
, " 
" 

'0 

o 

.\, 

'Ph.D. 

\ 

. , 

• 0 

.~ 

, . ' 

Gina Jaccar1no H:iatt, , . 

CotNIHVE-ORGA~IZATION Dn~~CIT 

'AFTER TEMPORAL LOBECTOMY 

• 1 

\ 

. , 
1 • 

• 
/ 

Psychology 
\), 

,1 

,. 

" 

rI 
'.' .. 

1 1 
El S&t 

; , 



c­
t 

\ 
t, , 

lt 

-~ 

'IMPAIRMENT OF COGNITIVE ORGANIZATION IN 

PATIENTS WITH TEMPORAL-LOBE LESIONS 

by 
> 

Gina Jaccarino Hiatt 

\ 

1 
A thesis submitted· to the Facu~ of Graduate Studies and 

,Rësearc~ in pa'ritial fU!filment of jhe requirements e~or the 

d~gree of ;Doctor of Philosophy. ~ 

Department of Psychology 

McGill University 

Montreal 
,..-" 

- o Gina Jaccar;no Hiatt 
,-

J , t , , 

March 13, 1978 

1978. 

.. 

- t 

\' 

) 

1 

-:i 
1 



/ 

1 

/ 

Ph.D. 

" 

.... 
1 

Gina Jaccarino Hiatt 

~ IMPAIRMENT OF COGNITIVE ORGANIZATION IN 

pATIENTS WITH TEMPORAL-tOBE LESIONS 

Psychology 

The role of the temporal Tobes in organizing ran~m information 
1 

and in using pre-organized information ~o aid memory was.investi~ated. 

Fort y patients with unilateral temporal lobectomies and twenty normal 

subjects were tested in four experiments. The first two st,udies 

demonstrated a materia1-specific impainnent in left or right temporal­

lobe patients in the sorting ,of unrelated word~ or designs, respec­

tive1y. Part IIrcompart9 reca11 and recognition of unrelated or 

categorized words. Left temppral-lobe patients cou1d use the cate'gorized 

list to improve recaJl, but showed redJced clustering and 'a high rate 

of intrusions. !he serial position curve of the unrelated list, showeQ 

that left temporal-robe patients were sensitfve to interference, and 
~ / 

, ( that the 1eft hipp.ocampus is important for the consolidation of early-' , . -

list items. Increased primacy in the categorized-list reca11 of a 
1 

patient with bilateral hippocampa1 lesions, and a greater categorization 

effect in patients with 1eft hippocampal removals, was interpreted as '" 
- '-.... 

\.....Y \ 

reflecting a role of the hippocampus in recal1ing unre1ated word~. 
, ' 
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'IMPAIRMENT OF COGNITIVE ~~GANIZATION IN 

PATIENTS WITH TEMPORALiloBE LESIONS 

R~sumé 

Psycho l,ogy 

, 1 

l'~tude porte sur le rôle joué par les lobes temporaux dans l'organi-
J 

sation d'information, présentée de_ façon aléatoire. ainsi que sur l'utili­

sation d'information O~ganisée dans le b~t ~e faciliter la m~morisation. ' 

Quarante patients, ayant subi une· lobectomie temporale unilatérale, ainsi 

que v 1 ngt s uj ers CQnt~ l ~s • ; on t 'été' examiks dans quatre expéri e~ces • les 

deux premières ~pr'euves ont mis en evidence que ,: sijivant une lOQectomie 
1 

droit~ou gauche, il existe un déficit relatif au/mat~riel~ soit dans la 
, 

CapaCité,a classer des mots, sO,it dans la. capacité ~ classer des, dessins 

non apparentés. Dans la deuxième partie, on a comparé le rappel ,et la 

reco~naissance des mots ~on apparent~s et des mots'Qrganisés en classe. 

Les patients ayant subi une lobectomie temporale ,gauche ont utilisé la 

liste d~ mots organisés pour améliorer leur capacité de rappel; cependant, 

, on relève des :ègrouperents moins ,nombreux, ainsi qu'un taux ~lev~ d'intru-

, sions. La courbe de position sérielle, pour la ~iste de mots non apparentés. 

montr~ que les patients ayant subi une lobectomie tem~orale gauche sont / 

sensi~les aux intérfer.ences. et que l'hippocampe gauche joue un rôle 
.. "c ~ 

important dans la consolidation des premiers items de la liste. L'effet de 
, \' 

o , 

primaut~ accru pour la liste,de mots apparentés. observ~ chez un patient 

ayant subi/une l~sion bilatérale de lthippocampe~ ains) que l'augmentation 

de l'effet de catégorisation observé chez les 'patien'ts ayant subi une 

ablation de l'hippocampe gauche ont été analysés comme représentatifs du 
-' 

rôle joué par l'hippocampe dans l'acquisition mnésique pure. 

\ 
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, '" The treatment of intractable focal ep11epsy by surgical removal of 

epileptogenic brain tissue is a reliable method of reducing or elimi~ 

nating seizure tendenc~ (Rasmussen, 1975). The type of epilepsy 
- , 

amenable to sùch an operation most ofte~originates from temporal~lobe 

st~uctures. Surgical treatment then involves unilateral temporal-lobe 
1 . " 

excision, including the anter~or portion of the temporal neocortex, 

the amygdala, and varying amounts of hippoca~pus and parahippocampal 

gyrus. 

It is now well-known that patients who'undergo such qperation5 

demonstrate ~terial-specific mêmory disorders preoperatively, which 

are usually accentuate~ postoperatively (Milner, 1958). Thus, 

temporal lobectomy in the speech-dominant left hemisphere has been 

shown to impair verbal memory (Meyer & Yates, 1955; Milner, 1958),''''-' 

regardless of whethe~ the words are spoken or written (Blakemore &, 
", 

Falconer, 1967; Milner, 1967), and regardless of whether a recall or ~"~, 

recognition technique is used (Milner, 1958; MUn-er & Kimura. 1964). ~ 

For example, 5uch patients are impaired in both irnmediate and delayed 

recall of the ward pairs and staries 'from the Wechsler'Memory Scale 

(Milner, 1958,1975), the recognition of recurring words"nonsense 

syllables, or numbers (Milner & Kimura, 1964; Milner & Teuber, 1968), .. 
the reca 1 J of cbnsonant tri grams' 1 n the Peterson and Peters.on (1959) 

( 

. technique (Cors1, 1972), and the immediate and delayed verbal recall 

of pictures of comman objects (Jaccarino, 1975). Memory for perceptual '" . 
( material such as faces ~Mnner, 1968), mel0dies,(Sh~~ler, 1966), or 

nonsense,~atterns(Kimura, 1963) i~ not 1mpaired in thesè patients. 

""'-''- , '- ~ 
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Conversely, removal of the right, nondominant temporal lobe 

leaves,verbal memory essentially intact but causes deficits in remem-
l ' .. <""li;{ 

bering visual and auditory material that cannot be easily mediated 
k rI , • 

" ) 

verbally, such a.s complex geometric shapes (Taylor, 1969), unfarpiliar 

face (Milner, 1968; Warrington & James, 1967) or familiar and 

unfami11'ar unes (Mi1ner, 1962; Shankweiler, 1966). 
, . 

, / 

Perceptual Defic ts After Temporal Lobe~tomy 

" , 'There is sorne evidence of perceptual impairment without a memory 
" ) " ' 01-

component in patients with'rJght temporal-lobe lesions. This is a 
" 

subtle deficit that has been d~Îtlonstratecf/ only when nonnal per~ePtual 
" " . 

cues have been reduced, as in'tachis1QSCOPic presentation (Kimura, 
~ " 

" 

1963) or when sorne of the contours have be~n eliminated (Meier & 
" " French, 1965; Milnet, 1968). Patients who hav. under-

gone right tempora·l-lobe excisions show deficits in estimating the 

number of dots flashed on a ~creen (Kimura, 1963), and perform poorly 
• 

on tests requiring the understanding of sketchy or incomplete drawings, 

suc~ as those of the McGill Picture Anomaly Series (Milner, 1958), the 

picture Arrangement subtest of the Wechsler Intelligence Scale (Meier 
, , 

& French, 1965), and the Mooney Closure Test (Lansdell, 1968). 

'A similar deficit in the perception of verbal material may follow 

left temporal lobectomy. Patiénts w~th either left or right temporal-
, 

~. ~ ~ lobe lestons were shawn to be lmpalred in ~he recognition of tach~sto-

• ~ 1 ~ scopically-presented letters (Dorff, Mirsky, & Mishkin, 1965). K1mura 

""~ 'è1~). f,ound 'a deficft ~fter left, but not right, temporal lobectomy, . 

, "~thè identification of famular objects, tachistoscopically presented. 

Thè~,~rcep al deficits that have been revealed ln patients with 
C') ~ 

~. 
~'" ,~ 

., 
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temporal-lobe lesions prpbably depend more on the posterior than the 
..... D _ .. 

l' ,," f 

anterior temporal cortex (Newcombe & Russell, 1969). 
/ . 

, Cognitive Deficits After Temporal lobectomy 

A number of studies have indicated that patients with temporal-

3 

lobe lesions may have 'reduce~ cognitive abilitiéS. Rausch (1977) has 
, 

studied the cognitive strat,egies of such patients by means of a hypo-

thesis tes~. Subjects were given sever~l sets of two letters, e~ch of 

which ,vari~d along four dimensions:' forro, color, size,or position. 

The task was ta determine which of the four.dimens;on~was relevant ta 

the solution of the task. She found that b~th left and right temporal~ 

lobe groups so~ved fewer problèms than did control subjec~s. Inspèction 
.. 

of the stra~egies used revealed that pa~ients with 1eft ,temporal-lo~e 

lesions failep to maintain a.given hypothesis, even when it was 
o ' 

indicated to be correct. Patients with right temporal-lobe lesions 

showed the opposite pattern: they tended ta stay with a hypothesis 
-

indicated ta I?~ incorrect. These results held even when no'memory l'oad 

was imposed. . 
Because Rausch's task requires the,subjects to be able to shift 

Ifrom ~ne mode of solution to ~nother, one would expect that,patients 

with dorsolateral frontal-lobe Jesions would also have dlfficulties - .) 

f:l 

with the task, as th~y do with the Wisconsin Card Sorting Test (Milner, 

1963, 1964). Rau~ch does not~ however, report any dat~ for pat;~nts 
-with frontal-lobe lesions. Meanwhile, ft is interesting to note that 

, ' 

patients with temporal-lobe lesions appear to pe~form nonmally on the 
/ n 

Wisconsin Car~ Sorting Test (Milner, 1963), ~uggesting ~~at this test, 

and Rausch's hypothesis test may tap somewhat diffe~ent funetions. 
( - .' 

1 , 
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Further evidence for some cognitive,loss after temporal-lobe 
• i 

damage comes,from a study by Wilkins and Moscovitch (in press). 'They 

foùnd that patients with left, but not those with right, temporal-lobe 

lesions were impaired 'in their ability ta classify drawings <>r abject 

names, under time pressure, as either/ 1 iving or "man-made. They 
, 

perfonmed normally, however, in classifying the sti~li as 1arger or 

smalle: than a chair. These patients als,Q ,showed deficits when asked 

to name drawings in quick succession. The authors note that these 

defects seen after left temporal lobectomy cannot be atttibuted to 

perceptual processes, because performance on the size classifi~ation 

task was normal.' They therefore attribute the classifying and naming 
" 

deficits ta ~ disruption ef semantic memory. ~ 

In ~_ verbal fluency task requiring subjects ta enumerate objeFts. 

,then animals," then alt~nating colors'and birds, at 60 seco~ds for each 

~ 

, (\ 
category;'Newcombe (1969, 1973) found a deficit in patients wiJh 10n9-

standing m,issile wounds of the left hemisphere, bu~ no evidence 

. implicating a specifie area within that hemisphere, Milner (personal 
. 

communication) has .extended these findings by showing that patients . 
with left temporal-lobe lesions are more impaired on this task than are 

those with left frontal-lobe lesions. This is particularly interes.ting 
" 

in 'view of the fact that the latter patient group shows large deficits 

in producing words beginning with a particular letterJ{as in the 
G ~ 

.Chicago Word Fluen(:y Test, Thurstone & Thurstone, 1943), whereas the 

left temporal-lobe group remains relative1y unimpai!ed on this kind of 

fluency measure (~ilner, i~64, 1967). The difference may lie in the 
< 

task requirements: the first requires a semantic memory search, the 

. 
--------~It~~3~ •• ~.pS~~ I*,! 

. , 



i'- " a IICI 

• \ 

., 
t' 

HIATT 

o 

""$ t" 

/ 

", .. .. .. If .. 1 .)"" F 

5 j 

second a lexical ,search (Guilford, 1967; Jones-Gotman & Milner, 1977) . 

The results for the patients with left temporal-lobe lesions, on the se 

fluency tàsks are in agreement with those of Wirkin~ and Moscovitch in 
, 

suggesting that the· left anterior temporal region plays an important 

role in semantic memory. 

The percep~ua 1 or "'-cognlti ve defi c its seen in tempéra 1':' obe pat i en~s 

are not, however, as ~evere as their memory deficits. Although sorne 
o 

studies have reported a decrease i~ 1. Q. ratings in patients tested 

wi thin the first mo~th after left temporal lobectomy (Meyèr & Yates t 
~ , 

1955; Milner, 1958).,. this loss can often Ile attributed to transient 

dysphasia è~used by temporary interference with the functio'ning of the 

cortex bordering on the ~on. On testing one or'more years '-
,) , . 

postoperatively, the I.Q. is usually found to be at least as high a,s 
" 

before surgery and within the normal 'range, with no difference in mean 
, ' , 

I.Q. between left and right temporal-lobe groups (Milner, 1967, 1975a) . 
• 

Most fmportant is the faCE:t severe ~teria1-specific lI1emory .' 

impairments can co-exist ith average or above-ave~age I.Q. ratings. 

Nevertheless, ttre res arch reviewed above showing that pati,ents 

with left temporal-lobe lesions are impaired in sorne aspects of 

-- selfiantic memory and hypothesis-testing 1eaves open the possibility that 
r-

the deficits seen in the acquisition of new information may be causeod 

'by abnormal cognitive processing., Of course, even intact abilfty 'to , 

perceive and manipulate information in short-term memory does. not 

necessari ly imply normal abi1 i ty to 'co,rsolidate, store, and retrieve that 

infonnati on (Rozin, 1976). 

-~----
-- ---

, ' 
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Role of the Hippocampus 

Although unilateral temporal-lobe removals normally produce 

material-specific memory d'eficits that are' not incapac1tating ta the 

patient, several caS'es have been reparted where such unilateral proce­
l ' 

dures have resulted in severe global memory 1os5 (Baldwin, 1956; 

Dimsd~le, Lague,. & Piercy, 1964; P~nfield & Mi1ner, 1958; Walker, 1957). 
. ' 

There 1s evidence that in these'instances. damage also existed in the 

medial tempar~l region of the unoperated hemisphere '(Hi1ner, 1966; 

Penfield ~ Mathies·on, 1974); the unilateral removal thus produced a' 

bilatefal hippocampal leslon. 

Studies of patiénts who have undergone bilateral medial te"!poral­

lobe resection offer more direc~ evidence of the relation between 

bil a tera 1 hi ppocampa 1 1 es i ons and memory loss (Scovi 11 e & Mil ner, 1957) '. 

This operation, (which is no longer performed) involves removar of the 

amygdala, uncus, and varying amou'nts of hippocampus ar(d parahippocampal 

gyrus bilaterally, with total sparing of the temporal neocortex. Such 

removals are'assodatedrwith a cantinuous anterograde amnesia for,most 

post-operative experiences, and a variable degree of retrograde amnesia 

for events prior to the operation (Milner, 1972). Recall for events ~ 
./ j ~~ 

earlier in life seems, however, to be normal (Milner & Teuber,~ 1968). 

,Alnong patients who have undergone unilateral temporal lobectomy, 

'there is considerable individual variation in the severHy of the 
~ , 

, 

material-specific memory ~deficits. Since the amount -Of hipPocàmpu~ 

removed in such operations a1so varies (depending on such factors as 

the amount of epileptiform abnonnality found in these tissues), it is 
l' 

important to determi ne the extent to wh;ch -the hi ppocampa 1 les i on 

" ' 

/ 

-----________ •••••• ' !1IJ! .. 'IfI~'!:''''· I:~.:;~ ~:. ~~:~',.~ 
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contributes tp the memory defi\ito ln patients Wj;h
i 
right temporal-'" 

lobe lesions, a deficit in m2 learning, both visual (Milner, 1965) 

and tact~àl (Corkin, 1965), only occurs ·if the lesion includes the 

hippocampus. The same may be true for the.'impairmènt in recognition 

of unfami1iar faces that' fol l ows right temporal lobectomy (Milner, 

1968), although here the findings are more equivocal. 

Corsi (1972) investigated the roH~ of the hippocampus more 

systematically by subdividing each temporal-lobe group into four sub-
~ , 

groups differing with respect to the amount of hippocamp.us excised (see 
'-

.Milner, 1971, 1972). He s~oweêl that the size of the left hippocampa·l 

removal was associated wi th the degree of impairment on two verbal 

tasks, one involving the learning of supraspan digit sequences in the 

face of' interference from digit sequences presented between trials 

(Hebb, 1961; Meltpn, 19,63), and the other requiring the recall of 

spoken consonant trigrams after a short interval occupied with counting 

backwards (Peterson & Peterson, 1959). . ) 

In patients with right temporal-lobe' 1esions, Corsi demonstrated 
. " 

that the extent of right hippocampal removal wa's related tG the amqunt 
--..-- ~ -- -~~--------~-- . --~, ~ 

of impairment on two non-verba~ tasks, the first being formally similar 

to the supraspan digits task in that it required the learning of a 

supraspan spatial sequence tapped out on a ,rand0m arrangement / of b lods. . . 
In the second task, derived from Posner (1966)>> the stbject had td-

~ ~ 

recall the exact position of a dot on a line following various intervals 

fi lled wi th either distraèting activi ty or a rest. 
0, 

'\ 

Mor~ recently, Jones-Gotman (Jones, 1975) has shown that th~ 

ability to use imagery to mediate verbal memory requires an intact right 
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hippocampus. In an ,incidental-1earning test in which subjects rated 

words on imageability, on1y those patients with right temporal-lobe 

lesions who had large ,right hippocampal removals were impaired relative 
r 

to control subjects. A similar result was obtained for a task involving " 

the use of interactive imagery to recall concrete' paired-associate 

words: patients with la:ge right hippocampal rernovals recal"led fewer 

, 1. word pai rs correct l y than di d those wi th sma 11 remova 1 s (jones -Gotman 

& f.lilner, in press)., Although patients with left temporal-lobe lesions, 

despite being helped by the use of imagery, were grossly impaired on 

these difficult verbal memory tasks, there was no relation between 

their performance ~nd the ext~n~ of left hippocampal excision. 
+',.,fi..! -

The 1 ael< of correlat fon of .1 eft hi ppocampa l remova 1 wi th perfor-
il" , 

mance on these verbal-learning task~ introduces an intriguing point,: 
, . 

on certain tasks, a clear relation between extent, of either lef~ or 

right hippocampal l''emoval and performance is found whereas on other 

tasks no such relation has been deinÔnstrated. For' example, a deficit 

in the recall of the Rey-Osterrieth figure (Osterreith, 1944; Rey, 

1942), which ;s a'ssociated with a lesion of the right temporal lobe 

(Milner,1975; Milner & T~ubers 1968; Taylor, 1969), is no:t, however, 

dD ; relat~d ta the amount of hippocampal destruction (Jones-Gotman &' Milner, 

in press). Converse ly, reca 11 of names of pi ctured camon abjects, 

while requiring an intact left-temporal' lobe, does not seeJII to vary 

wHh the arilount of left hippocampal removal {Jaccarino, unpublished . . 
data}. Although there is s~me suggestion that delayed recàl1 of 

paire~-associate words and of staries (a composite score of the two 

tasks) may depend on the extent of bath 1 atera land medi a l 1 eft 
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temporal-lobe removal, (Milner, 1967), this relation~hip has' not been 

demonstrated conclusively. 
~ 

; 

Corsi (1972) suggested that the hippocampal effects /found i'n hi s 
" . 

tasks were the result,of heightened susceptibility to interference. 

since interpolated activjty had been found to increase these effects. 
/ 

< 

The data of ~ones-Gotman & Milner (in press) are consistent ~ith th~s 

interpretation. Milner (personal 'communication) has also suggested 

that stories and word pairs contain a certain amount of inherent 

organization and thus recall .of such màterial does not depend on the 
. 

hippocampus as much'as does recal1 of random digits or consonant 

trigrams. 

