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’DonéIdLE. Read

EFFECTS. OF MEDIAL TEMPORAL-LOBE. LESTONS

/

' ON INTERMEDIATE-MEMORY IN MAN

A word-generation experiment explored the relative contributions »

of the left temporal (LT) neocortex and the left hippocampal

¢
region to verbal recall. Patients with rlarge left hippocampal
excisions (LTH) were impaired in immediate recall of é&nonyms,

n

whereas those with sgall hippocampal excisions (LTh) were
nétl Both groups wege impaired/&n immediate recall of rhymes,
and in delayed recall of b?}h/synonyms and.rhymes. A nonverbal
‘associative;léafning task//where the stimulus-items came from
a visual continuum, also resulted in a deficit for‘theuLTH
(but'ﬁot the LTh) gﬁ%up. Patiehts with right—tempora} lobectomy
per formed both tasks‘normally. On an absolute-judgement Fask
involving the acéurate numbering of a set of sig individually
pr;sented rectangles, only the groups of patienté with large
hippocampal excisions were impaired, regardless of‘side of
lesion. These findings support thef view that the tempor?l
neoco;tex is important for ggining access to information in
semantic memqQry, whereas the hjppocampal region is ,essential

for the temporary retention of new information beyond the

v . .o’ ’ /
span of immediate memory.
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EFFETS DES LESIONSXDE LA/PARTIE‘MEDIANE DU LOBE TEMPORAL K

i P rl P v
SUR LA MEMOIRE INTERMEDIARE CHEZ L 'HOMME
/ L,
‘Resume

/

A partir d'une experleqce impliquant la productlon de mots,
on a étudié l'apport relatlf du néocortex temporal et de. 1'hi pocampe
<

gauchﬁs au rappel‘verbak. Des patients ayant subi de larges .
] 3 / -

o
[

‘excisions de l'hippocdﬁpe (TGH) se sont révélés déficients dans
/ . , B

le rappel immédjat dé synonymes, mai® tel n'a pas été le cas
4

N

‘de ceux qui avaient subi de petites excisions de 1'hippocampe -
(TGh) . Les deux gfoupes ont eu une per formance réduite dans

s )
le rappel immédiat 'de rimes et gfns le rappel différé de synonymes

: .
et de rimes. 'On a aussi observé une déficience chez le group

‘-

TGH (et non chez lg groupe TGh) lors d'une téche non verbale
d'apprentissage par association, ou les stimuli provenaient
d'un ensemble d'éléments visuelshhqmogénes.' Les patients ayant

il

subi une lobectomie temporéle droite ont accompli les deux téchesv
normglement. Quant a une tache exigegnt un jugement abéolu,\
et impliquént 1; dénombrement ﬁrécig d'un ensemble de six rectangles

présentés séparément,vseuls les groupes de patients ayant subi .

de larges excisions dé l'hippocampe se sont révélés déficients,

et ce, indépendemment du coté de la lésdon. -Ces résultats tendent

a démontrer que le néocortex temporal joue ﬁﬁakole important

dans 1'obtention d'informations contenues dans la.mémoire semanthuel
alors que la région de l'hippocampe estwessentielle pour l'émmagasin—
age temporaire ‘de renseigneménts nQuYgaux, dépassant la durée

v A

de la mémoire immédiate.
~ A
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It is by now gene;aliy accepted ‘that our apility to understand -
he-world dround us depends to a great exfent ypon what we
already know ébout that world, ;he general knowledge that

is stored 1

’

what has been termed "semaptic memoxry" (Tulying,

1972). We recognize new things in terms of their similarity

to, or difference from, things already known (Bruner, 1957;

Piaget, 1954). Moreover, how well wé understand theséinew
things pZays a major role in determining how well we . are able
to remember them later (Bartlett, 1932; Bransford, Barclay

. <=
& Franksg, 1972, Craik & Lockhart, 1972). Thése working hypotheses,

{
about the interaction betwegn perception and memory, have

t

been formalized in current theories of how people (and by
inference, their central nervous systems) process information
(e.g/, Atkinson & Shiffrin, 1968, 1971; Baddeley), '1976; Baddeley

& Hitch, 1974, 1977; Lindsay & Norman, 1972; Norman, 1969; . _

1

Shiffrin, 1976). . . e

“The distinction, made many years ago (James, 1890),

‘ { ] .
between the maintenance of knowledge that is still in conscioeus

awareness (brimary, or short-term, memory) and -the storage
of knowledge that can be recalled after a delay (secondary,

or long-term, memory) was revived in early theories of information

A 1

%

processing (e.g., Broadbent, 1958). Unfortunately, these

terms later came to be used to refer both to experimental
) b .
situations where recall or recognition was tested, apd ta

