, P <.05) whose performance did not differ from that 

of the control subjects (recurrent sequence, t = 0.14, P >.50; 

non-recurrent sequence t = 0.41, P >.50). 

Scores expressed as mean per cent correct digit-sequences 

for the left temporal sub-groups are given in Table 3 and are 

plotted in Figure 8 as a function of the ordinal presentation 

of the recurrent item. Analysis of the performance of the four 
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Figure 7 

Hebb Digits Tosk: Mean Per Cent COlI"red 

Digit Sequences for Total Temporal-lobe Groups 
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Table 3 

Hebb Digits Task: Mean Pei" Cent Correeî Digii Sequences 

for Left Temporal Subgroups 

Mean Per Cent Corred Sequences 
Group N 

26. 

Recurrent Sequences Non~Recurrent Sequences 

Right Temporal 33 77.4 23.4 

Left Temporal 1 9 73.0 22.9 

Left Temporal Il 11 61.0 19.2 

Left Temporal III 10 32.9 20.6 

Left Temporal IV 9 28.6 15.8 
.. 
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Figure 8 

tfebb Digit Tasle Mean Per Cent Corred Digit Sequence 
as a Fundion of Ordinal Presentation of Recurrent Item 
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left temporal sub-groups for the recurring sequence scores 

revealed significant variation across these groups (F = 11.90, 

P <.001). No significant variation was observed for the non­

recurrent sequence scores (F = 1.00, P >.25). Those patients 

with the hippocampus spared (Group 1) correctly recalled the 

recurring digit sequence more frequently than patients in 

Group II (t = 1.81, P <.05) who, in turn, were superior to 

the patients with more extensive mesial removals in Group III 

(t = 3.18, P <.005). Groups III and IV did not differ 

statistically (t = 0.41, P >.50). 

The performance of left temporal patients in Group l was 

not statistically different from that of the right temporal 

patients (t = 0.75, P >.25) or normal control subjects (t = 0.82, 

P >.25). However, patients with the pes hippocampi excised in 

the left hemisphere (Group II) did show an impairment for recall 

of the recurrent sequence relative to the right temporal patients 

(t = 2.91, P <.005) and normal controls (t = 2.77, P <.005). 

No significant variation was found across the four right temporal 

sub-groups for the recall of either the recurrent sequence 

(F = 0.71, P >.50) or the non-recurrent sequences (F = 0.65, 

P >.50). 

From the analysis of results for the Hebb digits-task it 

is apparent that the magnitude of verbal learning impairment 

is proportional to the extent of medial temporal-lobe excision 

in the dominant hemisphere for speech. For patients with 

large medial removals of the left temporal-lobe, the consolidation 

of verbal impressions over time seems particularly susceptible to 
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disruption, although immediate memory as sampled by span tasks 

remains relatively unaffected. Thus, whether one chooses to 

study the course of forgetting (as in the Peterson task) or 

the course of verbal learning in these patients, it is 

evident that the hippocampal zone in the left hemisphere is 

specifically involved in the verbal consolidation process. 

StUdies of Non-Verbal Retention and Learning 

In the two experiments described thus far, the severity 

of verbal memory impairment was found to vary directly with 

the extent of encroachment upon the hippocampal region in the 

dominant hemisphere for language. From what is known of hemi­

spheric specialization of function, it is reasonable to look 

for a corresponding relationship between the recall of non­

verbal information and the integrity of the medial portion of 

the right temporal lobe. For -the two previous studies, patients 

with right temporal-lobe excisions showed normal recall of the 

verbal information presented to them, regardless of whether 

or not the hippocampus was spared. However, patients with 

right temporal-lobe removals do show a memory deficit in the 

performance of certain non-verbal tasks (Kimura, 1963; Milner, 

1968; Shankweiler, 1966). The extent to which this memory 

impairment can be related to surgical encroachment upon the 

hippocampal zone in the right hemisphere is the focal problem 

in the following two studies of learning and retention for 

non-verbal material. 

Bl'o'ck-Tapp'ing Task. This task is identical in design to 

the Hebb digits task, but the items are spatial not numerical. 

--- ! 
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The test material (see Figure 9) consisted of 9 black blocks 

(1-1/4" cubes) which were impartially arranged on a black 

board (9" x Il"). The examiner tapped the blocks with a 6" 

wooden stick in a particular sequence and, immediately 

thereafter, the patient was required to tap out exactly the 

same pattern. The patient's immediate spatial span (i.e. 

the maximum number of blocks he was able to tap in ùorrect 

order) was first ascertained anà then 24 block sequences 

30. 

which were each one block in excess of the patient's immediate 
span were presented. Each block was tapped only once in any 

particular sequence with a 15" interval between sequences. 

As with the Hebb digits-task, every 3rd block sequence (3rd, 
6th, 9th •••• 24th) was repeated, whereas the intervening 

sequences occurred only once. The blocks were Dumbered on 

the examiner's side of the board for ease in recording the 

patient's performance. However, from his position, the patient 
was unable to see the numbered block faces. Two scores were 

obtained: the first was the number of recurring block sequences 
which were tapped in correct order (7 maximum), and the second 
was the number of non-recurring sequences correctly tapped 

(17 maximum). In scoring, the first presentation of the 

repeated sequence was considered as a non-recurring sequence. 

