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Ph.D. ) ‘ Psychology

Gina Jaccaéino Hiatt
™ IMPAIRMENT OF COGNITIVE ORGANIZATION IN
PATIENTS WITH TEMPORAL-LOBE LESIONS
/ . A
The role of the tempora? Tobes in organizing random information /
and in using pre-organized information to aid\memory was.investigafed.
Forty patients with unilateral temhora] lobectomies and twenty normal
f ) subjects were tested in four experiments. The first two studies
demonstrated a materiai~specific‘impairmentin left or right tempora]-‘
lobe patients in the sorting of uqre]ated words' or aesigns, respec- °
tively. Part IIrcomparcd recall and re;ognition of uﬁrelated or
categorized words. Left temporal-lobe pafients could use the catégorjzed
list to improve recall, but showed reddéed clustering andla high rate
of intrusions. The serial positionlcurve of the unrelated Iist'showed
that left tempo;a1-}obe patients were sensitile to interference, énd
"' that the left hippocampus is imdgrtant for the consolidation of early-'.

T list items. Increased primacy in the categorized-list recall of a

patient with bilateral hippocamﬁa] lesions, and a greater categdfization

effect in patients with left hippocampal removals, was interpreted as ™ - P

) R
reflecting a role of the hippocampus in recalling unrelated words.
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L'étude porte sur le rdle joué par les lobes temporaux dans 1'organi-
; : sation d'information, présentée de_ fagon aléatoire, ainsi que sur T'utili-
! sation d'information organisée dans le bqt de faciliter la mémorisation.
?" Quarante pat1ents ayant subi une- lobectom1e tempora]e unilatérale, ainsi
que vingt suae 'S contro]es, ont été exam1Lés dans guatre expér1ences Les
deux premi2res €preuves ont mis en exidencetvae,‘suivant une lobectomie
droite, ou gauche, il existe un déficit relatif au matériel, soit dans 1la
capacité;a classer des mots, soit dans la capacité ¥ classer des'dessiﬁé -
non apparentés. Dans la deuxidme partie, on a comparé le rappel et la
recoﬁnaissance des mots fon apparentés et des ﬁotsfqrganisés en classe.
Les patients ayant suSi une lobectomie temporale gauche ont utilisé 1la

1fs{e de mots organisés pour améliorer leur capécité de rappel; cependant,

on reldve des regroupgpents moins nombreux ainsi qu'un taux &levé d'intru-

 siens. La courbe de position sérielle, pour la liste de mots non apparentés,
montre que les patients ayant subi une lobectomie temporale gauche sont
sensibles aux intérferences, et que 1'hippocampe gauche joue un rdle N

important dans la consp]idatioqudes,premie;s jtems de la liste. LU'effet de

primauté accru pour la liste de mots apparentés, observé c;ez un patieni

) ayant subi-une Tésionibilatérale de 1'hippocampe, ainsi que 1'augmentation
de 1'effet de catégorisation observé chez les~patiedt§ ayan{ subi une
ablation de 1'hippocampe gauche ont &té analysés comme représentatifs du

role joué par 1'hippocampe dans l'aéquisition mnésique pure.
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The treatment of intractable focel epilepsy by surgical removal of
ep1]eptogenic brain tissue is a reliable method of reducing or elimi-
nating seizure tendency (Rasmussen, 1975). The type of epilepsy
ameneble to sich an operation most'oftenaorigindtes from temporal-lobe
structures Surgical treatment then involves unileteral temporal-1lobe
excision, 1nc1uding the anterior portion of the tempora1 neocortex,
the amygdala, and varying amounts of hippocampus and parah1ppocampa1
gyrus. 2
\ It is now well-known that patients who undergo such operations
demonstrate material-specific memory disorders preoperatively, which
are usuﬁlly accentuated postoperatively (Milner, 1958). Thus,
temporal lobectomy in the speech-dominant ]eft hemisphere has been
shown to impair verbal memory (Meyer & Yates, 1955; Milner, 1958),k‘\
regardless of whether the Qords are spoken or written (Bfakemore &\\‘
Falconer, 1967;'Mi1ner, 1967), and regasETess of whether a recall or °
recogn%tion technique is used (Milner, 1958; Milner & Kimura, 1964).
. For example, such patients are impaired in both immediate and delayed )
recall of the word pairs and stories from the wechsle;‘éemory Scale
(Milner, 1958, 1975), the recognition of recurring words, nonsense
syllables, or numbers (Milner & Kﬁrura, 1964;‘M11ner & Teuber, 1968),
the recall of consonant trigrams in the Peterson and Peterson (1959)
technique (Corsi, 1972), and the immediate and delayed verbal recall
~ of pictures of common objects (Jaccarino, 1975). Memory for perceptual
, n;lerial such as faces (Mi1ner, 1968), melodies (Shggfﬁeiler, 1966), or

nonsense. Qatterns(Kimura 1963) i¢ not impaired in these patients.
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‘:_ Conversely, removal of the right, nondominant temporal lobe .
leaves. verbal memory essentially intact but éauses deficits in remem-
bering visual and auditory material that cannot be eaéj]y med fated

»\\ l\ \
\\\\\\\ verEa]ly, such as complex geometric shapes (Taylor, 1969), unfamiliar

. faces-(Milner, 1968; Warrington & James, 1967) or familiar and
unfamiliar-tunes (Mflner, 1962; Shankweiler, 1966).

]

Perceptual Deficits After Temporéf Lobec tomy

' 3 There is some evidence of perceptual 1mp;irment without a memory
component in batients wigﬁ\fight tempora]-iobe lesions. This is a
subtle deficit that has been &;moqstrated“only when normal peréeptual
cues have beeg reduced, as in'tachf§tqscopic presentation (K}mura,
1963) or when some of the contours hQV;\begn eliminated (Meier &

French, 1965; Milner, 1968). Patients who have under-

gone right temporal-lobe excisions show deficits in estimating the

number of dots flashed on a screen (Kimura, 1963), and perform poorly
5 on tests requ{ring the understanding of sketchy or incomplete drawings,
; such as those of the McGill Picture Anomaly Series (Milner.NiQSB), the

2 S Picture Arrangement subtest of the Wechsler Intelligence Scale (Meier

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

o A sjmi]ar deficit in the perception of verbal material may follow

left temporal Tobectomy. Patients with either left or right temporal-'

lobe lesions were shown to be 1ﬁba1red in the recognition of tachisto-
?\\\\!??\\\\\‘scopically—presented letters (Dorff, Mirsky, & Mishkin, 1965). Kimura

\\\\ \Tlggi) found a deficit after left, but not ridht, temporal lobectomy, -

Tﬁé\gs:i?p al deficits that have been revealed in patients with

C

\\\i? the identification of familiar objects, tachistoscoﬁicallypresented.

}
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temporal-lobe lesions probably depend more ep the posterior than the
anterior temporal cortex (Newcombe & Russell, 1969). ‘

. Cognitive Deficits After Temporal Lobectomy

A number of studies have indicated that pat1ents with temporal- -

lobe 1esions may have reduced cognitive abilities, Rausch (1977) has
studied the cognitive strategies of such patients by means of a hypo-

¢ which varied along four dimensions: forﬁ, color, size.or position.

The task was to determine which of the four dimensions was relevant to

the solution of the task. She found that both left and right temporal-

Tobe groups solved fewer probléms than did control subjec;s. Inspection
of the strategies used revealed that patients with left‘temporal-IOQe
1es%ons failed to maintain a given hypothesis, even when it was
indicated to be correct. Patients withvright tempo}al-lobe lesions

. showed the opposite pattern: they tended to stay with e hypothesis

indicated to be incorrect. These results held even when no-memory Tload

- . .

was imposed.

Because Rausch's task requires the subjects to be able to shift
' from one mode of solution to another, one would expect that patients
with dorsolateral frontal-lobe lesions would also have difficulties ‘
with the task, as they do w1th the Wisconsin Card Sorting Test (M11ner,
1963, 1964) Rausch does not, however, report any data for pat1ents
with frontal-lobe lesions Meanwh11e, it is 1nterest1ng to note that

patients with temporal-lobe lesions appear to perform normal]y on the

Wisconsin Card Sorting Test (Milner, 1963), suggesting that this test‘ .

and Rausch's hypothesis test may tap somewhat different functions.
" f . . ;

thesis test Subjects were given several sets of two letters, each of
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. ‘ Further evidence for some cogni'fivé, loss after temporal-lobe -
damage‘comesffrom a study by Wilkins and Méscovitch (in press). They

found that patients with left, but not fhose wﬁth right, temporal-lobe
lesions were i@paired'in their ability to classify drawings or objeét ’
' - names, under time pressure, as eithe;/]iving or ‘man-made. They
perférmed normally, hewever, in classifying thé stimuli as Targer or
smaller than a chair. These patients also showed deficits when asked

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

defects(seen after left temporal lobectomy cannot be attributed to -

perceptual processes, because performance on the size classification

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

+ ¢

5 deficits toa disruption of semantic memory. N ’
Ez R t -
£ : In a verbal fluency task requiring subjects to enumerate objegts; |

_then animals, then a]te?natiné colors-and birds, at 60'secbﬁds for each
category; Newcombe (1969, 1973) found a deficit in patients with long- 2
standing mjssi]e wounds of %hé left hemisphere, but no evidence

, implicating a specific area within that hemisphere, Milner (personal

1 communication) has extended these findings by ghowing that patients
with 1ef£ temporal-lobe lesions are more impaired on this task than are
those'with left frontal-lobe lesions. This is particularly interesting
in view of the fa%t that the latter patient group shows targe de%icits
in producfng words beginning(yith a par%icular 1etterg(as in the
.Chicago Word Fluency Test, Thurstone & Thurstone, 1943), whereas the

N left temporal-lobe group remains re]atfve]y unimpaired oﬁ this kind of
fluency measdre'(Milner,Li964, 1967). The difference may lie in the

task requirements: the first requires a semantic memory search, the
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second a lexical search (Guilford, 1967; Jones-Gotman & Milner, 1977),.
The results for the patients with left temporal-lobe lesions, on the;e
fluency tésks are 1;1 agreement with those of !:lin(ins and Moscovi'tch in
suggesting that) the. left anterior temporal region plays anv important
role in semantic memory.

The perceptual or “‘cognitive deficits seen in tempora] -1obe pat1ents

are not, however, as severe as their memory deficits. Although some

studies have reported a dec?‘ease in I.Q. ratings in patient; tested
wi th‘in the first morith after leftﬁtemporal lobecéomy (Meyer & Yaté;,
1955; Milner, 1958), this loss can often be attributed to transient
dysphasia E%used by temporary interference with tt\te functio‘ning of the
cortex bordering on the exﬁ/sﬁ on. On testmg one or more years
postoperatwe]y, the 1.Q. 1s usuaHy found to be at 'least as h1gh as
before surgery and within the normal range, with no difference in ’mean
1.Q. betweer! left and right ten:pora]-]obe grbups (Mi‘1ner, 1967, 1975a).
Most important is the facf t severe rpateria1-specific memory
1’mpa\1‘rment~s can co-exist With average or above-average 1.Q. ratings.

Nevertheless, the reséarch reviewed above showing that patients
with left tempora] -lobe lesions are 1mpa1red in some aspects of

semanhc memory, and hypothesis- testing leaves open the possibility that

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

‘by abnormal cognitive processing. Of course, even intact ability to

perceive and manipulate information in short-term memory does not

necessarily %mp]y normal ability to consolidate, store, and retrieve that

N

infz'ormation (Rozin, 1976). ‘ ,

- L

~
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Role of the Hi pbocampus

Although unilateral gtempora]—lobe removals normally produce
material-specific memory deficits that are not )1‘ncapac1;tating to the
patient, )se{veral cases have been reported where such unilateral proce-
dures have resulted in severe global memory 10;5 (Baldwin, 1956;
Dimsdale, Logue, & Piercy, 1964; Penfield & Miiner, 1958 Walker, 1957).
There is evideﬁce that in these instances, damage also existed in the (
medial tempore;'l region of the unoperated hemisphere (Milner, 1966;
Penfield & Mathieson, 1974); the unilateral removal thus produced a’ ‘
bitateral hippocampal lesion. ’

Studies of patiénts who have undergone bilateral medial temporal- )
lobe resection offer more direct evidence of the relation between
bilateral hippocampal lesions and memory loss (Scoville & Milner, 1957).
This operaiion, (which is no Tonger performed) involves removal of the
amygdala, uncus, and varyin(g amounts of hippocampus and parahippocampal
gyrus bilaterally, wﬂith total sparing of the temporal neocortex. Suchh
removals are associated with a continuous anterograde amnesia for:\most
post-operative experiences, and a variable degree of retrograde amnesia
for events ggior to the op‘eration((m']ner, 1,972).. Recall for events -
earlier in life seems, however, to be normal (Milner & Teuber,’ 1966).

Among patients who ;ave undergone unilateral temporal lobectomy,
there is considerable individual variation in the severity of the
material-specific memory ;cfeficits. Since the amount_bf hippocampu$
removed in such operations also varies (depending on such factors ;é
the amount of epileptiform abnormality found in thgse tissues ), it is

important to determine the extent to which-the hippocampﬂ lesion

-
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. ‘ rcontribu«tes to the rhemory defig¢it. In patients with right temporal-
lobe lesions, a deficit in mafe learning, both visual (Milner, 1965)

and tactyél (Corkin, 1965), only occurs -if the Tesion includes the
hippocampus. The same may be true for the .-impairment in recognition
4 / ’ of unfamiliar 1;aces that fol]ows'ri ght temporal lobectomy (Milner,
) 1968), although helge the fir;dings are more e(juivocal. ’
N Co- Corsi (1972) investigated the role of the hippocampus more
‘ systematically Ey subdividing each temporal-lobe group into four sub-
groups differing with respect tcz the amount of hippocamp,t;s excised (see

Lo Milner, 1971, 1972). He showed that the size of the Teft hippocampal

removal was associated with the degree of impairment on two verbal

]

SRRy e

T oo sy Lot

tasks, one involving the learning of supraspan digit sequences in the
face of interference from digit sequences presented between trials

(Hebb, 1961; Melton, 1963), and the other re‘quiring the recall of : X

spoken consonant trigrams after a short interval occupied with counting 3

backwards (Peterson & Peterson, 1959). BN

In patients with right temporal-lobe lesions, Corsi demonstrated

that the extent of right hippocampal removal was related to the amount

B DU AR T e
T W‘h R T WU

of impairme?{t on two non-verbal tasks, the first béing formally similar
' to the supraspan digits task in tf\at it require& the learning of a
supraspan spatial sequence tapped out on a random arrangement/of blocks.
In the gecond task, derivéd from Posner (1966),.the sngbject had t¢ ’ -
¢  recall Phe exact position of a dot on a line following various intervals '
filled with either distracting activity or a rest.
Morg recently, Jones-Gotman (Jones, 19\75) has shown that the

ability to use imagery to mediate verbal memory requires an intact right

.
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‘ hippocampus. In an incidental-learning test in which subjects rated
words on imageabi'lify, only those patients with right temporal-iobe “

lesions who had Targe right hippocampal removals were impaired relative
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 1arge right hippocampal removals recalﬁed fewér
1 word pairs correctly than did th‘ose‘ with small removals (Jones-Gotman

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

despite being helped by the use of imagery, were grossly impaired on |
- these difficuit verbal metnory tasks, there was no relation between
their performance ajvd the extent of}eft‘ hippocampal excision.
Th; lack of céﬁ*/gflt’a’tibn of left hippocampa] removal with perfor-
mance on these verga1-1earn1ng tasks introduces an intrighing point:
on certain task_s, a clear reliation between extent of either left or

right hippocampal removal and performance is found whereas on other |

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

in the recall of the Rey-Osterrieth figure (Osterreith, 1944; Rey, ' B
- 1942), which is associated with a lesion of the right temporal Tobe

(Milner, 1975, Milner & Te/ube;‘, 1968; Taylor, 19n69), is not, however,

ab Lre]atgd to the amount of hippocampal de\i‘.truction (Jones-Gotman & Milner,

in press). Convérsely, recall of names of pictured common objects, J

while requir'ing‘ an intact left-temporal lobe, does not seem to vary

with the amount of_ left hippocampal removal (Jaccaripo, unpubh‘she;i

data). Although there 'Ié some suggestion that delayed rrecéﬂ of

paii*egi-associate words and of stories (a composite score of the two

tasks) may depend on the extent of both lateral and medial left

. a
¢
H
b . o . ®

4
~ -
« 1
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témpora]-lobe removal, (Milner, 1967), this relationship has™ not Begn
' demonstrated conclusively.
Corsi (1972) shggesteg that the hippocampal effects found in his
Lo tasks were the result of heightened sdsceptibility to interference,

- -
'

since inteypo1ated activity had been found to increase these effects.

wﬂl

The data of Jones-Gotman & Milner (in press) are consistent with this
interpretafion. Milner (persona]lcommunication) has also suggested
that stories and word pairs contain a certain amount of inherent

organxzat1on and thus recall of such material does not depend on the

o,

h1ppocampus as much ‘as does recall of random digits or consonant

trigrams.