N

[

hypothetical storage processes. In order to 'avoid this ambiguity,

. ' . e



the expressions short-term memory (STM) and long-ter hemory o

(LTM)" were adopted .for use when referring to experimental
\ ' <
situations, with .the expressions short-term storage |(STS)

! . .
underlying processes (Waugh & Norman, 1965)., A more difficult:

problem has beeg,the use of the expression 'short-term storage'
awareness, but also to the storage and retrieval [0f information
that has only recently passed from conscious awareness. For

- . Va ‘”,‘ B ~—
verbal information, Baddeley and Hitch (1974, 1977; Baddeley,
1976) have argued that there is sufficient empirical evidence

to support the assumption that short-term storage has. two
. I

dissociable'aspects: a rehearsal buffer, for maintaining information

“ * 3
in conscious awareness, and a working-memory system, for the
% § '

coding and témporary| storage of new .information beyond the - .

v

immediate present.
3

The rehearsal buffer, in Baddeley's model, holds a lifmited

amount of verbal material in a phonemically-coded form (cf.

Atkinson & Shiffrin,!1968; Glanzer & Clark, 1963; Morton, ' b

r

1970). Verbal rehearsal, per se, appears to be an inefficlent
way of getting new information into long-term storage (e.gq.,

Bowér & Winzenz, 1970). Increasing the number of times a
P }
particular item is rehearsed does not necessarily increase s

’ \
the probability of its subsequent recall (Craik & Watkins,
1973; Gienberg, Smith & Green, 1977; but see NelsoqL 1977), !

although rehearsal can improve recognition (Bjork, 1975; Craik
¢ b ’ < /
L ' , % . "

3
|



.READ : gnf

& Lockhart, 1972; Woodward, ‘Bjork & Jongeward, 1973). It
’ / N
has also been demonstrated that partial loading of the rehearsal.

buffé& (with digits) does not finterfere with the performance

§

hv
or verbal-comprehension tasks,

A »

of concurrent verbal-reasonin

unless the number‘of digits to be rehearsed is close to sp&q
capacity (Baddeley & Hitch, 1974, 1977). Baddéléy and Hitch
#®974) had tﬁ;ee groups of gubjectg listen to a list of 15
unrelated words, while concurrently léoking at sets of one,

three or six digits, which they had to éemémber and write .

-

down. In the subsequent free-recall test for the words, the

three groups'of subjects did nqt differ in their recall of

t

the final few items from the list, even though such items

. are traditionally asgumed to be held in primary memory (Waugh

2 6;’ s N f
& Norman, 1965). Baddeley (1976) uses the evidence presented

above to argque th the verbal-rehearsal buffer 1s separ%te
from other processes of ‘'short-term storage. ‘Other studiesl
(e.g. Corsi, 1972; Dnachmap & Arbit, 1966; Orsini, Schlappl
& Grossi, 1981; Wickelgren, 1966, 1969) héze pointed to the

. . . . L A
existence of a similar limited-capacity bu;fer for certain

s
!

kinds of non-verbal information. . / ,

The working-memory system, together Qith its own limited-
capacity storage ability, is essential for the coding and
temporary storage of new information. It is here that infdr—
mation from semantic memory is used for the coding of new
sensory information. Once coded, this new informaéion can

v

be stoned,temporafily for use in reasoning (Hunter, 1964),
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language comprehensxon (Baddeley & Patterson, 1971 Rumelhart,.'

\
& Higch, 1974; Waugh & Norman, 1965). ’Such coding is not

1972) and long-term le;rnlng (Atkinfon & Shlffrln, 1968- Bqddeley

e

necessarily mate{ial-specific; verbal information can befrecoded—
as visgogspaéial iMmages (e.g., De Soto, London & Handel, '1965;

1y
Huttenlocher, 1968; Potts & Scholtz, 1975), and v1sual 1nformat{%n

.can be ;ecoded in verbal form (e. g., Bower, 1971)

The ability of normal subjects to carry out reasoning
tasks (or to recall the final few items from amwordjlist),
at a time when theif rehearsal-buffer is loedeé with o;her
verbal material, supports the v%ew that there must be a system’“c\\
for storing new information for as long as it is needed in o
the ong01ng per formance of a particular task. The evidence
in favour of such a storage system for non-verbal or perceptual

1

1nformat10n is partlcularly compelllng Helson s work (1948,

-

1959, 1964) on the effects of contFxt on perceptual judgements,

«+

as well as more recent work by Parducci (1959, 1965, 1968;

Parducci & Perrett, 1971), supports the view that (for a par-

P v

ticular set~of stimuli) there must be available some internal
representations that influence current perceptual experience. °
Further evidence in favour of a. two-papt short-term storage

system comes from the work of Wickelgren (1966,/1968,v1969).

L4

Based hpon his studieg of recognition-memory for single tones{

he concluded that there were two components in the short-term
S o ¢
storage of non-verbal information: a span component and what

-

2 D

he termed an 1ntermed1ate—memory component

!