Most of the studies rèviewéd here,have been concerned with d~fining 

the parameters of the memory disturbance found in patients with temporal­

lobe lesions. < Such-tractors' as type of stimulus (e.g. pictures or words), 
• 

method of testing (e.g. recognition or recall), and amount of time 

between presentation and testing were important considerations 'for , ' 

discQvering<the scopé and limits of the memory impairment produced by 

temporal-lobe removal. A more basic issue, and one that has not been 
" ful1y exp1ored, concerns the cause of the memory 10ss: at what stage of _ ~e 

~he mem~ry process does
l 

the disturbance exi~t? T~e evidence mentioned -

previously for cognitive impairment sU99ests that one of the difficul-
/ 0 

ties may lie in the organization of information into a form that may be 
'~ 

properly encoded and stored in long-term memory. There has been much 
\ 

research in recent years on the role of organization in normal human 

memory. A selective review of this literature will be followed by a" -. , 

discussi~n of relevant studies on'patients with tèmpora1-10be removals. 
fi' " 

" 

'. a .. 
'. 
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Or~anization and Memory 

, ' . ,'; ... 

The use of free recall in memory research has a long history 

(Tulving, 1968), but ft has only become prominent in the past two 

decades. An explanation for its increasing popularity is that it , 

allows ~he experimenter, to d)scOVer in/What way t~e subject imposes 

organization on the stimulus material. ,As itS name implies, free 

recall pla.ces fewer restrictions on the output of the subject than 

other procedures, such as paired-associate or serial learning. This 

allows one to study such, variables as the order in which the subject 
. , 

produces his responses, the number of intrusions 1n recall, ~nd the 

effect of cuing on recall. 
/ 

J- '. 

10 

, Seria1 position curve. Tulving (1968) has distinguished between 

two types of organization in free recall. The first is' referre~ to 
(i1 , 

as "primary organization ll
, whi ch is defined as thé consistent discre-

pancies between input and output orders that are independent of the 

subject's prior familiarity with the input items. The serial position 

effect_(f:'urdo.ck, 1962), in"which the first and last items,of a l;'st are· 

the best remembered, is the most important example of primary organiza-
- , J 

tfon. There are several theories explaining the serial position effect. 

(Murdock, 1914), but the most c~nmonly acc~pted is 'the· two-storage model 
-

(Atkinson & Shiffrin, 1968; Glanzer· & Cunitz, 1966; Waugh & Norman, 

1965). This model holds that the ,first few words·of the list are 

retrieved from long-term storage (t~e primacy effect) whereas later 

words are retrï'eved/from short-~enn storage (the recency effect). The 

primacy effect has also been explained in terms of reduced proàctive 
\: \, \ 

interference for initial items, or increased rehearsal for those items 

1 
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(Brodie & Prytula'k, 1975; Tulving, 1968). Li kewi se t the recency 
\ 

effect has been attributed to recall of terminal,' items 

!irst, which would reduce retroactive interference (Baddeley, 1,%76, p. 

103). Middle items, conversely, are not well recalled due to inte~­

ference ef'fects (Postman & Phillips, 1965). These formulations are not 

inconsistent wfth a two-stage model j they serve to clarify the mechanisms 

fnv_olved in short- and long-term memory. 

The second kind of organization, as defi,ned by Tulving (1968) is 

that in whi ch "the output order of i~ems is governed by seiÎlantic or 
'~ , , 

, phonemic relattons among items or by th~ sUbj,ect's prior, extra-

experimental or intra~experimental acquaintance with the items consti-
,-
tuting a list" {p. 16}. The basfc idea .of an organization,view of 

memory 1s that the subject groups two or more items into a functionally 

fntegfated unit; these subjective groupings become the recall unit 
> 

(Bower, 1969, 1970; Wood. 1969). "'The forming of such associations 

,between list items can be looked on as inereasing the depth or breadttt 

of processing of the items (Cratk 1 Lockhart, 1972; Craik & Tulvin9, 

1975), or as providing ratrieval eues (Wood, 1972). 

Sorti n9 studies. There are severa 1 methods avail ~ble ,for studying 

secondary organiz~tion of stimulus materia'l. A technique that uses a 

direct approach and that "stresses maximal opportunity for organizing 
, 

material" (Mamner, 1972, p .. 140), inval ves presenting the material te-
, , 

the subject and asking him to organize it into categories. \ Mandler 

and Pearlstone {1966} and Mandler (1967) required subjeets to sort 

11-sts of "unrelated" words into categories of'their own choosing, and 
/ - 1, 

then to re-sort the words until they reached a stable crlteri on. In 

1 .,. o 

• 
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some experiments l4he subjects were free to use'âs many categories as 
, ' 

they desired; in others, in accordance with Mi'ller's (l956) notion of 

a limited storage capacity for unrelated items, they were instructed to 

use from two to seven categories. Recall was then used as a ~asure of 
" 

the~éffect of organi~ation. They found that recall was a linear func-
t 

,tion of the number of categories used during ·sorting, but only within ' . 

a limit of seven categories. This relationship held when sortin~ time 

a~d number of sorting trials were kept constant. and when the'number of 

categories was experimentally assigned rather than subject-defined 

(Mandler, 1~67. 1968). ManQler (1970) has proposed-a hi~rarchic,al mod~l 

extend,ing Miller ' s (1956) hypothesis, in whichhe postulates thact 
- -- '.""~ - ~-----.... --

subjects ~an only recall 5±2 categories a~d 5±2 words per category; 
, 

subjects'would limit the number of categories produced accordingly. By 

forming higher-order categories, a subject would be able to increase the 

number of categories that ,he could recall. 
, 

More recent studies. however, have found a J inear- relation between 

recall and number of categories even when no limit was put on the number 

"f categories a subject might use (Basden & Higgins,'D1972; Mel,kman. 
, 

1975). Basden 'and Higgins ~uggest that this divergence of results ,may 
/ 

be due to methodological differences; the later studies allowed the 

subject to rearrange the wo~ds until he was satisfied with his cate~or-
,. 

ization, whereas Mandler's studies allowed for no such rearrangement. 
, 

A further difference is that these recent studies dtd'not require the 

subject to sort to a stable criterion. 
.-' 

, ' 
f , 

Nevertheless, !n important factor in determining the number of 

words that a subje~t will recall does seem):~ be, as Mand.ler's theory 

l' 
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1 ~ 

states, th~~umber of cptegories that the subject is capable of 

- recalling. Melkman (1975) showed that subjects who prefer to use a 
, 

hi gh numbe,r of ca tegori es (Il or more) reca 11 fewer woros when forced 

ta ,use 4 or 8 categori es, but that subjects who prefer a low number of 

categories (6 or 'less) are not affected by being forc'ed to use 8 or ,12 
, . 

categories. She concluded that each subject adopts a strategy of 

classJfication that. given his 'cognitive abilities, optimizes recal1. 

These categcrrization studies give evidence that or:-ganization of sti­

mulus material d'~es not just occur at the 'time of retrieval, but is , ' 

i~portant in thé registrati~ of stimulus material. Furthermore, sub­

jects differ in their strategies-of organization, and these strategies 

are related to' their ab.ility ta remember the material. 

Free recall ~f categorized lists. Another method for measuring 

the organization of items in memory 15 to examine the subject's' output 

arder in free recall.· One of the earl fest studies· -of this' type was by " 

Bousfield (1953), who showed that if items in the list represented 

instances of several categories, the instances of a g1ven category 

tended ta be recal1ed together even though they wère not presented 
/" / , 

together. This phenomenon 1s termed categary clustering. Because 

clustering can be quantified (Roenker, Thompson, & Brown, 1971; Shuella 
, . 

1969), and because it provides clues as ta the underlying hierarchical 

organization of subjects ' memo~ies, many other st4dies of ~ategory­

çlustering 'have appeared since/ that time (Cofer, 1966; Cafer, Bruce, & 

Reicher, 1966; Pel1egrino, 1974). Clustering has peen shown ta increase 

as a function 0(' study trials (Bousfield & Cohen, 1953) and to carrelata 
.::-

positively wi~h the number of wo~ds recalled (Tulving, 1962). this 

.1 

i 

1 1 
1 
1 
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would suggest that clustering is causally related to tte~a1l0support 

for this hypothesis cornes from experiments that show that when a 

subject's clustering is disrupted, recall is impaired (Bower, lesgold, 

& Tieman, 1969; Tu~ving & Osler, 1967). It is not known whéther 

clustering· reflects storage or retrieval processes, or both (Shiffrin, 
/ 

1970) • / 

It has been found that recall of organized lists of words is 

generally superior to recall of unrelated words (Bousfield, Cohen, & 

~Jhitmarsh, 1958; Cofer et al., 1966; Kintsch, 1968). The effect of 

organized word l ists on recognition performance'" i~ not as clear a{ the 
/' 

effect on recall (Mandler, 1972). In general, recognit;'on of categor-

ized 1 ists is not superior to re~ognft;on of unrel ated words, the 
1 

presumed reason being that recognition -does---not cfepend on a retrieval 
-- - 1 

r 
process as does recall (Kintsch, 1968). 1 , ~ 

'There are two major interpretations (one offering an a~sociativel 
and t~e other an encoding viewpoint) that have attempted to explain how 

c~tegorized lists aid recall performance. The associative interpre­

tation (Bousfield &-Puff, 1965; Cohen, 1963; Oeese, 1968) assumes that 

the presentation of a stimulus word actlvates associations to that 

word. These associations çan then act a~mediators in reca", thus 

in~reasi~g the likel.ihood that the stjmulus word ~ll be generated at 

the time of recal'. A stimulus list·containing related words would 

produce overlapping, and thus stronger, associations, thereby improving . 
recall (Rothkopf & Coke, 196~). 

The second interprètat~on is based on Miller's (1956) concept of 
/ 

"chunking". or grouping of words by the subject into categories at_ the 

w' 

/ 
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time Ê presentation (Mandler, 1967; Tulv,ing, 1968). The category 

l abe l, or sorne representat i on of it, can then be used as a retri eva l 
, ,~ 

, / ' 
eue at the time of l'ecal1. Presumably a 11st that 15 lim1ted to a few 

obvious categories is more &asi 1y coded into such an organi zed form, , , 

and therefore better recalled. than a list of unrelated·words,. It is 
not clear, however. which of these two interpretations is correct. It 

"is possible that bath categorical and associative relationships arnong 
., 

words, represent some cOlT11lOn underlying process (Shuell, 1969), although 

there i s'évidence that the two operate independently (Marshall, 1967; 

Bad~eley. 1976, p. 276). ---___ 

CuiJlg with category parnes at the time of recall testing has been 
...... 

found to imprave recall performance (Tu1ving & Osler, 1968; Tulving & 

Pearlstone, 1966), showing that information can be availab1e, but not , . . 
aceessib le for recall. eues are not helpful, though, unless";'there is a 

strong pre-established association between/the eue and the to-be-recallèd 

ward '(Tulving & Osler. 1968; Wood, 1972), implying that organization 

may affect both eJ'lcoding and retrieval' rnechanisms. 

Impairment of Organization in Patients with Temporal-Lobe Lesions 

The research that has been reviewed here emphasizes the importance 

of orgariization J in nonnal human memory. It seems possible that the 

memory deficits of patients with temporal-lobe lesions may reflect an 
, 1 

, / 

1mpainnent of the ability to organize random information adequately,'or 

to make u~e of already organizèd stimu1us material. Only two studies, 
; 

both of which focus on cl~~ering as a measure of o~ganizatio~. have, 

~xamined the ability of temporal-lobe patients to organize information. 
~ ~ . 
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~"~ingartner (1968) found that left temporal-lobe patients ~~ 
comp~to patients with rig~t temporal-lobe les ions} showed reduced 

-

. '" 
cl usteri n~n , fr~a 11~ associ atlvely- rela ted words. Despi te 

their lower C1U)~ing scores, left tem~oral-1obe patien~s rec~l1ed 

more words from the"~sociatively-related l ist than from a 11$t of ' / 

~nrelated words. This~wed that a1thoU,~J1 the words were not ~ani­
pulated adequatelY i n memo~as ,the clus'tering m~asure implied, their 

associative nature could be used to improve- recall. Unfortunately, 

this study had several flaws. First, there was no normal control group. , , 

Second, both the'associative~-related and' un-related word lists were 

given in the same sess'~ih that order; thèrefore, the ap'parent 

improvement of related over un-related words could have been merely 'the 

result of increased Ptoactive interferenee for" the second, un-rel,ated 

1i5t. Finally, 1t 1s not clear whether the clustering measure that was 
" 

us-ed took into aceount the lm.,er ov~rall r.ecall of the patients with 

left temporal-lobe lesions. If not, this could have artificially 

reduced their clusteri,ng stores. 

An unpublished study by Moseovitch (1974) measured verbal and 
1 • 

spatial clustering of pictures of cOnlnon abjects that had been chosen 

f.rom fo~ taxonomie categories and were drawn in four different spatial 
. " 

orientations (Frost •. 1971). His results suggested that patients with 
, . 

left and right temporal-lobe 1esions s'how redueed verbal and spatial 

clustering. respeetively. 

The experiments reviewed bath here and in the section on impaired 

cognitive abilities lend sorœ support ta the idea that patients 'with 

1 eft tempo ra 1-1 obe 1 es i ons encode ot ca tegori ~e verba ~ i nfonna t i on 

r' ,} 
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abnonmally. The study by Moscovitch als~' suggests that a d~fic1t in 

categorizin9; ndn~verbal spatial ,information may exis~ in" patients with 

right temporal-lobe l~sions.' In order ta determine to what extent such 

deficits in organiza~n contribute to the ~em'ory deficits of temporal.­

lobe patients, research mu~t be done that examlnes many different . . , 
mea,~ures of or.g'qnization. The experiments ta be reported he!e approach 

this problem by using, techniques emplayed in the study of organjzation 

in normal human memory: 

1. 

" 

" 

/ 

, ' 

t,.· 
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1. 
THE PRESENT INVESTIGATION 

'The aim of this thesis is to.evaluate the role ,of the temporal 
.' 

lobe in~rganizing inFormation in memory, by studying patients who had 
( " ~ 
.) ~. 

undergone uni1ateral tempora1 lobectomy. There are two parts to-the 
, 0 

& 

thésis, each of which e~plores different levels of organization in 

memo~y. 

, 
The experiments described" in Part 1 were designed to inv,estigate 

the extent to which an inability to organize material at the cognitive , 
level (i.e. w1th little or no memory load) contributes to the_memory 

deficit of patients with· temporal-lobe le$ions: Two testsower'e used, 
, . 

, ~-o-,~' one consisting of word stil'Quli and one of abstract des; gns, in order to ~ 

test the hypothesls that patients with left or rfght temporal-lobe , 

lesions weuld be impaired 1n categorizing the verbal or non-verbal , ' 

stimuli, re,spectively. 
. \ 

The experiments in Part II were highly verbal and thus were 

primarily aimed at patient,s with left temporal-lobe lesions. The 

purpose of these tasks was td investigate the abllity of such p~tients. 
• • .' 1 

to organize information in memory. The 'serial position curve of a list 

of un~elated words was used 'as a' measure of ,lI primary organization". lt 

was predicted that primacy effects would be reduced after left temporal 
• (!' .- Il ~ ~ 

lobeetomy, but that recency effects would remain normal. 

In order to ·~tudy "secondary organi zjlti on" , the recall and recog-
,-- 0 • 

ni~f-~-~~rd\ list containing taxonomie categories were compared to 

tho~e of the unrelated, or non-categorized list. A cl~stering measure 
1 •• 

and a cued~recall procedure were 'also used to help clarify the nature . 
• < 

of any de'ficit, i~..organizing the stimulus m,aterial that may exist in 

'" , . 
," 

~: ' 

• 

\ :' 
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./ 

pa ti ents with 1 eft~ tempora 1-1 obe les ions. 

Subjects , 

"-The experimental groups consisted of 40 patients at the Montreal 
, 

Neuro1ogica1 Hospital! each of whom had undergone a unilàteral temporal 

lobectbmy for the relief of focal epilepsy. Twenty had 1esions in the 

right temporal ·lobe, and twenty"had lesions in the left. Twenty normal 
o / 

control'subjects were also ~ested. \ 

Patients with clear electrographic~abnorma1itjes in the opposite 

temporal lo~e, or with Full-$cale Wechsler-Bellevue I.Q. ratings below 
. , l " 
70 were excluded from the study, as were patients with bilatera1 or 

right-sided speech re'presentation as determined by pre-operativ~ intra-
1 

carotid-Amytal tests (Sranch, Milner, and Rasmussen~ 1964; Wada, 1949). 

Four 1eft-handed pati~nts, three with left temporal-lobe removals and 
{ 0 

one with a ri ght· temporal-lobe remova l, a 11 of whom had l,eft-s ided " 

speech representation, were included. Except for one case of indolent; 

cerebral tumour in t,he left temporal-lobe group, all pre-operative ,;." 

epileptogenic les ions had been static and atrophie. dating from birth 

~life. 

left Temporal-Lobe Group 

In this group, the mean extent of su·rg1cal removal as measured ' 

along the Sy1vian f1ssure was 4.9 cm, ranging from 3.5 to 5'.5 cm. The 
o ' 

mean extent of removal along the base of the temp~r~l lob~ was 5.7 cm, 
; .. . ' 

rang1ng from 4.0 to 7.5 cm. In 5 patients, the removals 1ncluded at 
D 

least the pes and part of the body of the hippocampus. The remai,ning 
, i 

15 had small~r hippocampal removals. inoluding.4 Whose hippocampus was 
... ~ 1, - J 

spared. The amygdala was completely removed in 17 cases and partially 
,~' 

T 
" 

1 
,~ 

1 

. ' 

--.. 
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, . 
removed in 3. Nine patients were tested in follow-up study one year or 

more after operation. Two patients in th1s grpup were French-speaking. 

Right Temporal-Lobe Group 

( The mean extent orsurgical removal in this group, as lWic.dsured aJong 

the Sylvian fissure, wa~ 5.8 cm, with a range from 4.5 to 7.0 cm. The 

mean extent of removal alQng the base of the temporal lobe was 6.5 cm, 

ranging from 5.0 to 9.3 cm. The surg;cal removals in this patient 
/' 

group were si gnifi cant ly l arger than those of the 1 eft tempora-'-lobe , . 
j -

group (1 =,8.9, Q. < .001, Sylvian fissure; 1 = 5.56, .Q. ~ .001, base"of 

temporal lobe). This d1fference stems' from the need to spare the 

posterior temporal speech zone, which iS,mapped out by cortical stimu-
"- /, 

lation during operation on the left ~emisphere. 

In 6 right temporal-lobe patients, the removals included at least 
1 •• ~ 

the pes and part of the body of the hippocampus .. The remaining 14 had . 
smal1er hippocampal removals, including 1 patient whose hippocampus 

remained intact. The amYgdala was completely removed in 19 cqses and 
~ , 

~ 
. / 

partially- removed in 1. Eight patie'nts were tested two to three weeks • 

post-operatively, and twelve in fol1ow-up study one year or more after 

operaÙon. Sjx patients in this group were French-~peaking. 

Norma 1 IContro 1 Group , 

Twenty r1ght-handed normal control subjects, recruited from the 

hospital staff ana relatives of patients, were tested. Their intelli­

gence w8f not ass,essed, but an effort was made to match the control 
, '\ 

group to the patlent groups with respect to age, sex and lev~l of. 

education. Four control subjects were French-speaking. , ( 

- 1 

1 

1 
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Table 1 shows the age and sex distribution for bath patient groups 
, -. 

and for the normal control group. -In addition, the fuea6:'Wechsler-' , 
~ i(l 

, Bellev,ue 'Full-Scale LQ. scores/are gi~en f~r the patie~t groups. ," 

'\ 

Patient H.M.: Bilateral ~1edial Temporal-lobe Removal 

, In addition ta the patients with unilateral temporal-lobe excisions, 
~ , 

, 1 

the patient H.M. (Scoville & Milner, 1957), who underwent a radical 

bilateral medial temporal-lobe resection for the relief of generalized _ 

seizures, was studfed. The sùr,gical removal extended posteriorly 'along, 

the medial aspect of the temporal lobes for a distance of 8 cm from the 
- . 

tips of the temporal lobes, destroying bilaterally the anteri~r two- Il 

thirds ~f the hippocampus and parahippocampal gyrus" as well as the , , 
1 

uncus and amygdala, but sparing the lateral neocortex. At the time of 

testing, 23 years after operation, H.r1. was, 50 years ,old, 'with a 

Wechsler-Bellevue I.Q. of 116 (Ver~al 107, Performance 125) •. 