Most of the studies reviewed here have been concerned with defining
the parameters of the mehory disturbance found in patients with temporal-
lobe lesions. - Such‘factors as type of stimulus (e.g. pictures or words),

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

B R e VT O N SR H T

between presentation and testing were important considerationsfor

discovering the scope and limits of the memory impairment produced by

.

e

temporal-lobe removal. A more basic issue, and one that has not been -

fqgly explored, concerns the cause of the memoryv1oss: at what stage of

the memory process does the disturbance exist? The evidence mentioned -
previbusly for cognitive'ﬁmpairment suggests that one of the difficul-
, ties may lie in the organ1zat1on 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 normaI'hum;n
memory. A selective review of this literature will be followed by a.

discussion of relevant studies on'patients with témporal-lobe removals.
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' Organiza%ion and Memory

The use of free recall in memory research has a long h{gtory
(Tulving, 1968), but it has on]& bécome prominent in the past two
Aecades. An explanation for its tnéreasing popularity is that it
allows the experimenter to d}scover in what way the subject imposes

organization on the stimulus materia]./,As its naﬁe implies, free
recall places fewer restfictions”on the output of the subject than
other procedures, such as paired-associate or serial learning. This
allows one to study sucﬁlvariables as the order in which the subject
produces his responses, the number of intrusions 1n recall, qnd the

effect of cuing on reca]l, _‘ ~J

Serial position curve, Tuiving (1968) has distinguished between

two types of organization in free recall. The first is referred to

as "pr?mary organiiation", which is defined as the consistent discre-
pancies between inpﬁt and output orders that are independent of the
subject's prior fami]iarity with the input items. The serial position
ef%ect\(Murdqck, 1962),°in/which the first aﬁd last items of a list are -
the best Femembered, is the most important example of primary organiza-
tiBn. There are several theories eip]aining the serial posjtion éffect
(Murdock, 1974), but the most commonly accepted is’ihe»two-storage/model

~ o

(Atkinson & Shiffrin, 1958; Glanzer & Cunitz, 1966; Waugh & Nd;man,

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

retrieved from long-term storage (tbe primacy efféct) whereas later
words are retriévedxfrom short-term storage (the recency effect). The
primacy effect has also been explained in terms of reduced proéctjve

interference for initial items, or increased rehearsal for those items

y
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) ﬁ]ting a 1ist" (p. 16). The basic idea of an organization view of

HIATT - ‘ . 1n
(Brodie &‘Pry‘tu1a‘k, 1975; Tulving, 1968) . Likewisé, the recency
effect‘has been attributed to recall of termjna]xitems

first,‘ which would reduce retroactive interfe'rence (Baddeley, 1276, p.
103). Midd]é items, conversely, are not well recalled due to inter-
ference effects (Pastman & Phillips, 1965).

These formulations are not

inconsistent with a two-stage model; they serve to clarify the mechanisms

involved in short- and long-term memory. e
The second kind of organization, as defined by Tulving (1968) is
that in which "the output order of items is govg,rned by semantic or
a‘phonemi%: relations émong items or by tﬁg subject's bm’or, extra- ’

experimental or intra-experimental acquaintance with the items consti-

mt;mory is that the subject groups two or more items into a functionally
1nteg|{'ated unit; these subjective groupings become the recall unit
(Bower, 1969, 1970; Wood, 1969). % The forming c;f such associations
‘between 1ist items can be looked on as increasing the depth or breadth
of processing of the items (Craik /& Lockhart, 1972; Craik & Tulving,
1975), or as providing retrieval cues (Wood, 1972)./

Sorting studies. There are several methods available for studying

secondary organization of stimulus material. A technique that uses a
direct approach and that "stresses maximal opportunity for organizing

material" (Mand]er,01972, p. 140), invalves presenting the mqteria] to-

the suﬁjeét and asking him to organize it into categories., Mandler
and Pearlstone (1966) and Mandler (1967) required subjects to sort
1ists of "unrelated" words into categories of ‘their own choosing, and

- / ) . .
then to re-sort the words until they reached a stable criterion. In

’
W ! . 0
. .
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some experiments the subjects were free to use as many categories as
they desired; in others, in accordghce with Miller’s (1956) notion o;
a limited storage ¢apacity for unrelated items, they were instructed to
use from two to seven categories. Recall was then used as a measure of
the-effect of organization. They found that recall was a linear func-
‘tion of the number of cdtegories used during sorting, but only within -
a limit of teven categories. This relationship held when sorting‘time
and number of sorting trials weté Kept constant, and when the*number of
categories was experimentally as;;gned rather than subject-defined
(Mandler, 1967 1968). Mandler (1970) has proposed-a hierarchical mode1
extend1ng Mi]]er s (1956) hypothesis, in whichhe postulates that
subjects can only recall 5:2 categories‘aﬁd 5+2 words per category;

suﬁjects’wou]d limit the number of categories produced accordingly. By

P 1

forming higher-order categories, a subject you]d be able to increase the
number of catégories that he could recall.

More recent gtudie§, however, have found a Jineér're]ation between
recall and number of categories even when no 1imit was put on the numbét
of categories a subject might use (Basden & Higg1ns.01972 Melkman,
1975). Basden and Higgins suggest that this d1vergence of results may
be due to methodological differences; the later studies allowed the
subject to rearrange the words until he was satisfied with his categor-
ization, wherepsfMand1er's studies allowed for no such rearrangement.

A further difference is that these recent studies did,not‘require the
subject to sort to a stable criterion. g h

Nevertheless, #n important factor in determining the number of

words that a subject wil] reca11 does seem to be, as Mandler's theory
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states, the number of catégories that the subject is capable of‘

) recelling. Melkman (1975) showed that subjects who prefer to use a

high number of categories (11 or more) recall fewer words when forced
to.use 4 or 8 categories, but that subjects who prefer a low number of
categor1es (6 or Tess) are not affected by being forced to use 8 or 12
categories. She concluded that each subject adopts a strategy of
classification that, given his'cogqitive abilities, optimizes reeali.
These categérizétion studies give evidence that organization oflsti-
mulus material d%es not just occur at the'time of retrieval, but is
iﬁportant in the registra;idﬁ of stimulus material. Furthermore, sub-

-

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

" are related to their ability to remember the material.

Free recall of categorized lists. Another method for measuring

the organization of %tems in memory is to examine the subject's output
order in free recall.: One of the earliest studies of this' type was by
Bousfield (1953), who showed that if items in the Tist represented
instances of several categories, the instances of a given category
tended tq/be recalled together even though-they were not presented

together. This phenomenon is termed category clustering. Because

clustering can be quantified (Roenker, Thompsdn, & Brown, 1971; Shuell,
1969),'and because’it provides clues as to the~unﬂer1ying hierarchical"
. brganization of subjects' memories, many other stydies of category-

" clustering have appeared since that time (Cofer, 1966; Cofer, Bruce, &
Reicher, 1966; Pellegrino, 1974). Clustering has_been‘shown to increase

as a function of study trials (Bousfield & Cohen, 1953) and to correlate\

posit1ve]y with the number of words recal]ed (Tulving, 1962). This

P
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g woold suggest that clustering is causally related to Pecallg}support
( for this hypothes1s comes from experiments that show that when a
subject's c]uster1ng is disrupted, recall is 1mpa1red (Bower, Lesgold,
’ | & Tieman, 1969; Tulving & Osler, 1967). It is not known whether
” clustering«refﬁects storage or netrieva1 p;ocesses, or both (Shiffrin,

-

1970). ' i : /

It has been found that recall of organized lists of words is
generally superior to recall of unrelated words (Bousfield, Cohen, & - i

\7 Whitmarsh, 1958; Cofer et al., 1966; Kintsch 1968). The effect of
o organ1zed word 1ists on recognition performance 1s not as clear as the
effect on recall (Mand]er, 1972). In general, recognition of categor—

1zed Tists is not superior to recogn1t1on of unre]ated words, the

’

presumed reason be1ng that recogn1t1on ‘does--not depend on a retr1eva1

process as does recall (Kintsch, 1968).

N R - v:v?—‘fm”?w‘fﬁﬁﬂe‘;#f SRR TR P e SRR e R R e aene s
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There are two major interpretations (one offering an associative,
and the other an encoding viewpoint) that have attempted to explain how
categorized lists aid recall performance. The associative interpre-

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

IR e e 1T

the presentation of a stimulus word activates associations to that e

word. These associations can then act as’ mediators in recall, thus

o g I e
¥ P

increas1ng the 11ke11hood that the stimulus word wo]l be generated at
the time of recall. A stimulus list-containing related words would
' produce overlapping, and thus stronger, associations, thereby 1mprov1ng

‘ recall (Rothkopf & Coke, 1961)

-k

The second 1nterpretat10n is based on Miller's (1956) concept of

"chunking", or grouping of words by the subject into categories at_the




-

xR
L P

T S

R

i

TSR IR S THT S o ey 0 -

HIATT 15

time of presentation (Mandler, 1967; Tulving, 1968). The category'

"is possible that both categorical and associative reTationships’ among

label, or some represéntation of it, can then be used as a retrieval

cue at the time of recall. Presumably a list that is Timited to a few
obvious categomes is more easily coded 1nto such an organized form, l
and therefore better recaﬂed, than a Tist of unrelated.words. It is

not clear, however, which of these two interpretations is correct. It

words, represent some somnon underlying process (Shuell, 1969), although
there 1s evidence that the two operate independer;tly (Marshall, 1967;
Baddeley, 1976, p. 276). ) ‘ _
Cuing with categor;y bames at the time of recall testing has beeﬁ
found {o improve recall performance (Tulving & Osler, 196§; Tulving &
Pea'r'lstoncg, 1966), showing that information can be available, but not
Sccessible for recall. Cues are not.helpfu'l, though, unless” there is a
sf:rong pre-established association between the cue and the to-be-recalled
word (Tulving & Osler, 1968; Wood, 197‘2),.1'mplying that organization

may affect both encoding and retrieval mechanisms.

Impairment of Organization in Patients with Temporal-Lobe Lesions

The research that has been reviewed here emphasizes t!;e impdi‘tance
of organization:in normal human memory. It seems possible that the
memory deficits of pat1ents with temporal ~lobe leswns may reflect an
impairment of the ability to orgamze random 1nformat1on adequately, or
to make use of already organized stimu1us materiaI Only two studies,
both of which focus on clustering as a measure of organization have.

_examined the ability of temporal-lobe patxents to organize information.

~

I b it b
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‘ ] \ Weingartner (1968) found that left temporal-lobe patients (as
| . compaﬁsi‘\to patients wi{h right temporal-lobe lesions) showed reduced
‘ c]ustering\m free recall of associatively-related words. Despite
their lower c1u\sQ~1ng scores, left temporal-lobe patients recalled \
. more words from the \Qsociatively-related Tist than from a Hst/ of
unrelated words. Th1s\k@wed that a1thou§h the words were not mani-
pulated adequate]y in memok\as the clus}:emng measure implied, their
associative nature could be uséd’to improve recall. Unfortunately,
this study had several flaws. First, there was no norma]_ control group.
Second, both the‘as;ociativel\g(-related and un-related word lists were

given in the same s'ess%n,\‘ih that order; therefore, the apbarent

s Y

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

result of increased proactive interference for the second, un-related

7

1ist. Finally, it is not clear whether the clustering measure that was

used took into account the Tower ovgran recall of the patients wifh

T

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

reduced their clustering scores. ,
‘ An unpuph'shed study by Moscovitch (1974) measured verbal and |
- spatial clustering of pictures o;‘ 6onmon objects that had been chosen
from four taxonomic categories and were drawn in four different spatial
orifzhtations (Frost, 1971). His results suggested that patients with
left and right tempo‘raloa'lobe lesions show reduced verbal and spatial
clustering, respectively. )
The experiments reviewed both here and in the secti;)n on impaired
cognitive ab\ﬂities lend some support to the idea that patients with

left temporal-lobe lesions encode OF categorize verba} information
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“ . abnormally. The study by Moscovitch also suggests that a deficit in

categorizing ndn-verbal spatial .information may exist in- patients with

right temparal-lobe 1gsions.' In order to determine to what extent such
deficits in organiij:}pn contribute to the memory deficits of temporal- *
lobe patients, research must be done that examines many different,

' measures of ong‘qniiétion. The experiments to be reported here approach
this probiem by usingitechniques employed in the study of organization

in normal human memory. g .

&
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| ’ THE PRESENT INVESTIGATION

-

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

lobe inorganizing fnﬁerﬁation in memory, by studying patients who had

undergone un%iateral temﬁbra1 Tobectomy. There are two parts to_the
) , o ‘

1 thesis, each of hhich explores different levels of organization in

memory . -

The experiments described in Part I were designed to invgstigaie

o
1 Y . ¢

( e the extent to which an inability to organize material at the cognitive
11

%% ) level (i.e. with Tittle or no memory load) contributes to the memory .

deficit of patients with temporal-lobe lesions, Two tests.were used,

SPEL

. ’% one consisting of word stimuli and one of abstract designs, in order to %

S L

- ‘tesf Fhe hypothesis that batients with left or right temporal-lobe
lesion; yeqld be impaired in categorizing the verbal or non-verbal

g / stimuli, respective]x.
{ ‘ fhe experiments %n Part II were highly verbal and thus were
primarily aimed at patients with left temporal-lobe lesions. The
purpose of these tasks wa§ to‘investigate tgé ability of such pg}ients_
to organize information in Memoné. The 'serial position curve of a list
of unée]ated words was used as a measure of “primary organizafion". It

_was predicted, that primacy effects would be reduced after left temporal

lobectomy, but that recency effects would remain normal.”

3, In order ;gjsgydy "secondary organization", the recall and recog-'
nitTﬁﬁ’E?’E/Q;rd\list containing taxonomic categories were compared to :
thoée'pf the unre1ateq, or non-categorized lfgt. A é]u;tering measure

and a cu?dkrecall préceduré'were’a]so used to help clarify the nature

of any déficit in.nrganizinb the stimulus material that may exist in - _

\

.
- d

\\/\ | | . o -
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patients with left- temporal-lobe lesions. . v
Subjects ~

ThE experimentq] groups consisted of 40 patients at the Montrea1
Neurological Hospital, each of whom had undergone a ﬁniléteral témpora]
lobectbmy for the relief of focal epilepsy. Twenty had lesions in the
right temporal Jobe, and twenty ‘had lesions in the left. Twenty norma]
control” subjects were also tested. - Vo

Patients with clear e]ectrograph1c abnormalit1es in the opposite

temporal lobe, or with Full-Scale wechsler-Be11evue I.Q. ratings below

70 were excluded from the study, as were patients with bilateral or
right-sided speech representatiﬁn as determined by pre-operative intra-
carotid-Amytal tests (Branch, Milner, and Rasmussen, 1964{ Wada, 1949).
Four left-handed patients, three with left temporal—lopé removals and
one with a right' temporal-lobe removal, all of whom had 1eft—§ided
speech representation, were included. Except for one case of indolent,
cerebrai'tuﬁour in the left temporal-lobe group, all pre-operative

epileptogenic lesions had been static and atrophic, dating from birth

gr#gggbLlife.

Left Tempora]-Lobé Group

4

In this group, the mean extent of surgical removal as measured °
a]ong the Sy1v1an fissure was 4.9 cm, ranging from 3.5 to 5.5 cm. The
mean extent of removal along the base of the tempqral lobe was 5.7 cm,
least the pe§ and part of the body of the hippocampus. The remaining

15 had smailer hippocampal removals, including 4 whose hippocampus was

. spared. The amygdala was completely removed in 17 cases and partially
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removed in 3. Nine patients were tested in follow-up study one year or

. more after operation. Two patients in this group were French—speaking.

i

Right Temporal-Lobe Group - , ‘ ' ‘ \

" The mean extent of “surgical removal in this group, as qgesured along
the Sylvian fissure, was 5.8 cm, with a range from 4.5 to 7.0 cm. The
mean extent of removal along the base of the demporal Tobe was sls cm, ‘ f
ranging from 5.0 to 9.3 cm. The surgical removals in this patient
group were signﬁfican@lj larger than those of the feft teﬁbordl-]obe
group (t = 8.9, E‘< .001, Sylvian fissure; t = 5.56, p « .001, base’of 2
temporal lobe). This difference stems from the need to spare the P K
posterior temporal speech zone, which is mapped out by cortical stimu-

) Tation during operation on the left ﬁemTSphere ! —
In 6 right temporal-lobe patients, the refovals included at deast
the pes and part of the body of the hipbocampus.. The remaining 14 had
smaller hippocampal removals, including 1 patient whdse hippocampus
remained intact. The amygdala was completely removed in 19 cases and

part1a11y removed in 1. Eight patients were tested two to three weeks

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

operaf?on. Six patients in this group were French-speaking. ‘ _ '

Normal ‘Control Group .