. . .
A . R
,
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“;  EFFECTS OF BRAIN-LESIONS ON PERCEPTION ANjY/MEMORY -
In/the past, behavioural studies of patients with well-

localized brain lesions prSvidsd some &f the best evidence

™

for a distinction betweenlﬁrima;y (short-term) storage and

4

secondary (long-tefmf storage (Penfield & Milner, 1958; Scoville

o

& Milner, 1957). 1In the following selective review of the .

-

litefature, a case will be made for including both a spar

component and an intermediate, work ing-memory ‘system, in order »

to account for some of the differentiél deficits in learning

R ‘ > L . R :
and memory that are found in association with.particular brain

lesions. ,
' R v
. . . .
" Unilateral Temporal-Lobe Lesions
Unilateral anterior tempor.al-lobe removal is performed W

for the felief,of long-standing epilepsy. <The excision includes
the anterior éemporal neocortex,-and most or all of the uncus

and aﬁjgdala, together with varying amounts oflthe hiépocampus‘;'
and parahippocampal gyrus (Penfield & Milner, 1958). Residual
neurolggic deficits may include a partial, or complete,‘contralatgr;l?
upper—quadrant visual-field defect, the extent of which depexj%sv

upon the variable course of the fibres of Ehe.opticlradiatiohs,

o

as these pass anteriotly around the temporal horn of the lateral
‘ ' ’ * )

ventricle (Marino & Rasmussen, 1968) With rare®exceptions,

the patients_who have undergone such \surgery are otherwise , *

neurologically intact. When the excision is from the language-

dominant hemisphere, great care is taken to avoid direct of

-
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indirect damage to the posterior speech zoﬁe, thus guarding

against the occurrence of any las ing postoperative dysphasia

o

(Milner, 1958). \ \\\\V '
i ] i i s to~be the

The IQ distribution for such patients appear

same as the distribution in the normal population /Milner,'
1967). The patients have normal immediate-memory spans for

both verbal (Milner, 1958) énd non-verbalw(Coréi, 1972) material,
The ,temporal-lobe ablation does, however, exacerbate pre-existing
material-specific pesrceptual and memory deficits, whieh vary
with the side of the~lesi03 (Milner, 1958uy

-~

Perceptual and Cognitive Deficits

Patients with temporal-lobe ;esions exhibit mild perceptual

A

and cognitive disorders that suggest a slight difficulty. in

gaining access to information stored in semantic memory.,

Thus patients with temporal-lobe excisions from the left,

l &

language domlnan§ hemisphere are impaired in their ability

to 1dent1fy draw1ngs of famlllar objects when these are presented \

tachistoscopically (Kimura, 1963). They are also impalred

iﬁ the ragid classification of drawings\(or names of objeets)

as living or man-made (Wilkins & Moscovitch, 1978), although

/" they are unimpaired in the{y ability to classify similar stimuli

[ as representing objects larger or smaller than a cha%rf’ Jaccarino-
Hiatt (1978) also found differential effects for left and ‘

right temporal-lobe groups in their categorization of words

I

ns. Subjects tested after left temporal

N
and nonsense des

lobectomy used fewer Yword- than design-categories, whereas
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the reverse was true for those tested after right-tempofél
lobectomy. This finding is weakened, however, by the fact
that neither group used significantly fewer categoriesvthan
the normal control group on either of these thsks.
Milner (Note 1) finds that pqgignts with left temporal-

lobe lesions perform rather poorly os Newcombe's (1969, 1973)
semantic-fluency task, which requires subjects to enumerate
objects, then animals, then alternating birds and colours,
at 60 seconds for each set. It is particularly interesting z
that left temporal-lobe patients are worse at this task than “g'
ére those with left frontal-lobe lesions, givén that the latter
patient group is markedly impaired on a symbolic-fluency task
that requires producing words thaé begin with a particular
~letter {(Milner, 1967). In contrast, the left temporal-lobe
group'shows little or no deficié on this lattér fluency measure
(Milner, 1964, 1967). The difference between the two- tasks
appears to be that the first requires a search of semantic
memory, whereas the second involves a lexical search (Collins
& Loftus, 1975; Guilford, 1967; Jones-Gotman & Milner, 1977).

For patients with righ£ temporal-lobe lesions, some of
the earliest, and best-replicated, findings have been the

[ - .
mild perceptual difficulties that these patients exhibit when

required to interpret complex visual material. Thus they
perform poorly on tests that require the comprehension of

skatchy or incomplete/drawings, such as those of the McGill
q’ .
Pictyre-Anomaly Series (Meier & French, 1966; Milner, 1954,

3
0




u1958,'1968) and the Mooney Closure Test (Lansdell, 1968; Milner/
1980). Such disorders can be interpreted as a mild difficulfy

in gaining access to semantic memory. The patients are also
impaired‘at spotting quickly the "odd man-out" f;om amopgst
four sets of fragmented concentric circleé\éMeier & French,
1966), and at recognizing overlappﬁng nonsense shapes when

these are presented tachistoscopically (Kimura, 1963).