/ 
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Group Mean 

Left Temporal 24.4 
~ 

Right Temporal ' 29.4 

Normal Control 27.8 

\ 

22 

\ 

Table 1 

Main Subject Groups 

Age Sex • Wechsler IQ 
Range' M F Mean, Range 

14-43 8 12 104.9 74-126 

15-54 10 10 113.9 90-146 

15-48 9 - -1-}- Not Assessed 

, 1 

.1 

n " . 
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PART 1: SORTI'NG STUDIES 

The experimènts reported in this section make use of the sorting . , 

technique originated by Mandler and Pearlstone (1966) •. Two sorting 

tasks were devised', one consisting of words, as in previous studies 

(BasdÉm & Higg1ns, 1972; ~1elkman, 1975; Weist, 1970), and one con-
1; , 

23 

sisting of abstract designs. The design-sorting tas~ ~as a perceptual 

analogue to the word-sorting task, created to test the role of the 

right temporal lobe in categorizing non-verbal information • 
• • 

If, as in the above-cited studies, the number of categories pro-

duced in these tasks by normal control subjects could be shown to 
Ç) . 

correlate with the1r subsequent recall, then the number of categories 

could be used as a measure of each temporal-lobe patient's ability ,~o 

categorize information 

tha t, si nce a sma 11 IUJInbe~EJf--cQ'eeg to be cor"e-

~_---------;laa~t~ed~Wrlitthhl1~0:w:e~r~re~call scores in normal subjects (e:g. r~elkman, 19-75), 

, patients with left or 'right temporal-lob~ lesions wou,ld produce fewer 

word or design categories, respectively. 

! . 
~ , 
ho 

f-
1 

~ 
~ 
~ 

P', 
l 
~ 

r 
~ 
Jr 

~\ 

~ 
l 

l ' 

• 

/ 

Material . 

Both sorting ta'sks contained 30 stimu~i, each pres~nted on a 

separate 8 cm 'by 13 cm cardo The material from the word-sorting task 

will be described first, since the desi,gn-sorting task was modeled 

after it. 

Word Sortin~ 

The stimuli used in: the word-sorting task were unrelated, nouns, 
, 

a11 having relatively high (A) Thorndike-Lorge (1944) fr.equencies,. 

In a more recent statistical analysis of American English (Kucera & 

.l. .. ,; " 

.- . 
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, 
Francis, 1967), the mean frequ~ncy nf these words'was 41.93 per 50,406 

. . 
words, ranging fram 15 ta 129. The mean.concretenes$, imagery, and, 

tJ' ' 1 \ 

meaningfulness ràtings (Paivio, YUllle, and Madigan, 1968) were 4.87, 

5:33, and 6.03, respectively. 

Each word was printed in black capital letters, 9 mm high, on the 
1 

top line of the index card, usin~ a black felt-tipped pen. These 

-words are illustrated in figure 1 in the o,r;ginal hand-pri 

and in the arder in which they were 
, 

The ,,-rec~~~;,;.;..--~ ~-rn'nTl'Iined 90 words, printed six to a column 

ength of each of 15 in~ex cards. For each of the 30 original 
\ 

target words in the sorting task, one semantic and one phonemic d~s-

tractôr were chosen. Each semantic distractor /was simil~r in meaning 
- . 

to the target word (e.g., castle for palace). Each phonemic distractor 

'began with the -same first two letters as the target word and had the 

same number of 'syllables (e.g,', paddle'for palace). Each recognition 

card contained two.target words and 'four distractors, two of these 
f ,'" ~ , , ' 

semantié and two phonemic. In an attempt to make the reçognition test 
, . 

more difficult, a distractor item was never placed on the same recog-

nition card as its ~arget word, as it was found in pilot testing that. 

subjects were more often misled by a distractor when tbey could nct· 

/ compare it with the correct item .. Three.sample cards from this recog­

nition test are shown in ,Figure. 2.' 
"'" "i· 

For the French-speaking subjects, the word-sorting material was 
\ 

translated into French, substituting apprapriate phonemic distractor 
/, 

items in the recognition test. Although no French-Canadian norms are 

available for ~ordQfrequency, they are assumed to be rough.ly similar 
1 
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/" UE STEAM 1 

t .SHADO\tl PRIDE 
.. VINE OUST 

ANGF;:R SALARY 
. TH EOR Y PUPIL ~ 
FORTUNE .. HAPPINESS 

" SNAK'E COLONY- , 
. ' ARTIST AUTHO~~ 

STRING- SAFETY 
,DEVIL CREATU~E 

/" CODE VICTORY .<e.t" 

PALACE 
--- METAL 

ENGINE' PRAYER 
CHARM ';' GIFT 

. MAJ"ORITY ·PRISON 
\ 
\ 

~ 

/ 

... , /' 

-
Words (each'printed on a separate card), as seen by .. Figure 1 • 
the subject, after they had been placed, one at a 
.1me. on the table. Reduced to 3/5 original size. 
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PAU\CE motor , crater 

animal PAOOlE forum 

wire author engine 
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Figure 2. Word sorting task; examples of three cards from 
the recognition test. For purposes of-expositi~n, 
one of the target words, and its phonemlc,and 
semantic distractors"are i~ capital letters on 
cards A, B, and C, respectively. IaCh récognition 
c.ara conta,ins two target' wor~s, wi th two phonemic 
and 'two semantic distractors for target words not 
on that cafd., 
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to those of English. 
, .. 

Design Sorting 

This taslc was"devised to be analogous to'the word-sorting taslc. 

Thirty abstract designs were drawn by the author with a black felt-
, 1 

/tipped pen cn blank cards. 'The size of each drawing was apprcximately 

2 ém by 2 cm. The drawings were nct created randcmly; the idea was to 

make many different sorting strategies available. Examples cf, potential 

c;ategcr)es purp~sely incl uded .are shape, crient~tion,' in'Créasi ng: or 

decreasing size, curved or straight lines, symmetry, closed cr cpen 

figures, and number of parts. Of course, any one design c~uld be 

sorted many w~ys, as is the case with words'. The d~signs are ,i11us­

trated in Figure 3, in the criginal cirder of presenta~ion. 

The reccgnition test again ccnsisted of 90 items, but with only 

three drawn on each ~ard. ,As in the word-sorting task, two distractor 
/ / \ 

stimuli were created for each target item. One distractcr item was 

very similar to the target item, with only one or two details changed. 

For example, the orientaticn or relative pracement of parts of the 

drawing might be altered, or the ,relative size changed .. The other 

distractor was intended to be, totally unlike any of the 30 target 

drawings. Each recogniticn card contained one target item 'and one of 
1 

each type, cf distractor. To increase ,the difficuJty of the test, a 

distractor was never placed on the same card as its bwn target. Three 

cards from the desi~n-sorting recognition test are illustrated in 

Figure 4. 

Procedure 
\ 

The twc'sorting tasks were alway given en d,ifferent days, in 

,/.' :' '. 
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Figure 3. Designs (each drawn on a separat~ card), as they were 
seen by tHe subject,' after they had'been placed, one 
at a time. on the table. The numbers were not visible 
to the subjects. designs are r~uced to 2/3 original 
size. . . 
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Ffgure 4., Examples of recognition cards for the design-sorting tas~t réduced to 3/4 the original size. 
Items numbered 10.13, and 22 are target items (numbers-tefer tPéFigure ~); those designated 
10 D. 13 D. and 22 0 are distractors'tnat closely resemble the correspondi.ng target it~ 
Note that these distractors are never on the same card as their tarQet. ' Non-numbered designs 
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order to red4ce any tend~ncy of a subjec~ to attempt to reproduce his 
J 

performance on the first task by using the same number of categories 
" , 

on the second test. Because of the possibility that the word-sorting 

task might introduce a bias towards,.using verbal .strate~;ès if it 

were given first, the desi"gn-sorti n9 task was performed on the first, 
-,~ 

30 

day by a11 subje,cts, and it wifl thetjefore be discussed first throughout. 

Design Sorting 

The subject was seated in front of a large, empty'table. He was 

told ~hat he WOUl~e given some unrelated pictures. and thot he would 

be requ i red to sort them i nto as many groups as he wi shed, wi th any 
, /' ' 

number of items in each group. He was told that there was no right or 

1 wrong answer, and that any grouping he chose would be allowed. The 

only requirement was ,that each group should look as though they 

be10nged together. The subject was a1so told' that when he ~,ad f;nished 

sorti ng the picture-s, he would be asked to go ,to another tabl e and 

draw as many of them as possible f~~m memory. 
,"" 

The experimenter then placed the d~signs on the table in three 

columns, at the rate of one card every three $econds. The subject was 

told to proceed with the sorting task, and his performance was timed. 

While the subje~t sorted, the experimenter made sure that,al1 cards 

remained visible, including c~rds that hadà1ready been placed into 

categori~s. This was to minimize any memory component involved in the 

sorting task. If the supject stated that he'could not sort the 

remaining cards, he was asked tQ try to sort them al1. This request 
. '. 

was not repeated. however. 

When the subject had completed the ~orting task, he was asked t'o 

" 

ft __ 'mm.e ' mmlZ: MNA .. , 
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.~ 

slt at a table, which faced away from the sprting table, and to draw . 
as many of the designs as he could remember. A time limit of ~ive 

minutes, which proved ample for most subjects. was allowed for the 

recall test. If a subject completed his recal1 before two minutes had 

elapsed, he was urged to continue trying for another minute. , 

Following the recall, the recognition test'was administered. The 

subject was cautioned to chaose only items that were exactly the sa~e 

as those thaf he had seen previously. Subjects were allowed u~limited'/ 

time fC?r maldng their chotces, and were forced to guess if unsure of 

an answer. 

The subject was then asked tO return ta the sorting table and 

.explain the grinciples that had been used to fonm each category. All 

answers were recorded verbatim. 

Scoring. A scoring' system was devised'fo~ assessing the accuracy 

of recall. In this system, each drawing was allowed a total of three 

credits. l,One was a general crerlit, which was given if it was possible 

to tell which design the subject was trying tp draw, and if the subject . 
had not already been~given a point for drawing that'design elsewpere. 

, ' , 

The second credft was given for drawing the' correct shape. This 
, -

in~udêd the number of li~s in t~e drawing, and the relative size of 

i different pa~ts_ of the drawing. The third credit was given for the 

relative ·placement or orientation of different pârts of the drawing. , / , , 

for example, this credit was not given if the drawing wa; Jrotated 45°. , , 

If a. drawing was given a credit for s'hape or for relative placement, 

then the general credit was automatica11Y 'given for ,that drawing. , , 

As a check on the reliability of this scoring system, an indepen-
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den~ge'SC~red a subsample o~recall protocols. This subsample 

consi~'t~d of the protocols of half of t?e' subjects fran each" subj'ect ~:' 

group, randomly selected. All identifying information was eliminated 

from each protocol. A Pea~son product-moment correlation was computed 
, ~ 

between the judge's score and the author's score for each subject in Jf 
the' sub~atnple.· This correlation was very high(r = .97;' n < .001) ~ ,/ _ J::.. 1 

1 

1ndicating that the scoring system 1s quite reliabl~. The correlation 

for the thrêe subject groups were: r = .96, normal control~group; 
-......- .~ - .. 

~ = .98, left temporal-lobe group; ~ = .99, right temporal-lobe group. 

Word Sorting 

The procedure for the word-sorting task was the same as that of 

the design-sort1ng task, except that tne words wère placed on the 
-

table by thé experimenter in two columns of 15 words each. This was 
• l' • 

to reduce the width of the display, since the w?rds wer~ wider than , 

the designs. Also the experimenter said the word aloud as' each card 
• 

was placed on the table during presentation, and' the subject was 
. , 

required to read hfs recognition choices aloud during the recognition - " 

test,to ensure that the words were being perceived correctly. ~ 

Results 

The result~,of both,the word and design-sorting tasks wilJ be 
, 

presented together, in order to facilitate comparisons 'of the two 
, 1 

tests. All! posteriori! tests to be reported us~d t~e'p1rOcedure 
, l' 

. suggested by ScRfffé.(1953) for mak~ng àll posstble comparisOns.~Jtis 

method was chos~n becaus'e 1t 15 conservative with respect to Type 1 , 

, ~ 'error,'and allows for pooled cOq>arisons." All.1 testsused two-tailed 

s1gnificance levels. , ' 

- 1 . . 
, , 
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, Number of Categori es as Rel ated to Sub.sequent Reca 11 '-

Befor,e testing the hypothesis that patients"with left temporal­

lobe lesions would sort the words into fewer categories than would 

normal control subjects, ft was important to show that' in this stud;y, 

as in others,/there was a positive correlation between the number of 
1 

33 

categori es usecf by no' al subjects, and their sub,sequent reca li. Th; s 
, ' 

correlation was foun to be significant Cr.: .57,1= 2.95, R < .~1); 
o 

thereby replicating everal studies (Man~ler, 1967j Melkman; 1975). 

In the same manner, it was necessary to study the relation be~~'en the 

number of categoriel~ that normal subjects 'chose to use for the \designs 

and SubSeque~t r~cfll of the designs. This corr~lation, tao, was,sig­

nif1cant Cr:. = .63~ 1: 3.44,.2. < .~05), extending the findings for the 

word-sorting tesJ into the non-verbal- demain. . 

;o~ theJ-pat/ent groups, the relationship between number of cate­

goriés used and Irecal1 wa,s not as clear: The 1 eH temporal-lobe group 

showed a margirlallY significaQt tendency to reca~l more words if they 
J,. .. '" 

had sorted th$ into a lëJrger number of categories (!:. = .46, i: 2.16, 

.2.. < .05), Wh1'eas right t~ra l-lobe patients showed a s1ightly "ega­

tlVe trend ( : -.30,.1 = 1.34, .2. > .10). Neither patient group tended 

~o <obtain h!ghe~ design-recall scores if they. had sort~ the designs : 

1 nto more ~a teg,cir i es, however (.r. = .32, 1 z 1. 45, .2. > .9.9, 1 eft tempora'-
• 

lobe;.!:." .03,.1 -= .12, .2. > .80',right temporal-lobe). 

".. Sortin 1me 

It was of interest to assess the relation between the amount of time 
1 -

spent )ort';ng t~e stimuli and- subsequent recall, in arder ta en~ure that 

the ~rrelations in normal subjects between number of categories and 

! 
- ---~-_ .. -...... ~,~-------------

1 
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subsequent recall, which are discussed above, were not soTely a function 

of time spent 100k1ng at the stimuli. No significant contribution was 

found, for-- ~ny of the three subject groups, on either test, between 

sorting time and recall, ilthough in the case of normal control subjects 
~ 

sbrting designs, the correlation approached significance (r. = .43, 
~ 

1 = 2.02, .10 >' J!. > .95 .. 

'The amount of time spent sorting the stimuli does, however, give 0 

an indication of the difficult1 of Fhe task.. Figure 5 s,hows the mean 
r. '\ 

sorting times for ''''the 'subject groups on the two sorti ng tasks. A 

two-way ana1ysis for groups and tasks gave a si gnificant effect of 

sorting task ,(f. = 44.7, 2. < .001). I~ can be seen 1n Figure 5 that 

al1 three groups sorted the words more slowly than the designs. There 
1 

was a s1gnificant group effect tE. = 4.72,.E.< .025), resulting frOl"1 

the normal control group,sorting .more quick1y than the 1eft temporal­

'\ lotie group (1:.2.97, .E. < .05); the right temporal-lobe group did not 
~ 

o di,ffer frdm the controlj ;group (1 = .61, .E. > .5). The analysis 

produced a Significan~Jfnteraction effect (f. = / 5. ~1, 2. < .01): 

also / 

whereas 

there were no group differences on the design-s.orting task, the left . 
tempo ra 1-1 obe group sorted the words ,more slow1y than either ·the ·norma 1 

control Ct = 4.19, P < .001) or right temporal-lobe group (t = 3.45" P < .0I). 
- t -

Humber. of Categor"i es 

Since sorting into fewer categories is rel ated to inferior, reca 11 ' 

performance 1n "onnal ,subjects, ft was hypothestzed that patients with 

left or 'right temporal-lobe lesionJ ~~ld use fewer categories than 
.' \ 

normal subjects on the word or design-sorting task, respect1vely. :. 
• ' -- 1 i • 

Figure 6 shows the ~ean number of categories used by the su~ject groups, 

" 
• 1 

\ \ 

ft. 1 ~ 
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Design Sorting Word Sorting , 

Normal 
Group Control 

lett Right Normal 
Control 

left Right 
Temporat Temporal 

N 20 20 , 20 20 

Figure 5. Sor~lng 'tasks: time. Mean ~umber of minutes spent 
sorting the designs and words, for each of the three 
subject groups. 
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"Figure 6. Sorting tasks: categories. Mean number of categories 
o made by the three groups in the design and word-sorting 

tasks, respe~t1vely. 
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in the two tasks. A two-way analysis of variance showed no reliable 

group (E =' .93. E. > .25) or test (I = 1.39. 1!. > .10) effécts. 
- - ., ,; 
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oThe interaction effect, however, was significant. Subsequent t 

tests showed that neither of the patient groups differed sign,ificantly 

from the normal control group within each sorting task, although the 

right temporal-l~be g~oup did use more word categories than the left 

teinporall.looe group t~. = 4.14, E. < .001). The interesti,ng results ' 

involved comparing the number of categories used in both tasks separately 

for each subject group. The normal control subjects did not differ in 

J' the number of categories used for sorting designs or words (1 = .47, 

.E.. > :50'). However, the left t,emporal-lobe patients used more design. 
,.l ~ , 

than word categories (t = 3 .• i4~ E. < .005). whereas the right temporal-
- ~/I ~ /' 

7( " 
lobe patients used more word than design categories (1 = 4.69, E. < .001). 

The nature of this interaction can be seen more clearly if one 
~ 

considers the'relative number of categories used by each su~ject for 

both'tests. Table 2 compares the number of sUbjects in each group who, 
o '\ 

used more design than word categories to the number who showed th~' 

~pposite pa~tern (~2 = 20.69, .E.. < .001). The incidence of subjects 

using an equal number of design and word categories was not included 

in the)analysis, 50 as to maintain high expected frequencies in all 

cells. It 15 apparent from-this table that nearly all l~ft temporal-
, f 

lobe patients used more design than ward cate~or1es\, whereas most right 

'temporal-lobe patients had more word than"design catego,r1es. The normal 

'control group was evenly d~vided among subjects who showed either of 
, 

the se two patterns, or those who had an equal number of words and 

des1gn categories. 
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Table 2 

Incidence of Subjects Differing in the Number 

of Categories Us~d in Each Sorting Test 

r • , ~ Incidence 
Group - Word < Design Word >;,Design 

Normal Control, 14 7 7 

Left Temporal 19 16 ;3 

Right Temporal 19 2 17 

Note. x2 = 20.69 ;:;" 

E. < .001 r 

11 -
aThose subjects ~avi ng an equa 1 number of word a~d des i gn ca tegori es 
were not included in the analysis. ' ' 

) 

( 

\ ' 

38 

.' 



Jat,1 

, 

1 

HIATT > 39 ' 

Recall 

Separa te analyses' were performed for the recall of the two tasks, 

as the s~oring systelJls were not directly comparable. 

Design sorting. Figure 7 shows the mean design-recall score, for 

the three sub-ject groups. Since there were 30 designs with three 

possible cr~dits. for each des'i gn, the maximum recall score a subject 
, - . 

could obtain was 90. A one-way analysis qf variance was performed on 

the recall scores,'yielding ~ s'ignificant group effect CE. = 14,.17, 

È. < .001). It is clear from Figure 7 that the normal control-~ubjec'ts 

r~ceived higher recall scores than either the left (1 = 3-.90, R < .005) 
, , 

or the right temporal-lobe group (1 = 5.--23, .2. < .001). 