Twenty right-handed normal control subjects, recruited from the

hospital staff and relatives of patients, were tested. Their intelli-

gence was not assessed but an effort was made to match the control

group to the pat?ent groups with respect to age, sex and level of

education. Four control subjects were French-speaking.
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Table 1 shows the age and sex d1str1bution for both patient groups
and for the normal control group In add1t1on, the meaﬁ Wechsler-'
Bellevue Full~ Scale I Q. scores are g1ven for the pafwent groups. .

-~

Patient H.M.: Bilateral Medial Temporal-Lobe ‘Removal

Wechsler-Bellevue I.Q. of 116 (Ve?bal 107, Performance 125).

e

In addition to the patients with unilateral tempora1 lobe excisions, .

the patient H.M. (Scov111e & Milner, 1957), who underwent a radical
bilateral medial tempora]-]obe resection for the relief of generalized .
seizures, was studfed. The surgical removal extended posteriorly é]ong
the med1al aspect of the temporal lobes for a distance of 8 cm from the
tips of the tempora] ]obes, destroy1ng b\laterally the adter1or two-«
thlrds of the hippocampus and parah1ppocampa1 gyrus, as well as the
uncus and amygdala, but sparing the lateral neocortex. At the time of

testing, 23 years after operation, H.M. was‘50 years old, with a )

h .
\

kel
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Table 1 ‘
) Main Subject Groups ‘ .
Age Sex * Wechsler IQ
Group ' . Mean Range’ M F Mean. Range
Left Temporal 20.4  14-43 8 12 104.9 © 74-126

Right Temporal . 29.4 15-54 10 10 113.9 90-146

Normal Control 27.8 15-48 9 ——}1~“—"‘N6f“K§§E§§E&-“~_-_~—————*——ﬂ
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( : f PART I: SORTING STUDIES - ° .

o The experiméq}s reported in this section make use of the sorting
technique or?ginated by Mandler and Pearlstone (1966). . Two sorting
tasks were hevised; one consisting of words, as in p;evious studies
(Basden & Higgigs, 1972; Melkman, 1975; Weist, 1970), and one con- .
sisting of abstract designs. The design-sorting task was a perceptual ~§
ana]ogué to the word-sorting task, created to tesp the role of thé ;

right tempora1 lobe in categori;ﬁng non-verbal information.

If, as in the above-cited studies, the number of cateéories pro-
duced in these tasks by normal cpntr61 subjects could be shown to.
coﬁﬁé]ate with their subsequent recall, then the number of catégories‘

could be used as a measure of each temporal-lobe patient's ability .to

categorize information in order to optimize recall. I

that, since a small n egories has been found to be corfe-

lated with lower recall scores in normal subjects (e:g. Melkman, 1975),

"patients with left or right temporai-]obé lesions would produce fewer

1

word or design categories, respectively.

. Materia]:

Both SOfting tasks contained 30 stimuli, each presented on a

- sebarate 8 c¢m by 13 cm card. The material from the word-sorting task

»

- . will be described first, since the design-sorting task was modeled

:

3 s

3 . . "

1 after it. . ) . s

foa
~

Word Sorting
‘ , The stimuli used in the word-sorting task were unrelated nouns,m
: - all having relatively high (A) Thorndike-Lorge (1944) frequencies.

In a ﬁore recent statistical anal&sis of American English (Kucera &
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‘began with the -same first two letters as the target word and had the
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Francis, 1967), the mean ffequency of these words was 41.93 per 50,406
wbrds, rigging frbm 15 to 129. The mean. concreteness, imégery. and .
meaningfu]ness r;tings (Paivio, Yuille, and Madigan, 1968) were 4.87,

5.33, and 6.03, respectively. ,

Each word was printed in block capital letters, 9 mm high, on thé

|
top line of the index card, using a black felt-tipped pen. These

‘words are illustrated in Figure 1 in the or#ginal hand-prin

and in the order in which they were presen

ntained 90 words, printed six to a column

The recognition t
g Tength of each of 15 index cards. For each of the 30 original
taréet words in the sorting task, one semantic aﬁd one phonemic djs-
tractor were chosen. Each semantic distractor was similar in meaning

to the target word (e.g.:-caétle for palace). Each phonemic distractor

E"

same number pf:§y11ab1es (e.g., paddie for palace). Each recognition

card contained two.target words and’foyr distractors, twd of these
semantic and two bhoﬁemic. In an attempt to make the recognition test
more difficult, a distraclor it;m was never placed on the same recog-
nition card as its t&rget word, as it was found in pilot testing that, -
subjects were more often misled by a distractor when they could not.
compare it with the correct item. ‘- Three sample cards from this recog-
nition test are shown in Figure, 2.

For the French-speaking subjects, the wo%d-sorting\materia] was
translated into French, substifﬁting appropriate phbnemic distractor
jtems in the recognition test. Although no French-Canadian ﬁorms are

available for word frequency, they are assumed to be roughly similar
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STEAM -

~ @ PRIDE
WINE ~ DUST
ANGER -~ SALARY
THECORY PUPTL -
FORTUNE =~ = HAPPINESS
SNAKE - COLONY- .
ARTIST - AUTHOR.-
; STRING SAFETY
; o Qﬁ%%}  CREATURE
| PALACE  ‘METAL
ENGINE . = PRAYER
CHARM T GIFT
'MATORITY = - PRISON

\

\ -

Fig;re 1. Words (each‘printed on a separate card), as seen by
the subject, after they had been placed, one ata ~ -
gime, on the table. Reduced to 3/5 original size.
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cold
deviTl
wealth .
C By wl':
_ PALACE -
animal

wire

.

=

Figure 2.

Bl .
e » safety
f * device
s rope
\l“‘ o * >
motor

PADDLE

author

-

demon

string
_CASTLE

crater

forum

engine’

-

Word sorting task; examples of three cards from

the recognition test.

For purposes of exposition,

one of the target words, and its phonemdc.and
semantic distractors, are in capital letters on

cards A, B, and C, respectively.

Each recogn1t1on

card contains two target words, with two phonemic
and two semantic distractors for target words not

on that card..

26
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‘ ~ to those of English. |
‘ . Design Sorting

This task was ‘devised to be analogous to the word-sorting task.

Thirty abstract degigns were drawn by the author with a black felt-
“tipped pen on blank cards. ‘The size of eaéh &rawing wag approximately
2 cm by 2 cm. The drawings were not created random1¥; the idea was to
make many different sorting strategies available. Examples of potential
categories purpbse]y included are shape, orient@tion,'incréasingfor “
decreasing size, curved or straight lines, s;mmetny, closed or open
figures,'and number of parts. Of course, any one design could be
sortéd many ways, as is the case with words. The designs a;e'illus-
trated in Figure 3, in the original order of presentation.
The recognition tgst again consisted of 90 items, but with on]y\
- three drawn on each card. As 19 the word-sortiqg task, two distractor i

* r?‘ stimuli were created for each target item. _One distractor item was

very similar to ;he térget item, with only one or two details chaﬁgéd,

'For example, the orientation or relative pTacement of parts of the

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

¢ .. distractor was intended to be,tota11y'unlike any of the 30 target

! 'drawings.s Each recognition card contained one target 1tgm‘and one of
| "each type. of distractor. To %ncre;se‘the difficujty 6f the test, a
distractor was never placed on the same card as its own target. Three
cards from the design-sorting recognition test are ii]ustrated in
f Figure 4. ) . . R
Procédure

. . Lo - S
* \ The two'sorting tasks were always given on Qiffergnt days, in
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Figure 3. Designs (each drawn on a separate card), as they were
- seen by thie subject, after they had -been placed, one
at a time, on the table. The numbers were not visible
t$ the subjects; designs are reduced to 2/3 original
size. - ‘




Examples of recognition cards for the design-sorting task, réduced to 3/4 the original size.
Items numbered 10, 13, and 22 are tdrget items (numbers -refer to _Figure 3); those designated
10 D, 13 D, and 22 D are distractors ‘that closely resemble the corresponding target item.
Note that these distractors are never on the same card as their target. Non-numbered designs
are also distractors, but are not intended to resemble any target item. )
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order to reduce any tendgﬁcy of a subject to attempt to reproduce his
performance op the first task by using the same number of éagegories

on the second test. Because of the possibility that the word-sorting
task might introduce a bias towards.using verbal strategiés if it

were given first, the desfbn-sorting task was performed on the first .

day by all subjects, and it will therefore be discussed first throughout,

Design Sorting ’ ( . .

P

The subject was seated in front of a large, empty table. He was
told that he wouly be given some unrelated pictures, and that he would
be requ{red to sort them into as many groups as he wished,-with any —
number of itenis in each group. He was told that there was no right or
wrong answer,'and that any drouping he chosé would be allowed. The
only requirement was that each group should look as though they
be]oﬁged together. The subject was a]go told that when he hgd finished

*

sorting the pictures, he would be asked to go»fo another tabfe and

draw as many of them as possible frém memory.

o

The experimeﬁter then b]aéed the designs on the table i; three
columns, at the rate of one card every three second;. The subject was
told to proceed with the sorting task, and his performance was timed.
While the subject sorted, the experimenter made sure that all cards
remained visible, including cards that had*a]ready been placed into
categories. This was to minimizg any memory component invo1§ed in the
sorting task. If the subject stated that he'could not sort the
remainiﬁg cards, he was asked to try to sortbthem all. This request

.
‘\

was not repeated, however.

s '

When the subject had completed the sprting‘fask, he was asked to

< s s s
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sit at a table, thch %aced away from the sprting iable, and to draw
as many of the desidhs as he could remember. A time limit of five
minutes, which proved ample for most subjects, was allowed for the
recall test. If a subjec£ completed his recall before two minutes had
elapsed, he was urged to continue t?ying for amother minute.

Following the recall, the recognition test was administered. The
subject was cgutioned to choose only items that were exactly the same
as those that he had seen previously. Subjects were allowed untimited >
time for making their chofces, aﬁd were forced to guess if unsure of
an anéwer. )

The subject was then asked t@ return to the sorting table and
-explain the principles that had been used to fonn_each category. A]f

answers were recorded verbatim. 1
n Scoriﬁg. A scoring system was devised' for assessing the accuracy
of recall. In this system, each drawing was allowed a tot&l of three
credits.»}dne was a general credit, which was given if it was possible
to tell which degign the subject was'trying tp draw, and if the subject
had notva]read§'been"given a point for‘grawing that design elsewhere.
The second credit was given for drawing the correct éhaée. This
in%;u&éd the number of lines in the drawing, and the relative size of
different parts of the drawing. The third credit was given for the
réfatiVejplacement or orientq}ion of different parts of the drawing.
For example, this credit was nog:given if the drawfng waéj?otated 45°,
If a drawing was givenra credit for shape or for relative placement,
then the genekgl credit was au?omatical]&'given for that drawing.

As a check on the reliability of this scorﬁng system, an indepen- ‘

rd
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deﬁt 'udge‘scgred a subsample of-recall protocols. This]subsample/
consisf%d of the protocols of half of tpé subjects from each subject L
group, randomly selected. All %dentifying ipformation was eliminated
from each protocol. A Peargon product-moment corre]a@ibn was computed
betWéen{the judge's score and the author's scoré for eacg sybject in
thersub§amp1e; This correlation was very high(r = .97, p < '001);rﬁ;'

\ )
indicating that the scoring system is quite reliable. The correlation

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

i ) : r = .98, left temporal-lobe group; r = .99, right temporal-lobe group.
1 Word Sorting _

The procedure for the word-sorting task was the same as tha; of
the design-sorting task, except that the words were placed on the
table by thé experimenter in two columns of 15 words each. This was

to reduce the width of the display, since the words werg wider than

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

« -

was placed on the table during presentatidn, and' the subject was

¢ ~

requjred to read his recognition choices aloud during the recognition
e

R YO R s
v

test .to ensure that the words were being perceived cérrectly.

Results

7y

i . . .
' The results. of both the word and design-sorting tasks wil] be

‘ pfesented together, in order to facilitate comparisons of the two

“tests. A1l a posteriori t tests to be reported used the procedure

Id

' suggested by ScHEffé (1953) for making all possible comﬁarisons:,ujlgs
method was chosen because it is conservative with respect to Type I
‘ < .« "error, and allows for pooled comparisons.” All t tests used two-tailed

L

A significance ievels.
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"+ Number of Categories as Related to Subsequent Recall

Before testing the hypothesis that patients with left temporal-

lobe lesions would sort the wor&s into fewer categories than would

1

normal control subjects, it was important to show that' in this study,

as in others,/there wis a positive correlation between the number of o

/

categories used by no ‘al subjects, and their subsequent recall. This
corr‘°e1at1‘on was found to be significant (r= .57, t = 2.55, p <.01);
thereby replicating several stud;es (Mandler, 1967; Melkman, 1975).

. In the same manner, /it was necessary to study the relation between the
number of categorie/s that normal subjects chose to use for the \designs
and subseque;lt recall of the designs. This correlation, too, was sig-
nificant (r = .637 t = 3.44, p < .005), extending the findings for the
word-s\orjt'ing test/into the non-vert;al' domain, )

For thefpatient group?, the relationship between number of cate-
goriés used and /recall was not as clear. The left temporal ~Tobe group
showed a margin/aﬂy smmﬁcaut tendency to recan more words if they
had sorted theﬁ into a 13rger number of categories (3 =, 6? t=2.16,

p < .05), whereas right tempc;ral-lobe patients showed “a slightly nega-

tive trend (pr = -.30, t' = 1.34, p > .10). Neither patient group tended

to -obtain higher design-recall scores if they had sorted the designs |
1nto more ategpmes, however (r = .32, t = 1.45, p > 99 left tempora]-

= .12, p > .80, right temporal-Tobe).

spent Sorting the stimuli and subsequent recall, in order to ensure that

the correlations in normal subjects between number of categories and
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subsequent recall, which are discussed above, were not soTely a function

of time spent looking at the stimuli. No significant contribution was
found, for any of the three subject groups, on either test, between
sorting time and recall, a‘fthough in the'case of normal control subjects
sbrting designs, the correlation appr:oached significance (r = .43,

= 2.02, .10 > p > .05.

R AR e ST PR RO RN R BT
B
A

‘The amount of time spent sorting the stimuli does, however, give °
an indicatwn of the difficulty of the task. Figure 5 shows the mean

sorting times for the subject groups on the two sorting tasks A

Sy g, B moaernho Y 3 T

o two-way analysis for groups and tasks gave a sigm‘ficant effect of
, sorting task (F = 44.7, p < .001). It can be seen in Figure 5 that \
all three groups sorted the words m;Jre slowly than the designs. There

E was a s;gniﬁ"cant group effect (F = 4.72, p < .025), resulting from

the normal control group, sorting .more quickly than the left temporal-

lobe group (t = 2.97, P < .05); the right temporal-lobe group did not
differ from the control ‘group (t = .61, p>.5). The analysis also ~
produced a significan /I'nteractwn effect (F =.5.91, p < .01): whereas
there were no. group differences on the design-sorting téék, th‘e‘left

temporal-Tobe group sorted the words more slowly than either-the -nc;rmal

control (t = 4.19, p < ‘.001) or right temporal-lobe group (t = 3.45,-p < .01).

Number of Categordies - ) ’ -

S1pce sorting into fewer categories is related to inferibr‘ recall ~
performance in normal ,sub"jects, it was hypothesized that patients with
left or'right temporal-lobe lesiong wc;ﬁld use fewer categories than
,normal subjects 0;1 the word or design-sorting task, re's.pecti?rely.

Figure 6 shows /the mean number of categories usea'by the subject groups,

o
o -
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in the two tasks. A two-way analysis of variance showed no reliable
group (F = .93, p > .26) or test (F = 1.39, p > .10) effects.

JThe inte}action effect, however, was significant. Subsequ;nt_g
tests showed thaf’neither of the patient groups differed significant]y
from the normal control group within eachlsorting task, although the k
right temporal-lobe group did use more word categories than the left
temporal-lobe group (t = 4.14, p < .001). The interesitng results -
involved comparing the number of categories used in both tasks sebﬁréte]y
for éach subje;t group. The ngrmal control subjects did not di}fér in
the numberwof categor%es used for sorting designs or words (t = .47,

p > ‘50) However, the left tgmpora] lobe pat1ents used more design .
than word categories (t = 3, 14 E_< .005), whereas the right temporal-
lobe patients used more~wor&?than design categor1es (t = 4 69, p < .001).

’ The nagure of th1s interact1on can be seen more clearly if one

éonsiders the relative number of categories used by eaéh subject for
both tests. Tablg 2 compires thé number of subjects in each group who .
used more design than word categories to the number who showed the’
opposite pattern (x?2 = 20.69, p < .001). The incidence of subjects
using an equal number of design and word categories was not included

~

in the;ana]ysis, so ds to maintain high expected frequencies in al

cells. It is apparent from this table that nearly all left temporal-

~ L 3
lobe patients used more design than word categories, whereas most right

temporal-lobe patients had more word thandesign catégories. The normal

‘control group was even]y divided among subjects who showed either of

these two patterns, or those who had an equal number of words and
f

design categories.
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Table 2 .
Incidence of Subjects Differing in the Number
- of Categories Uséd in Each Sorting Test
~ . Incidence

Group = nd ~ Hord < Design Word >:Design -
Normal Control- 14 7 7
Left Temporal 19 16 3
Right Temporal 19 2 17

Note. xZ = 20.69

p < .001

W

—

-

\

. « ) :
aThose subjects having an equal number of word and design categories
were not included in the analysis.
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Recall

Separate analyses were performed for the recall of the two tasks,

as the séoring systems were not directly comparable.