Memory Deficits

In comparison with the mild perceptuﬁ} and céénitive
deficits found after unilateral temporal lobectomy, the memoéy
deficits are substantial. Patients with left temporal-lobe:
lesio%ﬁ/;re eften very much aware of their poor verbal memory,
particularly if their jobs require them to remember verbal
material. Left tempora} lobectomy\has been 'shown to impair

vYerbal learning and verbal memory (Meyer & Yates, 1955; Milner,

1958), regardless of whéther the words are spoken. or written

(Blakemore & Falconer, 1967; Milner, 1967), and regardless

’

of whether recall or recognition is tested (Milner, 1958;
Milner & Kimura, Note 2). The verbal-recall ébility of such
patients is impaired both for drawings of common objects (Jaccarino-

Hiatt, 1975; reported by Milner, 1978) and for real objects

~

+(Smith, 1980; Smith & Milner, in press). When recall %r.recognition

is tested immediately after presentation of the test materials,
A ‘ - .

any deficits are usually mild. When a delay intervenes, however,

the verbal-memory deficits are moréimarked (Milner, 1967).
W
Memory for such non-verbal material as faces (Milner, 1968),
b

=
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melodies (Shankweiler, 1966) or nonsense pattérns (Kimura,

1963) is typically normal.

[ ° -

Patients with excisions from the right gemporal lobe
are’impai;edvin the learning of, and memory for, auditory
and visual information that is difficult to code ;erbally.
This includes both Yecall and fecogni?ion of cémplex_visual
patterns (Kimura, 1963; Milner,.1975; Taylor, 1969, 1979)
and tunes (Milner, 1962a; Shankweiler, 1966). /Tgese patients
are a}so impaired in the delayed recall and r%cogﬁition of
drawings of common objects (Hiétt, 1975; in Milner, 1978) -
and in the delayed recall of toy objects (Smith, 1980, Smith
& Milner, in press). Such findingd, of course, have provided
good supporting evidence forlthe existenée of separate, material-
specific memory-systems, which play a complementar§ role in '
/the storage of new information (Bower, 1970; Haber, 1970;

Paivio, 1969, 1M71; Shepard, 1967).

Effects of hippocampal excision. The extent of the removal

in a unilateral temporal lobectomy is determined at the time

. ¢
of operatiion by’takiﬁg into aceount the observed physical

condition of the brain, together with the electrocorticographic¢
findings. The extent of lateral neocortical excision can
X )

vary indebendently of the extent of removal in the more mesial“
areas, incldéing the hippocampus and parahippocampal gyrus."

» -
Because of this vaqiation, it has begn possible to compare
the,perfo;mance of subgrodps of patients whose excisions differed

«

, . . A N .
only with regard to the extent of hippocampal removal. On



- large higpocampal excisions (Groups III and IV). Subjects

A

READ_ 10

" certdin types of learning and memory tasks there is a clear

posftive correlation between the extent of hipéodampal g;qisioh
and the level of behawioural impairment. )

Milner (1967) first suggested.that the degree of'berbai
memory difficulty observed after left temporal lobectomy might
deéénd,’in‘part, upon the extent of hippocampal removal.

The most systgmétic evidence for the role of the hippocampus
comes, however, from work of 'Philip COfSi (1972; Milner, 1971,
1972, 1974, 1978), the understanding,-of'which is critical

to an appréciqtion of this thesis. Coési divided his left

and right temporal-lobe groups into four subgroups, based

upon the surgeon's report at the time of operation (see Milnef,

© 1971, 1972, 1974). Patients in Group I had-complete sparing

of the hippocampal region, or less than'l/3 of the pes hippocampi
Uéemo;ed; Group II subjects had removals that included from

1/3 to all of éheupes hippocampi; Group III batients had the

pes and up to 1 cm of the body of the hippocampus exc1sed ,

and Group IV comprised'all patients with more radical excisions
B
of the hippocampal region. Using a modified version of Hebb's

1

§1961;kMe1ton, 1963) recurring digit-sequence task, Corsi

\
showed that the only groups that failed to learn the recurring

supraspén sequence wete the left temporal-lobe patients with

in left temporal-lobe Groups I and II did learn .the sequence,

although more slpﬁiy than normal subjects. On a verbal-memory
< -

task requiring the recall of nonsense trigrams after a filled

4
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[}

delay—fﬁterval (Brown, ,1958; Petérson & Peterson,-1959), Corsi //
found graded deficits for the four left temporal-lobe subgroupsﬁ/
the severity of the deficié,depending upon the extent qf hippocampg}
excision. Patients in Group.I were only marginally impaired

on the task, None of the right temporal-lobe subgroups showed

¢

an impairment on either the supraspan sequences or the trigrams
task. ‘

S, \ : L

Patients with right temporal-lobe lesions perform oertain

8

[

learning and memory tasks poorly, regardless of thé extent”