These scores, however, dtd not take into account the fact that 

gu.essing was all owed in the reca 11. It was possible for subjects ta 
/' 

ma ke as many drawi ngs as they wi s,hed, wi th no penalty for a dra~1i ng 

whi ch received no credi t at al1. By counting the number of subjects 
1 . , 

who produce~ at least one drawing that received no credit, i.t becomes 

apparent that the ,left temporal-lobe patients were more cautious than 
i= \ .. 

the other two subject groups (x2 = 12.18, R < .005; see Table 3).' In 

arder to take this factor into accounf in assessing the abH ity of 

subjects ta reca1l the designs, an adjusted score was then computed, 

for each sUbject, in- which his total recall score was divided by the 

number of drawings that he had attempted. This gives the average score! 
, ' -.--

for each drawing produced. _~ scores for the subject 

groups are 1llustrated in Figure 8. 

Analysis of the adjusted scores again t:'evealed a significant group 

effect, but this t1me the right temporal-lobe group received lower 

rd 
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FigUre 7. Design sorting: recall. Mean recal1 scores for the normal and u.nporal-lobe, groups. Each draw1ng 
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Table 3 
• 

Design Sorting Recal1: Incidence of Subjects 

• 

Groupa 

Norma 1 Contr.a 1 
: -------'~- - \ , 

~. Left Temporal 

Receiving No Credit for at Least One Item 

., 

Incidence' -

11 

5 

16 

41 

/' 

: . '\ Right Temporal 

--------------------------------------------------~------
Note. x2 = 12.1~ 

, 

-J!. < .005 ' 
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Figure 8. 

" 

Design sorting: recall. Mean adJusted recall score: 
elch subject's total recall score was divided by the 
number of attempted draw1ngs, 1nclud1ng those th~t 
received no credit. This prov1ded.J mean score per 

:draw1ng. and penal1zed those subjects who tended to 
guess. . 
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scores t~an eithér the, norma'l control (.1 = 4.54 s I!. < • DOl) or the left, 
-

temporal-lobe group (1 = 4.56,' 1?. < .001). There was no 1onger a~y 

difference between the design recall scores of the nonnal control and 

'left.t~poral-l~be gr.oups (1:: .02, I!. > .99), 

Ward sorti n9 . The conv~rse pattern emerged in the reca 11 of words, 
, , 

as can be seen in Figure 9'. A one-way anal'ysis of v'ariance yielded a 
o 

significant group effect Cf. = 18.13, ~ < '.001), reflecting the inferior 

performance of the 1eft telllporal-,;lobe group- relative to either the nor-
o \ ~ 

ma 1 contro 1 (1 = 5. 9L .E. < ,001) or the ri ght tempora l -lobe group (t· = 
è , 

3.96, I!. < .001). The difference between the normal cont~ol and right 

temporal-lobe groups was not significant (1 = 1.95, .2. > .25). 

In sumllary, these results demonstr& tfle material-speciftc 

deficits of the left ~nd right temporal-lobe groups in recall ;ng the 

word and design stimul i, respectively. 
1 

Recall as related ta extent of hippocampal removal. The extent 
• 

oT unilateral hippo.campal reseëtion has been shawn to be associated 

with the performance of certain memory tasks (Corsi, 1972) but not 
'if' /' 

others 'Jones-G~tman and Milner, in pressL Because t~e results of 

the recall tests jn the present study had revealed specifie memory 

defi ci ts for each of the tempor'a-l-lobe, groups, it became of i nterest to 
. 

investigate a possible role of the hippocampus in the recall of material 

that had be'en organized previous ly by the subject. 

, To accomplish this, each of the patient group~ was JiVid~ into , 
two s,ubgroups', one containing patients with small hippocamPal removals 

~ 

(subgroup SM) and one containing those with 1 arge removals (subgroup LG). 

In subgroup SM, the hippocampus was either spared or the removal did not 

1 

. , 
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~xceed the pes o-f the hippocampus; subgroup LG was composed of all 

patients having hippocampal 'removals larger than the peso Within the 
_ ~ .... J 

45 

right .temporal-lobe group, 14 were in subgroup SM and 6 in subgroup LG. 

fifteen l eft tempôral-10be pat; ents were in subgroup SM and five in 

subgroup lG. In order to'reduce t~e variance in the~e s~all subgroups, 

three left temporal-lobe patients who were noticeably dysphasie during 

testing were el iminated from the! 'tests for hippocampal effects. This 
. -J. 

is the case for all such 1. tests performed in the present investigation. 

One dysphasie patient was in subgroup LG and two were in sub-group SM. 

Subgroup analyses were performed only on those comparisons in 

which' the entire patient group had ~hown a 'teficit relative to norma~ 

contro 1 subjects. For the reca 11 tes'ts,' rlo'~ai fferences ,were found for 
o 

any hippocampal subgroup comparisons. The right temporal-lobe subgroups 

did not differ on the recall of the designs '-1;: .0003, E. > .99), and 
. ' t'~ 

the left temporal-lobe sub?roups showed no difference on the recall of 

words t~, = .52, Q > .6). 

Recall as n:;latgd to extent of neocortical removal. To explore 

the dontribution of the neocortex 'to recall performance, correlational 
, ,] 

analyses were made comparing recall scores on each sorting test with . , 

the extent of removal both along the base of the temporal lobe and 
o ' 

alàng the Sylvian fiss'Ure. In p9 case did the correlation approach 
> -',' 

significance. , Correlations for the right temporal- l''Obe group on the 

" design-sorting recall w,ere: !. = .10, 1 = .43, Sy~vian fissure; !. = 
.03, t = .13, base of temporal lobe. for the left temporal-lobe group, 

, -
• 

the correlations for the word recall were: r = -. ~5,.1 = .64, Sylvian 

fissure, !.. = .10, ! = .43, base of temporal lobe (.2, > .50 for all 

'. 

1 

o 
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comparisons). It should be ~oted that the three dysphasie left temporal-

lobe patients mentioned above were retained in all 5uch correlati'ons. 
\. • • '" J -

, Recogni tion 
il 

Figure 10 shows the recognition scores of the normal control, left 
o , '\ 1 

~d right tempora1-lobe group~ for the design and word-sorting tasks~ 1 

respectively. B~tause of a ceiling effect ln the normal control and 

0. ri~temporal~lobe grdups on the word-sorting task, arcsin transfor;> 
" , , 

mation~ were performed on all recognition data. A two-way analysis of 

variance yielded a significant group effect (I = 6.77, R < .005). and 
J 

a significant task effect (I = 25 .. 15, J!. < .001), the desig~-recognit;on 
1 

task"being more diffkult than the word-retognition for all three s\Jb-

ject groups. A significant interaction effect (F = 6.16, R < .005) 
, \ 

was also f~und. This interac~ion reflectêd the superior' performance 

of the normal control group relative to the right (1 = 3.55, R < .005), 

,\:but not ta the 1 eft tempora 1-1 obe group (t = 1. 92, i!. > • 10) on the 
'0 -

design-recognition test, and CODverse effect on,the ward-recognition 

test: normal control' sUbjects recognized more words correctly th~n 

left temporal-lobe patients (1 = 3.55, R < .pOS), but did not differ 

from right tempora}-lobe,patients in this respect Cl'; .'56 • .Q. > .80). 

Types of recognition error./ Because of the low number of errors . , , 

made by normal control ,subjects on the recognition tests ç,f both 

sorting tasks~ the type of distractQr items chosen by patients could 
, 

, ~ot be compared statistica lly to those chosen by c,3.~trol subjects., For 

the de'sigJl-sorting tàsk. 92% of the errors' made by control subjects 
, 0 , 

i~ choosing siml1ar distractors (see Figure/4), as opposed' to 
, 1 • 1-. 

, non-similar distractors. the left and ~ig~t temporal-lobe groups erred 

, .. 

1 
J 
1 
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by choosing the similar di.tractor 79: and 85% of th~ l:me. respectifJ.}:: \ 

Thus, of those subjects who made an incorrect choice, most had retainèd' 

some know1 edge of the ori 9 i na 1 item. a lthough both pat i ent gr:oups were ; 

more likely than the control group to be led astray by items that bore 

1ittle resemblance to the ,original designs. 

In the word-sorting recognition task, there seemed to be no 

difference,between the subject groups in the type of distractor chosen. 

Of the total' 'nunber of recognition errors made by each g~oup, the -li' 

pel"Centage of semantic distractors chosen was 73., 68, and 77 for the' 

normal control,. left and right temp-oral-1obe groups, respectively. 

left temporal-lobe subjects were therefore Just as likely as control 

subjects to remember some aspects of the meaning of a word, even if the 

ward itself had been forgotte,n.' 
" 

Recognition as related to extent of sur~1cal removal. Comparfsons 

of the arcsin ttansformed recognition scores of the hippocampa1 sub­

groups yie1ded no significant d1ffërehces (1 = .16, ~ > .80, 1eft 
, 

tempor,a 1-1 obe subgro~p: ~rd recogn 1 ti on; .\ = • 05. ~ > .99, ri ght 
''\.L " 

tempora1-10~e subgroups: design recogni~ion). ,)forre1ationa1 analyses 

of recognition scores with size of neocortiéa1,)emova1 were a1so per­

fonned·. There was no trend for 1.'éft temporal-lobe patients with larger 

cortical remova1s to perform more poorly on the ward recognition task 

(!.. -.15, 1 ·".64, Sylvian fissure;-!.· -.05, ! · .21, ba~e of temporal 

lobe'; ~ > .50 for bot~ corr~lations). There was 1 i kew1se ,",0" trend 'for -
, • -<Q 

,right,tempo~1-10be patients with larger removals along the Sylvian 

fissure to recognize fewer d4!signs corr:-ectly (r· -.09. 1· .38, .2. > 
. 

. . 50). However, those r1ght temporal-lobe patients w1th larger removals 

1 

, : 
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, 1 

along the base of the temporal lobe tended to perfonm more poorly on the 
1 • • '.. ' desi9n rec?gnition test (~= -.48,! = 2.32, ~ < .05). 

S6rting Strategies 
, -

Since the princf~les that each subject had tried to apply when 

sorting the stimuli had been record~d verbatim, 1t was possible to 
/ 

examine these sO!'ting strategies to se,e if there were any systematic 

differ~nces between eithèr of the patient groups and normal control 

subjects in this ~espect. 

Des 19o sorting. It was not~, that the category, descri ptions that \ '_ 

some subj ects gave d id no.t accura tè ly desc'ri be . the category. For 

example, one subject with a' right temporal-lobe removal (El. ~o., I.Qi 
, 1 

" 
l02)'described -one of ,her categories as: "anything with a circle in it". 

This included num~ers 11, 12, 26,8, 15, f, 22, an~ "4-- (see fi~ure 1). 

The latter two items of ,this category do not èont~in circles, and-the 

last item (a large and a small square) does not even contain a curved of 

. 
line. Another right temporal-lobe patient (Jo. la., I.Q. 117) mad~ a 

" 
category which he said eontained "squares or rectangles": numbers 13, 

/ 

22, 4, 8, and 16. Again, the last item has nothing resembling a square 

in it. An analysis was made of the,number of subjects in each group 
, , 

who made such errors of classification at least once. It' can be seen 

from Table 4 that the incidence is highér in patients with right 
" , 

tempo~al-lobe lesi,ons than in t~e other two subject groups (x2 = 6.95, 

~ < .05). 

Another strategy used by sorne subjects was to label the desig~s as 

real objects and group them accordingly. An interesting example of 
• "'\ 1 

-this was produced by ~ rlght temporal-lobe patient (Ro. Sm. f, ,1.0. 119),' . -
, , 
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Table 4 
,-

Design Sorting: Incidence of Subjects Making Categories that 
1 

Çontained Classification Errors s Semantic Labeling. or Combinations 

. 
Nonnal Control 

Left Temporal 

o Right: Tempora 1 

Classification 
Errors* 

----

7 

9 

15 

a~ = 20 for each group . 
. 

~X2 = 6.95, E.< .05 

**x2 ='6.93~ E.< .05 , 

***x2 = 5.29. E.> .05 . . 

Il 

In{:1dence 

l' 

Semantic 
Làbeling** Combinatfons~** 

1 4 

6 3 .. 
8 9 

50 

----
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who'grouped numbers 21,'16,5, and l toge~her, and explafned that,they 

indic.ated "rain on the mountains, electricity, fog 'and temperature 

. change" . It was found that both patient groups tended to name the 

designs more ·th~n did nonna 1 SUbj~c~s ,(x2 = 6.9j.E. < .05; see Table 4: 

semantic label lng). - ., 

There were certain sorting ,principles that almost all subjects 

used, such as straight lines, curves, or squares~ Subjects only dlf-
-

fered ln the extent to which they would include items within each 
~ 

category; f9r example, squar,es could be a separate category, or bé 
, . 

included in a category of straight lines. Presumably, the tendency to 

use larger categories when sorting designs, as compared to words, which 
J • , 

, was shown by the right temporal-lqb~ patients, was a functiôn of this 
~ , 

over-inclusiveness. In fact, these patients 'tended to combine,two 

sorting principles in one categorYi for example, a group described as 
\ 

containing "rectangles, cub~s, ~.triangles", and con~lsting of numbers 
~, . 

18, 4, 3, 28, 13, 22, 6, and 8, was made by a right temporal-lobe 

patient (Ha. Gr., I.Q. Ill). This trend, however, was not significant 
, . 

<X2 = 5.29, E. > .05; see Table 4: COOIbinations)., 

Word sorting. As in the.design-sorting task, there were certain 

categories that w~re used by a 1arge number of subjects, with varying 

degrees of inclusiveness. For example, the group "1iv~ being" could 

include any of the following: author, ~rtist, pupil, creature,' snake, 

or devil; it could also include majority or colony, since these ,usually 

refer to people. Sorne subjects broke this into separaté categories, 

such as "professions", "animals" or "evil beings". It must be assumed 

that the larger categories used by patients with left temporal-lobe - . 
.. 

. , 
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lesions when sorting ,words aS,opposed to designs reflected a tendency 
, 

to be overly inclusive. It prbved difficult to delineâte more speci-

fically the nature of this inclusiveness, because of the wide variation 

fram subject _t'o subject. 

A strategy that was used by 'Many subject~ was to ~evise sentences 
, , 

incôrporating se~eral of the stimulus words in order to fo~ a group1ng. 
~. 

Statistical analysis of the number of subjects who used th~s strategy 

at least once revealed that patients with right temporal-lobe lesions 

devised sentences more often than did the, normal control or left­

temporal-lobe groups (x2 = 10.72, ~ < .005; see Figure Il). The 
\ 

following examp1es trom the gr'oupings of right temporal-lobe pati\ents 

illustrate the nature of these sentences. Il In early timès, Jewish , , 

1awmakers were authors of various theories which evo1ved into codes; 

and al1 had pupils, lived in palaces, and did not believe in the devil ll 

1 

(Sh. Fr., I.Q. 90). "If you don't have the proper code, you won1t last 

long- in the palace ll (Ca. Sc., I.Q. 137). "The dust won't settle and 

the shadow won't remove until the constitution is brought back to this 
/ ,/ .. ---

country, which,is being treated like a~co10ny" (Ka. Fi., I.Q. 118). 

Performance of H.M. on Soriing Tasks 
~ 

De~ign sorting. H.M~ sorted the designs in three minutes, 56 

, seconds, into six categories. c This number of categories is slightly 
.-
J / 1/ , 

below the Mean of ~he right temporal-lobe group {6.4 categories). His 
1 

sorting strategies could not be considered to be as good ;as those used 

by normal control subjects. For-example, one category that he made, 

containing numbers 1~; 1, 14, 2, and 27 (see Figure '1)', he said ~onsisteél -

. of "signs of water, a lot of waterj lakes". This tendency to name the 
1 1 

, 
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Figure p. Word sort1ng: sentence strategy. Incidence of subjects 
in each group who fonned at least one category by bu11d1ng . 
the stiJIIUlus words~ 1nto a se,ntence. 
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designs, as mentfôned above, occurred sfgnificantly more ~ften in the 

patient groups than in' the control group,. 

H.~t 's recal1 and recognition of the designs were very poor-, as 

54 

/ 

expected. He received a reca 11 scôre of 6 (see Figure 7 for comparisons 

with temporal-lobe and controL groups), although he made a large numb~r 

'of drawings' (9) .for such a low 'scor~ (the mean number of attempts for 

the nonnal 'control, ~eft and right temporal-lobe groups we~e 14.5, B.p, 

and 10.1, respectively). His recognition score was Il correct out of 

30, 10 being chance performance. The error scores were evenly divided 

between similar and non-similar distractors. Thus, H.M. was less 

likely than patients with unilateral temporal-lobe remova1s to re~ai~ 

partial information about designs that he was,una51e to recognize. ' 

Word sorting. H.M.'s-sorting of the word stimuli was general~y 
/' ' 

better than his design sorting. H~ made ten categories, using such 

cOll111on groupings as: creature, devil, and snake ("low spirits"); J 

safety, steam an~ êngine ("motqrs U
); and pupll , author -and artist 

, 

("a11 write"). He recal1ed one word correctly, string"which was the 
-, 

1ast'word that he had sorted. He also prod~ced five other words that 

seemed totally unre1ated to any of the word-sorting $timu1i, and which, 

1t should be noted, are highly concretewords'("squares, ladders, 

lfghtning bolt (flash), cloOds, and lock"). On the recognition test 

he again performed at chance, choosing 12 out of 30 stimuli correctly. 

Of the distractor items that he chose, Il were semantic and 7 acoustic; 

thus 62% were semantic, roughly the same percentage found in all sub-

ject groups ln this study. ~ 

1 

/' 
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Discussion 

The sorti,ng taslcs were desi gned to determine whether pati ents 

with temporal-lobe lesions differed from_normal~control subjects i 
" ' 

55 

their ability to organize random information, as measured b the num-

ber of categories that each'group used to sort either verbal or no~­

v~rba 1 stimul i.. The outcort.. was -that the,. patient ,groups produced a -... 
·-different pattern of sorting than d~d the control group. Whereas 

, , 

nonna1 control subjects were as, likely to form more word than desig" 

categories as to show the opposite pattern, patients with temporal-
J 

lobe 1esions tended to produce fewer categories when sorting the 
, / 

material that they subsequent1y wou1d have th~ greater difficulty 

remembering. Thus patients with left temporal: l'obe lesions used 
/ . 

fewer word than design categories, and patients with right teJllloral-

lobe lesions 'used fewer design tttan wôrd categories. 

Although the above relation of word to design sorting differen-
, 1 

tiated the temporal-lobe groups from the control group, the patient 

groups did not differ fr~m the control group in the number of c.ategories 

used for each sorting task considered separately. A possible reason 

for this lack 'of difference is that the "deficit" shoWn by each patient 
1 ? 

in sorting material that would be poorly-recalle~ be a very subtle 

one. which on1y becomes apparent wh'en 'compared to the perfonnance of 
(' 

the same patient when sortfng more,easfly-remembered material. 

There are other factors that may have obscured any differences 

between the control and patient groups. rhe expected correlation 

between the -number o~ categories used to sort the material, and subse­

quent recall of that material \was clearly shClrln by nonnal control 
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.----
subjects on both the word and des i gn- n ... ~:t--n71 the same corre-

lations were not found in the patient groups except for the case of 
, . 

left temporal-lobe patients sorting words, where the correlation was 

marginally' significant. This relative tndependence of sorting strategy 

from recall may indicate that patients with temporal. lobe lesions are 

not able to modify their strategies on" sorting tasks in order to 

optimize reca]l" as Melkman (1975) has suggested that normal subjects 

can do~ This in itself reRresents a deficit, which is nQt material-- \ " 

specifie, in the ability' of temporal-lobe patients to organize rando~ 

information. Such an inability to modify one's sorting strategy 

according to one's own cognitive and mnemonic limitations would tend 

to obscure group differences when using quantitative measures, such 

as/the number of categories produced. 