Design sorting./ Figure 7 shows the mean design-recall score for
the three subject groups. Since there wei-e 30 designs with three
possible credits for each de§1gn the maximum recall score a subject

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

" the recall scores, 'yielding a significant group effect (F = 14,77,

p < .001). It is clear from Figure 7 that the normal control-subjects
received higber recall scores than either the left (t = 3.90, p < .005)
or the right temporal-lobe group (_'c_l= 5.23, p < .001). i
These scores, 'howeVer, did not take into account the fact that

guessing was allowed in the recaH. It was possible for subjects to
make as many drawings as they wi shed with no pena]ty for a drawing
which received no credit at all. By countmg the number of subJects
who prl'oduceg at least one drawing that recewed no credit, it becomes
apparent that the Jeft temporal-lobe patients were more cautious than
the other two subje;t groups {x2 = 12.18, p < .005; see Table 3).  In
qrder to take this factor into account‘\in assessing the ability of
subjects to recall the desigrisn. an adjusted: score was Fhen 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. Wscores for the subject
groups are illustrated in Figure 8.

Analysis of the adjusted scores again rjevealed a significant group

effect, but this time the right temporal-lobe group received Tower

P ~

\ B 4
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Figure 7. Desfgn sorting: recall. Mean recall scores for
the normal and temporatl-lobe. groups. Each drawing
T attempted could receive a maximum of three.credits.
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Design Sorting Recall: Incidénce of Subjects
! | Receiving No Credit for at Least One Item e
.. : : /
Groupd Incidence’ .
) Normal Contrel - 11
V//‘L’eft \Temporél = 5 5
X Right Temporal 16
Note. x2 = 12.18° *
ote. x4 = 12.1 /
_p < .005 " '
:, a.r.‘_ \= 20" -
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Figure 8. Design sorting: recall. Mean adjusted recall score:
each subject's total recall score was divided by the
number of attempted drawings, including those that
received no credit. This provided a mean score per

drawing, and penalized those subjects who tended to
guess. T
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( scores than eithér the normal control (t = 4.54, p < .001) or the left
temporal-lobe group (t = 4.56, p < .ooi). There was no Tonger any \
difference between the design réca” scores of the nor;nal control and
'left.tefnporal-lqbe groups (t = .02, p > .99). |
) Word sorting. The converse pattern emerged in the recall of words,
"as can be seen in Figure 9‘;] A oﬁe-way a‘nafysis of v’ari“ance yiekjed a
significant group effect (F = 18.13, E <-,001), reflecting the inferior
performance of the left temporal-lobe group relative to eipther the nor-
mal control (t = 5.91, p < :001) or the right temporal-lobe group (t =
"3.96, p < .001). The difference betweén the normal control and right
temporal-lobe groups was not significant (t = 1.95, p > .25).
In summary, these results demonstrated the material-specific

deficits of the left and right temporal-lobe groups in recalling the

wér-d and design stimuli, respectively.

Recall as Fe'lated to extent of hippocampal removal. The extent
of unilateral hippocampal rese(:tison f’las been shown to be asso;iated
with the performance of certain memory tasks (Corsi, 1972) but not/
ott)ers (.Jones—thmfan and Mi]ner%, in press), Because the results of
- the recall tests in the present stydy had revealed specific meméry
deficits for each of the tgmpor‘aﬂ—'lobe, groups, it became of interest to
investigate a possible role of the ﬁibpocampus in the regaH of material

that had been organized previously by the subject.

*

-

To accomplish this, each of the patient groups was déivide.d into
- [ 4

two subgroups, one containing patients with small hippocamp/a] removals

¢

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

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

&
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exceed the pes of the hippocampus; subgroup LG was composed of all

patients having hippocampal removals larger than the pes. Within the

\Jight temporal-lobe group, 14 were in subgroup SM and 6 in subgroup LG. k.
Fifteen left temporal-lobe patients were in subgroup SM and five in

subgroup LG. In order to reduce the variance in these small subgroups,

e

three left temporal-lobe patients who were noticeably ayspha’sic during
testing were eliminated from the t “tests for hippocampal effects. This
is the case for a1l such t tests performed in the present investigation. '
On;z dysphasic pa‘tient was in subgroup LG and two were ‘in subgrgzup SM.
Subgroup analyses were performed only on those comparisons in - |
which the entire patient group had §hown a Yeficit relative to norma} ‘ c i

control subjects. For the recall tes'ts,'h‘é‘"aifferences,were found for

any hippocampal soubgroup comparisons. The right temporal-lobe subgroups g

did not differ on the recall of the designs (t = .0003, p > .99), and

the left temporal-lobe subgroups showed no difference on the recall of

-

words (t = .52, p > .6).

Recall as related to extent of neocortical removal. To explore

the contribution of the neocortex to recall performdhce, correlational
%malyses wére made comparing recall scores o‘n each sorti’ng test with
the extent of removal both a]onag the baﬁse of the' temporal Tobe and
along the Sylvian fissure. In no case did the correlation approach
significance. CorrelatianS for'/the right temporal-lobe group on the
design-sorting recall. were: r = .10, t= .43, Sylvian fissure; r =
.03, t = .13, base of tempo'ra'l lobe. For the left teq\pora'l-hbe group,
the correlations for the word recall were: r = -.15,.t = .64, §y1v1an

<

fissure, r = .10, t = .43, base of temporal lobe (p > .50 for all

—
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Vo o
comparisons) 1t should be noted that the three _dysphasic left tempora]-

( " - lobe patients mentmned above were retamed in all such corre'latwns

4
L 4

* Recognition
Figure 10 shows the recognition scores of the normal control, left

o s \ \
yhd right temporal-lobe groups for the design and word-sorting tasks; !
respectwely Betause of a'ceﬂing effect in the normal control and 3

o r1Mtempora1 Zlobe grdups on the word-sorting task, arcsin transfor- "

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

® variance yielded a significant group effect (F = 6.77, é_< .005), and

!

a significant task effect (F = 25.15, p < .001), the design-recognition

e

task-being more difficult than the‘word-reCOgnifion for all three sub-
¢ : ject groups. A significant interaction effect (_I‘i_ = 6.16, p < .005)

" was also found. This interaction reflectéd the superior’ performance

i e, Al A -

~, of the normal control group relative to the right (t = 3.55, p < .005),
gfbut not to thg Teft temporal-lobe group (t = 1.92, p > .10) on/ the/
design-recognitién test, and converse effect on,éhe word-recognition
test: normal control subjects recognized more words correctly than‘
leff; temporal-lobe patients (t = 3.55, p < ,005), but did not differ
from right temporal-lobe patients in this respect (t = .56, p > .80).

N Types of recognition error. Because of the low number of errors

made by normal control subjects on the recognition tests of both
sorting tasks, the type of distracior items chosen by patients could
' not be compared statistically to those chosen by cgntro'l slubjects.v ‘For

the design—sortmg task, 92% of the errors made by control subjects

1mL\Led choosing similar distractors (see Figure 4), as opposed to

" non-similar d1stracters. The left and right j;emporal-lobe groups erred -
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by choosing the similar distractor 79% and 85% of the time, respecti%ely.

Thus, of those subjects who made an incorrect choice, most had retained’

some knowledge of the original item, although both patient groups were

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

little 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.

N\

Of the total number of recognition errors made by each group, the =«

percentage of semantic distractors chosen was 73, 68, and 77 for the’

normal contro{. left and right temporal-lobe groupg, respectively.

Left temporal-]obé'subjects were therefore just as likely as control
gubjects to remember some aspects of the meaning of a word, even if the
word itself had been forgotten. " /

’

Recognition as related to extent of surgical removal. Comparisons

of the arcsin transformed recognition scores of the hippocampal sub-
groups yielded no significant différehces (t = .16, p > .80, left
tempona]-lobe subgroup: word recognition; 1% .05, p> 99 right
temporal-lobe subgroups: design recognitioni\ orrelationa] analyses
of recognition scores with size of neocortical )emoval were also per-
formed. There was no trend for leéft temporal-lobe patients with larger
cortical removals to perforﬁ more poorly én the word recognition task
(r=-.15, t =".64, Sylvian fissure;’r = -.05, t = .21, base of temporal

1obe; p > .50 for both corrg1atidns). There was 1ikewise no trend for -

\right~temﬁb al-lobe patients with larger removals along the Syf;ian

fissure to recognize fewer designs correctly (r=-.09, t = .38, p>

_.50). However, those right temporal-lobe pat1ents with larger removals

el i




‘this was produced by a righi temporal-lobe patient (Ro. Sm.,.I.Q. 119),

along the base of the temporal lobe tended to perform more poorly on the

2,

design recognitlon test (r = -.48, t = 2.32, p < .05). ‘

Sorting Strategies S - .

Since the grincip]es that each subject had tried to apply when
sorting the stimﬁ]i had been recorded verbatim, it was possible to
examine these sofiing strategies to see if there were any systematic
d1fferqnces between either of the patient groups and normal contral

subjects 1n this respect. T

Design sorting. It was noted that the category descriptions that.
some subJects gave did not accura?ely descr1be the category. For .
example, one subject with a right temporal- lobe remova] (E] Bo., 1.Q:
102) ‘described one of her categories as: "anything y1th a circle in it".
This included numbers 11, 12, 26, 8, 15, 1, 22, and 4 (see Figure 1). L
The latter two items of this category do not contain circles, and-the >
last item (a large and a small square) does not even contaih a cdrved n;
line. Another right temporal-lcbe batient (Jo. La., 1.Q. 117) made a
category which he/said contained "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 gﬁoup

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

from Table 4 that the“incidence is highér in patients with right
temporal-lobe lesiéns than in thé other two suﬁject groups (x2 = 6.95,
p < .05).

Another strategy used by some subjects was to 1abé1 the deﬁiggs as

real objects and group them accordingly. An interesting example of

@
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_ Table 4

Design Sorting: Incidence of Subjects Making Categories thafg

Contained Classification Errors, Semantic Labeling, or Combinations

}

N Ingidence |
'v/ . /!
- a Classification Semantic : )

‘ Group Errors* Labeling** Combinations*** -
Normal Control 7 1 ‘ 4 '
Left Temporal 9 6 3 =

"Right Temporal 15 , 8 9 -

a’ | . /
n = 20 for each group. ‘
*x2 = 6,95, p < .05 “ ¢
**y2 ='6,93, p < .05 -
***xz =

= 5,29, p > .05
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who ‘grouped numbers 21,>16, 5, and 1 together, and explained that -they

jndicated "rain on the mountains, electricity, fog-and temperature

_change". It was found that both patient groups tended to name the

designs more than did normal subjects (x2 = G.Qé"p_ < .05; see Table 4:

. semantic labeling).

»

There were certain sorting principles that almost all subjects
used, such as straight lines, curves, or squares. Subjects only dif- _
fered in the extent to which they would include %tems w%thin esch
céiegory;‘fgr example, squares could be a sebarate category, or be

included in a category of straigh£\1ines. Presumably, the tendency to

use larger categories when sorting designs, as compared to words, which

- was shown by the right témpora]-]qbq patients, was a function of this

ove;-inclusiveness. In fact, these pitients”tended tﬁrcaﬁbine.two
sorting principles in one category;‘for example, a group described as
containing "rectangles, cubes, qg_trian§1es". and consisting of numbe?s
18, 4, 3, 28, 13, 22, 6, and 8, was made by a right temporal-lobe
patient (Ha. Gr., I1.Q. 111). This trend, however, was not significant

(x? =°5,29, p > .05; see Table 4: Combinations). .

Word sorting. As in the. design-sorting task, there were certain
categories that wére used by a 4arge number of subjects, with varying
degrees of inclusiveness. For example, the group "live being" could

include any of the following: author, artist, pupil, creature,” snake,

or devil; it could also include majority or colony, since these usually

refer to people. Some subjects broke this into separate categofies,
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 ove%ly inclusive. It proved difficult to delineate more speci-
\fica]]y the nature of Fhis inc]ueiveness, because of the wide variation
from subject to subject. ? ,

A strategy that was used by many squect; was to devise sentences
incéfporaeiEg éejera] of the stimu]us'words in order to’fofm a groupiné.
Statistical analysis of the number of subjects who used this strategy

- at least once revealed that patients with right tempora] -lobe lesions
édev1sed sentences more often than did the.normal control or Ieft
_ temporal-lobe groups (x2 = 10.72, p < .005; see Figure 11). The
following examples ¥rom the groupings of right tempora]-]obe\patiEnts
illustrate the nature of these sentences. "In early times, Jewish
lawmakers were authors of various theor1es which ev01Ved into codes,
and all had pupils, 11ved in palaces, and did not be11eve in the devil"
- (Sh. Fr., 1.Q. 90). "“If you don't have the proper code, you won't last
’ long- in the palace" (Ca. Sc., 1.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 1ike a_colony" (Ka. Fi., 1.Q. 118). L

Performance of H.M. on Sorting Tasks

De?ign sorting. H.&e,sorted the desigps in three minutes, 56
RN ‘ seconds, 1nto six categor1es < This number of categories is éﬁighfﬁy
below the mean of the right temporal-lobe group (6.4 categories). His
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 163 }. 14, 23 and 27 (see Eigure'l); he said consisted -
G “of "signs of water, a lot of water; lakes". This/ teneency to name the

|
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Figure 11. Word sorting: sentence strategy. Incidence of subjects
in each group who formed at least one category by building
the stimulus words into a sentence.
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designs, as mentfbngd above, occurred significantly more often in the
patient groups than in the control group.

H.M.'s recall and recognition of the designs weré very poor, as

P
expected. He received a recall score of 6 (see F?gure 7 for comparisons

with temporal-lobe andﬁcontrol-groups), although he made a large number

‘of drawings' (9) for such a low score (the mean number of attempfs for

the normal control, ]éft and right temporal-lobe groups we;e 14.5, 8.6,
and 10.1, respectively). His recognition score was 11 correct out of
30, 10 being chance performance. The error scores were evenly divided .
between simi]d%land non-similar distractors. Thus, H.M. was less
likely than patients with unilaterai temporal-lobe removals to re@aiq
parfial information about designs that he was unable to Eecognize. '

Word sorting. H.M.‘s-gprting of the word stimuli was generally

better than his design sorting. He made ten categories: using such

common groupings as: creature, devil, and snake ("low spirits"); -

safety, steam and éngine ("motors"”); and pupil, author -and artist

("all writé"). He recalled one word correctly, string, which was the
last ‘word that he had sorted. He also pfbdqced five other words that
seemed totally unrelated to any of the word-sorting stimuli, and which,

it should be noted, are highly concrete words (“squares, ladders,

* lightning bolt (flash), clouds, 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, 11 were semantic and 7 acoustici

thus 62% were semantic, roughly the same percentage found in all sub-

ject groups in this study. ~J§;§

ol>
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Discussion

The sorting tasks were designed to determfne whether patients

with temporal-lobe lesions differed from normal control subjects i -
their ability to organize randomhinfermation, as measured by thé num-

ber of categories that each-group used to sort either verbal or non-

* verbal stimuli.. The outcom@ was~fﬁat the-patient groups produced a -
~different pattern of sorting than d?d the control group. WHereas

normal contro]hsubjects were as like1y to form more word than design
categories as to show the opposite pattern, patieﬁts with temporal-
lobe lesions tended to produce fewer categoﬁies when sorting the
material that they subsequently would have tﬂe greater difficulty
remembering. Thus patients with left temporal-Tobe lesions used
fewer word than design categories, and patients with right temporal-
lobe 1esions used fewer design than word categories.

Although the above relation of word to design sortwng differen-
tiated the temporal-lobe groups from the control group, the patient
groups did not differ from the control group in the number of categories
used_fbr each sorting task considered separately. A possible reason

for this lack of difference is that the "deficit" shown by each patient

-~

in sorting material that would be poorly-recalled~may be a very subtle '

one, which only becomes apparent when compared to the performance of
the same patient when sorting more, easily—remembered material.
There are other factors that may have obscured any differences

between the contro] and patient groups. The expected correlatwon o .

between the number of categories used to sort the material, and subse-

$

quent recall of that material was clearly shown by normal control
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subjects on béth the word anq’fffjgﬂ;§0:%%pg’gigggzz;he same corre-
lations were not found in Ehe patient groups except for the case of
left temporal-lobe patients sorting words, where the corrglation was
marginally”significant‘ This relative independence of sorting strategy
from recall may indicate that patients with téﬁpora]-lobe lesions are
not able to modify their strategies on sorting tasks in order to
optimize recall, as Melkman (1975) has suggested that normal subjects
can do. This in itself renrgsénts a deficit, which is not material-
specific, in the ability of temporal-lobe patients to organize random
information. Such an inability to modify one's sorti;g strategy
accordiﬁg to one's own cognitive and mnemonicllimitations would tenq
to obscure group differencesﬂwhen using quantitative measures, such ’
as-the number of categories produced.