Thus far, 24 patients with left temporal-lobe removals, 

36 patients with right temporal-lobe removals, and 16 normal 
control subjects have been tested. The mean immediate span 

for block tapping for these groups was as follows: normal 

control 4.9; left temporals 4.9; right temporals 4.8. No 
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significant variation occurred across the three groups with 

respect to this variable (F = 0.12, P >.50). Furthermore, 

no significant variation was observed for block span across 

the four right temporal sub-groups (F = 1.42, P >.25). 

Analysis of variance for the combined right temporal, 

left temporal, and normal groups yielded an F-ratio of 15.93 

32. 

(p <.001) for the recurrent-sequence scores and 9.72 (p <.001) 

for the non-recurrent-sequence score~. As illustrated in 

Figure 10, the right temporal patients were impaired on this 

spatial learning task when compared to left temporal patients 

(recurrent sequence, t = 4.34, P <.001; non-recurrent sequence, 

t = 2.64, P <.05), whose performance did not differ from that 

of the normal control subjects (recurrent sequence, t = 0.84, 

P >.50; non-recurrent sequence, t = 0.65, P >.50). 

Scores expressed as mean per cent correct block-sequences 

for the right temporal sub-groups are given in Table 4 and are 

plotted as a function of the ordinal presentation of the re­

current item in Figure 11. Analysis of the performance of the 

four right temporal sub-groups for the recurring-sequence 

scores revealed significant variation across these groups 

(F = 6.91, P <.002). No significant variation was observed 

for the non-recurrent-sequence scores (F = 1.54, P >.20). 

For recall of the recurrent sequence, those people with the 

hippocampus spared on the right (Group 1) did not differ 

significantly from the patients in Group II with only the pes 

hippocampi excised (t = 0.62, P >.50). In fact, the patients 

in these two sub-groups were not impaired relative to normal 
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Figure 10 

Block Tapping Tasle Mean Per Cent Corred Block Sequences 
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Table 4 

Black Tapping Task: Mean Per Cent Corred Black 
Sequences for Right Temporal Subgroups 

Group N 
Mean Per Cent Correct Sequences 

34. 

Recur:-ent Sequences Non-Recurrent Sequences 

Left lempora 1 24 83.9 26.9 

Right Temporal 1 7 77.6 227 
Right lempora! Il 12 69.0 ·23.5 
Right lemporalill 7 42.9 227 
Right lemporallV 10 28.6 15.9 
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Figure Il 

Block-Tapping Task : Mean Percent Correct Block Sequences 
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controls for recall of the recurrent sequence (Group l vs 

Controls, t = 0.31, P >.50; Group II vs Controls, t = 1.37, 

P >.25). In contrast, the patients with more extensive 

medial removals in Group III did show an impairment when 

compared with normal control subjects (t = 4.71, P <.001) 

and with the patients in Group II (t = 1.99, P <.05). Those 

people who underwent radical excision of the hippocampal 

zone in the right hemisphere (Group IV) demonstrated the most 

severe impairment in recall of the recurrent sequence. 

The left temporal-lobe patients were also sub-divided 

into 4 groups depending on the extent of mesial-temporal 

removal. However, no significant variation was found across 

these four sub-groups for either the recurrent sequence 

CF = 0.46, P >.50) or the non-recurrent sequence (F = 0.83, 

P >.50>-

The results of the block-tapping analysis are analogous 

36. 

to the findings for the Hebb digits task. The right temporal 

patients show a deficit in non-verbal, spatial learning and 

this deficit varies directly with the extent of medial temporal 

removal. Whereas the left temporal patients have difficulty 

in the consolidation of verbal impressions over time, the 

right temporal patients show a consolidation impairment for 

non-verbal material. This impairment is apparent even though 

immediate, non-verbal, memory span, as measured by the new 

block-tapping technique, is normal relative to control subjects. 

Recallof visUalinformation (Posnertask). The final study 

in this series of experiments was designed to analyse further 
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the non-verbal memory disturbance that results from medial 

temporal excision in the right hemisphere. The experimental 

task was a modified form of a simple test which Posner (1966) 

has utilized in his studies of the short-term retention of 

visual information. The material to be recalled consisted 

of a 1/4 inch-diameter circle located at one of 24 positions 

along an 8-inch line. The 24 positions, in millimetres from 

the left end of the line are indicated in Figure 12. This 

figure also serves as a summary of the experimental design. 

The randomized test material was presented to the subject on 

a 23 x 23" panel. As illustrated in Figure 13, an inspection 

line with a small circle on it appeared in the presentation 

window to the subject's left and was recalled by him on a 

test line which appeared in the recall window to the right. 

The information to be remembered (i.e.---O---) was exposed 

37. 

in the presentation window for 5 seconds during which the 

subject marked the line at the center of the circle with a 

pencil stroke. The inspection stimulus was then covered and 

after a short retention interval the recall window was opened, 

exposing an 8-inch line without the circle referent on it. 

The subject was instructed to mark this line where he thought 

the circle should appear (i.e. the same distance from the left 

end of the line). S was given 15 sec. in which to recall the 

inspection stimulus and then a new trial began. Retention was 

tested after three different intervals, 6, 12 or 24 seconds. 