Another variable that 'complicates t~e interpretation of the 

"number of categories" results is the typ~of sorting strategies used 

by ~he patient groups. For example, both right and' left temporal-lobe 

patients'tended to use semantic labeling of the designs as a stra~egy 
/ 

in sorting the designs, and right temporal-lobe patients tended to 
, 

make sentences in order to sort the words. Since normal contrQl 
, 

subjects rarely, used such strategies" it is' n()t known how this 

variation in sorting ~trategy among subject groups affected the . 
rel~tionship of the number of categories to subsequent recall. A 

··'cons iclerati on of these di ffer.ences in sorti n9 strategy may '1 ndi ca te 

that it 1s ~ore' va11d to compare the performance of each patient group 

on one sorting task to its performance ,on the other, rather than to 
~ , 

compare each task ,to the perfonnane,e of ~ normal control gr~up. '\ 

/ 

\ 
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Oespite these limitation~ in comparing the control group to the ' 

patient groups in terms of the number of categories used -in eac~ ,/ 
t - , 

sorting task. the fact remains that this, measure did show that 

temporal-lobe groups used fewer categories when sorting mnemonically-, 

difficult material as compared to their ow~ performance on the otper 

sorting task. Jwo explanations can be considered to account for this 

finding; One possibility is that, these sorting tasks requir~ a . .. 
certain a~unt of memory processing if the subject 1s té keep track 

of the items that he is groupfng together. If this were the case 1 

then a patient with a material-specific memory disorder would be 
\ 

unable to perform adequately. Since the stimuli were kept'in full 
1 

view at all times, however, it seems unlikely t~at a memory compone nt 

could have been solely resp'o,:,sibl\ for the results. 

The second, and most plausible interpretation of the data is that 

the two patient groups were tmpaired 'in 'their cognitive processing of 
/ 

the stimulus ma~erial at 'the time of sort'ing. For example, patients 

with' temporal-lobe lesions may be"unable to assign a widal variet~ of 

specifie attributes (Underwood, 1969) to each stimulus. Thus, a 
. 

patient with,a left temporal-lobe lesion may think of a snake as~ 

being alive, and not consider other semantic attributes, such as its 

being an animal, being associated with evil, and so on. This would, 

lead to the formation of ,larger categories, eaeh of whlch would contain' 

loùsely assoéiated items. 

" If it is the case that 'temporal-lobe patients are impaired in 
/' 

their ability to form small, relatively specifie categories wh~n 1 

sorting mnemonieally-diff~cult material, it is still not clear whether 
1 

"0 

. ' 
/' 

~---~_._-_______ r_. ______ -bÔ 
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such an impai nnent would cantribute ta the ma te ri a l-speci fic memory 

defici ts of these patients. There i 5 sorne evidence, howev.er, that 

encoding of verbal material into larger, less specifie categories 

58 

may be detrimental to recall performance in normal subjects. Fraise 

and Karrman (1974) have shown, wi,thin an incidental learning paradigm, 

that subjects reca 11 more words if theo sea,rch tart-hllialSs---i-1i nR-1l,,'IE'oHl'V1ve!!(dt------====-= 
--- - ------------------ --- - --~ 

instances of a specifie class (e.g., names of vegetables) rather thàn 

of a more general class (e. g. t food). Klein and Saltz (1976) have _ 

suggested that when a l1st 1s differenti:ated into ooly il few categories, 

the attributes or levels of meaning attaehed to eaeh category are not 
, 

closely assoeiated to most of the items wi th;n eae~ category. -These 

authors showed that greater specificity of semantic proces~ing-~--a-s-~--------------------

measured by the number of relevant attribute dimensi6ns introdueed at 

the tiJne of learning, led to improved r~eal1 performance. 

In tenns of the levels-of-proeessing model (Craik & loekhart, 1972) J 

one could postulate that subjects who sort into specifie categories 
. . 

are forçed to evaluate more features for each item, in order ta deter-

. mine if that item will be s-uitable for a certain eategory. More 

detail~ feature evaluation will lead t~ a greater breadth of processing 

(Craik & Tulving, 1975), and thus to better recall. Patients with 

t~poral-1obe lesions are' perhap's unable t~ perform sueh feature 

evaluation adequately, leading them to use larger, les$"differentiated 

categories. The reeal1 perfor~nce of these patients would be. expected 

-to silffer as a resul t. , 
The lack, of correlation for the pa~ient groups between recall 

, . 
score and number of categories, however, would preclude the assertion 
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C of a causal relationship between impaired cognitive ability and 
," 

aefective recall. Although patients with temporal-lobe lesions shqw 

qualitative and quantitative impairments in their ability tO'sort 
---------- , ___ -----------mnemonically-difficul,t stimul i, the present data do nq,t pennit 

'Ii 

(1. 

conclusions to be drawn about the effect that such impairments may 

have on memory. 

, Since the design-sorting task was an original test, devised to 
- ' 

,be analogous to the word-sorting task, it is, worth noting that the 

-, 1 

average numbers of categories produced by all three groups in the 

word- (7.83) and design- (7.4) sorting tasks were nearly id~ntical~ 

This suggests that whatever principles are involved in sorting words 
, -

may also be in ope.ration in sorting designs. The number of categories' 
/ 

produced by the normal control subjects in the word-sorting task of 

the present study {8} is somewhat lowé't th an the number found in the 
X\ 

Melkman (1975) study (9.8) or the Basd~n and Higgens (1972) study 
1 

(8.6), but is remarkably similar te th~se values considering that 

those two experiments used 50 and 52 words respectively, whereas the' 

present one used only 30 words. In addition, the subjects in both 

previously-mentioned studies were undergraduates, and thus more highly 

educated than most subjects study. 

Patient H.~. 

The pattern of sorting sho by H.M. on the two tasks resembles 

that of the right temporal-lobe patients in that,he proquced fewer 

design ,th an word ~ategories. J. This patient's poor sorting of the designs 

w;s unexpected, as he had be n sh~rfo_rm nonnally on many," non:;' 

verbal' tasks t~at do not co tain~ memory component {Milner & Taylor, 19'72~ 

- ( 
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Prisko, 1963; Sidmari, Stoddard & Mohr. 1968). , H.M.' s impaired,design 

sorting should be interpreted cautiously, however, as nonnal subjects ~',~ , 

show marked individual variation on these tasks. 

Since H.~1.'s sort1ng of t,he words was 1n the normal range, it 

. cannot be assumed that the hippocampal·region plays a critical rol~ 

in the perfonnance of the sorting tasks. Unllke .the patients with 
y 

unilateral tempora17lobe rempvals, H.M. has an intact temporal neo­

cortex bilaterally. His adequate word-sorting perfo,rtnànce would tend" 

to implicate the left temporal neocortex in the ability to cat~gor~z~ 
, li 

verba1 information, ~ecause left temporal-lobe patients had shawn an • _ 0 

impairment on the word;-sorting,Gtask . Perhaps the correlation between 
, " 

the number of categories produced and'subsequent recall performance 

depends on' intact connections between the cortex and the hippocampal 

structures, thus explainOing trie breakdown of' this relationship in the' 

" temporal-lobe groups and i,n H.M. 

The ~esults of the sorting studies reported here help to clarify 

the nature of the categorization process. It is neither purely per-t<,. 

ceptual nor purely verbal, but depends instead on the type of material 

being categorized. In a reaction-time s~udy of normal subjects, 

Harris, Morris and B~ssett (1977) showed, ~hat the categorization "/ ' 

words or of pi cture's of çomnon ~bjects depends on two di s ti nct co~s. 

Th~ pre;!"t investigation suggests that t~es~ cate~orization p~ro~sses 
are a~least partialJy separable systems within the cerebral cortix, 

with the lef,t he~isPhe~e more in;olved with verbal, and the r1ght~ith 
• ' 'S. . 

non~verbal, categorization. 
-~ 

, ~ 

1 ., 
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PART II: MEMORY FOR NON-CATEGORIZED AND CATEGORIZED LISTS 
1.-

'In the.experiments in thïs section, thé reca.}'l and recognition of 

two word 11sts eontaining different degr"ees of taxonomie organization 

were studied. The perfonnance of patients with temporal-lobe lesi ons 

and of normal control subjeets was measured in tenns of "prirnary" and 

"secondary" organization (Tulving. 1968), in order to detennine to what 

extent deficits in' the abil1ty to organfze verbal material in memory may 

contributé to the verbal memory difficulties. of patients who have under­

gone left temporal-lobe removal. 

Material 

"Two wol"'t:J l1st5 were prepare~, one consisti,ng of'u'nrelated words 

(thé .non-categorized list) and one of words from fhe dlfferent taxonomie 

categories. Each list contained 30_words. Stimuli for both l;sts were 

obtained from the cate~ory nonns of Battig and Montague (1969), all 

words being chosen trom the 12 most frequent words in each category. 

The items in the. non-categorized 11st each came from a different cate-

, gory. and were therefere 'cons i dered to be semantlca lly unre 1 ated. The 

categorized lis,t contaifled fhe sets of s lx words each, taken from the 

following cate90rie~: ' fruit •. clothing, vehi'cles. geographical feattires. 

and furnfture. (' -r' , 

Three different pseudo-random presentation orders were prepared for 
, l , 

each list, with the stipulation that no bio words shouH:I be adjacent on 

more than one presentation, and thàt no adjacent words should beg1n w1'th 

t~e same sound. I,n the eategirized list no wor;ds fram the same categoryl 

occurred consecutively. 

• 

, , 
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The JO words in t'he non-categorized list, ghen in the first .. 
preséntation order, were: fork, nase, penny, 'football, governor, pinet 

ruler. guitar, rat, doll, ruby, storm, motel, waltz. captain, paper, 

velvet, window, gold, brandy, canoe, daffodil, corn, ~oo~, church,' 

spider, cannon, nephew, ketchup, and china. The first presentation 

or~er of the categorized list was: valley,' apple, stool, dress, wagon, 

cherry, volcano, televfsion" pants, chair, plum',., car, lamp, coat, sofa, 

lake, apricot, cliff, hat,/ bus, river, tie, bureau, truck, pe~r, 

bicyc1-e, canyon, blouse, lemon, and\train. The words, i'1 both> 1 ists 

were matched for frequency, word length, and number of syllables. 

These are shown in Table 5. ( 

A recognition test was constructed for each list. For the non-

categorized list, each target word had two distractors, one seinantic 
, 

and one phonemic. ihe semantic distractor was chosen from ~he top 20 

in the same category of the Battig and Montague noms (e.g., spoon for 

fork, ni'ckel for penny). The phonemic distrac~ors began with the same 

fi rs t two 1 étters as thei r target 1 tem and had the same' numbèr of 
- .... \ 1 

sy 11 ab 1 es (e. g., fort for fork, pebb 1 e for ~). Eech of the five 

pages of the recogn i ti on tes t conta i ned 18 words; 6 ta rge~ words and 

,12 distractors. ~o make. the 1est more difficult, the distr~ctor items 

never occurred on the same page as thei r ta rget ward t because pi l ot 
.. ' 

testing "had shawn that subjects were IIOre often deceived by a distractor 

when they could not cDq)are 1t with the correct item. 

The recognition test for the categoriZed 11 s,t conta1ned only 

semant1c distractors. This was the same method used by Kintsch (1968) 
, 

for test1ng item recognition rather than category recognition. Eac~ 
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, 
Non-Ca tegor 1 zed 

Categori zed 

p'.' il l 'fi! 7 

Table 5 

Composition of Word Lfsts 

Frequency peà Humber of 
50 ~ 406 words l~tters .. 
Mean Range Mean Range 

41.23 1-384 5.37 3-8 

41.83 1-274 5'.07 3-7 

!Kucera and Francis, 1967. 
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NlImber of 
syllables 

4 

Mean Range 

1.7 - 1-3 

1':6 1-3 

,) 

'" 

\ 

'1 

iIfi 



c 

HIATT 64 

page of 18 words in the recognition test contat-ned al1 of the 6 words 

trom one category, together wi th 12 distractor items chosen from the top 

20 in that same category. 

Both ward 11sts and their recognition tests were a1so tr-anslated 

10to French, selecting appropriate phonem1c distractors for the non­

categor1zed recognition test. An attempt,was made t6 match the Eng1ish 

and French versions for word length. The frequency of these'words 

among speakers of Canadian French 1s assumed to approximate their 

,~"<' j fréquency in Engl ish. 

Procedure 
, 

l ~ 

The non-categor1zed list was atways g,iven first, on a d,ffferent 

day than the categor1zed 11st. This ~rder was kept constant to reduce 

inter-subject variance. Except where othe~ise stated, the; procedure 

was the same for bath word 1 i s ts. 

/' The subject was to1d that he,would be read a long list of words, 

that at, the end of the 1 ist the exper1mehter would say "OK", and that 

the subject should then immed1ately say al1 the words he could remember 
. . 

from the 1ist, ln any order., It w~s emphas'ized that he shou1d only 

g,1ve his recall, and not say anythfng e1se" because preliminary testing 

had shown that some subjects tended ta 1nsert comp1aints about ~he . 

,length of the list (and thus reduce recency effects). unless forewarned 

not. ta ta1 k. 

Two minutes were a110wed for recal1 of the list, with the' experi­

menter recordfng the ~ubject'~ responses. The 1ist was then read again, 
..'; . / .. 

but in à different or~er, with the instruction that the subject sh~uld 

saya11 the words'he cou1d remember, including any he had said in the 
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., 
\ 

first ~ecal1. This rem;nder was necessary because it had been noted 
l 

that some subjects tried not to say items that had been previously 
, ;1 

recal1ed. Two minutes were allowed for· this second recall. The list. 

was then read a third time Jin a .different order, w1th another two­

minute recall. The s~bject was then warned thàt' he would be asked to 

- recall the words again later. 

After a 45-m1nute interval, wh1ch was f111ed with tasks of a non­

verbal nature. the subject was again given two minutes in which to 

/ recall al1 the words that' he could remember trom the liste 

, ' rhe delayed reca1'1 of the non .. categorized lfst was followed by the 

1 rec,ognition test for that l1st. 

1 of the test and asked to circle 
Il 

, 
The su,bject was given the 'five pages 

the six words on, eac~~~~hat he 

thought had been on the list. He was told only to choose words that 

were exactly the same as those that had been read to him. If unsure 

of an answer, subjects were. asked to guess. 
, 

Following the delayed recall of the categorized li st, the subject,.-

was asked whether he had noticed whether any of the words seemed to go - . 
together, and.if sa, which of these category n_ames he could recal1. As' 

he gave the categdry names he was asked to recal1 all the words in each 

category. If a subject could not name al1 five categories. he was 

g1ven the ,rernain1ng éategory names and asked to recal1 as many words 
- 1 

from each category as possible. All words recalled at th1s time. 

,whether the category name was reca1.led by the ,subjec~ or prov1ded by 

the exp~rimentert const1tuted the "cued recall". The categorized 

recognition 'test follàwed the cued recall, the procedure be1ng the 

same as that of the non-categor1zed recognition test. 

/ 

,1 
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" , 

Results 

Recal1 , ' 

Figure 12 compares the learnin9' curves and the ,mean delayed-recall 

scores of the three subject groups for the non-categorized and cate­

gorized 'word lists. A three-~ay analysis of variance comparing subj.ec-t , 
~ I~ 

groups, word lists and recall trials (first, second, third and delayed) 

was performed. Thi s produced a s 1'gni fi cant group effect (F :; 21.12, 

.E.. < .001), 1eft temporal-lobe patients having lower recall than both 

norma 1 control s ubjects (1 = 6.27, .Q. .( ·.001) and ri ght tempora 1-1 obe 

patients Cl = 4.77, .I? < .001). There was no difference between the r;ght 

tempora 1- lobe and norma l cont ro 1 groups, (1 = 1. 49, p' > .25)._ 

The difference bétween recall trials was hir9hly signifi~ant (f. = 
236.93, .E.. « .bOl), as was the subjeçt-group by recall-trial interaction 

" 

([ = 10.20, p.. < .001). This interaction is il1ustrated in Figure 13, 

in which the mean' recall of each 'subject group has been pooled over 

both word lists. The interaction results from the fact that the per­

fonnance decrement of the 1 eft tempora 1-1 obe group ~ as campa red ta that 

of the poo1ed normal" control and right temporar lobe groups. prqgres-
• 

sively increased over eacfl succeeding recall. The mean differences 

for such comparisons on each of the four reca 11 tests were: 14.43, 

(i = 4.16); 5.52, (1 = 5.18); 5.88, Ci :-5.S2}; and 9.14, (i = 8.58), 
/" 

respectively C.e. < .001 for all recall tests). 
" -

The effect of lists was also highly signi.ficant (.E. = 122.93, 

"0 ---p < .001); the categorized 'list helped al1 subjects ta fmprove their 
, 

recall as compared ta "the non-categor1zed 1 ist. ln addition, ·the 1nter-
~ , 

ac~ioo of list with recal1 t,st ~as S1gni~icant (.E. 1: 9.95, ~ < .001). 

o~ • 
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J ~ . 
Figure 12. '~.ts: r'ecill. I.eIrning curve. Ind del.,ed, recall 

for the non-catagor1zed and categorbed )IIOf'lf Usts. 
show1ng the· mean nUlllber of wards cOJ'rettly recl11ed per 
trial. Results are g1ven for each of the three subject 
group,s~ . 
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• • Normal Control 
N=20 • 

./ 

Right Temporal 

N=20 

.~ 
~ Lelt Temporal ;-

f, 

t N;:~9 

1 1 1 1 
lst 2ncl '3rcl D.lay.cI 

Racall Test .. 

Word lfsts:, recall. learning curves and delayed 
ree.11 for the three subject groups. The .. " 
....... of words correctly rec:alled per tri.l have 

, bHn pooled over the non .. categor.1zed. and categor1zed 
i !ists. 
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'/ 

1 
This effec~ can'be seen in Figurè 14, where the mean' first. /second, 

1 • 
, ) , 

third and de1ayed recall for each word list-.J poo1ed over ~11' three 
1 

subject groups. The categorized wor~ 11st became more helpful in 
J 

• 1 

improving reca 11 with eath succeeding presentation. and 1(n delayed 

reca 11. 'The. mean di fferences between the word 11 s ts for' éach reca 11 

-trial were: 2.62, t11: 5.55); U (1 = 8.9); 4.72 'C.!..: 10.Oh and 

5.05 (!.= 10.7), respectively (j!,< .oor for al1 recall trials). Note 

that the rate of improvement was greatest from the first recall test 
. 

to the second, there being litt1e change in subsequent recal1 tests. 

Th amoûnt of improvement in recal.l did not- vary across subject groups; 

the int "raction of grou s with word 1i5ts was not 51gn1ficant (f = .31, 
. 

.2.> -list-by-recall-test'jnteraction ([? .40, 

. .2. > .5). 

experiments, the left temporal-lobe group was 

vided into two'subgroups: SM, containing patients with smal1 hippow 

campa l remova1s. and LG, containing patients with large hippocampa1 

removals. A three-way anjYSiS of variance "'as perfonned on the recall 

scores of the two left tempo ra 1-10be subgroups, comparing large and 

small hippocampal remov'als, word 11sts; and recall trials. The resu1ts 

are 111ustrated in Figure 15, which' shows the mean reca1l scores of 

sub9roup~ SM and LG for each recal1 trial. Results for the non-categorized 
, , 

'and categori2ed lists are graphed separately, to~l1ustrate the stgnificant 

interaction of subgroup w1th word l 11st (f. a· 4.8,·~ < .05).' A1though the 
1 

subgroups di d not di ffer in t,he i r non-ca tegorized reca 11 scores (1· .78, 

.2., > .2)., there was a d1fference 1n the amount of iJJlProvement each group 
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1 

• 
Categor;zed List 

~J3~a" 
Non-Categorized . 

List 

. , 

. , 

·2nd 3rd Delayed 

Recall Test 
l ' 

1 
a 1 

1 
1 

Figure 14. Word l1ilts: reea11. Learning eUNes and delayed 
reeell for the non",categortzed In.t ç~t~~ .'J~,~~." .. ' 

\. 

The mun nLlllber of word$ eorrectly reca1tad per ' 
_ . trial have been pooled over the three subject groups. l' 
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showed on the categorized 1 ist. 80th groups made a s1gnificant increase 

from the non-categoriz~~ to the categorized list, but the patients with 
j 

larger hippocampal removals showed a more s1gnifican~ gain (1 = 4.11, 

,--

! < .005, subgroup SM~ 1 = 7.21, 2 < .001: subgroup tG). "This resul~ e_" --'r lW 

sU9gests that t~e hippocampal reglon 1s important' for the recal1 of 
. ' 1 

non-organized·infonnat10n. As before. the 1tI4,in effects of word 1 ists 

(f. = 65.15, 2 < .001) and recall trial (F c 45:09, ! < .OOù, and the 
, 

list-reéal1 interaction ([ c 15.01, Po < .005) were significant. The 

interaction of sUbgrc)up with recall trial was not significant tE = .22, 

J!. > .80). 