Another variable that ‘complicates thé interpretation of the
"number of categories" results is the type of sorting strategies used
by the patient groups. For example, both rigﬁt and’ left temporal-lobe
pétients’tended to use semantic labeling of the designs as a strategy
in sorting the designs, and right temporal-lobe patients teﬁaed to
make senterices in order to sort the words. Since normal contral
subjects rarely. used such sfrategies, it isfndt known how this
variation in sorting strategy among subject groups affected the
re]gtionship of the number of categories to subsequent recall. A

“consideration of these differences in sorting strategy may indicate
that it is more valid to compare the perfbrmance of each patient group
on one sorting tafk to its performance on the other, rather than to

compare each task to the performance of a normal control group. '\*
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Despite these limitations in comparing the control group to the

patient groups in terms of the number of categories used.in each
sorting task, the fact remains that this measure did show that
temporal-lobe groupsnused fewer categbriés when sorting mnemonically-
difficult material as compared to their own pe?formance on the other
sorting task. Two ekp]anations caﬁ be considered to account for,this
finding: One possibi]ity'is ;hafiihese sorting tasks require a
certain amount of memory processing if ihe subject is to keep track
of £he jtems that he is grouping together. If this were the case,
then a paFient with a material-specific memory disorder would be

unable to perform adequately. Since the stimuli were kept-in full

- view at all times, however, it seems unlikely that a memory component

could have been solely respons1bi¥ for the resu]ts.

The second, and most plausible 1nterpretat1on of the data is that

the two patient groups were fmpa1red'1n'the1r cognitive process1ng of
the st1mu1us mater1a1 at ‘the time of sort1ng For example, patients

with temporal- lobe lesions may be“unable to assign a W1de:var1etjgof

specific attributes (Underwood, 1969) to each stimulus. Thus, a

patient with a left temporal-lobe lesion may think of a snaké 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, each of which would contain:

-

lovsely associated items. .
If it is the case that‘tempora]-]obe patients are impaired/in

their ab111ty to form sma]], re]ative]y specific categor1es when '

sorting mnemon1ca1]y-d1ffﬁcu]t material, it is still not c]ear whether

i

T T



such an impairment would contribute to the material-specific memory

deficits of these patients. The/re/ is some evidence, however, that
encoding of verbal materig] in/io larger, 'Tess specific categories
may be detrimental to recall performance in normal subjects. ‘Fraise
and Kamman (1974) have shown, within {an incidental learning paradigm,
that subjects recall more words if the E;wa W
instances of a specific class (e g., names of vegetables) rather than
of a more general class {e.g., food). Klein and Saltz (1976) have
suggested that when a 1ist is differentiated into only a few categories,
the attributes or levels of meaning attached to each category are not
close\ly associated to most of the items wi thin' each category‘. - These
authors showed that greater specificity of semantic procesﬂsing»v;-“a'é‘"‘ o
measured by the number of rele\;a;it attribute dimensiéns introduced at
the time of learning, led to improved recall performance. q

In terms of the levels-of-processing model (Craik & Lockhart, 1972),
one could postiﬂate that subjects who sort inté specifjc categories
are forced to evaluate more features for each item, in order to deter-
. mine if that item will be suitable for a certain catego}'y. More
detail\e{ feature evaluation will lead to a greater breadth» of processing
(Craik & Tulving, 1975), and thus to bei:ter recall, Patients with
temporal-lobe lesions are perhaps unable to perform such feature
evaluation adequateb(, leading them to use larger, less—~differentiated
catégories. The recall perform;n}.:e of these patients wbuld be expectéd
-to snffer as a result. 0 \ .

by i
The lack.of correlation for the patient groups between recall

score and number of categories, however, would preclude tﬁhe assertion
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of a causal relationship between impaired cognltive ability and
‘defective recall. Although patients with tempora] -lobe lesions shaqw
qua11tative and quantitative impairments in their ab111ty to sort
nmeiag;éa1ly-d1ff1cu1t stimuli, the present data do not peréit
conclusions to be drawn about the effect that such 1mpa1rments 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

average numbers of‘categories produced by all three groups in the |
word- (7.83) and design- (7.4) sorting tasks were nearly identical,
This suggeéts that whatever principles are involved in sorting words
may also be in operation in so;éing designs. Ihe number of categories

produced by the normal control subjects in the word-sorting task of

thg present stuﬂy (8) is somewhat lowéy than the number found in the

Melkman (1975) stﬁdy (9.8) or the Basden and Higgens (1972) study
(8.6), but. is remarkably similar to these 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 moét subjects in this study.

Patient H.M.

The pattern of sorting shown/ by H.M. on the two tasks resembles
that of the right temporal-lobe/patients in that-he produced fewer
design than word categories. ./This patient's poor sortﬁng of the designs

was unexpected as he had been show rform normally on many_non-



! ’ ‘ x ' ‘

AR TR T ST IR T e e e

HIATT " - ) " 60

Prisko, 1963; Sidman, Stoddard & Mohr, 1968). . H.M.'s impaired.design

/ sorting should be interpreted cautiously, however, as normal subjects e

show unrkeq individual variation on these tasks.

3

v

Since H.M.'s sorting of ghe words was in the normal range, it

_cannot be assumed that the hippocampal region plays a critical role

in the performance of the sorting gpsks. Unlike,the,batients with
unilateral temporal-lobe rempvals, H.M. has an intacfltempora1 neo-
cortei bilaterally. His adequate word-sorting performance would tend
40 implicate the left temporal ne6cortex in the ability to catggorjze
verbal 1nforma£ion, because Tleft ;;mpb?alilobe patients had shown an

impairment on the word;sortingﬁtask. Perhaps the correlation between

the number of categories produced and'subﬁequent recall performance

depends on intact connections between the cortex and the hippocampal

o o N i
structures, thus explaining the breakdown of this relationship in the -

temporal-lobe groups and in HM. ;

The results of the sorting studies reported here help to clarify
the nature of the categorization process. It is neither purel; per-,,
ceptual nor purely verbal, but depends insfead on the type of material -
being categorized. In a reaction-time study of normal subjects,
Harris, Morris and Bassett (1977) showedg?hat the categorization ef :

words or of picturéﬁ of common gbjects depends on two distinct coﬁes.

i

The p:ﬁif"t investigation suggests that these categoriiation procasses

are at least partially separable systems within the cerebral éort‘x,

-

with the left hemisphere more in@olved with verbal, and the right%&ith

¢ P / » 7

nonzxerbal, categorization. ~ . r

£
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PART 11: MEMORY FOR NON-CATEGORIZED AND CATEGORIZED LISTS
In the.experiments in this section, the recall and recognition of
two word lists containing different degrees of taxonomic organization
were studied. The performance of patients with temporal-lobe lesions - \ -
and of normal control subjects was measured in terms of “primary" and |
“secondary" org'anization (Tulving, 1968), in order to determine to what
extent defic\its in' the ability to organize verbal material in memory may |
contribute to the verbal memory difficulties of patients who ha\;e under-
gone left telnpora'l\~1obg_ r:emoval. ‘ . .
A Material ‘
Two 'wom 1ists were prepared, one consisting of unrelated words
(thé.non-categorized 1ist) and one of words from five different taxonomic
catggories. Each list contained 30 words. Stimuli for both lists were f» : ;
obtained from the category norms of Battig and Montague (1v969)‘, all |
words being chosen from the 12 most frequent wordé in each catégory,

The items in the. non-categorized list each came from a different cate-

.gory, and were therefere considered to be semantically unrelated. The

categorized 1ist contained five sets of six words each, taken from the

following categories: - fruit, clothing, vehicles, geographical featires,

and furniture. ¢ e
Three different pseudo-random presentatio‘n orders were prepared for

’ | . .
each 1ist, with the stipulation that no two words should be adjacent on

more than one presentation, and th&t no adjacent words should begin wi th

" the same sound. In the categerized 1ist no words from the same category”’

occurred consecutively.

-

f
- o~
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The 30 words .,i" hthe non-categorized 1ist, given in the first
presentation order, were: fork, nose, penny, °footba1]. governor, pine,
ruler, guitar, rat, doll, ruby,'storm, motel, waltz, captain, paper,
velvet, window, gold, ibrandy, canoe, daffodil, corn, boot, church,
spider, cannon, nephew, ketchup, and china. The first presentation
order of the categorized 1ist was: vgﬂley,' apple, stool, dress, wagon,
cherry, volcano, television, pénts, chair, plum',w car, lamp, coat, sofa,
lake, apricot, cliff, hat, bus, river, tie, bureau, truck, pear,
bicycle, canyon, blouse, lemon, and“train. The words in both lists
were matched for frequency, word length, and number of syllables.
These are shown in Table 5. ‘ ‘

A recognition test was constructed for each h'st., For the non-
categorized 1ist, each target word had two distractors, one semantic
and one phonemic. The semantic distractor" was chosen from ghé top 20
in the same category of the Battig and Montague norms (e.g., spoon for
fork, nickel for penny). The phonemic distractors began with the same

first two 1étters as their target item and had the same number of

syllables (e.g., fort for fork, pebble for penny). Each of the five

pages of the recognition test contained 18 words; 6 target, words and
12 distractors. To make the test more difficult, the distractor items
never occurred on the same page as their target word, bef:ause pi]ot
test1nguhad 'shown that subjects were mr; often deceived by a distractor
when they could not compare it with the correct item. |

"The recognition test for the categorized 1ist contained only
semantic distractlors. This was thé same method used by Kiﬂntsch (1968)
for testing item Arecognftion rather than category recognition. Each

v




63

HIATT -
¢ -
. A
/ Table 5
Composition of Word Lists
- Frequency per " Number of Nymber of
! 50,406 words letters syllables
« . ) .
List Mean Range Mean  Range Mean  Range

Non-Categorized 41.23 1-384  5.37 3-8

Categorized 41.83 1-274 5.07  3-7

ill(ucm'a and Francis, 1967.

1.7 - 1-3
16 1-3
:a
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page of 18 words in the recognition test contained all of the 6 words
from one category, toéether with 12 distractor ftems ch'osén from the top
20 in thét same category. /

Both word 1ists and their recognition tests were also translated
into French, selecting appropriate phonemic distractors for the non-
g:ategorized recognit,ion test. An attempt.was ma’de to match the English
and French versions for word length. The frequency of these  words
among speakers of Canadian French is assumed to approximate their
frequency in English.

Procedure

The non—cafegorized list was always g.’fven first, on a di fferent
day than the categorized 1ist. This fo,rdery was kept constant to reduce
inter-subject variaﬁce. Except v;her'e otherwise stated, the: procedure
was the same for both word lists. |

The subject was told that he would be read a long list of words,
that at. the end of the list the experimenter would say "OK", and that
the subject should then immediately say all the words he could remember
from the 1ist, in any order. It was eniphas‘i;ed tt{at he should op]y
give his recall, an& not ]say anything else, because preliminary testing
had showﬁ that some subjects tended to insert complaints about the
Tength of the 1ist (and thus reduce recency effects), unless forewarned
not’.to talk,

T/WO minutes were allowed for recall of the Hst’, with the experi-
menter recording the subject's responses. nThe list was then read again,
but in 4 diff;zrent order, with the instruction that the subject should

say all the words he could remember, including any he had said in the

!

W
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first r,ecal‘l. This reminder was necessafy because it had bee:n noted
that some subjects tried not to say items that had been pre;/iously
recalled. Two minutes were allowed for. this second :'Jecan. The: list.
was then read a third time “in a different order, with another two-
minut4e recaﬂll. Thé subject was then warned that he would be asked to

recall the words again later.

After a 45-minute interval, which was filled with tasks of a non-
verbal nature, the subject was again given two minutes in which to ;
recall all the words that he could remember from the list.

The delayed recall of the non-categorized 1ist was followed by the

recognition test for that list. The su.bjectf was given the five pages
of the tesi: and asked to circle the six words on. eacg/ﬁ?ge“’that he
thought ahad 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 recali of the categorized list, the subject -
was‘ asked whether he had noticed whether ar;y of the vgords seemed to go
together, and,if so, which of these category names he could recall. As*
he gave the catego’ry names he was asked to recall all the words in each N
category. If a subject could not name all five Acategorl'ies. he w’as
given the remaining category names and asked to recall as many wo}'ds

from each categolry as possible. A1l words recalled at this time,

.whether the category name was recalled by the subject, or provided by

the experimenter, constituted the “cued recall". The categorized
recognition test followed the cued recall, the procedure being the

same as that of the non-categorized recognition test.

/
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( ‘ © . Results
Figure 12 compares the learni:lg curves and the medn delayed-recall
scores of the three subject groups for the non-categorized and éate— °
gorized 'word 1ists. A three-way analysis of variance comparing supj_eet ..
‘ groups, word lists and recall trials (first, second: third and de]'é];te_d)
a was performed. This br‘oduced a significant group effect (F = 21.12,
p < .001), left tempora]-lobé patients having lower recall than both
normal control subjects (t = 6.27, p < .001) and right temporal-l‘obe
pat;'ents (t=4.77, p < .001). There was no difference between the right

temporal-lobe and normal control groups. (t = 1.49, p > .25).

The difference bétween recall trials was highly significant (F =

236.93, p < .bOl), as was the subject-group by recall-trial 1ﬁteraction
"(F =10.20, p < .001). This interaction is illustrated 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-
formance decrement of the lef;t temporal-lobe group, as compared to that
of the pooled normal’ control and right temporal-Tobe groups, progres-
s‘ive]y increased over each succeeding reca'l'l: The mean differences
for such comparisons on each of the four recall tests were: ,4.43,

(£ < 4.16); 5.52, (t = 5.18); 5.8, (t =5.52); and 9.14, (¢ = 8.58),
respectively (p < .001 for all recall tests).
“ The effect of lists was also highly significant (F = 122.93,

\ —~

P < .001); the categorized 1ist helped all subjects to improve their

Y

recall as _compared to ‘the non-categorized 1ist. In addition,.the inter-

actiop of 1ist with recall test was significant (F = 9.95, p < .001). °

/

Ty, -
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Figure 12. Word Tists: recall. Learning curves and delayed. recall

for the non-categorized and categorized word lists,
showing the- mean number of words correctly recalled per
trial. Results are given for each of the three subject

groups.
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This effect can ‘be seen in F1gure 14, where the mean first, ,second
third and delayed recall for each word listjé pooled over pn three
subject groups. The categorized word list became more helpful in
improving recall with each succeedmg presentation, and 1n delayed

recall. The mean differences between the word lists for‘each recall

‘trial were: 2.62, (t = 5.55); 4.2 (t = 8.9); 4.72 (t = 10.0); and

5.05 (t = 10.7), respectively (p < 001’ for all recall trials). Note
that the rate of improvement was greatest from the first recaH test ,
to the second there being 1ittle change in subsequent recall tests

The amount of improvement in recall did not vary across subject groups;

/!
/

Re , lo'ws~yvelated tosextent of hippocampal removal. As in the

analysis of the Mxperiments, the left temporal-lobe group was

vided into two~subg;'oups: SM, confaining patients with small hippo-
campal removals, and LG, containing patients with large hippocampal
r:amovals. A three-way anajysis of varianc'e was perfonnec; on the recall
scores of the two left temporal-lobe subgroups, comparing large and
small hippocampal removals, world 1ists; and recall trials. The rgsults
are illustrated in Figure 15, which' shows the mean recall scores of

subgroups SM and LG for each recall trial. Results for the nbn-categorized

"and categorized lists are braphed separately, to illustrate tﬁe stgnificant

interaction of subgroup with word 1ist (F = 4.8,'p < .05).- Although the
subgroups did not differ in their non-categorized recall scores (t = .78,

P > .2), there was a d‘lffqrence in the amount of ipprovement each group

P
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Figure 14, Word lists: recall. Learning curves and delayed
recal] for the non-categorized and QReg?,ri;ecj lists.
e The mean number of words correctly recalled per =~
_ "trial have been pooled over the three subject groups. >
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| .
showed on the categorized 1ist. Both groups made a significant increase
from the non-categorized to the categorized list, but the patfents with
larger hippocampallremova]s showed a more )signiﬁcang gain (i = 4.11,
p < 005, subgroup SM; t = 7.21, p < .001, subgroup LG). This result
suggests that tpe hippocampa] region is ii;lportant> for the recall of

|
non-organized *information. As before, the myin effects of word lists

(F = 65.15, p < .001) and recall trial (F = 45.09, p < .001‘), and the
list-recall interaction (F = 15.01, p < .005) wer; significant. The
interaction of subgroup with recall trial was not significant (F = .22,
p> .80).

Recall as related tp extent of neocov;tical removal. Correlations.

were made between the extent of neocortical’ removal, measured both along

the left Sylvian fissure and along thé base of the temporal lobe, and

performance on each recall trial- of both the’categorized and non-cate-

gorized lists. In no case did these correlations approach significance,
although almost‘all were in the appropriate direction; i.e., larger
lesfons correlated with poorer performance, particularly in earl fer _ pre

rer;all trials (see Table 6).