For half of the trials at each interval (rest trials), the 

subject was simply instructed to rest quietly with his eyes 
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Figure 12 

Posner Task: Experimental Design (indicating 

position (mm) of test stimulus from left end of line) 
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Figure 13 

Posner Test Apparatus 
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fixated midway between the windows. For the other half (work 

trials), he was required to arrange strings of 5 random digits 

in correct ascending order. Two scores expressed in terms of 

the absolute distance between the correct location of the 

circle and the recalled position were obtained for each 

subject. One score was the total error (millimetres) across 

the three retention intervals for the rest condition and the 

other was the total error across intervals for the work 

condition. 

To date, 39 patients with right temporal-lobe excisions, 

25 patients with left temporal-lobe excisions and 19 normal 

control subjects have been examined on this task. Mean error 

scores for the rest and work conditions for these groups are 

presented in Figure 14. As predicted,the right temporal 

patients show an impairment on this non-verbal recall task 

when compared with the left temporal patients (rest condition, 

t = 3.73, P <.001; work condition t = 2.54, P <.01), whose 

performance was normal relative to the control subjects (rest 

condition, t = 0.12, P >.50; work condition t = 0.60, P >.50). 

Mean error scores for the four right-temporal sub-groups 

are given in Table 5 and their performance as a function of 

the retention interval is illustrated in Figure 15 for the 

rest condition and in Figure 16 for the work condition. In 

the work condition of this task, retention was progressively 

more impaired as the magnitude of the medial temporal-lobe 

removal increased. Those people with the hippocampus spared 

in the right hemisphere (Group I) and patients with only the 
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Figure 14 

Recall of Visuallnformcmon (Posner Task): Mean Total 
Absolute Error (mm) for Work and Rest Conditions 
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Table 5 

Recall of Visuallnformation (Posner Task): Mean 
Absolute Error for Right Temporal Subgroups 

Mean Error in mm Group N 
Real' Trials Work Trials 

Left Temporal 25 69.6 94.4 
Right Temporal 1 7 937 99.1 
Right Temporal Il 14 83.6 110.4 
Right Temporal III 7 93.6 125.6 
Right Temporal IV 11 1257 145.4 

. i 
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Figure 15 

Recall or VI.ual Po.ltlon a. a 
Fundion of Retention Interval for Rest Condition 
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Figure 16 

aecaU ~f Visual Position as G 

Function of Retention Int.rval for Work Condition 

((:orsi version of Posner Task) 

Ê 
.§. 

70 ~ 
60 

.!! 50 
o 

00: 
~ 

~ 40 .. 
o -.. 
o 
t:: 30 

&II 

~ 
o 
~ 20 
c 
o 
CD 

~ 10 

Right Temporals 

/- Group 4 

?aC,OUP3 

~~ o Group 2 
• Group 1 

2~.'-----"--::c:-::-~-:::-: Left Temporals 
a~. __ -== . ,,'" . "",'" 

Normal." 
Controls 

". .......... 

o~----------------------*-----~ 6 12 18 24 

lime Interval (seconds) 

44. 



CORSI 

pes hippocampi excised (Group II) did not show a significant 

deficit when compared to the left temporal patients (Group l 

45. 

vs left temporals, t = 0.25, P >.50; Group II vs left temporals, 

t = 1.44, P >.25). However, the patients in Group III and IV 

wiih more radical excisions of the hippocampal region were 

impaired relative to the left temporal group (Group III vs 

left temporals, t = 2.00, P <.05; Group IV vs left temporals, 

t = 2.96, P <.01). Although the results for the rest 

condition are not as orderly across the right temporal sub­

groups, it is nevertheless the case that the patients in 

Group IV with radical removals of the medial temporal region 

show by far the most severe impairment of recall. The more 

consistent relationship between performance and the extent 

of medial removal for the work condition is an indication of 

the role which intervening activity has in the disruption of 

non-verbal recall. Those patients with large excisions of 

the medial temporal-lobe structures appear to be especially 

susceptible to the interfering effect of distracting activity. 

Te'st' Re'sültsforPatie'nt' H.M. 

For the Hebb recurring-digits task, H.M. failed to learn 

the recurring digit sequence (14 per cent correct) and his 

ability to recall immediately the supra-span non-recurring 

sequences was extremely impaired (12 per cent correct). 

Although his performance was also markedly impaired for the 

block-tapping task, he did show some marginal learning of the 

repeated block sequence (29 per cent correct). His immediate 

recall of the non-recurring blo'ck patterns (18 per cent correct) 
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was somewhat better than his recall of the non-recurring 

digit sequences (12 per cent, as noted above). This 

severely impaired performance for both verbal and non-verbal 

learning tasks occurred in spite of his normal immediate. span 

for digits (6) and block patterns (5). 

46. 

For both formally-similar recall tasks, H.M.'s performance 

was markedly impaired, and at the longer retention intervals 

with interpolated activity the -test stimuli appeared to exert 

little control over his responses. Figure 17 shows that his 

recall of consonant trigrams (Peterson task) was extremely 

deficient not only relative to normal control subjects but 

even when compared to the left temporal-lobe patients with the 

most radical, unilateral-hippocampal excisions. Altogether 

H.M. recalled 22.2 per cent of the consonants as compared to 

47.7 per cent correct recall for the most impaired left t'emporal 

group. To assess the immediate registration of information for 

this patient, four trials were conducted at zero delay. On 

these trials a trigram followed by a three digit number was 

presented (e.g. "QZC465") and, immediately thereafter, H.M. was 

requested to repeat the trigram ("QZC"). For this condition, 

he correctly recalled 100 per cent of the consonants. It 

should be noted that the experimental procedure was simplified 

for H.M. because of his inability to remember the original 

test instructions. On each trial, the test material was read 

aloud to him and he was required to count backwards until 

interrupted by a gentle tap on the shoulder for recall of the 

consonants. Following six practice trials, H.M. remembered 



CORSI 

en -c 
a 
c - 0 

C en 
CD C 

V 0 .. U 
CD -D- O 

c= a a 
CD " :e': -" CD .. .. 