Recall ëlS related to extent of neocortical removal. Correlations­

were made between the ex~nt of neocortical remova1 t measured bath a10ng 

the 1 eft syl vian fissure and a10ng the base of the teq>oraT lobe. and 

performance on, each recall trial of bath the categorized and non-cate­

gorized lists. In no case, did the~e correlations approach significance. 
-

although almost 'a 11 were in the appropriate direction; i.e .• larger 
/' 

leslons correlated with poorer perfonnanc~, particularly in, earl~_er 

recall trials (see Table 6). 
Non-Cates(or1Ied List: Serial Position Curve , 

\. 

In order to explore the contribution of interference ta the ,memory' 

defiç1t of patients 'with left temporal-lalle lesions, and to examine 

their ability 'to cons'Olidate verbal information~ the serial position 

curve of the first recall trial in the non-categorized list was examined - . , 

statistica'l1y. For this trial., t:he recall of each subject wa~ tabulated 

aécardi~ ta the position each ward recalled had occ~pied during pre­

sentation. For purposes of analysis, these input positions were 'group~ . 
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Table 6 

Correlations Between Recall a,nd Size of ~/ 

, 
Neocort1 cà 1 Removal for left Tempora l-l~è Gro~p J 

, 

'~ecâi 1 Tri a 1 

Word List ,Ffrst Second ' Third 

Sylvian Fissure 

Non-tategorfzed -.34 --.20 -.15 

cate~rized -.36 -.22 -.24 

\ Base of Temporal Lobe 
/' 

, 

Non-Categori zed '-.17 -.11 - .13 

ca tegori zed .05 -.01_ -.14 

Note. l!,> .1 for al1'correlationS. 
o--·~ 

'y 
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--.15 

.12 
, .07 .L/ 

" 

-. 

, 
li' 

.. 

f 

"-



~",..e~ _________________________ _ 

~ .. ) 
1 , 
) 

,. 

c 

J 

HIATT 74 

o 

. ) 

" into six s"!ctions of five words each. Thus the primacy effect would 

- involve reca11 of any of the f1rst five words that hadQbeen read to the . , 

subject. 

The normal control. 1eft tempora1--and right .temporal-lobe groups 

were compared in a two-way ana1ysis of groups and reca11 position~, 

1 

Figure 16 presents the seria1 position curves for the three subject 

groups; each portion of the curve represents the mean number of words 
1 

reca11ed of the five that had been presented/in those positions. As - -
" 

expected, signific.ant group' (I = 16.24, p.. < :001) and 'position (E. = 
;, , ~ ~ 

24;89, '~< .001) effects were obtained; the fonner ref1ecting the . 

9vera 11 i nferi or" reca 11 . performance of the left tempo ra 1-1 obe group • 

. and the latter indicating the,seria1 position effeat: superior perfor­

mance in the first and 1a5,t positions'over the midd1e positions, for 

a11 groups. / 0 

The~st interesting finding, which can be seen in ~igure 16, was 

that the, recall of the 1eft temporal-lobe group did not differ. from that 

- oi the normal control or ri~ht temporal-lobe. group in the primacy 0; 
recency portions~ the curve. The on1y striking deficit was 'in the 
,.... J "" 

, t 'l;. ~ 

four midd1e
o 
sections; those that are thought to be most affected' by 

, -
. interference. This" ~as Qorn out by' a significant interaction effect 

. ~ 

(I = 1.84 • .e: < .05lo. Subsequent t-tests comp~ring ,the left temporal-' 

,lobe group to the poo1~d normàl control and right temporal-lobe groups 

(beginning wit~the primacy and' ending"with the recency porti~n of the 

curve) ilTustr~te this effect clear1y: t = 1.71, ~ > .1, section,o~e; 
- ., 

-
t,= 4.34, a < .001, section two; ! = 5.79, ~ < .001, section three; 

t = 3.93, p.. < .001, section four; 1 = 2.73.,~ < -.05, sectjon five; 
/ 
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___ Nor ..... Control N=20 
q 

0-:-0 li,hI , .... pOtoÎ N=20 

A-A Left Temporal H=20 
\ 

., 

} ----

I f.. 
' . 

21-25 26-30 

, , , 
11-15 16--20 

Input Position 

. Non-'categorizect word ltst: serial position. Mean- nllllber 
of wards correc~ly recalled .fram each presentation posi­
tion. These -have been grouped 1nto sections of fhe words, . 
eaeh. Results for the normal eontro-l and temporal-lobe 
groups. ' , 

, , 
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!. = 1.62, ~ > .25. section six; 

It should be noted that the right temporal-lobe group, although 

showing ge~erally the same pattern as the normal control group, pro-
t 

76 

duced a lower m~an recall than the latter group on section two of the 

curve t~. = 2.66, J!.'< .05). On section three, however, the right 

temporal-lobe gr~up had a slightly (although not significantly) higher 

recall score than control subjects (1 = 2.22, ~ > .05). These results 

would have to be attributed to greater var1ability in this patient 

group than in the nonna 1 control subjects. 

Relation of hippocampal removal to serial position effects. The 

increased susceptibility to interference that the left temporal-lobe . , 

patients had show~ could mean that an intact hippocampus 1s ,required to 
-

reduce interference. In addition, though the left temporal-lobe group 

as a whole had produced a normal primacy efféct, and thus presumably 

nonnal consolidation 1 one would predict an inverse rel ation between the 

J amount of hippocampal removal aneJ sile of the primacy effect, if the 

hippocampus were involved in consolidation. 

An analysis was therefore perfonned comparing the recall perfor­

mance of subgroups SM and LG of the left temporal-lobe group on the , 

six serial positions. The group effect was not significant ([ = 1;1~, 

, J!. > .25) but the position effect was (f. = 12.27, J!. < .001), delTf&nstrating 
- 1> J ' 

the expected serial position curve for the two subgroups considered 

together. Figure 17 illustrated the finding of interest: a significant :'t-

inte~action effect (f. = 2.78, J!. < .02). Jt can b.e seen that subgroup 
'\ , ; , 

LG exhi 6i ted a n'la rkedl1 reduced primacy effect (1 = 3.64, J!. < • 001) 'as 

compared to subgroup SM; whereas in all other points on the curve the 
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Hippôc.mpal .~moYal: " 

• • Lar •• (N=4' 

a a Smalt (N=13) 

\ 

1 , . , , 1 
6-10 If-15 '16·20 21·2' 26-30 
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Figure 17. Non-c:ategor1zed word"lfst: serial position. Mean number 
of words'correctly recal1ed from each presentation position 
by left temporal-lobe,subgroups.u Input posit1.ons have be:en 
grouped 1nto,seçtions of,five wards each. -
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~ 
two subgroups did not differ: l = .15, section tWOj t = .25, section 

three; 1 = .21"section four; 1 = .77, section five; 1= .85, section 

v siXj (~> .2 for positions -two through six). Note that in the last, 

section the recal1 of subgroup LG ~a6 slightly, though not significantly, 

higher than that of subgroup sr~, probably because all of the patients 
< ' 

in subgroup lG recalled first the last few words that had been read to 
, ) 

them, whereas only 5 of the 13 patients in subgrôup SM did this. 

!he contribution of the left hip~ocampus to the recall of the first 

few items of the lfst can be emphasized by further subdividing the two 

left temporal-lobe subgroups into four subgroups (Corsi, 1972) and 

perfo'rming a correlation between these groups and recall in E!ach of the 
< 

sectio~s of th~ serial position curve. For these correlations, the 
H 

three dysphasic patients were again included. Subgroup SM thus con­

sisted of a group whose hippocampus, was completely spared, con'taining 

five patients; and a group whose removal did not e,ceed the pes, 
, --containin9 nine patients. In subgroup L~'~h~were three patients 

----with removals exceeding the pes, but with sorne hippoca~!,remaining, 

and two with total removals. The correlations of extent of hippocampal, 
, 0 

removal with recall for successive sections of the serial position curve 
J . , 

were as fOll,ows: !. = -.73. t :::1 6.63, ~ < .001, section one; !. = ~03, 
t = .13, .2. > .8, 'section tWOj !. = -.30, .1 = 1.29 • .2. > .2, section threej 

r = .04, .1 = .17, ~ > .8, section four; !. = .0, .1 = 0, ~ > .99, section 
. 

five; !. = .34, .1 = 1.6~, .2. > .1, section six. Thus, the only significant 
.f '-1' 

correlation was found in the first part of the serial position curve,' 

where the larger hippocampal excisions were associated with lower recall 

scores. 

;' 

( 

- , 
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Relation of serial position effects to extent of neocortical . 

removal. ,The correlations between recall in each of the six sections 
1 

of the serial position curve and size of removal a10ng e1ther the 

79 

Sylvian fissure or the base of ~he temporal lbbe were not significant. 

Intrusions in Free Recall 
, 

In recalling the lists, many subjects produced words that had not 

been presented by the experiment~r, especially ~ the first recall 

trial. Figure 18 shows the mean number of such intrusions made by' 
\ 

'each group, pooled over àll three immediate rec,ll trials, for both 

the non-categorized and categorized lists. Inc~rrect responses were 

on1y counted as intrusions the first time that they occurred and were, 

ignored if they were repeated on subsequent trials. 

A-two-way ana1ysis of variance yielded no difference for word 

lists (f. = 2.02, 1!. > .2), subjects tending to produce as many intrusions ,. 
1 

in recal1ing the non-categorize~ as in recalling the categorized list: 

There was, however, a signiffcant group effect (f. = 5.59, ~ < ~01), 

with left tempor~l-lobe patients producing many more,~intrusions than 

" the right temporal-lobe patients (1 = 3.02, ~ < .025), or'the normal 

control subje~ts (1 = 2.75, 1!. < .05). 

/There were too few'intrusions in de1ayed recall to' permit an 

analysis of variance, but a x2 ~as computed based on the number of 

subjects in each group who had produced at least one intrusion in 

either of the two lists. This was significant (x2 = 6.02, ~ < .05); , , 

th& number of subjects producing intrusions in delayed rec~ll was 5, 

1~, and 6 for the ~ormalVcontrol. left and right temporal-lobe groups, 

respecti~ely. Thus, bath ln the immediate ahd delayed recall of words, 

J 

li, 
~----------------------------~,~=~. 

l 
i 



1;"" '!" 
~ 

..... 
1 

J 

C 
." 
" ! 

~ 
f! 
~ 

• 1 
,-, , 

/" 

, . 

"',d 
r y~ 

,-HIATT 

\ 

-~ 
i 

Non-Cate,orized List 
).. 

Categorized List 

3 /" 

en c 
0 .-en, • 
:) -... 2 .. c -1 .... 
0 

> ... ' • ..0 e/, 
~ 

Z 1 
" c 

CS .' ~: 

Normal 
Group Control 

Laft 
Temperai 

Allht l 

Temporal 
,N 20 20 2~ 

Figure 18. 

, ~ , 
'~ ... f '. _ ',~ •.. 

Word l1sts: intrusions. Mean number of intrusio.ns 
nIlde by the thr.- groups on all 1nwnedia,te recalr 
trials of the non-categorized and èategorized l1sts. 
Intrusions o~ thé second or third recall trial were 
~ot tabulated 1f t~ ~d oecurred on any pre~ious 
tria 1. ( , '. . 
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the left temporal-lobe patients were not a$ cautious about av01ding 

incorrect responses as they had been in the recall of designs in the 

design-sorting task. 

Recognitiori 
o 

Figure 19 depicts the ~ecognition scores of the three subject 

groups for both the flon-categorized and the categorized word lists. 
r , 

A two-way analys1s of the arcsin transformed scores yielded a 51gn1f1-
iIIoo 

cant effect of group CE =?23.42, ~ <' .001), the left temporal-lobe 

group performing more poor1y than either the nonmal control or right 
, a 

_ tempora 1-1 obe group (t., 5.93, 2. < • 001 ~or both co. ri sons) • J'here 

was also a sign1ficant effect of word list (E = 4.01, 2. < .025); a11 

three groups found the recognition test' for the categorized list 

slightly more difficult than that for the non-categorized. The inter­

action effect was not significant (I = 1.25, 2. > .25) . 

1 

. 
Types of recognition error on/the non-categorized liste Only 15 

/ 

recognition errors in a11 were made by the normal control subjects and 

14 bi right temporal-lobe pati'ents on the categorized Hst (as compared 

to 10~ by the left temporal-lobe group), mak1ng it difficult to compare . 
statistically the relative number of semantic 'or phonemic distractors . , . . 
cbosen by the left temporal-lobe group to the pattern of cho1ce shown 

hy the other two sub~ect'groups:- The~results suggest, however, that 
, . 

, 0 

the left temporal-lobe group was more likely to ~rr by choosing a 

semantic distractor, as 70 of their 102 recognition errors. or 69% were 
'. \. 

sèmantic. The nQrmal control and right temporal~lobe groups showed 

no such bias in"their error scores as' far as can be judged from the 

few errors that they made. These groups chose'f~e semantic distractor 
" 

• < 

/ 
/ --
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Word l1sts: recognition. Mean'number of words from th. 
two ward l1sts that-were correctly recognized by the normal 

. control and tèIriPora 1 .. 1 obe groups. . 0' ' • 
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item on 471 and 57%. respec~ively, of the occasions that they made 
./ 

errors. 
/' 

Recogniti,On score,$ as rel atea to extept of surgical remova1. On 

,neither recognition t~tt was there any relation between the sc~r~s of 
. , 

the left temporal-lobe patients and. the size of removâl a10ng the 

Sylvian fissure, the base of the temporal lobe, or the hfppocampus. 

Clustering Scores in the Recall of the Caiegorized List 
. . 

A1though the categorized-list recal~ of the 1eft tempQral-10be' 
• 

patients was superior to their recall of the non-categorized list, 
.. 

1t was still not equal to the recal1 of the normal control or right 

temporal-lobe groups on either 11st (see Figure Î2). In order to 
, 

assess whether left temporal-lobe patients were making optimum use 
/' 

of the categorized information, a clustering score was computed for 
, , 

each subject, on each of the four recal1 trials. To achieve this, the 

recal1 protocols were scored by counting the number of category ~epe-
~ ~ , 

titions (two adjacent words from the same category) in each recall 
"' 

/ 

trial for eaçh subject. 

from the ana~ysis. 

Intrusions and repeated items were excluded 

o 

The measure used to score the repetitions was the Adjusted Ratio 

of'Clustering (ARC)~suggested by Roenker. Thompso~ and Brown (1971), , , 
\ 

~-

which adjusts for chance. and has a fixed upper bound (chance cluster-

ing 1s 0, perfect\cluster1ng 1s 1). This measure is 1ndependent of 
/ 

,the nomber of words recalled and allows the comparison of relative 
, 

amounts of clusterfng for different groups of subjects i'O different 

experimental situations. The computational formula for the ARC is: 

ARC = {R - E(R}} / {maxR - E{R)} 
1 
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where R = total ~umber of oDserved category repetitions 
-

max R • maximum possible number of category repet1tions 

(total number of items recalled minus total number o~ 

categories rècalled). 

E(R) ~ number of repetitions that would occur ,by ~hance 

= (nl/N)- - 1 
-

where ni = total number of words recalled from categ~ry i 
. ..r' 

H = total number of words'recalled. 

84 

Chance occurs when R :'.E(R). N~te ,that negative sco~s are possible, 

and would t~nd. to occur, for example, if a subject re~all~dkthe words 
, . 

in the order in Which they had been presented~here no two words from 
.. ... 

the same category were adjacent). 
, 

" / 

A t~-way analysis of variance was performed on these clustering 

scores, jomparing the su~ject groups on the ~our _t'ecall tests ~f the 

categorized list~· figure 20 shows the signif1cant group effect (F = 
6.4, ~ < .01); the left temporaf·lobe group having lower clustering 

scores than both the normal control (1 = 3.42, ~ < .001) and right 

temporal-lobe (1: 2.75, ~ < .05) groups, who did not diffèr from each 
-

other (1 = .63, ~ ~ .25). It can also'be seen that al1 groups clus-

\ 

tered more on each successive recall trial (I = 14.0, ~ < .001). There • 

was no s1gnificant interaction effect (I = .79. ~ > .25). It 1s 

interesting to note that the clustering scores of' the left temporal-lobe 

patients increased in delayed recal1_whereas their recall'decreased. \ 

,This 1s evidence that the clustering measure can vary 1ndependently of 
. 

recall • 
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Cl~ster1ng· scores as relatf!d to extent of surgical removal. Since 

patients w1th left tempo ... al-lobe removals had demonstrated a 'reduced 
~ 

tendency to group categorizecf words in free recall, ft was of sorne 

interest to determ~ne to what extent the nedcortical or hippocampal 
, 

structures of the left temporal lobe were·lnvolv~d in, this abil1ty. 

No correlations between 'he extent of remOval along the Sylvian fissure 

or the base of the tempo~l lobe wfth clustering scores were sign1f1-

canto To explore the role of the Mppocampus, a one-way analysis, of 
~, "-

~ 

varfance cOfDparlng t~e clustering scores of subgroups SM and tG on . '\ , . 

the four recall , trials "'as, perfonned, producing no overall di fference 

betweèh $ubgroups tE = • Il, ~ > • 5' . 
ln addit'1on to the expected effect of recall trial (f. = 16.77, 

~ < .001),' a sign1 ficant interaction effect was revealed (E. = 4.70,· 

0.2. < .01), which 1s 111ustrated in Ffgure 21. Although the two left 

temporal-lobe subgroups did not differ significantly from each other 

at any recall trial, there was a difference in the amount of 1ncrease 

in clusteri ng .that each subgroup demonstrated from the first recall 

trial ta the second. The mean increase of subgroup lG was .82 (1 = 
-

5.43, ~ < .001), compared to'a mean increase by subgroup SM of only 

.15 (1= .98, ~> .1). The latter subgroup thus showed no fncrease in 
-

clustering from the .ffrst recall trial to the second, whereas subgroup 

LG showed a large 'increase. These results suggest that patfents wfth 

larger left hfppocampal -removals need more exposure to, t6e stilJlJlus . 
materfal to be able ta make use of any organization that the material 

. contains. 

.. ~ " 
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Cued Reca 11 of the Ca tegori zed Ward Li s t 
-' . 

The reason that subjects were asked, following delayed recaTl of 
, ' 

, the categorized list, to name all the categories that they could 

xemember, was in arder ta det~rmine the ,extent to which patients with 
y ~ 

'-

left temporal-lobe lesions were aware of the categorical nature of the 

'list", It was found that ~ll subjects could name at least one category; , 
~ 

18 of the 20 left temporal-lobe patients could give at least three of 

the five c~tegory names. This proves that left temporal-lobe patients 
, 

were aware that the list had contained sorne catégorized' items. 

A one-way analysis was performed to compare the number of cate­

gories that the three groups could na~e. Three 'normal. control subjects, 

who had not been given a cued recall, were missing from this analysis. 

- A significant group effect was obtained (f. = 12.06, E.. < .001), the 

left temporal-lobe group recalling fewer categories than either the 

normal control (1 = 4.09, ~ < .001) or the right temporal-lobe (! = 

.4.17, ~ < .001) group. 

Each subject was also asked ta name all the words that he could . 

remember from eactt category; category names that were not reca 11 ed were 

supplied by the experimenter. Ta measure the relative helpfulness of 

this cued reca11 for the different subject groups, the spontaneous 

delayed recall of each subject was subtracted from his cued recall. 
~ i • 

A one-way analysis of variance computed on these difference scores 
, 

revealed a significant group effect (f = 5.82, .2. < .025) ~ the normal 

control subject~ profiting less from the cue~ recall than the left 

(1'= 3.12, ~ < .025) or right temporal-lobe patients 'Ct ~ 3.04, E. < 
, 

.025). The two patient groups did .not differ significantly from each \ 
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\ 

other (1 = .07, R > .8). 