Non-Categorized List: Serial Position Curve | |

b In order to explore the contribution of interference to the memory-
deficit of patients ‘with 'le\“t temporal-'lif)be lesions, and to examine
their ability to consolidate verbal information, the serial pogitio;\
curve of the first recall trial in the non-categorized 1ist was examined _.
statistically. For this trial, the recall of each subject was tabulated
aécordir]g to the position each word recalled had occupied during pre-

§entation. For purposes of analysis, these input pdéit‘lons were grouped
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Table 6 o
~ Correlations Between Recall and Size of —~ ° '
" Neocortical Removal for Left Temporal-Lob& Group *
Il Q
‘ _ Recall Trial
Word List ,First Second Third Delayed - .
Sylvian Fissure
Non-Categorized -.34 S T-200 0 -5 .06
Categorized -3 . -2 -.2 =15
N - Base of Temporal Lobe . "
Non-Categorized =17 S 11 13 .12
Categorized 05 . -01 -4 2 L07
Note. p > .1 for allnc‘:orrelatio@":k c .o - ~
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into six sections of five words each. Thus the primacy effect would

" involve recall of_eny of the first five words that had-been read to the

subject. |
The normal control, left temporal-‘aed right temporal-lobe groupsv
we}e conipared in a éwo-way analysis of groups and recall positions,
Figure 16 presents the serial position curves for the three subJect
groups each port1on of the curve represents the mean number of words

reca]Ied of the five that had been presented/in those positions. As

" expected, significant group (E = 16.24, p < .001) and position (F =
' 24?89,“2 < .001) effects were 6btained;nthe former reflecting the

overall inferior recall performance of the left temporal-lobe group,

_and the latter indicating the]seria] position effeast: superior perfor-

mance in tﬁe first and last positions over the middle positions, for
all groups. ) L '

The\most interesting finding, which can be seen in‘figure 16, was

" . that the recall of the left temporal- lobe group did not differ. from that

of the normal control or right temporal-lobe.group in the primacy or

recency portions&'? the curve. The only striking deficit was “in the

four m1dd1e sect1ons those that are thought to be most affected by

" interference. Thas was born out by a significdnt 1nteraction effect

(F = 1.84, p < .05). Subsequent t-tests comparing the left temporal-"’

- lobe d}oup to the pooled normal control and right temporal-lobe groups

(beginning with the primacy and'ending“witﬁ the recency bortfon of the
curve) ilTustrate this effect clearly: ;_% 1.71, p > .1, section one;
t=4.34, p <« .001, section two; t =5.79, p < .001, section three;

t=3.93, p < .00, section four; t = 2.73,.p < .05, sectjon five;

g
'I»
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= 1.62: p > .25, section six:

It should be noted that the right temporal-lobe group, although
showing generally the same pattern as the normal control group, pro-
duced a lower mean receﬂ than the latter group on section two of fhe
curve (t = 2.66, p < .05). On section three, however. the right
temporal-lobe group had a shghtly (a]though not s1gnif1cant1y) higher
recall score than control subgects (t 2.22, p > .05). These results
would have to be attributed to greater variability in this patient
group than in the normal control subjects. '

Relation of hippocampal removal to serial position effects. The

increased susceptibility to 1nterference_that ?:he left temporal-lobe
patients had shown could mean that an intact hippocampus is required to
reduce interference. In addition, though the left temporal-lobe group
as a whole had producee a normal primacy effect, and thus presumably
normal consolidation, one would predict an inverse relation between the
" amount of hippocampal remova]xan'd size of the primacy effect, if the
Hippocampus were 1nvo1ved in consolidation,

An analysis was therefore performed comparing the recall perfor-
mance of subgrqups SM and LG of the left temporal-lobe group on the
six serial positions. The group effect was not significant (F =1:18,
- p > .25) but the position effect was (F = 12.27, p < 001), dembnstrating
the expected semal position curve for the two subgroups cons1dered ’
together. Figure 17 illustrated the finding of interest: a significant
interaction effect (F = 2.78, p_ < 02) ‘It can be seen that subgroup
LG exh1b1ted a markedly reduced pmmacy effect (t = 3.6&. p < .001) as

compared to subgroup SM; whereas in all other points on the curve the

A\
\
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Figure 17. Non-categorized word-1ist: serial position. Mean number
of words ‘correctly recalled from each presentation position
by left temporal-lobe.subgroups.” Input positions have been
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two subgroups did not differ: t = .15, section two; t = .25, section 7
three; t = .21, section four; t = .77, section'five; t-= l85, section
six; (p > .2 for positions two through six). Note that in'the last
section the recall of subgroup LG was slightly, though not significantly,
highér than that of subgroup SM, probab]x}because all of the patients ;!
in subgroup LG recalled first the last few words that had bgen read to
them, whereas only 5 of the 13 patients in subgroup SM did this.

The contribution of the left hippocampus to the recall of the first
few items of the list can be emphasized by further subdividing the two
left temporal-lobe subgroups into four subéroups (Corsi, 1972) and
performing a correlation between these groups and recall in each of the
sections of the serial posit{on curve. For these correlations, the
three dysphasic patients were again inc]uded; Subgroup SM thus con-
sisted of a group whose hippocampus was completely spared, containing
five patients; and a group whose remqyal did not e‘ceed the pes;
containing nine patients. In subgroup“inf“theng“were three patients
with removals exceeding the pes, but with some hi;;::;ﬁﬁﬁsnremainind,
and two with total removals. The co;relations of extent of hippocampal.
removal with recall for successive sections of the ser?al position curve
were as follows: r = -.73, t = 6.63, p < .001, sectio; one; r = ,03, \
t=.13, p > .8, section two; r= -.30, t = 1.29, p > .2, sectiothhree;
r_¥ .04, t = .17, p > .8, section four; r = .0, t =0, p > .99, section
five; r = .34, t = 1.63, p > .1, section six. Thus, the only significant
correlation was found in the first part of the serial positibn curve,
where the larger hippocampal exci;ions 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
of the serial position curve and size of removal along eighér the
Sylvian fissure or tﬁé base of the temporal lobe were not significant.

Intrusions jn Free Recall

In recalling the lists, many subjecfs produced words that had not
been presented by the experimenter,\especially W the first recall
trial. Figure 18 shows the mean numPer of such intrusions made by
-each group, pooled over all three immediate recyl f}ia]s, for botﬁ
the non-categorized and categorized lists. Incﬁrrect responses were
only counted as intrusions the first time that they occurred and were.
jgnored if they were repeated on subsequent trials. . ¢

/

A-two-way analysis of variance yielded no diffe}ence for word

lists (F = 2.02, p > .2), subjects tending to produce as many intrusions °

s

in recalling the non-categorized as in recalling the categorized 1ist.
There was, hoﬁever, a significant group effect (F = 5.59, p < .01),
with left temporal-lobe patients producing many more.intrusions than
the right temp&ra1-1obe patients (t = 3.02, p < .025),or/%he normal
control subjects (t = 2.75, p < .05). |

/ There were too féw/intru§iens in delayed recall to permit an
analysis of variance, but a x2 was computed based on the number qf
subjects in each group who had Eroduced at least one intrusion in
either of the two lists. This was significant (x2 = 6.02, p < .05);
the number of subjects producing intrusions in delayed recall was 5,
13, and 6 for the gprmalocontro1, left and right temporal-lobe groups,

respectively. Thus, both ‘in the immediate and delayed recall of words,

4
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Mean Number of Intrusions

- Normal - Left Right
Group Control - Temporal  Temporal -
N 20 20 20

Figure 18. Word 1ists: 1intrusions. Mean number of intrusions
made by the three groups on all immediate recall
trials of the non-categorized and categorized lists.
Intrusions on thé second or third recall trial were
not tabulated if they had occurred on any previous
trial, . C ‘
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the left temporal-lobé patients were not as cautious about avoiding
incorrect responses as they had been in the recall of designs in the

design-sorting task.

\
¢

Recogni tior
Figure 19 depiéfs the recognition scores of the three subject

groups for both the non-categorized and the categorized word lists.

A two-way analysis of the arcsin transformeqhscores yielded a signifi-

cant effect of group (F =.23.42, p < .001), the left temporal-lobe

§roup performing more poorly than either the normal control or right

temporal-lobe group (f = 5.93, p < .001 for both comparisons). There

was also a significant effect of word list (F = 4.01, p < .025); all
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 (F = 1.25, p > .25).

Types of recognition error on, the noﬁ-catggorized 1ist. Only 15

recognition errors in all were made by the normal control subjects and
14 by right temporal-lobe patients on the categorize& 1ist (as compared
to 102 by the left temporal-lobe group), making it difficult to compare

- statistically the relative number of semantic ‘'or phonemic distractors

chosen by the left temporal-~lobe group to the pattern of choicé shown
by the other two subjecf'groupST Theiresylts suggest, however, that
the left temporal-lobe group was more likeiy to err by choosing a’
semantic distractor, as 70 of their 102 recognition errors, or 69% were
semantic. The normal control aﬁé right temporal-lobe gr;ups showed

no such bias in their error scores as far as can be judged from the

s

few errors that they made. These groups chose;ﬁﬁe semantic distractor

%
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item on 47% and 57%, respectively, of the occasions that they made

I
errors.

Recognition scores as relatea to extept of surgical removal. On

neither recognition tﬁgi was there any relation between the scéres of

the left temporal;lobe patients and the size of removal along thé

Sylvian fissure, the base of the temporal lobe, or the hippocampus.

Clustering Scores in the Recall of the Cq}egorized List

Although the categorized-list recall of the left tempora] ~-lobe-
patients was superior to their recall of the non-categorized list;
it was still not equal to the’recaTl of the normal control or right
temporal-lobe groups on either list (see Figure f?). In order to
assess whesher left temp&ral-lobe patients weré making optimdm use
of the categorized information, a clustering score was computed for -
each Eubject. on each of the four recall trials. To achieve this, the
recall protgcols were scored by counting the number of category repe-
titfons (two adjacent_wordssfrom the sqméwcategonyj in each recall
trial for each subject. Intrusions and»repeated items were exéluded
from the énaiysis. .

The measure used to score the repetitions was the Adjusted ﬁatio
of'F]ustering‘(ARC),suggested by Roenker, Thompsoni and Brown (1971),
which adjusts for chance, and has a fixed upper bodhd (chance cluster-

ing is 0, perféct\clustering is }). This measure is independent of

-the number of words recalled and allows the comparison of relative

amounts of clustering for different/groups of subjects in different
experimental situations. The computational formula for the ARC is:
ARC = {R - E(R)} / {maxR - E(R)}
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‘ "~ where R = total number of dbserved category repetitions

¢

max R = maximum possible number of category repetitions
(total number of items recalled minus total number of
categories recalled).
. E(R) = number of repetitions that would occur 'b:y ¢hance
= (nilN)‘- 1
where ny = total number of words recalled fmm category i

. -
N = total number of words recalled.

e,

Chance occurs when R = E(R). Note that negative scores are poséib'le, \
and would tend. to occur, for example, if a subject reclamfdkthe words

in the order in which they had been presented\there no two words from

the same f:ategory were adjacent).

At -viay analysis of variance was performed on these clustering
score’s.' omparing the sub‘ject groups on the four recall tests of the
categorized 1ist. Figure 20 shows the significant group effetl:t (F =
6.4, p < .01); the left temporagf-lobe group having lower‘clustering )
scores than both the normal ;:ontrol (t = 3.42, p < .001) aﬁd right
temporal-lobe (t = 2.75, p < .05) groups, who did not differ from‘each
other (t = .63, p > .25). It can'also'be seen that all grodps clus~
tered more on each successive re;:aﬂ trial (F = 14.0, p < .001). There #
was no significant interaction effect (F= .79, p>.25). It s , |
interesting to note that the clustering séores of the left temporal-lobe
patients increased in delayed recall whereas their recall’ decreased. N

This is evidence that the clustering measure can vary independently of )

recall.
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Clustering scores as related to extent of surgical removal. Sjnce

patients with left temporal-lobe removals had demonstrated a -reduced
tendency to group categorized words in free recall, it was of some

interest to determine to what extent the nedcortical or hippocampal

" structures of the left temporal lobe wetre-involved in this ability.

No correlations between ghe extent of removal along the Sylvian fissure
or the base of the tempowal lobe with clustering scores were signifi-
cant. To explore the @Ie of the hippocampus, & one-way analysis of:

\X\
variance compa\ring the clustering scores of subgroups SM and LG on

'the four recall trials was.performed, producing no overall difference

between subgroups (F = .11, p > .5). ' "
In addition to the expected effect of recall trial (F = 16.77,

p < .001), a significant interaction effect was revealed (F = 4.70,

_p < .01), which is illustrated in Figure 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 increase
in clustering that each subgroyp demonstrated from the first recall
tridl to the second. The mean increase of subgroup LG was .82 (t =
5.43, p < .001), com_pared to a mean increase by subgroup SM of only
.15 (t = .98, p > .1). The latier subgroup thus showed no fincrease in
clustering from the .first reca}'l trial to the second, ;vhereas subgroup
LG si;owed a large 'increase. These results suggest that patients with
larger left hippocampal vemovals need more exposure to ,tﬁe stimulus

material to be able to make use of any organization that the material

‘contains.

-
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The reason that subjects were asked, following delayed recall of

. the categorized list, to name all the categories that they could

semember, was in order to determine the,qgtent to which patients with

left temporal-lobe lesions were aware of the categorical nature of thé

* 1ist., It was found that 311 subjects could name at least one category; .

18 of the 20 left temporal-lobe patients could gfve at least three of
the five category names. This proves that left temﬁora1—lobe patients -
were aware that the list had cog£aiqed some catégorized'items:

A one-way analysis was performed to compare the number of cate-
gories that the three groups could name. Three normal. control subjects,
who had not been given a cued recall, Qere missiﬁg from this analysis.

A significant group effect was obtained (F = 12.06, p < .001), the

left temporal-lobe group recalling fewer categories than either the

normal control (t = 4.09, p < .001) or the right temporal-lobe (t =

4,17, p < .001) group.

Each subject was also asked to name all the words that He could
remember from each- category; category names that were not recalled were
supplied by the experimenter. To néasure the relative helpfulness of
thig cued recall for the diffgrent subject grdups, thé spontaneous
delayed recall of each subject was subtracted from hisicued recall.

A one-way analysis of varianqg computed on these difference scorgs
revealed a significant group effect (F = 5.82, p < .025), the normal
control ;ubject? profiting less from the cued recall than the left ’
(t=3.12, p < .025) or\right temporal-lobe patients (g_: 3.04, p <
.025). The two batient groups did not differ significantly from each °
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other (t= .07, p > .8). A : .
Table 7 shows the mean recall scores for the third immediate
rééa]!. the delayed recall, and cued recall’for the three subject
groups.- It can be seen that the delayed recall scores of both
. patient groups were lower than that of the normal contro% group o ;
(although not significantly so in the case of the right ngpqra]-1obe
group), leaving more room for ifprovement in the cued recall. A]sb.ﬁ
it is interesting to notg that the cuing procedure helped all three
subject groups to return to- the level of their last immediate recall

tria]l

~

Performance ‘of H.M. on Word Lists

*H.M. was tested on the categorized 1ist one year after being .
tested on the non-categorized list. His recall and recognition scorese
on both lists are showﬁ in Table 8. Clearly, his overall performance
was far béloy the mean of the left temporal-lobe grdﬁp (see Figures 13
and 19). It is noteworthy that H.M. showed no improvement with succes- -
sive presentations of the‘wo;ds, and failed to recall any words at
de]éyed testing.

’Thereoare several differences between H.M.'s ‘performance on the
non-categorized and on the categorized lists. On all ‘three immediate
recall tests he produced more words from the categorized than from the
non-cateﬁorized Tist. No benéficial effect of categorization was | |
observed on delayed recall or recognition, HoweQer.

® The number of intrusions made by H.M. 'in both inmediats/and
éflayed recall also differed: he produced 4' (all in iﬁmediatg reca]15

7

in‘recaliing the non-categorized list and 16 (12 in immediate recall) .

N

/
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Table 7
, Comparison of Mean Immediate, Delayed énq
Cued Recall Scores for all Subject Groups
Recall Test
Group | n Third. Immediate Delayed Cued
Y -
~ Normal_Control 172 24.59 . 2429 25,18
Left Tempor?l 20 - - 17.95 - 13.75 17.05
Right Temporal 20 - 23.45 - 21.55 24.80 '
Note. Maximum'score = 30. o \

8Three control subjects who had not been given a cued recall have
been deleted. ) "

P

=t



HIATT , ) 91
- o s f *
¢ : -
~ s Ld ‘ p N
. - ' U
* Y . N . ~
. s}:" o -

LA Table 8 : . )

. Recall and Recognition Scores of H.M. on .

s Non-Categorized and Categorized Lists BN
Recall Test Recognition® . ‘
) L
| ‘ List First Second ~Third Delayed
| Non-Categorized 3 3. 2 0 1 “
| Categorized 4 .4 - & 0 11
| Note. Maximum score = 3Q. )
j 3Chance = 10. © . R r
; e 4 - ¢ i ™
L - S
e ~ l - o, /
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c in recaﬂingk the categorized list. This is in contrast ta the left =«
temporal-lobe group, who made more 1ntru$i9ns than the qorma1 contrél
or f%ght temporal-iobe group, but did lot Qiffer in the number pro-
duced in recalling the two lists (see Figure 185. H.M.'s intrusions

. ~ usually were associated in some way with the correcf words; in recalling '

1

the non-categorized words, for exaﬁpIe, he gave bishop for church, and

~

emerald for ruby. In comparison, some of his intrusions in recalling

the categorized list seemed only distant]y“r%g:téd or totally unre]afed.