0 
V 

Figure 17 

Peterson Task: Verbal Recall 
as a Function of Retention Interval 

100 Normal Controls ., 
" ' .. 

80 " ...... ---. ---' •. 
Left Temporal Group IV ", 

60 ." .... 
• ----.----Patient H. M. • ____ 

40 

~o//\ ."'. 
20 0, 

0 

0 1 l'. 
0 3 6 9 12 15 18 

Retention Interval (seconds) 

47. 



CORSI 

without prompting on aIl subsequent test trials to count 

backwards and then, upon interruption, to attempt the recall 

48. 

of "sorne letters." Finally, for the Posner task, he demonstrated 

nearly normal recall after six seconds with no distracting 

activity during the retention interval, however, as indicated 

in Figure 18, his non-verbal recall deteriorated very rapidly 

as the delay period increased. For the work condition with 

interpolated activity during the retention interval, his 

performance fell to a "chance" level (i.e. as estimated by 

the examiner - H.M.'s responses were impartial relative to 

the position of the test stimulus) across aIl three delay 

periods. 

Discussion 

The results of the experiments reported here provide 

further evidence of hemispheric specialization of function. 

The outcomefor the two analogous short-term learning tasks, 

the Hebb recurring-digits test and the block-tapping test, 

demonstrates a clear double dissociation between the effects 

of left and right temporal-lobe lesions. The left temporal­

lobe patients showed a deficit for the verbal learning task 

and normal performance for the non-verbal analogue, whereas the 

converse was evident for the right temporal-lobe patients. 

This same pattern of results was observed for the two formally 

similar tests of short-term recall. These findings are 

consonant with the corpus of evidence gathered from normal 

and clinical experiments that demonstrate the different 

functions of the left and right hemispheres in the mediation 
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Figure 18 

Recall of Visual Position as a 

Fundion of Retention Interval 
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of human behavior (see Milner (1971) for the most recent 

review). 

The principal contribution of the present study is the 

50. 

new finding that the severity of the material-specific memory 

disturbance following unilateral temporal lobectomy is directly 

related to the medial extent of the removal. The more extensive 

the surgical encroachment on the hippocampal zone in the left 

hemisphere, the more severe is the resulting deficit in verbal 

learning and retention. Similarly, the severity of the non­

verbal learning and retention impairment that follows right 

temporal lobectomy directly depends on the extent of surgical 

removal in the right medial temporal region. The le ft temporal­

lobe patients show normal performance for the non-verbal tasks, 

and the right temporal-lobe patients show intact learning and 

recall of verbal materials, regardless, in each group, of 

the extent of medial temporal excision. Although the hippo­

campus was used as the brainmark for delineating the extent 

of medial temporal removal, it is not suggested that this is 

the sole structure associated with the memory disturbances 

that have been reported. Rather, the entire medial aspect 

of the temporal region, including hippocampus and parahippocampal 

gyrus, is taken to be associated with the observed impairments. 

It should be pointed out that the two verbal tasks 

employed here were presented in the auditory mode, and the 

two tests of non-verbal performance were given in the visual 

mode. An argument could therefore be made that selective 

impairment is specific, in the case of left temporal-lobe 
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damage, to the auditory modality, and, in the case of right 

temporal-lobe damage, to the visual modality. At present, 
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there is indeed evidence for a specifie defect in acoustico­

verbal memory following left posterior temporal or temporo­

parietal lesions (Luria, Sokolov & Klimkowski, 1967; Warrington 

& Shallice, 1969; Warrington, Logue & Pratt, 1971; Luria, 1971). 

Nevertheless, it seems unlikely thatsense modality is a critical 

variable in the present studies. In cases of left' ant'erior 

les ions of the temporal lobe, such as those studied here, a 

selective impairment in verbal memory has been consistently 

observed regardless of whether the material is heard or read 

(Blakemore & Falconer, 1967; Milner, 1967). Furthermore, 

recognition and retention of complex auditory patterns to 

which a name cannot be easily given is entirely normal for 

patients with left temporal-lobe lesions, whereas people with 

right anterior temporal-lobe damage show a deficit on the same 

acoustic task (Shankweiler, 1966). On the basis of this evidence, 

it can be assumed that the impairments reported here were 

material- rather than modality-specific. 

The' 'Pa't't'e'rn 'of Me'mory Dys'functi'on 

Before considering any theoretical implications of this 

work, it is necessary to describe more precisely the pattern 

of rnnemonic dysfunction that emerges after both unilateral 

and bilateral les ions of the hippocampal region. The 

experiments have demonstrated that immediate memory span 

for verbal and non-verbal information was intact in aIl cases. 