Table 7 shows the mean recall scores for the third iJJlT1edlate 
, 

reèa 11, the de layed reca 11, and cued rec8ll J for the threé subject 

groups.' It can be' seen that the delayed recall scores of bath 
[1 

',' patient groups were lower than that of the normal control group 

(although not significantlyso in the case of the right tempqral-lobe .. , 
group), leaving more room for improvement in the cued reca11. Also, 

ft is interesting to note that the cuing procedure helped all three 

subject groups to return to· t~e leve1 of their last illl11ediate recall 

trial. ' 

PerfQ,rmance 'of H.M. on Ward Li,sts 

~H.M. was tested on the categorized list one year after being 

tested on the non-categorized list. His recall and recognition scores 

on both lists are shown in Table 8. Clear1y, pis overall perfonnance 
-

was far bè 1 o~ the mean of the' 1 eft tempora 1- lobe group (see Fi gures 13 

and 19). It is noteworthy that H.M. showed no improvement wtth succes- " 

sive presentations of the words, and failed to reca1l any words at 

delayed testing. 
o 

'There are several differences between H.M.'s 'perfonmance on the 

non-categ'orized and on the categorized list~. On al1 /three immediate 

reca 11 tests he produced more words from the categori zed than from the 

non-categorized liste No benéficial effect of categorization was 

observed on delayed recqll or recognition, however. 

The, number of intrus10ns made by H.M. 'in both imn~diat~nd , 

delayed recall al$o differed: he produced 4' (all in itmlediate recall) 
) ~-

in recalling the non-categorized list and 16 (l2 in illl11ediate recall) 1 
\ 

, '" 
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Table 13 

Recall and Recognition Scores of H.M. on 
\ ' 

Non~Categorized and Categorized lists 

. { 

Recal1 Test J. 

First Second - Third Delayed 

3 

4 

3 

4 

2 

4 

o 
o 

Reéogni t i ona. 

11 

11 

91 

________________________________________________________________ / 1 

. Note. Maximum score = 3Q. 

aChance = 10. 
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, 
in recalling the categorized list: This 1S in contrast ta th~ 1eft ~ 

temporal-lobe group, who made more intrusi ons than the norma'l control 

or ~ight temporal-~o~e group, but did Lt ~~ffer in the 'number pro- -

duced' in recalling the two lists (see Figure 18). H.M:'s in'trusions 

usual1y were associated in some way with the correct words; in recalling , , 

/ 

the non-categorized w~rds, for example, he gave bishop fo~ church, and 

emerald for ruby. In 'comparison, sorne of his intrusions in recalling 
. ' 

• the categorized !ist seemed only dist~ntlY'r~t~d or totally unrelated. 

'For example, intrusions such _as hill or glen could belong to the "geo-

graphical features" category, but daily, worry, stadium and real are 
. 

not as~ociated with any words'on the list. Such unrelated intrusions 

were rare in the 1eft temporal-lobe group. 
, 

It is interesting that on the delayed recall of the categorized 

list H.M. produced two words~ tree and woods, which had beèn intrusions , -- , 

ln immediate recall. Likewise, alt~ough the testing se,ssions were 

separated by a year, he gave the word cabin when recalling both ,the, 

non-categorized and the categorized li5t (he immediately corrected 
~ \ 

himself in the non-categorized recall test, however,~tating that 

cab;n had not ,been on the '1ist). It seems that H.M. -has a reper~oire 

of verbal r,esponses that he is likely to use in free recall 's;tua~ions. , . 
Owing to the long time interva1 between the two testing s sions, 

and the severe nature of H.M.'s memory deficit, the effect of 
, , 

could be safely disregarded, and the serial position curves of the two 
• ,lists could be compared. There was, in fact, a striking difference 

l, , 

, ' 
between the lists in this' respect. The' i.nput positions of the words 

recalled by H .. M. were 25, 28, 30; 28, 29, 30; and 29, 30 for th~ f.irst, 

,/ 

sm ,.1..\1= 
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second, and third , 

liste Thus, H.M. 

,. 

recall 

showed 

, 

test, respectively, of thé' 'non-categorizelf 
\ 
'< , 

a recency, Qut not a primacy effect, only, 

recalling the last few items' that were present~d to hjm. His, recall 

93 

\ of the catego~ized list revealed.a different pattern; the'input 

poftitions of the·words that he recalled were 12, 2, 30, 1; 30,27, la, 

29; and 4, 26:-;,j7~ for the 'firs~, second" and tni,rd recall tests, 
\ ' 

respectively. It can be seen that his recall was not 'restricted to 

the last few input positions, as it had been in the non-categorized 

·list recall tests. On the first recall test, in partjcular, H.M. 

showed a clear primacy effect in addition to the recency effect. 
, Q 

Related to H.M. 's abili~y to recall words from the beginning and 

mi ddl e porti ons of the categori zed 1 i st i s the fact that he tended t'o 

cluster words from t~e same category in his recall, at least in the 

second and third recall tests (in the first test he recalled one word 

from each of four separate categori~.s). His second recall showed 

essentially perfect clustering: che~ry, apricot, valley, lake. The 

• clustering in the third recall was not as good, but was still apparent: 
. 

bus, apricot, car, wagon. This pattern is similar to that of the left 

temporal-lobe .patients with large hippocampal removals, who showed no 
Q -

clustering after one list presentation, but imp~oved to normal levels 

with succeeding pre~entations. 

In the cued recall test that followed delayed recall of the' cate-• 
gorized list, H.M. was asked to name the categories that he thought 

the list had' represente~. He named four categories, "none of which were 
, ' 

correct: "things ,that grow in the woods", "country-rural", "thing~ in. , 

a farm".' and "mining ll
• 'When cued with ,the 5 original categories he 

/ 
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.' 
produced 9 correct responses an~ 15 intrusioQs. Although this reca?t 

seemed high," it was P~s~ible,that-H.M. was me,rely guessing, as the 

intrusions indica~ed. Ta control 'f~r, this, H.M. wa$ asked during a 

(1 testing session one week 1ater to name any items he would ~hiryk of 
/ 

/ 

from each of the five categories (no mention was made of th4 original 

categorized list). For each categ~ry, on1y the same number of words . , 

as ha d been produced in the cued reca 11 were counted. 'Aga in, H. M. 

produced 9 words that had been on the categoriz~d list, ànd 15 that 

had not. Therefore, it cann~t bé assumed that the cuing procedure 

ai ded H.M. 1 S reca 11 • 

His perfonnance on these two memory tests in"d1cated<th'at 'H:M. 

was able to make use of the organization that was inherent in_ the cate­

gorized word list to aid in the recal1 of words from the beginning , . 
portion of the list, and to improve his overa11 immediate reca11 

performance'. The advantage of the organized material, howev.er, did 

not extend ta delayed reca11, even when cues were made availab1e. 

/ 

1 

/ 

1 
• 1 

1 
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Discussion 
Il lit 

Reca11 and Cate Irized Ward Lists 
\1 

Ttle experimerrts in Part::11 showecf that a lthough patients \'/i th 

1}< .1eft temporal-lobe lesions were impa'ired in their recall of both ward 

lists, they were able ta ,make use of the organization inherent in the 
, 

'categorized list to improve their recall ta sorne extent. Despite this 
r...... ( ~ 

improvement, the performance of this~lpatient group remained inferior 
.. 

. to that of the control, ,group, on the \~t~gOri zed as ~ell :as on the 

non-categorized list. ' , , ' 
. 

'"1 ' 
Weingartner~s (196B} flnding that left temporal-lobe patiénts 

, ,,9 'li 

co~ld profit from al list containing associatively-related wards is 
~ , / " 

thus extended to categorized. material, and to delayed recall of\that 

material. The d1stinctîon between categorically and associativel~-
, , 

_ related ward lists js an'important (lfle: Marshall (1967; see Baddeley, 
" -' . 

1976; p. 276) showed that:free recall and clustering scores for . 
~ 

cate~orized pairs of words ~re higher. than those for non-cat~gorized 

pairs of equal associative strength, sU9~esting that the effect of 

categorization on recall cannot be attributed solely to direct asso­

ciations betweel1 words within that cate90ry. 
t • 04 ' . . 

The results of the, present study differ from those of Baddeley 

and Warrington (1973), who mea~ured the categorized and non-categorized' 
, f' 

, 0 

recall~group of pàtients, with amnesia of varied etiology. They 

found that a~thoU9h the amnesics were assisted by taxonomically­

organized lists, the difference between the reca'l performance of the 
/ 

amnesic and control groups was larg~r for the categorized than,th~ 

non-categorized list. In the experiments reported heret the difference 

J 
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/ / 

between the normal control and left temporal-lobe groups remained 

constant for both 1 ists. This d1screpancy betwéen the resul ts Qf ~he 
, n , / 

present, study- and those of Baddeley and \~arrington may reflect under-

1ying differences between tne patient populations of the two studi,es ,; 
-,.J , . 

~one patient in the latter study had undergone right temporal lobectomy, , . , 
/ 

one had vascular damage, and four were alcoholic Korsakoff patients}, 

or it ~ay reflect methodological differences (the Baddeléy and Warrington 

study used blocked presentation of each category, four presentations 

before the recall test, and a 3D-second interpolated task before recall). 
" ..llle,present study showed that patient.B with right temporal-lobe 

1/-

lesions were nonnal in their ability to take advantage of the organi-

zation in the categorized list. This result is worth noting, as the 

right temporal-lobe group's tendency to use "sentence" strategies in 
, " 

the wQrd-so'rting task could have been a manifestation of an impaired 

capacity to perceive words as taxonomically"organized. Because ~he 
( 

right temporal lobe, particularly the hippocampal region, has been . , 

\ 
implicated in image-mediated verbal learning {Jones, 1975; Jones-

\ Gotman & Milner, in press)" and b~cause there 1s evidence that imagery 

\ may be involved i'n '~o~cePt identif~cation (Katz & Pafvio, 1975), the 

\demonstration 'of normal recall of the categorized word list aft~r right 

temporal lobectomY becomes especially jmportant. ' 

Weingartnerw. (1968) ,fou"_d that patients ~ith left anterior temporal­

lobe'''lesions were less likely than those with right to recall words on 

the second recal1 trial that had already geen recalled on the first. He 

inte~preted this left temporal deficit in evoking previously-recalled 

words as indicating difficulty in transferring verbàl infonnati'on from 

\ 
\ 
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, 1-

a temporary to a more permane~t store. The a~ove fi~ding would lead 
, 

~ one to expect a larger difference between the left and right temporal-
, . / 

lobe groups in the second than in the first recall tri~l, but We-ingartner 

failed to f{nd sllch a difference. , The present study., ,however, di/d show 
. 

a different rate, of learning between subject groups. JThe left temporal-
• ~" f • 

lQbe group learned the words over the three immediate recall tria's of 

both the random and organized 1 ists 'at a much slower rate than either. 

the right temporal-lob,e or normal control group (see Figury 13).. In 

addition, the recall-trial by subject-group ~nteraction clearly illus-
\ / 

trates the detrimental effect of dela~/testing on the recall scores 

jof pati~nts witt! left temporalj9be1eSi?rfS, underl ini'ng ~he diffi,CUltY 

that such patients have witb long-term retention of verbal material. , ( 

" 
---The increased effect-of categorization on list recall with ea~h 

succeeding recall tri:' (see Figure 14) was un~xpected, It is known' 

that normal subjecfs show increasing subjective organization on 
" 

~ucceeding trials when learning random word lists, and that this . 
increase is accompanied by improved recall scores (Tulving, 1962'), It 

\ 

may be"that the categorize~ list allowed the\subjects to attain optimum 
J , \ 

organization, and thus better recall performançe, at an earlier\ sta,ge 

in learning', , 
\ 

'\ 

/ - Role of the left hippocampus in the recall of random and or9anized 
~ ./ / \ 

~ords. Categorization was relatively more beneficial to the reca~ 
" \ , 

performance of patien'ts with large hippocampa] lesions t~an to t~e 

performance of "those with small. This result suggests that patients 

with a normally functioning hippocampus are better able to impose 

organization on the words in the n0n-categorized list; th us the 
/ 

/ 

, 
• t 

l" 
1 
1 
J 

• 1 

1 / 
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(" 
1 ~ 

organization that the ca~eg'orized 1 ist provided had a smaller effect. 

Such an explan,ation implies tha-t the hippoc,ampal regio~ plays a more., 
, \ ' 

important role in the encoding of random info~mation than in the, 
~ 

ençoding of already-organized information. Further evidence supporting 
/ ' 

this idea will be given later in the discussion. ' 
. 

Intrusions .in the free recall of the non-categorized and'categorized 
>. ' \ ,~' 

list. The high number of intrusions shown by the left temporal-lobe --.-- . 
,,~ --

group and by patient H.M. on botb word lists had not been anticipated .. 
, . 

Patients with left temporal~lobe lesions have been found to be exceed-
, . 

lingly cautious on a v~ri~ty of cognitive tasks (Jones-Gotman'& Milner, 
J 

1977; Milner, 1952), and on sorne, but not al1, memQry tests. In the 
, . 

1 

. design~sorting recall of Part 1, for examplé, such patients were less 
l , . 

likely than normal subjects to attempt? drawjn~that,would receive no 

credit (see Table 3). Mi1ner and Kimura (1964) found, in a recognition 

test involving recurring veribal stimuli, that patients with left 
- . 

'- tempora 1-1obe les; ans were no more li kely' than nonna l c'ontrol subjects . '. 

to gi-ve false positive responses. Their study thus_ gave no evidence 
, . 

of over-caut i ousness,' nor a 1 ack of cauti ousness in recogni zi n9 verbal 

material afte,r left temporal lobectomy. _Free recall of word lists, 

however, i5 a technique,that is.rarely used'with this patient population', 

and when i t has been used, intrusion da ta have no t b,een presented 

(Moscovitch, 1974; Weingartner, 1968). 

Cofer et al. (1966) showed that normal subjects produce more 

int~usions wh en reçalling a list containing words that are weakly 

associated to their respective' categories,~than when recalling strongly-, -

associated words. this-suggests that the high number of intrus~ons 

\ 

, . 
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,J 

produced by pati.ents with left tempor-al-lobe lesions may reflect a 
, . 

w~akening of associations .between exemplars/ of categories and théir 

respective category labels in semantic memory. " 

lt is not clear why H.M. produced more intrusi0!ls;' when recalling 

t~e categorized l,ist tban when recalling the non-categorize~ list, 

whereas the l eft temijora 1-1 obe group produced the same number of 
, . 

intrusions on bath lists. Baddeley and Warrington (1973) found no 
D 

,difference, in a' study of their ~mnesic patients, hetw'êen the num~,er 

99, 

of intrusions for phonemically d taxonomically-organized l'ists. The 

mechanism underlyi~9 the memory de . its in these amnesic patients and 

in H.M. may differ, however, making it 'fficult tp draw conclusions 

when compa ri ng Badde l ey and Wa rri ngton 1 s re u 1 ts to thase of the 

present s tudy . 

Recogni t ion 

The paor performance of patients with 1 ft temporal-lobe lesions . , 
" in recognizing words fram both the non-ca te orized and the categorized , 

list indicates that their memory deficit 's not caused only by diffi-
, 

culties in spontaneous evocation of.préviously acquired items. 

The categorized recognition test was more difficult than the non::­

categori zed for a 11 three subject groups 1 thereby revers; ng the trend 
l' . 

that was found for recal1 testin~.' The difference between the distra~tor 

items in the recognition tests fo~ the two lists wou'td probab'ly account 

for these results. One half of the distractor items in the non-

_ca~e90rized recogni.....tion test were phpnemi~, which may havé been less 

confusi,ng (or most ·subjeds th an semantic distractors. The left temporar­

lobe group in ~articular was shown ta be more likely te> choose an 
, v 
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, 
incorrect semantic than phonemic distracto!. 

o , ~ 

'Serial Position Curve of the Non-Categorized tist 
) . , 

In order ta in1érpret the serial po~ition d~ta for left temporal­

lobe patients, it 1s necessary to ,explore in more depth the various , 
/ . " 

1 nterpretati ons of seri al, pos; ti on effec"ts ln 'norm~ l sub~ects. As . \ 

already pointed out 'in the intrpduction to this' the~iS,' there 1's 

general ~greemen! tha~ a two-p~cess model (A~kinSO? &,Shiffçin. 196~; 
Glanzer & Cunitz, 1966. Waugh ~ Nonman, 1965) can ~e~t accaunt,for 

seri al position effects (Craik, 1970jfPoltrock & Macleod, 1977.). 
, ' 1 

According to this model, items 'from the beginning of ,the list have, 

entered long-term storage, ~hile the remaining items haye not. The 
v 

last few items are presumed to be accessible for recall because they 
. 

are still in the short-term rehearsal buffer. 

This model still leaves unexpla'ined why the mid-list items do not 
, " 

enter long-térm storage. There have been several, hypotheses offered 

that deal with this issue. One in~erpretation iS,based on the'finding 

that ~he initial items 'in a list receive more rehear.sal (Brodie & 
. , 

Prytulak, 1975; Bruce & Papay, 1970; Rundus, 1971). This effect , 

p~r~ysts- 'e~n when subje'cts are given instru,ctions ',or distracting tasks 

designed ta prevent rehearsal J (Brodie & Pryt~lak, 1975;' Poltrock & , 

Macleod, 1977) or when., the! aré unaw~re that a memo'~y" tes't will·fol1ow 
~ \ 

/ 
1 

1 , 

(Baddeley & cHitch, 1974). Alt~ough increased,rehea~sal would explain 
, \ . 

the mechanism by which initial items are more likely\ t~ be recalled", 

this hypothesis 'does not expla1n why early items are;rehearsed more 

than later items. 
. "" 
, , 
" 

J _ A coro11ary ta the quantitative rehearsal notion 1s the'idea that 

o , 

l 
". , . 
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• 

early items ,undergo a qualitatively different kind of rehearsal than , 
l' 

j , 

do later items (Craik & Lockhart, 1972; Glanzer & Koppenaal, 1977; 

Glanzer & Meinzer, 1967). According to thi~ view, the.first items in 
h ... 

- 0 

a list_receive more elaborate encodi99 (Crai~ & Tulving, 1975) .. Again 

it· is not clear why subjects would not be able to continue prQcessing 

items throughout the 'list to the same degr~~. 
, . l ' cJ' 

ln order'to explain the poor recal1 by no~l subjects of mid-list 
: 1 - " 

items. it appears necessary to invoke the ,;dea o!f interference. Goodwin' 
/', " 

, (1976), extending the findings of a study by Craik and Birtwistle (1971), 
, \ 

has shown that when ~evera l lists arJ presented for reca 11', the primacy 
~ ,~ :l:.:~f:,-" 

effect deçreases in each ~ucceeding list owing to ,a build-up ::01 

proactive interference. It may be assumed that the encoding of mid-
. '-

list items 'suffers from interference from early list items (and also 
• 

_ retroactive interference from later items) in a similar way. Thus only 

the first'items, free from th~ effects of proactive interference, can 
, " , , 

undergo'enough rehearS'al or sufficiently elaborate encoding to be 
• 1 

transferred into long-term memory. 

In the present· study, left temporal-:-lobe subgroup SM recalled the 
. 

early list items of the' non-categorized list in a normal manner. This 
'-

• ,'" 1 

can be explained by supposing that such patients wer~ able to process 

the words -in the 1 ist adequately, provided that thére';was 1 ittle or no 
(') 

interference fram previous items. In the face of proactive interference 
~ . 
, from the first items in the list, both left temporal-lob~ subgroups were 

, " 
deficient fn their ability ta transfer the .mid,-Hst items into a more 

, , , 

permanent memory system.' The normal reca 11 by both subgroups of the 

items that, had been presented last gives additional evi,dence for the 

" ", 

1 
'I 
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view that patients with anterior temporal-lobe lesions have unimpaired 

short-t~rm memory. 
.... 

Within the left temporal-lob~ group, patients ·with large hippo-. 
J '/camp~l removals (subgroup LG) differed from those wÙh sma" (subgroup 

SM) in thért ther had difficulty not only in recâlling mid-list items, 

but also in recalling items from the first part of the list; thus they 
. 

showed ,little'or~no primacy,effect. Apparently, the lack of proactive 
", 0 , 

interference effects for early li st items did not help subgroup LG to 

recall those items. It is- not possible to say from these data whether 

such patients are impaired in the amount or the qual.ity of the rehearsal 
\ 

of early list items, Qr whether they are more susceptjble ~o the effects 

of re~roactive interferenc~ ~han ar..:Jpatients Wi~h smal1 hippocampal 

remova1s. What this ,stud,Y does s~ is that a pa,tient must have an 

intact left hippoçampus in order either to store or to re,trieve early 

list items ',from a random wotfd lis1; in a normal manner. 