For example, int}usions such as hill or glen could belong to the "geo-

graphical features" category, but daily, worry, stadium and real are

‘ ) not aséociated with any words -on the list. _Such unrelated intrusions

were rare in the left temporal-lobe group.

- e vy e

: It is interesting that on the de]ayed recall of the categorized

list H.M. produced two words, tree and woods, which had beén intrusions

i A . ‘in immediate recall. Likewise, although the testing sessions were
separated by a year, he gave the word cabin when recalling both the.
) — ~ non-categorized and the catedorized 1ist (he immediately corrected

4 | e .
E himself in the non-categorized recall test, however, stating that

cabin had not been on the -1ist). It seems that H.M. *has a repertoire

of verbal responses that he is likely to use in free recall situations.

Owing to the long time interval between the two testing
and the severe nature of H.M.'s meﬁory deficit, the effect of
could be safely Hisregarded, and the serial positjon curves of the two
/lists could be compéred./ There was, in fact, a striking difference
'bétween the Tists in this respect. The input positions of the words

recalled by H.M. were 25, 28, 30; 28, 29, 30; and 29, 30 for the first,

¢
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second, and th1rd recall test, respect1ve1y, of thé ‘non-categorizet
tist. Thus H.M. showed a recency, but not aiprimacy effect, only
reﬁal]1ng the Tast few items that were presented to him. His, recall

* of the categorlzed ]1st revealed.a different pattern; the 1nput
pqs1t1ons of the-words that he recalled were 12, 2, 30, 1 30 27, 10,
29; and 4, 261//§i>7 for the first, second, and th1rd recall tests,
respectively. It can be' seen that his recall was not restricted to
the last fgw input positions, as it had been in the non-categorized

"1ist recall tests. On the first recall tesf, in particular, H.M.

showed a clear primacy effect in addition to the recency effect.

<

Related to H.M.'s ability to recall words from the beginning and
middlie portions of the categorized 1ist is the fact that he tended to
. Cluster words from the 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 categories). His second recall showed

essentially perfect clustering: che®ry, apricot, valley, lake. The

SR, My S O, CMIL L B

. clustering in the third recall was not as good, but was still apparent:

bus, apricot, car, w590n. This pattern is similar to that of the left

temporal-lobe patients with large hippocampal removals, who showed no
c]usteriﬁg after one list presentation, but impro&ed to normal levels
with succeeding pre§entations. I

In the cued recall ;es% that followed delayed recall of the cate-

gori;ed list, H.M. was asked to name the categories that he thought

the list had represented. He named four categories, ‘none of which were
correct: “tﬁings\that gréw in the woods", "country-rural®, "things in.

a farm", and "mining". "When cued with the 5 original categories he
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produced 9 corre%t responses and 15 intrusiops. A]though this recafr
seemed high, it was possible that H.M. was mere1y guessing, as the
1ntrus1ons 1nd1cated. To control for this, H.M. was asked during a

¢ testing session one week later to name any items he would think of
from each of the five categor1es (no ment1on was made of thé original
categorized 1ist). For each categgry, on]y the same number of words
as had been produced in the cued recall were counted. -Again, H.M.
pro&uced 9 words that had been on the categorized list, and 15 thaf
had not. Therefore, if‘cannqt bé assumed that the cuinq\procedure

aided H.M.'s recall. !

His performance on these two memory tests inaicated(that‘H.M.

was able to make use of the organization that was inherent in the cate- '

gorized word 1i§t’to aid in the recall of words from the beginning
portion‘of the list, and to improve his overall immediate recall

performance. The advantage of the organized material, however, did

hot extend to delayed recall, even when cues were made available.

/
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D1scuss1on

Recall of Npn-Categorized and Categ£r1zed Word L1sts

The experiments in Part IT showed that although patients with

‘Jeft temporai-lobe 1es1ons were impaired in their recall of both word /

lists, they were able to make use of the organization inherent in the

‘categorized list to improve their recaf1 to some extent. Despite this

improvement, the performance of this*batient group remained inferior

. to that of the control group, on the ﬁatqgorized as well as on the

1

non-categorized list.
weingartner;é (1968} finding that left temporal-lobe patiénts

cbuld profit from a'!ist contaipiné associative]y-?e]ated words is

thus extended to Eategorized.materia], and to delayed recall o}\;hat

material. The distinction between categorically and associative]y-

- related worg lists is aﬁ'important Qﬁe: Marshall (1967; see Baddeley,

1976; p. 276) showed that free recall and clustering scores for
categorized pairs of words‘are higher than those for non-categorize&
pairs of equal associative strength, shggesﬁing that the effect of

categorization on recall cannot be attributed solely to direct asso-

, ..
ciations between words within that category.

‘The results of thq pre§ent study diffgr from tﬁose of Baddeley
and Warrington (1973), who mea?ured tﬁe categofized and non-categorized’
reca11/6¥*3\;roup of péfientsmwith amnesia of varied etiof;gy. They
found that although the amnesics were assisted by taxonomically-
organized lists, the differencé between the reca11 performance of the

amnesic and control groups was larger for the categorized than_ the

. non-categorized list. In the experiments reported here, the difference

/



HIATT . | " | | ’ QS

/

t between the normal cdﬁtro] and left temporal-lobe gr:oups remained
1 constant for both lists. This discrepaPcy between the results of the
present study and those.of Baddeley énd Warrington may reflect under—/
lying differences betﬁeen the patient populations of the two studies *
. ﬁone patient in the ]atter study had ungérgone right temparal ]obectomy,
- one had vascular damage, and Tour were alcoholic Korsakoff pat1ents),
or it may reflect methodological differences (the Baddeléy and Warrington
study uséd blocked presentation of each category, four presentations
before the recall test, and a 30-second interpolated task before recall).
y Jhke present study showed tbat pat;gnts with right temporal-lobe
lesions were noraal in their ability to take advantage of the organi-
zation in the categorized Tist. This result is worth"noting, as the
right tempora]-loﬁe group's tendency to use "sentence" strategies in
the word—sdrting task could have been a manifestation of an imqaired
capacity to perceive words as taxonomically‘organized. Because the
n\\\\ right tempo#al lob;, particularly the hippocampal region, has been
implicated in 1mage-mediatéd verbal learning (Jones, 1975' Jones~'
\\ Gotman & Milner, in press) and because there is ev1dence that imagery
may be involved in concept 1dent1f1cat1on (Katz & Paivio, 1975), the
\\\demonstration of normal recall of the categorized word list after right

4

temporal lobectomy becomes especially important.

.

. Weingartnes (1968) found that patients with left anterior temporal-
lobe lesions were Tess likely than those with right to recall words on
the second recall trial that had already been recalled on the first. He
interpreted this left temporal deficif in evoking previousjy-recalled

words as indicating diffiéu]ty in transferring verbal information from .

() S

e
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a temporary to a more permanent store. The above finding would lead

one to expect a larger difference between the left and }ight temporal-
lobe groups in the second than in the first reca11'tria1, but Weingartner
failed to find s¥ch a difference. . The present study, however, did show
a different raté of learning between,spbjéft groups. ﬂhe left temporal-
lobe g;oup Tearned the words over the tgree immediate recall trials of
both the random aﬁd organized lists at a much slower rate than eitherﬂ
the right temporal-lobe or normal control group (see Figure 13). In
addition, the recall-trial by subject- group/iﬁteract1on clearly illus-
trates the detrlmental effect of dela;pd test1ng on the recall scores
of pat1gnts with left tempora1j19bé/3es19n%, under11n1ng @he difficulty
that such patients have with 1ong—tecm retention of verbal material.

The inéreased effect.of categorization on list recall with\eaqh
succeeding recall tri;h (see Figure 14) was unéxpected. It is known
that normal subjects show increasing sub&ectivs organization on

succeeding trials when learning random word lists, and that this

increase is accompanied by improved recall scores (Tulving, 1962). It
\ 1

may bewthat the categorized list allowed the\subjects to attain optimum

f

organization, and thus better recall performance, at an ear]ief\stqge
in learning. . : .\

' ' \
7 "Role of the 1eft h1ppocampus in the reca]] of random and orﬁanlzed

words. Categorization was relatively more benef1c1a1 to the recax]
pérformance of patients with large h1ppocampa] 1es1ons than\to the
performance of those with small. This result suggésts that patien%g
with a normé]ly functioning hippocampus are better able to impose |

organization on the words in the non-categorized 1ist; thus the
/ 1

&

'
1
t
;
t
}
1
{
!
1
!
*




e WIATT : 98

& . .
li organization that the categorized list provided had a smaller effect.

/ ? Such an explanation implies that the hippocampal region plays a more
important role in the encoding of random infbrmation Fﬁaﬁ in the . v
engodiqg of already-organized inf?rmétion; Further evidence supporting O
taisaideé will be given 1%ter in the discussion. > |

Intrusions .in the‘free recall of the non-categorized and-categorized

L
1ist. The high number of intrusions shown by the left temporal-lobe

« \
group and by patient H.M. on both word lists ﬁéd not been anticipated. .
Patients with left temporal-lobe lesions have been found to be exceed- ﬁ‘ °
1ingiy cautious on a variety of cogniti@e tasks {Jones-Gotman & Milner,

1977; M%lner, 1952), and on some, but not all, memory tests. In the

. design-sorting recall of Part I, for examp]é, such patients were']ess
Tikely than normal subjects to attempt a drawing-that. would receive no
credit (see Table 3). Milner and Kimura (1964) found, in a recognition
test involving recurriﬁg verbal stimuli, that patients with left

\tembora1-ldbe lesians were no more Tikely than normal Sbntro] subjects
to give false positive résponses. Their study thus_gave no evidence B
o% over-caut{ousness,*nor a lack of cautiousness in recognizing verbaf
material after left temporal 1obectomy.’\Free recall of word lists,
however, is a technique that issrarely used-with this patient population,

‘ and when it has been used, intrusion data have not been presented

(Moscovitch, 1974; Weingartner, 1968).
Cofer et §1. (1966) showed that normal subjects produce more
intrusions when recalling a list containing words that are weakly

associated to their respecti@e’categories;‘than when recalling strongly-

associated words. This-suggests that the high number of intrusions

O | .

\ ~
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produce& by pati.énts with left temporal-lobe lesions may ref]eqt a
weakening 'of associations between exémplar;/of categories and their
respective category labels in semantic memory. ” s

It is not cleajr why H'.M. produced more intrusioﬁns; when recalling
the categorized list than when recalling thg non-categorized list,
whereas the Teft temporal-lobe group produced the same number of
intrusions on both l1ists. Baddeley and Warrinétori (19‘73‘) found no
difference, in a study of their amnesic patients,n'betheen the numbgr ,

of intrusions for phonemically apd taxohomically-organized lists. The

mechanism under]yiqg the memory defigits in these amnesic pétients and

in H.M. may éiffer, however, making it difficult to draw conclusions
when comparing Baddeley and Warrington's regjults to‘ those of the

present study. ,

The poor performance of patients with ‘1 ft tempora1—1ql?e lesions
in recogm‘ziﬂng words from both the non-categorized Snd tt;e categorized
list indicates that their memory deficit ¥s not caused on:ly by diffi-
culties in spontaneous evoéation of_préviously acquired items.

The categorized recognition test was more difficult than the non-
categorized for all three subject g;r‘oups, thereby reversing the trend(
that was found for recall testing. The difference between the distra:gtor
items in the recognition test; for the two lists would probably account

for these results. One half of the distractor items in the non-

categorized recognition test were phonemic, which may have been less

confusing for most subjects than semantic distractors. The 1eﬁ: temporal-

Tobe group in particular was shown to be more 1ikely to choose an

”
9

3
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_ 6{ - incorrect semantic than phonemic distractor.

o Serial Pésition Curve of the Non-Categorized List

In order to iﬁiérpret the serial position data for left temporal-
lobe patients, it is necessary to explore in more &epth the vgrious
interpretations of se?ialiposigion effects in'normq1“subject§. As
already pointed out“ip the intrpduction to ;his(th; is, there is ‘
general agreement that a two~p§ocess mode] (Afkinso & Shiffrin, 1968;
G1anzer & Cunitz, 1966; Waugh & Normah, 1965) can best account for
“serial position effects (Craik, 1970& Poltrock & MacLeod 1977)
According to this model, items from the beg1nn1ng of .the 11st have -
entered long-term storage, wh11e the remaining items have not. The
last few 1tems are presumed to be accessible for reca]] because they
are st111 in the short-term rehearsal.buffer.

Thisomodel sti1l leaves unexplained why the mid-1ist items do pbt
enter long-term sforage. There have been several hypotheses offered
that deal with this issue. One inﬁerpretation is‘based bn the" finding
ihat the initial items‘jn a list receive more }eheaysa] (Brodié &
’Prytu1ak. 1975; Bruée & Pabay, 1970; Rundus, 1971): \This effect
pgréfgig"éVQn when subjécts are given instru;tions'or distracting tasks
designed to prevent rehearsal}(Brodie & Prytulak, f975-‘P01trbck &
MacLeod, 1977) or when.they aré unaware that a memory “test will follow

/(Baddeley & Hitch, 1974). Although 1ncreased rehea?sa] would exp1a1n
the mechanxsm by which initial items are more 11ke1y to be reca?]ed
this hypothesis does not exp]ain why early items are rehearsed more

than later items.

A corollary to the quantitative rehearsal notioﬁ is ﬁﬁe'idea that

]
P - . ‘
€ . / M
. P .
.
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& early items undergo a qualitatively ciifferent kind of rehearsal than

do later items (Craik & Lockhart, 1972; Glanzer & Koppenaal, 1977;

g ’ Glanzer & Meinzer, 1967). According to this view, the,first ftems in

3

a list receive more elaborate encc;dipg (Craik- & Tulving, 1975). Again
1t is not clear why subjects would not be able to continue processing
items throughout the 1ist to the same degree

In order to explain the poor recall by normal subJects of mid-list

&

items, it appears necessary to invoke the/ xldea o%f interference. Goodwin’

) (1976), extending the findings of a study by Craik and Birtwistle (1971),

has shown that when severa] lists are presented for recall), J’he primacy
effect degreases in each succeeding list owing to a buﬂd -up of
proactive interference. It may be assumed that the encoding of mid-
list items suffers from interference f\rom early list items (and also
retroactive interference from later ;tems) in a similar way. Thus only
the first items, free from the effects of proactive interference, can
undergo ‘enough reheargal or sufficiently e]aboratel encoding to be

sl

trensferred into ,1ong~term memory.
A In the present study, left temporal- 'lobe subgroup SM recaHed the

early list items of the' non-categorized 1ist in a normal manner. This

can be explamed by supposmg that such patlents were able to process

the words -in the Tist adequate]y, provided that there-was little or no

- interference from prekus 1tems In the face of proactive interference

N " from the f1rst items in the hst both left tempora1 -Tobe subgroups were
/deﬁcient in their ab1hty to transfer the mid-Jist items into a more
pemeqent memory system. The normal recall byQ both éubgroups of the .

items that had been presented last gives additional evidence for the

C
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view that patients with anterior temporal-lobe lesions have unimpaired
sh,ort-tqr‘m memory . |

Within the left temporal-Tobe group, pa;tie;lts with large hippo-

/camp’éﬂ removals (subgroup i_G) differed from those with small { subgroup
SM) in that they had difficulty not only in recalling mid-list items,
b‘ut also in recal'lirig items from the first part of the list; thus they
ﬁhowed little or no primacy ‘effec/t. Apparentb;, the lack of proactive
interference effects for early list items did not help subgroup LG to
recall those items. It is-not possible t'o say from —these data whether
such patients are impaired in the amount or the c\;ualfity of the rehearsal
of early list items, or whether they are more susceptible \t,o the effects
of re‘troacti‘ve interference than arejpatients with small hippocampal
removals. What this study ’gglgg_ stgwjis that a patient must have an
intact left hippogampus in order either t\:o store or to retrieve early
list items from a random word list in a ;lormal manner,

Patignt H.M.'s pg’rfc;rmancer on the word lists may help to clarify
50m\e of the issues discussjec; above. - Like other subjects, H.M. recalled
more words from the categorized than from the non-categorized list.

His &e]aye\d recall and recognition scores were not affected by cate-
;or:ization, indicating that the advantage given by organization of the
stimulus material was temporary, aiding only in the acquisition, obut
not in the latef recall of the words. ‘ .