LY

of hippocampal excision (e.g., Kimura, 1963; Milner, 1962a;

Shankweiler, 1966; Taylor, 1969). On other tasks, however, o
. £

this is not the case. Thus patients with right temporal lobectomy

show deficits in stylus-maze learning, both visuai'(Milner,

1965) and tactual (Corkin, 1965) when, and only when, there

has been a radical excision of the right hippocampus and para-
¥

hippocampal gyrus. Corsi (1972) again provided the clearest

\

eyidence‘fprnthe differential effects of hippocampal excision
in tzgse'patignt groups. On a visuo-spatial analogue of«the = ..
recdrring-digits task, which,involvgd learning a supraspan
spatial sequence (tapped out on a randomly-arranged set of
blocks), only right temporal-lobe subgroups III and‘IVKfailed‘
to learn the recurring sequence. On a visuo—spatial'memory

task, derived from Posner and Konick (1966), subjects had

to recall the exact position of a dot on a line, after a filled

time-interval. Once again, only the patients with large right
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impaired with the longer (24-second) delay intervals. 'Raing
(1981) h;s now extended Corsi's findings to the. somesthetic
domain, Inya tactual analogue of thg Posner’aqd Konick (1966)
task, Rains had subjects reproduce the spatial location of

a pin that was positioned ipside a cork circle; ' only the right

t
.

temporal—-lobe subjects with largé hippocampal excisions showed
a deficit on this task. Smith (1980; Smith & Milner, in press)

has ‘also found that onl&fthe patients with large right :nippocampal

., ®

excisions were impaired in the immediate recall of the spatial
location of 16 common objects. Patientg with left temporal-
lobe excisions'perform all thse tasks normally, regardless

of the extent of hippocampal removal.

Up to this point fhere is clear evidence for the importance
of thg hippocampus in the performance of taskg where the amount
off information to be remembered exceeds span capacity, or-
where a limited amount of information m;st be Eememﬁered after

U ?
a filled delay-interval. 1In general, the effects of hippocampal

1

‘excision can be characterized as deficits inwerbal learning

- and verbal memory for patients with left-hemisphere lesions,

and deficits in spatial learning and spatial memory for patients
with correspondiné lesions of' the right hemisphere. Patients
with comparable lesions of the temporal néocoréex and'amygdala,
but with the body of the hippocampus spared, show minimal '
impairment on thése same tasks. )

Other findings, though, suggest an additional role
-for the right hippocampal regfon; namely, ih the re-evocation

o i
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pairs (Jones-Gotman & @/lner, 1978). In contrast, the same

. v ) . .
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A
of visuo-spatial information in ciggﬁmsyances where this can
proside a supplementarg‘aid to verbal memory (cf. Miiner,
1978, 1980). Smith (1980; Smith & Milner, in press) found
deficits for both 6f def temporal?lobé groups in the delayed
recall of the names:of 16 common objects, which had been seen
oridinally in a spatial array. For her right temporal-lobe

subjects, however, the deficit was restricted to the subgroup

with large hippocampal exc?51ons. . ones-Gotman (Jones, 1975;

Jones-Gotman, 1939) had subjects raie a set of words for their

-’y imageability. She ‘then tested 1nc1dental learnlng/ﬁ//these

Cat

wérds, and found, for he glght temporal lobe subjects, that

\
She has also shown dlffere tial losses taat depended upon

tha extent of rlght hlppoca%pal exdision’gon a task where

the subjects were required éO use ima ery| as a mnemonic aid
J

in the recall of highly—imﬁg%@ble words (Jones, 1975) or word-
> -

\

right temporal-lobe paéients were not impgired on a more difficult

—

associative-learning task, where they wereé required to use

! "“‘ ‘

a verbal mnemonic (sentence-mediation) as an aid to the recall

\

fof pairs of abstract words'(Jones—Gotman & Milner, 1978).
[} ' "jhv." .
‘In none of Joheslq§pman's tasks did the temporal-lobe subjects
= _ S ,
have any difficulty in making appropriéte judgements about

imageability, or in generating mnemonic, images. The deficit,

f R B
for the right temporad-lobe group, came out when the re-evocation
of such images would normally have provided an additional

' o M !
.