The registration of new information seemed to occur without 
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impedance. However, the results for the two short-term 

retention tasks (Peterson and Posner tests) revealed that 

patients with unilateral removals of the medial temporal­

lobe structures were unable to ho Id inputs for even very 

short intervals, especially when the opportunities for 

rehearsal were restricted. Yet, for neither short-term 

task, was there any sharp discontinuity between the per­

formance of people with extensive medial temporal-lobe 

excisions and that of normal control sUbjects. 

It is unfortunate that immediate recall at zero delay 

was not formally investigated for either of the short-term 

retention tasks. Nevertheless, it w~s the case that two 

pretrials at zero delay were presented as practice for the 

Peterson test and each patient, regardless of lesion site, 

was able to recall correctly the consonant trigrams under 

this condition. As pointed out earlier, there was no 

significant difference in immediate memory span across the 

patient and control groups, and this finding lends further 

support to the assumption of intact registration for aIl 

subjects. If it is assumed for the Peterson task that at 

zero delay aIl subjects were recalling nearly 100 per cent 

of the test material, then, as indicated in Figure 19, the 

decay functions between zero and three seconds for the left 

temporal-lobe patients become progressively steeper as the 

medial extent of the removal increases. The primary loss 

for patients with radical left hippocampectomy seems to 

occur very ea~ly in the retention period; in fact, it occurs 

52. 



CORSI 

-D 
u 
Q) 

a.:: -u en 
Q) -.. c .. D 0 

U c 
0 -en 

c c 
Q) 0 u U .. -CI) 0 a.. 
c 
D 
CI) 

~ 

53. 

Figure 19 

Peterson Task: Verbal Recall as a Function 
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as soon as attention is distracted. After three seconds the 

decay curves for the various patient groups run approximately 

parallel to each other. This phenomenon was not observed for 

the analogous condition of the non-verbal recall task. In 

fact, without any assumption about recall at zero delay, it 

is evident that the right temporal-lobe patients with the 

most extensive medial excisions (Groups 3 and 4) showed 

relatively more impoverished performance with increases in the 

retention interval beyond six seconds. Their decay functions 

were steeper than those of the other patient groups. 

In spite of normal irruüediate memory, aIl of the temporal­

lobe patients did show a significant disturbance in recalling 

informational sequences which barely exceeded their immediate 

memory span Csupraspan sequences). In the unilateral cases, 

this disturbance was material-specific; the left temporal-

lobe patients were impaired for the immediate recall of 

verbal, supraspan sequences (non-recurring Hebb digits) and 

the right temporal-lobe subjects showed a deficit in the 

recall of non-verbal supraspan sequences (non-recurring block 

patterns). For both groups of patients this abnormality was 

independent of the extent of medial temporal excision. However, 

it was found that the learning of a repeated supraspan sequence 

was directly related to the amount of tissue excised from the 

hippocampal zone. 

The test results for patient H.M., who ~nderwent bilateral 

resection in the medial temporal region, revealed a more severe 

and generalized disturbance of memory function; yet the pattern 
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of dysfunction was similar to that observed in the cases of 

radical unilateral hippocampectomy. This man's immediate 

recall of verbal and non-verbal sequences was normal, his 

supraspan performance was markedly impaired and he showed 

little learning of the recurring, supraspan sequences. H.M. 

did show sorne marginal improvement in recall of the recurring 

block pattern. This finding is consistent with his ability 
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to learn a simple maze problem (Milner, Corkin & Teuber, 

1968). Moreover, it is possible that additional motor 

learning, which has been found to be relatively intact for 

this patient (Corkin, 1968), may have facilitated his per­

formance. Still, his learning in the block-tapping task was 

impaired and on the analogous verbal form he showed no success 

whatever in retaining a repeated digit sequence. For the 

Posner spatial-location task, he was unable to hold non-verbal 

inputs for more than six seconds even when there was no inter­

polated activity, and his performance broke down completely 

when he was required to perform a distracting task during 

the retention interval. Finally, on the Peterson task, 

although H.M.'s immediate registration of the consonant trigrams 

was normal, his delayed recall was extremely impoverished 

relative even to the most impaired le ft temporal-lobe group, 

his retention of the trigrams being at ~hance level for 

intervals greater th an ni ne seconds. Sidman, Stoddard & Mohr 

(1968), using a verbal memory task which involved the matching 

of trigrams, have demonstrated normal retention for H.M. with 

delays of 40 seconds. However, in their design H.M. was not 
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distracted during the retention intervals and he succeeded 

by continuously rehearsing the verbal mateI'ial (his lips 

could be seen moving throughout the delay intervals). Taken 

together, the results for patient H.M. indicate that the 

memory disturbance that follows bilateral hippocampal damage 

is not simply the sum of the deficits seen after unilateral 

left and right hippocampectomy. For three of the four 

experiments reported here, H.M.l s performance was markedly 

inferior to that of patients with radical unilateral les ions 

of the hippocampal zone. 