The most instructive finding in H.M.'s recall béttévjn wgs the
\difference between the sgrial position curves of the non-categorized

and categorized 1ists. It is well-known that pracfice can change the

shape of the serial position curve (Dallett, 1963; Goodwin, 1976;

~
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Murdock, 1960), subjects tendﬂ;g to recall later items first on
succeeding recall tests, thereby increasing recency effectsf Hence,
the comparison betw_eeh the two lists could not be made for the left or" v
righ/t tempora]-lobe, or normal cor:trol group. In the case ef H.M.,
however, any effect of practice from one 1ist to the next was likely ;o
to be negligible,in view of the severi;y of his global amnesia. Thé
impgrtant difference betﬁeen H.M.'s recall of the two lists was that
a primacy effect appeared when he recalled the categorwzed list whereas
there was no such effect in hIS recall of the non- categomzed Tist.
His improved ability to recall early list items from the categorized
Jist would account for his higher overall recall score for this list.
(Ai though no such comparison can be made for the serial position curves;
of the left temporal-lobe subgroups on the two Tists, it is possxb]e
that the relatively greater improvement of subgroup LG when recalhng
the categorized as opposed to the non-categorized hst [see Figure 15]
may also be caused by an improvement in recall of early items from the
categomzed 11st ) The appearance of a primacy effect®in H.M.'s recaﬂ
of the categorized 1ist would indicate that_ the” hippocampus plays a
role in allowing unrelated items to be adequately encoc/ied in Tong-term
memory; if the items are obviously related in terms of some common
category, they would be more likely to be able to be stored in a
permanent form or to be accessed more easily without the aid of the
hippocampus . |

There is some evidence from earlier studies for a primacy effect
for organized material shown by other patients m‘th severe anterograde

memory deficits. Two patients reported by Penfield and Milner (1958)
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who had undergone left temporal-lobe excision, %nc]uding the hippocampus
Ahd hiﬁpocampa1 gyrus, but with evidence 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 storie$ of
the Logical Memory Test of the Wechsler Memory Scale, although grossly
abnormal, almost always iﬁc]uded the first few words of the story in a
nearly verbatém form. In éomparison, no such abilityﬁto retain the new
word associates in the Associate Learning test of the Memoﬁy Scale,
which consists of unrelatedeitems, was shown by either patient.
Aithough this study was not a direct test o% whether the hippocampus
is important in the consolidation of random.information- into memory,
it does provide some support for the findings of the present study.

Another study (Starr & Ph%]]ips, 1570) examined a patient with

Al

severe anterograde amnesia secondary to an episode of herpes simplex
encephalitis. These authors a]éo supplied the patient's story-recall
protocols, which showed that he, too, -was able to recall the first

few words of the stories|accurate1y, whi]e retaining only a general
idea of-the rest. Starr and Phillips also aéke& this patient to sort
ten unrelated words into categories. After three successive sortings,
he showed perfect impediate recall performance (gradually ﬁecreasing
over a thiry-minute span), which was superior to his performance when
recéﬁling visually-presented words that he had not sorteq. The authors
speculate that the organization provided by gbrting may “give “additional
éues or labels for storage and subsequent retrieval not possible in the

usual manner of jtem preséntatibn and testing” (p. 87). This study,
i ~
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when cbnsidered in the 1i§ht of the present data, strengthens the idea
that damage to medial temporal structures is most apparent in patients °
when they are asked to recall unorganizeq, random‘verba1 information.
'Furthermofe, 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 patienfs. R

Ihe pattern\of recall shown by the left temporal-lobe subgroup LG,

and by H.M. pﬁ the non—éategorized list (i.e. noéma1 recency and reduced
primacy), is the same as that found by 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. Thesé

authors concluded that their patients have inﬁaired Tong-term memory

but normal short-term memory. It would be instructive to measure the
effect that presentinb a cateéorized 1ist would have on ‘the primacy
portion of the serial position curve in their amnesic patients.

Recall of Categorized Word List

Y

Cued recall. When asked for the category names after delayed
recall, patients with left temporal-lobe lesions recalled fewer of

the categories than did control subjects. This was a conservative

estimate of the number of categbyies that this patient group was aware

of at the 'time of immediate recall, however, since there could have

been a substantial amount of fé%getting of category names during the

delay interval.

+

" Providing category names in cued recall had a more beneficial
effect for both patient groups than for the normal control group. But
even with cuing, the recall of the 1eftctempora1~1pbe group did not

/“/’
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approach the fion-cued delayed recall of the normal control group.
( / Because the left temporal-lobe group had lower delayed-recall scores

than did the normal coﬁt}ol group, and thus more room for 1mproyemeﬁt
: in cued recall,, it is difficult to interpret these data. Perhaps a
longer 1list would have allowed the normal control subjects to show a
- degree of improveﬁent in delayed recall equal to that of the patients.

Clustering in recall of categorized word lists. Even.though

: ‘patients with left temporal-lobe lesions showed improved recall’ on the
3 categorized as compared to the non-categorized Tist, categorization

did not bring their performance up to the level of normal control

" subjects. A possible explanation for this fact is that although such
patients could make use of the categbrization to improve reca11. they
were still not able to organize th? words as well as could no;mal
subjects. Thé clustering scores of the left temporal-lobe group con-
firmed th%s hypothesis. Patients with left temporal-lobe lesions
clustered less than normal subjects in all immediate recall tests,

PR thus replicating Weingértner's (1968) results for associative clustering ~

ig\sdEB patients. Although in delayed recal] the clustering scores of R
» - -this patient group increased relative to.iﬁmediate recall, their

’ delayed-recall clustering scores remained lower fhan those of the normal

' control group.' Also, it is interésting to consider the clustering

scores in relation to recall performance. In delayed recall, the recall

and clustering scores of. the left temporal-lobe g}oup diverged: -delayed

recall decreased relative to immediate recall whereas delayed clustering

increased relative to immediate .clustering.

‘
) -
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The reduced c]usteriﬁb shown by the patients.with left temporé]—
lobe lesions/in the immediate recall can be interpreted in several ways.
A recent experiment with normal ;ubjects by Puff, Murphy, and Ferrara
(1977)‘compared the 1ist recall,of subjects who exhibited a significant
amount of c]ﬁgtering to that)of subjects wgose ¢lustering did not
éiffer from chance. Thig study offers a possible fra@ework for under-

-standing the present data. Puff.et al.,founq that "high" clusterers
recalled more words than "1ow" c]hstgrers, but only when the categories
in the list contained high—frequeqcy associates to each category label.
In other word;. high clusterers, who havé/a tendency to use éategony
labels or céhcepts as conceptual mediators, can only do so successfu]]y
when the category label and the items within the category are potent
mediators for other items within that category -

Two a]ternat1ve,compar1sons can be made between tﬂe Teft temporal-
Tobe groups and the subject groups in the Puff et al. study. It is
possible that temporé];]obe patients are similar to the low c1usterers,l
who are léss likely than high c]usterer;»to make use of category/labels:

as mediators in recall. This could be either because they choose not

to make use of them, or are unaware of their existence 1n the Tist.

Pellegrino (1974) has shown that subJects must be aware of thepresence .

. of attributes in a 1ist in order to use them to a1d reca]] A second

possibility is that patients with left temporal-lobe lesions correspond
to high clusterers recalling weakly-associated catégories: they try to
make use of the categories, but encounter difficulty because the 115t

items are not potent enough med1ators within their semantic memorles,

of other category members. The present data do not permit a determination

-
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C’ ~© of which possibility is most likely.
* Another interpretation of the lower clustering shown by\Fhe Teft
temporal-lobe group is that they were encoding according to idiosyn-
‘;ratic (i.e.‘hot experimenter-defined) categories. A corollary to this
interpretation is‘that these patieéts may have formea large categaries
kas they did in-the word-sorting test), which subsumed two other cate-
gories. Both of these explanations are weakened by the fact tbat ]efﬁ
temporal-lobe patients exhibited increased clustering over tri%ls,
showing that these patients were aware to sdﬁe extent of the experimenter-
Y defined categories. , : : ~\~,:>
Nithin the left temporal-lobe grodb; subgroup LG showed a farger
increase in clustering fromtthe first to the second recall test as
compared to subgroup SM (see Figure 21). This result probably indicates
-> that subgroup LG was unaQare of the categorized nature of the lis;
during the first recall trial. Since such patients have difficulty in
. holding items in memory in the face of interference {Corsi, 1§72), .
they would be less likely to notice that several Tist items came from
the same category. Evidence that subgroup LG was able to cluster words ’
at the same level as subgroup SM comes from later recall trials, where
the two subgrgups showed equal c]usteriqg. As noted in the Results
section, H;M.'s clustering followed a pattern similar to that of sub-
group Lg: ﬁo c]u;tering in the first immediate-recall trial, and
increased c]ustéring in the second and third. ‘
The left and right temporaTilobe and normal control groups all

showed increased c]uFtering on each successive immediate-recall trial,

thus replicating tﬁé finaings of several studies in normai subjects
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(Maréha]l, 1967; Robinson, 1966; Shue]], 1968). Repeated presentations
presumably allow the subject to become increasingly aware of the organi-
zation contained in the list and to form stronger associations between

list items, as well as between category members and the category name

or concept. The increased c]dsterjng of all subject groups in delayed

recall is not as easily understood. This augmentation of clustering -
has been noted by o&her investigatd%s“whén a five-minute filled interval
is used (Gonzalez & Cofer, 1959), although the effect is aétenuated
somewhat when the immediate wecall test is omitted.

The increased clustering scores shown by all groups in deléyed
recall cap best be undérstogd by considering the different properties
of short- and 1ong-term~memo}y. It has been shown that ;emantic
relationships between words cannot Qe used to improve recall of words
pfrom sho?t-termvmemo;y (Craik & Levy,y}970). .1t could 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 portion of
the serial position curve. Craik (1970) has"shown thét recency iéems
have a lTower probability of recall in later tesEing than do other tist
items. Thus de]ayéa recall would primarily consist of items:that_hgd
been well-organized and encoded in long-term memory at the time of
presentation and also when immediate reca]i was tested. Th%s would
result in higher clustering scores in delayed recall. The Tow cluster-
ing scores shown by left tempéra1r1obe patients in immedjate recall
compared with the normal control group indicates that a 1;w percentage
of their recall came frda Tong-term memory, and that few items would
be ava11ab1epf0ﬁ de]a&ed recall. These items would be wel]-organized:

i
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however. This would account for the increased clustering with Tow

.recall shown by pat:ients~ with left tempbral-lobe lesions, :




i ( , | COMMENT
: . The present investigation has revealed some aspects of the funcéion
f o - of the temporal lobe in organizing information, and in making use of
) pre-organized information. For the‘sorting ekberiments in Part I, a
| new test, design sorting, wa§‘Cﬁg$ted.‘ It was used in addition to a
word-sorting test. to measuré’deficits in the categorizatioﬁ of non-
| verbal as well as verbal mageria]_in patiéﬁts with temhpra]—]obe
‘ lesions. These sorting studies demonstrated ﬁéte;ia1—specific deficits

e et

outside the sphere 'of memory after unilateral temporal lobectomy. In

na VR TR

. - ’ L3 oy ~ ) L 3 c - 3
addition, these experiments gave new evidence for hemispheric speciali-

aticly

zation in the categorization process, the left hemisphere beinélmofé

e

involved with verbal, and the right with non-verbal organization.

PSS

The studies in Part II were restricted to verbal tasK§. These
experiments showed' that patients with left tempora]-]%be lesions could -
use taxonomically-categorized information to improve fheir recall.

They were clearly not utilizing that information to the fullest extent,
however, as suggesteﬁ by their continued inferior recall performance

relative to control subjects, and by their reduced clustering scores.

I have argued that the lower c]ustering scores, and the increased

number of intrusions in recallinglboth‘word 1ists shown by the left
temporal-lobe group jndiéate a {ack of strong associations between
words in semantic memory. Such'a view is suppofted by the sorting
studies from Part I, where patients with left temporal-lobe lesions
tended to make larger word than design categories: This result was
interpreted és showing an inadequatelevaluation by patients with r

* temporal-lobe lesions of the attributes of each item, leading to larger,

- ;
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more loosely-associated categories within the sorting task. Presumably,
this reduced elaborativg encodingﬂ of words by patients with left temporal-

o*

semantic memory systems of such patients. ’
The serial position curve of the unrelated-word 1ist further’
clarified the role of the temporal lobe in memory. Patients with left,

temporal-1obe lesions were found to be highly susceptible to inter-
ferer;ce, as reflected by reduced recall of mid-1ist items compared to
normal ‘control subjects. Although thel;nature onf the ipcreased sensi-
tivity to interference shown by this patient group cannot be determined
from the present study, the word-sorting résults again offer a possible
exp]Znation. That study indicated that patients with left temporal-

o - /
lobe lesions were not efficient at separating words into specific

‘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)1and retroactively (Shuell, 1968). Bjork
(1970, 1972) has proposed, based on studies of directed forgetting,_
that release from the effects of proactive inter\ference depends on the
ability to oFgani ze and differentiate 1ist items effectively. “The
diffiéulty that pai:‘ients with left tempofa]-}obe 'le:éions have in doing
so, as illustrated by their word-sbrting performance as wenv as by tt!e
intrusion and clustering results, suggests that the reduced ability of
the patients to separate specific groups of words in memory may contri-
bute ‘to their'susceptibﬂity to the effects of fnte‘rferen‘ce.h

The results of Part II also demonstrated the contribution of the

left hippocampus to certain memory functions. Alack of primacy effect

N
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in the recall of left temporal-lobe patients with la{rge hippocampal
lesions emphasized the role of the left hippocampal formation in allowing
the recall of words from long-term memory. Whether this function of the

.
hippocampal area involves consolidation into, or retrieval from long-

term memory could not be determined from the data.
. ) _
In addition, the appearance of a primacy effect when H.M., a

¥

patient with bilateral hippocampal lesions, recalled the categorized .

list was interpretgd as reflecting the importance of: thé}‘:f(:ippocampus in
the recall of unorganized material from long-term memory. This hypothesis
was shppor'ted.by éhe fact that patients with large left-hippocampal
lesions iarofited mor~e from the categorized h'st) than did those with
small. _

It is interesting in this respect to cohsider the type of tasks

that have been found to be sensitive to the extent of hippocampal damage

-.(see pp. 6-8, Introducfion)i Most of these tasks involved unrelated
Antroduction ,

material (‘Corsi, 1972; Milner, 1968). The maze-learning tasks {Corkin,
19§5; Milner, 1965) also consisted of a "list" of unrelated turns,
learned se’quentia].'ly. These, too, wére sensitive tq hippocampal damage,.
but in the right hemispher;e. In contrast,.tasks that have shown no
conrsi\stent effect of hippocafpal removal include the recall of a

previously-copied complex drawing (Jones-Gotman & Milner, in press) and

the -recall of pictures of common objects, which were presented-six times _ .

beforg‘t_:__e_s»ting (Jaccarino, unpublished data). The latter two tasks

allow organization, to take place before recaH\i; required., Additional
direct tests of the role of the hippocampus in the‘ recall of unorganized
material are necessary,-however, before any firm.conclusions can be drawn,

/ {
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It cannot be ascertained from the present experiments if damage to
the hippocampus or hippocampal gyrus is critical for impairment to
result. Also, it is nmot known whether the deficits shown by,patienfs
with large 1eﬁt-hi9pocampa1 removals would result if only the 1eft‘ )
hippocampé] area ;nd amygdala, and not the temporal neocortex, were
remév?d, a)thodgh the data from H.M. support this idea. Nor do the
present data él]ow the determination of whegher the same results would
occur if thg temporal pole and amygdala were spared.

. Semantic memory,’whigh involves pre-existing aséociations‘between E

verbal concepts, is probably mediated not by hippocampal connections,

. but by connectiens within the cortex. Evidence for this comés from

the role: of the tempofal Tobe in ofganizing xandom material, but the
: i

H.M;,wﬁho performed norﬁally on'theyword—sorting task despite his - w-

bilateral hippocampal damage. If the hippocampal area is less importani’

in the recall of information that is a1ready'6rganized in semantic?
memory, then a function of this area may be to help interconnect :

previously unrelated items within semantic memory. Such a role of the
T : . r
hippocampal area in relation to the cortex would imply direct connections .

between these two structures. Recent investigations of tpe rhesus

/

monke& have demonstrated direct efferents from the hippocampal formation

8

"to cortical areas in the fropta] and temporal lobes (Rosené‘& Van Hoesen,

1977), and afferentg to the hippocampal area from the temporal- coriex f

(Van Hoesen & Pandya, 1975).

o

The experiments reported in this thesis have demonstrated not only "~

contribution ‘of the left temporal lobe to the recall of both random and

organizedswords from semantic memory. In addition, these studies have

1
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produced new evidente for ‘the importance of the left hippocampal area
. 1in-long-term verbal recall, and have suggested some mechanisms by which
4 \ [
) this area may ipteract with the temporal neocortex.
) ) - '
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