P
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aid to verbal memory. In contrast, although Jones-Gotman /

* found that using an imagery mnemonic improved the péfformance
of her left temporal-lobe subjects, they‘wé;e still impaired
on these highly-verbal tasks, with no relationship being found

between the extent of hippocampal excision and the degree

of memory impairment in this gyoup (Jones, 1974, 1975; Jones~— ¥

Gotman & Milner, 1978).
All of these findings go to suggest that the radical

excision of the right hippocampus interferes with the retrieval

of V{sual information, where this would normally be used as

4

an aid .to verbal recall (cf. Bower, 1970; Paivio, 1969, 1971;

-

7" paivio & Csapo, 1969; ghepardJ 1967). A complemenhtary mechanism

might exist involviné the left.hippocampus. A strong prediction,

[ 4

based on the evidence presentéd above, is that it should be
possible to create a task on which left temporal—l;be patients
with large hippocampal excisions would be differentially impairea.
Such a task would involve igarning of, or memory for, visuo-
spatial material, ih cifcumstance§ where verbal recoding would
normally be effectiveaas a mnemonic® aid in the recall or recognition
of the visual informatigi.

i ] S

Effects of Bilateral Hippocampal Excision

‘

The most compelling findings in support of at least
a -two-process theory of memory came originally from the study
of subjects with bilateral lesions of the hippocampal region

(Milner, 1959, 1962b; Penfield & Milner, 1958; Scoville &
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Milner, 1957)% 1In partiéular, the" case of the patien% ﬁ.M.
has frequently been cited és providing strohg evidence in \
favour of the STS-LTS dichotomy (Atkin?on & Shiffrin, 1968)% i
An extensive review of the experimental findings/for this ¢
patient is included here, because he pfovides one of the purest
examples Of an amnesic syndrome of limbic orig}n, uncomplicated

bye the effécts of neocortical damage. H.M. alsﬁ shows the .
clearest dissociation between a spared span-component of short-
_term s£or§ge and a profoundly impaifed intermediate—-memory
component. At the age of 27, this patient underwent bilateral
removal of the mesial temporai—lobe structures (including

the uncus, amygdala and major part of théghibpocampus and
‘parahippocampal gyrus, but spariﬁ§/%he lateral neocortex).

Since this operation, which was carried out for the relief

of long-standing epilepsy, H.M. has exhibited a profound antercgrade
amﬁesia, having extreme difficulty in learning or remembering

most kinds of new informatsion. His Full-Scale IQ is, however,’

: ! " . .
sllghtlynabove average (and higher than it was preoperatively).

-

He has been reported to show normal comprehension of language, )
even to the extent of understanding jokes whose point hinges

on semantic ambiguity (Miiner, Corkin & Teuber, 1968). Jaccariro- -
§

Hiatt (1978) reported that H.M. showed normal sorting and &

categorization of nonsense drawings and words, despite being

unable to recall’?r remember any of them subsequently. All -
of these findings support the belief Ehat'H.M. has adequate

access to his premorbid semantic memory system. On most tests

i, \
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1

of ﬁerceptual ability he shows averagé, or qbove—average per formance.
‘One apparent exception to this is his poor performénce on

the Gottschaldt Figures test (Milner et al., l9é§). Ho&everL
this task may involve a short-term:storage co;ponent (Milner

et al., 1968). Unlike patients with right temporal-neocortical N
excisions, he shows no impairment on the McGill Picture Anomalies
Series, or the Mooney Cl?;pre Test (Moery, 1956)j Unlike

patients with left temporal neocortical excisions, his recognition
of tachistoscopically presented letters 1S\pormal (Kimura,

1963; Milner.et al., ¥968). In common with other amnesic patients
(Warrington &‘Welskrantz, 1968, 1970), he has been able to

learn to recognize 1incomplete drawings of objects (Gollin,

1966), and he shows savings onfkhis task when fetested as

S

much as three™fionths later {(Milner, 1970; Milnér et al., 1968). a

’

H.M. has an equally well-preserved abi;iﬁgffo attend

to, and retain (albeit brlefly)x\new lpform tion that 1s within
his span of attention. His digit span (6) 1s #n thétiow—normal
range, but 1s better, by one digit, than it was preopera‘tivel‘?sé
(Scoville & Milner, 1957). His span for a visuo-spatial block-
patterﬁ is afso within the low-normal range (5 blocks; Corsui,
1972). He is, however, unablé to learn a digit séquence or

4 visuo-spatial block sequence, once the number of items exceeds
his span (Corsi, 1972). H.M. can remember subspan verbal
information for a period of minutes, as long as he is allowed

to rehearse 1t cont:nuouély (Drachman & Arbit, 1966; Milne},
1959; Sidman, Stoddard & Mohr, 1968),'but once his attention

5

~
‘ - 2
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has shifted_to something new he is unable to gecall the previous
information. It is of particular interest that he was able