The present findings are in sharp contrast to those 

of Baddeley and Warrington (1970). Their results are based 

on observations of four alcoholic, Korsakoff cases, one 

questionable vascular case, and na patient with unilateral 

temporal lobectomy who exhibited symptoms closely analogous 
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to H.M". They compared the performance of amnesic and control 

subjects on a series of retention tasks, including altered 

forms of the Peterson and Hebb digits tests. For their 

version of the Peterson task in which subjects were presented 

with. three letter word triads and tested for recall after 

d31ays up to 60 seconds, they found no difference in the 

decay functions for amnesic and control groups. On their 

version of the Hebb recurring digits task, the amnesic patients 

showed at least as much learning as the control group and it 

was concluded either that amnesic patients are unimpaired on 

one type of long-term memory or else that long-term memory is 

not responsible for the Hebb effect. 

'-, 
i 
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Differing experimental procedures, in addition to the 

obvious and important population differences in the etiology, 

locus and extent of brain damage, may account for the 

discrepancies between the findings of Baddeley and Warrington 

and those reported here. First) for the Peterson task the 

length of the stimulus presentation period differed in the 

two studies. Baddeley and Warrington required their subjects 

to read word triads aloud and exposed the verbal material for· 

four seconds after it was read (total exposure, nearly eight 

seconds). In the present study three consonants of low 

association value were read to the subject at the rate of 

one consonant per second (total exposure, three seconds) and 

he was instructed not to repeat the trigram aloud. Thus, 

Baddeley and Warrington presented more meaningful material 

for a longer period with more opportunity for rehearsal and 

aIl of these procedures may have inflated retention scores 

relative to the present study. For the Bebb recurring digits 

task, these authors presented the recurring digit sequence 

on every other trial, whereas, on the form reported here, 

the recurring sequence was presented every third trial. 

However, even with the more frequent presentation of the 

recurring sequence, Baddeley and Warrington failed to 

demonstrate a clear-cut learning effect for either their 

control subjects or amnesic patients. This lack of effect 

probably resulted from the presentation of digit sequences 

(eight digits long) which were far in excess of the immediate 

memory span of most of their subjects. In the present study, 
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task difficu1ty was made constant across subjects by se1ecting 

sequences which were one digit beyond each subject's immediate 

span. A1though it is true that the amnesic patients tested 

by Badde1ey and Warrington showed "at 1east as much 1earning 

as the control group," this comparison is mis1eading because 

neither group demonstrated any significant 1earning. In spite 

of these differences in method, it is the case that the patients 

studied here who underwent unilateral hippocampectomy and who 

did not demonstrate c1inica11y diagnosed amnesia, neverthe1ess 

showed materia1-specific deficits on the same short-term 

retention tasks used by Badde1ey and Warrington. Unfortunate1y, 

these authors do not present separate resu1ts for their patient 

M.T. who supposed1y shows symptoms ana1ogous to patient H.M. 

and therefore no direct comparison is possible. 

The resu1ts of another recent study (Samue1s, Butters, 

Goodg1ass & Brody, 1971), whi1e consonant with an ear1ier 

report of the present work (Corsi, 1969), are in apparent 

conf1ict with the findings of Badde1ey and Warrington. Using 

a series of short-term retention tasks, inc1uding a form of 

the Peterson test, Samue1s et al. found a severe impairment 

in the verbal reca11 of 13 patients with Korsakoff's disease 

and they conc1uded that Korsakoff patients cannot retain 

inputs beyond a few seconds even when the stimulus materia1 

is proper1y regist-eroed. This finding is consistent wi th 

Ta11and's (1965) observation that Korsakoff patients forget 

as soon as their attention is diverted from the materia1-to­

be-memorized. Fina11y, Cermak, Butters & Goodg1ass (1971), who 
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also used the Peterson technique with a design similar to 

that of Baddeley and Warrington, have demonstrated a retention 

impairment for Korsakoff patients, regardless of the degree of 

difficulty or amount of materia1 presented. These authors 

suggest that Baddeley and Warrington may not have controlled 

the performance of the distracting task rigorously enough to 

prevent rehearsa1 du:~ing the retention intervals and that 

this factor may account for the unimpaired performance of 

their patients. 

Theoretical Implications 

At present, the literature of psychology is profuse with 

theoretical models of human memory (e.g. Atkinson & Shiffrin, 

1968; Norman, 1970; Tu1ving & Madigan, 1970). Sorne authors 

view memory as a single, continuous system (Melton, 1963; 

Bernbach, 1970; Murdock, 1970). Others distinguish two 

separate aspects of human memory; a labile, "short-"term" 

storage system and a more permanent, "long-term" memory 

(Waugh & Norman, 1965; Glanzer & Cunitz, 1966; Atkinson & 

Shiffrin, 1968). Still others regard the dual storage models 

as too crude and suggest a third, intermediate-term memory 

system eWickelgren, 1970). With respect to the problem of 

forgetting, sorne theorists hold that items decay with the 

passage of time (Brown, 1958; Broadbent, 1963) and others 

c1aim that interference from the presentation of other 

material is the cause of forgetting (Underwood & Postman, 

1960; Postman, 1961). 

To date, the study of patients with brain damage has 

'~·i 
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already had sorne impact on general notions about the structure 

and processes of human memory. The present findings are 

particularly relevant to theoretical issues concerning the 

organization of memory storage and the role of interference 

in forgetting. The term "short-term retention" has been used 

here principally to describe the experimental tasks which 

involved short recall intervals (Peterson & Posner tasks). 