Pati~nt H.M.'s p!!rformance on the word lists may heip to" clarify 
., . 

some of the issues discussed above .. Like other subjects, H.M. recalled 
---- -, " 

more words from the 'categorized than from the non-categorized 1 ;st. 
\ , 

\ 

His ~elayed reca11 and recogniti on scores were not affected by ca te-

gorization, indicating that the advantage given by organization of the 
" 

stimulus material was temporary, a.iding only in the acquisition, but 

not in -the later recall of the \'lords. 
~ . If 

The most instructive finding in H.M. 's recall pattern was ,the 

difference betWèen the sarial position curves of the non-categorized 

and categorized lists. It is well-known that practice can change the 

shape of the seriâl position curve (Dallett, 1963; Goodwin, 1976; 

\1 
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Murdock, 1960), .subjects tending to recall later items first on 
" 

succeeding recall tests, thereby increasing recency effects ~ Hence, 
'-

the comparison between the two lists could, not be made for the left or 

right temporal-lobe, or normal control group. In the case of H.M., 
l , 

however, any effect of practice from one list to the next was likely 

to be negligible,in view of the severity of his global amnesia. TM 

imp~rtant difference bet~een H.M.·s recall of the two lists was that 
\ 

a primacy effect appeared when he reca,lled the categori zed lis t whereas 

there was no 5uch effect in1is recall,.of the non-categorized list. 

His improved ability to reca1~ early list items from the categorized 

list would account for his higher overall recall score for this li5t. 

(Although no 5uch comparison can be made for the seria 1 positi on curves 

of the left temporal-lobe subgroups on the two 1ists, it is possible 
\ 

that the relatively greater improvement of subgroup LG wh en recal1ing 

the ca tegori zed as 
< / 

opposed to the non-categorized list [see Figure 15] 

may also be caused 
.-. , 

ca tegori zed list.) 

by an improvement in rec'all of early it~ms from the 

The appearance of a -primacy effect" in H.M.' 1 S reca 11 

list would indiCiite that the' hippocampus plays a 

rale in allowing unrelated items to be adequately encoded in long-tenn 

of the categorized 

memory; if the items are obviously related in terms of sorne comnon 

category, they would be more likely ta be able to be stored in a 

/' per~manent form or to be accessed more .easily withoot the aid of the 

hi ppocampus • 

There i s some evidence from earl i er studi es for a primacy effect 

for organized material shown by other patients with severe anterograde 

memory deficits. Two patients reported by Penfield and Milner {l958} 

--------------............ 
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1 

who had undergone lefttemporal-lobe excision, including the hippocampus 

and hip'pocampa'l gyrus, but with evid'ence of damage to the opposite 

temporal lobe (Penfield & Mathieson, 1974), presented with severe 

amnesia post-operatively. The memory tests for both patients were 

reported in detail.~ The recall by these -patients of the two stories of 

the Logica.l Memory Test of the Wechslert Memory Scale, al though grossly 

abnormal, almost always included the first few words of the story in a 
1 • 

nearly verbatim forma In comparison, no such ability to retairi the new 
" ,-

word associates in the As~ociate Learning test of the Memory Scale, 

which consists of unrelated items, was,shown by either patient. 

Although this study was not a direct test of whether' the hippocampus 

is important in the consol idati on 'of random ,information- into memory, 

it does provide sorne support for the findings of the present study. :: 

Another study (Starr & Phillips, 1970) examined a patient with 

severe anterograde amnesia secondary to an episode of herpes simplex 
" -

encephalitis. These authors ~lso supplied the patient'.s ?tory-reeall' 

protoco l s, whi ch s howed tha t he, too" was able to reca 11 th"e fi rs t 

few words of the stories accurately, while retaining only a general 
i 1 

idea of-the resta Starr and Phillips also asked this patient to sort 

ten unrelated words into categories. After three successive sortings, 

he s,howed pe-rfect irrn,nediate recall performance (gradua11y 8ecreasing 
, 

over.a thi ry-minute span)., which was superior to his performance when' 
~ 

recalling visually-presented words that he had not sorte~~ The ~uthors 
/" 

speculate that the organization provided by sorting may -ogive Il,additional 

eues or labels for storage and subsequent retrieval not possible in the 

usual manner of item presèntation and testing" (p. 87). This study, 

\ 
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when considered in the light of the present data, strengthens the idea 

that damage to medial temporal structures is most apparent in patients 

when they are asked to recall unorganized, random verbal information. 

Furthermore, the more organization that is inherent in the material, 

as in a categorized list or a story~ the more likely that it will gain 

,adequate access to long-term memory in such pati~nts. 
, . 

The pattern of recall 'shown by the left temporal-lobe s~bgroup LG, 

and by H.M. on the no~-categorized list (i.e. normal recency and reduced 

primacy), is the same as that found ~y Baddeley and Warrington (1970) 

for six'patients with amnesias of varied etiology (described in more 

detail on page 96) when recalling lists of ten unrelated words. These 

authors concluded that their patients have im~ired long-termmemory 
, ' 

but normal ~hort-term mem~ry. It would be instructive to measure the 

effect that presentin'g a cat~gorized list would have on \the primacy 

portion of the serial position ~urve in their amnesic patients. 

Recall of Categorized Word List 

Cued recall. When asked for the category names after delayed 

reca 11 f pati ents with l eft tempora 1- lobe les ions reca 11 ed fewer of 

the categories than did control subjects. This was a conservative' 

estimate of the number of categories that this patient group was aware 
, ' 

of at the 'time of immediate recall, however, si,nce there could have 

been a substantial amount of forgetting of category' names during the 

delay interval. 

r / Providing categQry names in cued reçall had a more beneficial 

effect for both patient groups than for the nôrmal control group. But 

even with cuing, the recall of the. left ,temporai-l~be group did not , 

. , 
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approach the non-cued delayed recall of the normal control group. 

Because the left temporal-lobe group had lower delayed-recall scores 
'. r 

106 

th an did the normal control group, and thus more room for improvement 
, - , 

in cued recall" it is difficult to interpret these data. Perhaps a 

longer list would have allowed the normal control subjects to show a 
, 

degree of improvement in delayed recall equal to that of the patients. 

Clustering in reca'll of categorized word lists. Even,though 

'patients wit~ lef.t temporal-lobe lesions showed improved recall'on the 
, -

categorized as co~pared to the non-categorized iist, categorization 

did not br;ng their performance up to the level of normal control 

- subjects. A possible explanation for this fact is that althou9h such 

patients could make use of the categorization to improve recall, they 

were still not able to organize the words as well as could normal 

subjeçts. The clustering scores of the'left ~emp,oral-lob,e group con­

firmed this hypothesis. Patients with left temporal-lobe les;ons 

clustered less than ~orma) subjects in all immediate recall tests, 

thus replicating Weingartner's (i968) resùlts for associative €lustering 

in su'bh patients. Although in delayed recall the clustering scores of 
.-' 

~his patient group increased relative ta immediate recall, their 

delayed-~ecall clustering scores remained lower than tho~e of the normal 

control grou~. Also, it is interesting ta consider the clustering 

scores in relation ta recall performance. In delayed recall, the'recall 

and clustering scores of, the left temporal-lobe group diverged: -delayed 

recall decreased relative'to immediate recall whereas delayed clustering 

increased relati.ve ta irrmediate ,clustering. 

\ ' 
\ 
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The reduced c1usterin~ shown by the patients.with 1eft tempora1-

lobe 1esions in the immediate recall can be interpreted in severa1 ways. 
/ 

A recent experiment wi th normal subjects by Puff, Murphy, and Ferrar:a 

(1977) compared the list recall"of subjects whO exhibited a significant 
. / 

àmount of cl ustering to thatjof subjects whose ~lusteri ng did nat 

differ from chance. This study offers a possible fran1ework for under-

• : standing the present data. Puff .et al .. found that "high" clusterers 

reca11ed more words than "1ow" c"uste.rers, but only when the categories 
'. 

in the list contained high-frequency associates to each category label. 
. ~ ; 
In ather w~rds, high clusterers, who have a tendency to use bategory 

, 

labels or concepts as canceptual. mediators, can or11y do sa successfully 

when the ca te.90ry l abe l and the items wi th i n the ca tegory are potent 
r 

mediators for other items ,within that cat~gory. 

Two al ternative. comparisons can be made between the 1eft tempara1-
/ 

lobe groups and the subject groups in the ~uff et al. study. It is 

possible that temporal~labe patients are simi.lar ta the low clusterers, 

who are lêss likely than high clusterers ta make use of category labels 

as mediators in reca11. This cou1d be either because they choase not 

ta make use of them, or are unaware of their existence in the liste 

Pelleg~ino {1974} has shawn that subjects must be aware of the--presence 

. of attributes in a l.ist in order to use them ta aid reca11.' A second 

possibility is that patients with left te,mporal-1obe lesio~s correspond 

ta htgh cTusterers recalling weak1y-associated categories: they try to . . 

make use of the cate'gorie·s, but encounter difficulty because the 1 ist 

items are not patent enough med'ïators 1 wi thin thei r semantic memories, 

of other category members. The present data do not pennit a detennination. 

/ 
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of which possibility is most likely. 
-; -

, Another interpretation of the lower clustering shown by \the left 
, \ 

temporal-lobe group is that they were encoding according to idio~yn- ' 
, 

cratic (i.e. not experimenter-defined) categories. A corollary ta this 

interpretation is that these patients may have formed large categories 

(as they did in~the word-sorting test), which subsumed two other cate­

gories. Both of these explanat;ons are weakened by the fact t~at left 
~ 

temporal-lobe patients exhibited increased clustering over trials, 

show1ng that these patients were aware to sdme extent of the experimenter-

J defined ca-tegories. ~ 
Within the left temporal-lobe group, subgroup LG showed a larger 

increase ;n clustering fromttfle first ~o the second recall test as 

çompared to subgroup SM (see Figure 21). This result probably indicates 
/ 

~;. that subgroup lG was unaware of the categorized nature of the 1 is t 

during the first recall trial. Since such patients have difficulty in" 
, . 

holding items in memory in the face of interference ,(Cors;. 1972), 

they would be less likely to notfée that several list items came from 

the same category. E),fidence tha't subgroup LG \,(as able to cluster words / 

at the same level as subgroup SM cornes from'later recall trials, where 

the two subgrOups showed equal clusteri~g. As noted in the Results 

section, H,.M. 's clustering followed ~ pattern similar, ta that of sub-
-

group lG: no cJustering ,in the first ilTlJ1ediate~r.ecal1 trial, and 
. 

increased clustering in the second and third. 

The left and right temporar:lobe and normal control groups all 
, 

showed increased clustering on each succéssive imnediate .. recall trial." 
1 

/ . . 
thus replicating the findings of severa'l studies in normal subjects 

. 0 
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(Mar~hall, 1967; Robinson, 1966; Shuell, 1968). Repeated presentations 

presumably allow the subjec~ to become increasingly aware of tne organi-
, "-

zation contained in the list and to form stronger associations between 
, 

list items, as well as between category members and the category na me 

.or concept. The increased clustering of all subject groups in delayed ., 

recall is not as easilY,understood. This augmentation of clustering . , 
has been noted by other investigators"when a fiv~-minute filled interval 

is used (Gonzalez & Cofer, 1959), although the effect is attenuated 

somewhat when the irrunediate 'l'ecall test is omitted. 

The increased clustering scores shown by all groups in delayed 
, 

recall can best be understood by considering the different propert~e.s 

of short- and long-term-memory. It has been shawn that semantic 

relationsh1ps between words cannot be used to imprave recall of words 

from short-t~rm·memory (Craik & Levy, }970). " lt cOtJld be, therefore, 

that many Of the words that were not clustered in immediate recall had 

been read out from short-term storage; that is,' the recency porti on of 

the serial position curve. Craik (1970) has shown that recency items 

have a lower probability of retall in 'later testing than do other list 
, ()' 

itel1!s. Thus delayèd recall 'would primarily c~msist of items'that-had 

been well-organized and encoded in l6ng-term ~emory at the time of 

presentation and al~o when immediate recali was tested. This would 

result in higher clustering scores in delayed recall. The low cluster­

ing scores shown by left temporal~lobe patients in immediate recall 

compared with the normal control group indicates that a low percentage 
.---' 

of their recall came from 10ng-term memory, and that few items would 
. - " 

be avai1able for delayed recall. These items would be well-organized, 

" 

'-
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however. Tni$ would accouot for the increased clusterfng with low 
. , 

,recall shown by patients with left temporal-lpbe l.esions. 
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COMMENT 

The present investigation ,has'revealed sorne aspects of the function 
/ , 

of the temporal lobe in organizing information, and in making use of 
" pre-organized information. For the, sorting experim~nts in Part l, a 

new test, design sorting. was" created. It was used in addition to a 
/ ' 

word-sorting test. to measure deficits in the categorization of non-
o 

verbal as well as verbàl ma!erial in patients with tem~oral-lobe 

lesions. These sorting studies demonstrated material-specific deficits 

outside the sphere 'of memory after unilateral temporal lobectomy. In 
, ~ . Q 

addition, these experiments gave new evfdence for hemispheric speciali-

zation in the categorization pr~ces~, the, left hemisphere bein'g'mor-e 

involved with verbal, and the right wi~h non-verbal or~anization. 

The studies in Part II were restricted to verbal tasks. These . ~ 

, 1 

experiments showed1that patients with 1eft temporal-lpbe lesions coulQ 
" 

usa taxonomically-categorized informat~on to improve their recall. 

They were clearly not utilizing that information to tbe fullest extent, 

however, as suggested by their continued inferior recall per.formance 

relative to contr~l subjects, and by their reduced clustering scores. 

1 have argued that the lower clustering scores, and the increased , . 
number of intrusions in recalling both-word lists shown by the left 

temporal-lobe group jndicate a lack of strong associations between 

words in semantic memory. Such' a v,iew is supported by the sorting 

studies trom Part l, where patients with left temporal~l~be leslons 
. - - '" 
tended to make larger word than design categories. This result was 

interpreted as showing an inadequate evaluation by patients with 
1 

temporal-lobe lesions of the attributes of each item, leadinR to larger, 

" 
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more loosely-associated categories within the sorting tàsk. Presumably, 
., ( 

this reduced e1aborative encoding of words by patients with 1eft temporal-
l ' . 

lobe lesions would leàd to weaker associations between words in the 

semantic memory systems .of such patients. 
, 

The seria1 position curve qf the unrelated-word'list further­

c1arified the role of the temporal lobe in memory. Patients wjth 1eft, 
r 

temporal-lobe lesions were found 'to be high1y susceptible to -inter-
, -

fere,:,ce, as reflected by reduced recall of mid-l ist items compared to 
• \ 

normal control subjeets. Although t~e nature of the i ncreased sensi-

tivity to interference shown by this patient group c'annot be determined 

from the present study, the word-sorting results again offer fi possible 
-" 

explanation. That study indicated that patients with left temporal-
o / 

lobe lesTons were not efficient at separating words into specifie 
, 

, categories. Research has shown that the more -similar to:-be-remembered 

words are to one another" the more they create interference, both 

proactively (Wickens, 1970) and retroactively {Shuell, 1968). B-jork 

(1970, 1972) has proposed, based on 'studies of, directed forgetting L 1 

that release from the effects of ,proactive interference depends on the 

ability to o~ganize and difft:!rentiate list items effectively. "The ... 

diffièulty that patients with left temporal-lobe lesions have in doing, 

50, as illustrated bl their word-sorting perfo~nce as well as by the 
, ! -

intrusion and cluster1ng results, suggests that the reduced ability of 

'. the patients to separate specifie' groups of words in memory may contrf­

bute 'to thei r suscepti bil i ty to the 'effects of fnt~rference., 

The results of Part II also dernonstrated the contribu~ion of the 

1eft 'hippocampus to certain memory functions. A "lack of primacy effect 
, 

1 -

i ' 

i' , 
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1." the recall of left temporal· lobe patients with large hippocampal 

lèsions emphasized the role of the left hippocampal formation in allowing 
, , 

the reca 11 of words from long-term memory. Whether thi S Tuncti on of the 
1 

hippocampal areœ involves consolidation into, or retrieval from 10ng- \~ 

tenn memory coul d not be determi ned from the data. 
- / 

In addition, the appearance of a primacy effect when H.M., a , . . , , 

p'atient with bilateral hippocampal lesions, reca]led the ~ategorized 
-,-

"''" 7 (,.i-

l i st was i nterpreted as' refl ecti ng the importance or thé' hi ppocampus in 
. ..-

the reca 11 of unorganized ma teri al from long-term memory. Thi 5 hypothes i s 
. . 

was sùpported by the fact that patients with large left-hippdcampal 
1 

lesions profited more t'rom the, categorized list than did those with ;ri \ 

small. 

It is interesting in this respect to consider t~e type of tasks ' 

that have been f~und to be sénsitive to the extent of hippocampal damage 

. ,(see pp. 6-8, Introduction): Most of these tàsks involved unrelated , 
OIaterial (Corsl, 1972; Milner, 1968'). The maze-learning tasks (Corkin, 

196~; Milner, 1965) also consisted,of a "1ist ll of unrelated turns, 

learned sequentially. These, too, were sensitive to h.ippocampal damage,. 
1 

but in the right hemisphere. In c<?ntrast,. tasks that have shawn no 

co~.s i stent effect of hi ppocampa 1 remova 1 i f!c 1 ude the reca 11 of a 

previously-copied complex drawing (Jones-Gotman & Milner, in press) an.d 

the -recall of piètures of cOllll1on objects, which were presented"-' six times \ 

bèfore t~_~ting (Jaccarino, unpubl ished datà). The latter two tasks 

.. allow organization, to take place before recall --;5 required. Additional 
.' 

direct tests of the role of the hippocampus in the ~ecall of unorganized 

material are neC'essary,')how~yer, before any finn-conclusions can be drawn. 
/ t 

l' , 
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It cannot be ascertained from the present experi~enls if damag~ to 

the hipPQcampus or hippocam~al gyru~ i5 critical for impairment to 

result. Also, it is 'not! known whether the deficits shown by, patients 

with)arge lef.t-hip~ocampal removals wo~ld result if only the 1eft 
- ."" 

hi ppocampa1 a rea and amygda 1 a, and not the tempora'l neocortex,' were 

removed, a,lthoùg'h the data from H.M. support this idea. Nor do the 

present rlata allow the determination of whether the same results would 
~ , 

occur if thç temporal pole and amygdala were spared. 
, 

\ Semantic memory, 'which involves pr~-existing associations 'between 

verbal concepts, is probpbly med.i~ted -not by hippocampal ,connections, 

but by connectians within the cortex. Evidence for this comes from 

H.M~ ,:"who performe~ nO"rmallY on' the).word-sorting task despi te his /" lÀ' 

bilateral hippocampal damage. If ,the hippocampal area is less important 
~ . ' ' 

~ 

,. 

, " 
in the recall of information that is already organized in semantic --

memory, then a function of this area may be ta help interconnect 

prev;ous\ly unrelated items w'ithin semantic memory. Such a role of the 
. l ' 1 

hippocampal area in relation to the cortex would imply direct connections 1 

between these ,two structures. Recent investigations of the rhesus 
1 

•• ' 1 

monkey hav~ demonstrated direct efferents from the hippocampal format.ion i 
~ , ~ 

, J " 

to cortical areas in the frontal and temporal lobes (Rosene & Van Hoesen~ 
1 

1977) sand afferents. to the hippocampal area from the temporal- ,cortex 

(Van Hoesen & Pandya, 1975). 

The'experiments reported in this thes;s have demonstrated not ooly ~ 
. 

the role.' of the tempo,ral lobe in org~nizing tandom material, but the " ; 
\ 

contributidn'of the left temporal lobe to the recall of both random and 

organized~ords from semantic memory. In addition, these studies have 
, 
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produced new evi.d~e f'or "the impo'r-tance of the l eft hi pp'ocampa 1 area 
. 

1n'long-term verbal recall; and Have suggested sorne mechanisms by which 

th; s area may i
1
tl,teract w~th the' tempora.l ne~cortex. 
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