5 «
to employ an elaborate r%coding strategy to help him retain
success%q}ly a subspan number séries over a l5-minute interval
(Milner, 1959). VYet, after he had been momentarily distracted,
Qe was unable to remember anything pf the number sequence,
or of the elaSﬁgate mnemongé system that 'he had used t&‘help
him retain that sequence. He showﬁf no evidencé of learning »
on a 28-choilce maze, even with exten51ve¢z;ertrain1ng. However,
when the total number of ind1vidual steps was reduced to fall
within his memoryospan, he was able to learn, albe1t~very
élowly, a Slﬁple v1sual‘9f tactile maze (Mllner et al., 1968).
On thé former task heﬂé%ill showed significant savings when e
retested two years later (Milner, 1970). )
On all tests of recognition of non-verbal ;tlmq}i, H.M.'s

performance fell to chance level when the delay interval exceeded

PR

30 seconds. Thus, Prisko (196;), using the Konorski (1959,
1967) delayed—paired—compa%lsdn procedure, foundlthat H.M. -
was performing at éhance in his recognition of shades of red
or flashes of light for any interval beyond 15 seconds. He
was slightly bﬁiﬁéﬁ at recognizing clicks and tones, being -
able to span a 30-second interval at above-chance levels.

H.M. was also markedly impaired on a ta;tlle delayed
matching-to-sample task involving recognition of bent—wi;e
shapes (Milner & Taylpr, 1972). ., In the original task, designed

tgkevaluate non-verbal memory in Sperry's commissurotomized

! 1

N v
E4 kl
K]
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subjects (Gazzaniga, Sper}y & éég;n 1962, 1963), four shapes  °
were used as the recognition set. All seven of the commissur- °
otomized subje5£s were able to match the shapes with their

left hands at 0-delay, and four of them were successful with
their left hands after a !l20-sec¢ond délay. 1H.M&, although

able to do the task when éhere was no delay, requiréd exteégive
training to bridgeléven a 30-secondidelay when ﬁod; recognltioﬁ\&
items were used. ' Even when the numbe£ of choices was }edhced

to three, h?s penjprmance_@id not improve, In contrast, patients
witﬂ_a varlety of unilateral neocostical lesions showed no
pairment on these same tasks, even Qlth;delay int@;vals

J

of longer than 128 seconds. ' (’
. "owe
The findings of Sidman, Stoddard and Mohr (1968) are
particularly interestingh in that these authors . were.able

to measure the degree to which a stimulus still exerted control

. over H.M.'s behavior, after varying delay intervals. They

trained him initially to chogse a circle from a set of ellipses,
. <

in a dfécrlminatlon—gradlent procedure. His performance on -
this part of the task was considered to be within the normal

range. Following this, he was tested on a delayed matching—

“

tp-sample task, usfng a set of eight ellipses as the samples.

»

The deléy interval was increased by 1 second after each correct™

N 1

N i d
choice, and reduced by 1 §econd after each error\5 H.M.)wa§y¢=<

only completely correct in his choices with delayz\up to 5

" seconds. Analysis of his error choices, however, showed that

the sample still influenced his responses at déqus of up

o i g




‘what he has seen or heard in the recent past, H.M. has been
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. \\b/"’"‘"

to 16 seconds. Two normal children, used-as control subjects,

}

13
showed no evidence of any deterioration'in their petformance,

even with delays of 40 seconds, the longest interval sampled.
\ ! .
In contrast to his almost total inability to femember

|

[}

! "
.

able to learn and remember, quite well,mggg to do certain
tasks (see Cohen & Séuire, 1980; Ryle, 1949; Winograd, 1975; -
for discussion of this issue)/, H.M. showed improved performance,
Q?eF{days, in %earning a mirror-drawing task (Milner, 1962b), v
a ro%;ly-pursuit Eask and a bihanual"tracking task (Corkin,

) ’élthéugh he did not /remember having s?en any'oﬁ the
tasks previously. It has‘ eén suggested that learning, a gjnesthetic

/

from-that which mediates learning of verbal or visuo-spatjial

or motor 'skill may be:mediated by a diffetent brain syste
< p

information (Posner,'lQGG, 1967; Posner & Konick, 1966).
o :

Howeveér, H.M. also shows normal learning, and 3-month tention,

of mirror-reading skills (then & Squire, 1980). He
been abie to learn éhe ;dles and procedures necessary
perfogming certain complex tasks (Cohen & Forkin, 1981), such
as the To@er of Hanoi problgm (Lindsay & Norman, 1972). ‘ _

'.; Milner (1958, 1959, 1962b) notes that, for normal individuals,
many experiences are retaineé automatically in short-term
ftorage without having to be kept constantly in conscious
awareness. ' She goes on to suggest that it is this, initial

short-term storage that makes long-term storage possible (Milner;

1959, 1962b), and that bilateral'hippocampal lesions appear
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t# interfere specifically with such automatic short-term retention.

Rom Fﬁrther support for this view comes ffom the work of Wickelgren
L] . : . -

{1966, 1969). On the basis of the gg{forhance of normal subjects

/én a pitch-recOgnitioﬁ tésk,lWiqkeigren had postulated the
f 1 .
/existence of an intermediate-term memory system, Which was

<

b { distinct from the short-term or span system. After .testing -
e

H.M. on this same task, Wickelgren (1968) concluded that H.M's

r

/ per formance %powed no evidence of this intermediate-term component.