In the psychological literature, short-term memory has often 

been used in a rather different sense to indicate a distinct 

process which is presumed to underly performance. To avoid 

possible future confusions, the convention suggested by Waugh 

& Norman (1965) of the term "primary memory" in place of "short­

term memory" and "secondary memory" in place of "long-term 

memory" as hypothetical constructs is adopted. Whether or 

not the short-term retention tasks employed here bridge the 

various storage systems which have been proposed by memory 

theorists is still an open experimental question. 

The test results for patierrt H.M., with bilateral 

destruction of the hippocampal zone, suggest a distinction 

between a temporary storage system (primary memory) and a more 

permanent store (secondary memory). This man showed normal 

immediate recall and intact non-verbal recall up to six seconds, 

and yet he demonstrated an inability to learn supraspan 

sequences over many repetitions. This finding corresponds 

with Wickelgren~s (1968) observation of normal primary memory 

for this patient. In this case, it seems that the essential 

transition process from primary memory to more stable secondary 
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memory was absent, at least for the encoding of verbal 

information. Milner (1968) has pointed out that H.M.'s 

anterograde amnesia cannot be accounted for simply in terms 

of a lack of adequate strategies for memorization. Milner 

has observed that no amount of previous rehearsal benefits 

H.M. and other amnesic subjects once their attention is 

diverted, whereas it may facilitate the acquisition of 

secondary memory traces for normal subjects (Waugh & Norman, 

1965). This same disruption of trace consolidation, although 

material-specific and less severe, appears to 'underlie the 

learning impairment for patients with radical unilatéral 

hippocampectomy. 

The evidence from the present experiments suggests that 

the observed memory defects were not simply the result of 

increased, spontaneous trace decay but also the consequence 

of heightened susceptibility to the effects of interfering 

activity. In particular~ for the Peterson task patients with 

extensive removals in the left medial temporal region were 

found to be especially sensitive to the interfering effect of 

interpolated activity which presumably prevented rehearsal 

and proper organization of the material-to-be-remembered. 
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For patient H.M. the recall of consonants was even more acutely 

disrupted by interpolated activity, whereas, on a similar verbal 

task without distraction, H.M.'s retention has been found to be 

intact (Sidman, Stoddard & Mohr, 1968). The fact that on the 

Posner task a more consistent relationship between impaired 

retention and the extent of right medial-temporal removal 
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was found for the work condition than for the rest condition 

is a further indication of the potent role which intervening 

activity has in the disruption of recall. 

An Interpretation of the Hippocampal Defect 

At what phase in the sequence of events presumed to un­

derlie normal memory, nameJ.y registration, consolidation, 

information storage, and retrieval does interference 

interrupt the performance of amnesic subjects? The ex­

planation favoured here was first formulated by Milner (1968) 

in terms of a consolidation defect - the failure to achieve 

any stable memory trace. Müller and Pilzecker (1900), in 

their original proposaI of the consolidation process, 

sugge8ted that information storage is the result of neural 

processes which must persist for sorne time after experience. 
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The longer neural activity continues, the more permanent the 

memory traces become, and it follows ~hat if the neural activity 

is interrupted the memory traces are either completely displaced 

and "forgotten" or attenuated and only partially "remembered." 

Milner has proposed that in cases of bilateral hippocampal 

les ions this consolidation process is selectively disturbed 

and new experiences become acutely vulnerable to interference. 

Warrington & Weiskrantz (1970) have put forth an interpretation 

of the amnesic syndrome in terms of interference and dis inhibition 

as an alternative to the consolidation hypothesis. Using the 

technique of partial information, these authors have demonstrated 

that for Korsakoff patients retention depends more on the method 

of retrieval than on the method of acquisition. Like Milner, 
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Warrington & Weiskrantz emphasize the crucial effect of 

interference, but they attribute the memory disturbance of 

amnesic patients to defective retrieval rather than impaired 

storage. 

These alternate interpretations may at least partially 

be the consequence of impressions formed from the study of 

patients with neurological conditions of different aetiology 
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and cerebral location. To date, reviews of memory loss after 

brain damage (Whitty & Lishmall, 1966; Brierley, 1966; Ojemann, 

1966) have served mainly to point out the diversity of amnesic 

~ffects and to illustrate the considerable range, bo'th in type 

and severity, of memory dysfunction that may occur after les ions 

of different origin and locus. At present, there is specific 

evidence for a qualitative distinction between memory defecTs 

associated with Korsakoff's disease and those seen in patients 

with bilateral hippocampal ~esions. Lhermitte & Signoret (1972) 

have shown that Korsakoff patients with presumed lesions of the 

mammillary bodies and medial thalamus were more impaired on a 

sequential learning task than patients with bilateral hippocampal 

lesions. On this task, which required the recall of subspan 

sequences of words, the Korsakoff patients appeared to be 

especially vulnerable to the interfering effect of previously 

presented material. On the other hand, the hippocampal 

patients showed a severe impairment for th.e retention of supra­

span spatial information relative to the Korsakoff patients. 

On this rather different memory task, which was specifically 

designed to rule out, as far as possible, any interference from 
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previous responses, the Korsakoff patients showed near normal 

recall despite denying having seen the test material before. 

These findings suggest that the retrieval of information may 

b~ selectively disturbed for people with Korsakoff's disease, 

whereas, in the case of bilateral hippocampal damage, the 

capacity for permanent storage of new information is disrupted. 

It has been proposed here that for people with large 

unilateral lesions of tb.e hippocampal zone (in addition to 

anterior temporal lobectomy), the material-specific memory 

loss is also the consequence of a consolidation rather than 

a r'etrieval defec-t:. In the case of left medial temporal 

damage, the consolidation of verbal information is specificQlly 

disrupted, and for corresponding excisions of the right 

hemisphere, the trace formation of non-verbal impressions 

is affected. Evidence in support of this pcsition comes from 

an analysis of the results for the two analogous learning tasks. 

If it is assumed that patients with extensive medial temporal 

removals were more susceptible to proactive interference 

during the retr·ieval stage, then they should demonstrate 

more impoverished recall of the non-recurring, supraspan 

sequences than other patients in whom the hippocampal zone 

was spared. However, this is not the case; for there was no 

significant variation across the various temporal-lobe groups 

with respect to recall of either verbal or non-verbal, supraspan 

sequences. Furthermore, the patients with unilateral hippo­

campaI damage were not any more vulnerable to proactive 

interference th an normal control subjects. For the Hebb 
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digits task, a simple ratio reflecting the effect of proactive 

interference in the recall of non-recurring sequences was the 

same (.71) for the control subjects and left temporal-lobe 

patients with large hippocampal lesions (Group III + Group IV). 

This proportion was obtained by totalling the number of correct 

non-recurring sequences across subjects for the last half of 

the test (the last eight presentations of the non-recurrent 

items) and dividing this sum by the total number of correct 

sequences for the first half of the test (the first eight 

presentations of the non-recurrent items). An analogous 

comparison for the block tapping task indicated that the 

right temporal lobe patients (Group III + Group IV) were 

somewhat less prone to interference from previous material 

(.61) than control subjects (.49). Nevertheless, these same 

people with unilateral lesions of the hippocampal zone showed 

a marked, material-specific deficit in the cumulative learning 

of a recurring sequence relative to control subjects and 

patients without hippocampal involvement, and this finding 

favors the notion of a selective interruption in the 

consolidation of traces. 

At the physiological level, little is known of the role 

of the hippocampal system in the establishment of secondary 

memory traces. From a structural point of view, there is 

general agreement that the hippocampus is not the locus of 

the changes which correspond to lasting memories (Green, 1964; 

Ojemann, 1966; Milner, 1970). Present evidence from neuro­

behavioral CGrastyan & Karmos, 1962; Douglas & Pribram, 1966; 

Douglas, 1967) and electrophysiological studies (Adey, Segundo 
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& Livingstone, 1957) suggests that hippocampal inhibitory 

activity during acquisition, by blocking the transmission of 

irrelevant sensory impulses to higher centres, is critical to 

engram formation at the neocortical level. This notion is at 

least consistent with the consolidation hypothesis according 

to which new experience is especially susceptible to inter­

ference and some time is required for the permanent storage 
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of information. It has also been proposed <Sweet, Talland & 

Erwin, 1959; Kahn & Crosby, 1972) that the hippocampal system 

might operate to prime activity in cortical sites where sto~age 

is taking place. 

It is possible that in the early stages of learning, the 

hippocampal system activates cortical areas, and thereby "helps" 

to establish the neural representation of a salient input; 

whereas, during later stages of the learning process, it 

inhibits interference from new sensory impulses. However, 

the body of present evidence is more supportive of a strictly 

inhibitory function for this region. A recent neuroanatomical 

study (Van Hoesen, Pandya & Butters, 1972) has demonstrated 

that the hippocampus in connection with the entorhinal cortex 

receives afferent information from the temporal 

cortex which is a probable multisynaptic link joining the 

classical sensory areas of the cortex to the limbic system. 

Upon the reception of afferent impulses from the temporal 

cortex indi.cating the "significance" of a new input, the 

hippocampus might be set to inhibit the further conduction 

of non-specifie inputs through the ascending reticular 

activating system. In this way, hippocampal inhibitory 
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activity could selectively protect an ongoing excitatory 
process in the cortex long enough for its consolidation. 
This speculation iSSlpported by sorne electr0physiological 
evidence (Livingstone, 1959) and is consiste.i.1t with a more 
elaborate model (Douglas & Pribram, 1966). It still remains 
more conceptual than physiological, and very rudimentary on 
both levels. More refined notions await detailed electro­
physiological studies of man in the process of learning and 
remembering. 

PracticalConsiderations 
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Whatever the contribution of these experiments to the 
refinement of theoretical ideas, their clinical significance 
is evident here and now. At present, temporal-lobe surgery is 
being performed for the relief of focal, ce.rebral seizures and 
the control of violent or psychotic behavior. Neurosurgeons 
are apprised of the critical role which each medial temporal 
region plays in the memorization process. Their patients 
who elect brain surgery should have sorne notion of the 
psychological impairments which may result. It is not an easy 
task to inform sick people who are seeking "a cure" for their 
illness about the negative aspects of surgical intervention. 
Yet, the evidence of memory loss after unilateral temporal 
lobectomy is clear and the communication of this information 
to surgical candidates would seem essential. The brief tests 
of short-term retention and learning employed here may also 
be helpful in the differential diagnosis of neurological 
disturbances. In particular, the Hebb digits task and block 
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tapping analogue provide a nice means of assessing immediate 

memory span, supraspan recall and cumulative learning for 

both verbal and non-verbal material. 

68 
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