¢ , *
/ In summary, unilateral lesions of the anterior temporal

neocortex produce material-specific perceptual and memory

3

deficits. Such deficits are considered, here, to be a’ consequence

i

of a decreased ability to gain access to information already
) ]%fored in semantic memory. In this sense, the deficits are o
considered to be in the initial encoding, rather than in the

storage of information. Excision of the hippocampal region,
. %, .
in conjunction with the temporal neocortex, can result in -

+

.additional materiaifspecific learning and memory deficits

that appear to be the result of a decreased ability to retain
new information in short-term storage. The éé@cial contribution
of the hlppocampﬁg reglon4$o memory is seen 'most clearly in

_ the amnesic patient, H.M., wh@se/bilaterai\excision was restricted
B e N -

-

to the'mesfbl-temporalxgieas. Hisffhmediate span is normal, '

‘ for both verbal and non-verbal information, He appears to-’ "

r
y -

have a normal ability to gain access to information stored -
, . ’ .
in semantic memory. In contrast he is profoundly impaired

in his,ability to retain any new information that exceeds

Fa




z
ts

" READ _ 21

his span, or jto recall or recognize sdbspan information once

it has left his conscious awareness. .
! d v i
. . ‘ Unilateral Frontal-Lobe Lesions

Unilateral frontal lobectomy, when carried out for the

relief of focal‘epilépsy, appears to have little or no detrimental
effect upén overall level of intelligence (Hebb, 1945; Milner,
1963, 1964). Patients with frontal-lobe lesions have also

been shown' to’'perform normally on a wide varigty af perceptual

and memory tasks, involving both verbal and non-verbal memoranda

(GHent, Mishkin & Teuber, 1962; Milner, 1967, 1968, 1972).

Yet the effects of a frontal-lobe lesion are easy .to

- detect clinically. Patients with severe traumatic lesions,

l . ot

or with large frontal-lobe tumours, are characteristically

described as being disinhibited, perseverative and stimulus-

bound (Luria, 1966; Luria & Homskaya, 1964). In pétients

&

who have hndergone a planned cortical resection for the relief

N

of'epilegsy, similar effects are discernible, though in an

attenuated form (Milner, 1964). Some years ago, Konorsk i

(1967, pp. 490-503) suggested that a major part of normal
froétal—lobe function was in the control of ongoing behaviour,
such as planning a course of action for the coming day, and
t?en keeping track of what has been completed and of what
still reﬁahns,to be done (cf.déribram, Ahumada, Hartog & Ross,.
1964). It is particularly in these aspects ofmbehavio%éythat

patients with frontal-lobe lesions appear to have most difficulty
1
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iﬁ their daily liqu In\what follows, it will be seen-that
such patientE also show a marked impairment in experimentdl
situations that require them to plan a course of actioh, or
to keep track of what they have, and have not, done (Milner,
1971, 1975).

Studies by Milner and her associates (Miiner, 1963, 1964,
1952; P;isko, 1963) have demonstrated that patients with unilateral
frontal-lobe excisions for epileps& show no impairment on
many tasks on which patients with temporal-lobe lesions do .
pcorly. Thus, on most tests of recall or recognition, patients
with unilateral frontal-lobe resections perform normally, @
as loeng as a set of non-repeating test items is used (Milner;

1964, 1972; Prasko, 1963)y. In contrast, when a limited number

of test items are-presented repeatedly and, a Qecig:§n has

to be made about each one, frontal-lobe-patients are often \
markedly -impaired (Milner & Teuber, 1968). This Tinding has )M
been demqnstrateg for delayed palred-comparison tasks (Milner, |
1964; Prisko, 1963), continuous-rgcognition procedures (Kimura,
l96§; Milner, 1964; Milner-& Teuber, 1968; Milner, Taylor

& CorkKin, Note 3), and tests requir}ng judgements of temporal
¥ecency (Milner, 1972). On certaln memory tests a lesion

of the left frontal lobe results in a more severe impairment

than is found after a lesibn of the raight froptal lobe. This

has been shown nicely by Petrides (Petrides & Milner, 1981),

using a task in which patients are shown sets of high- or | ‘

-y

. LT .
low~imagery words, drawings of common objects, or abstract

/

\
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designs. Initially, the same six items are shown, in different
locations, on six different pages. The subject is told to
touch any item on the first page, then to turn to the next
page and touch a different item, and so on, trying nev;é to
tohch the same item more than once during the course of that
set. Then the test is repeated, with new arrapgements of
the’same s1x items having to be touched again, in any order.
The procedure is then repeated a third time. Following this,
eight new items are given, with the same task instructions,
and then ten new items, and finally twelve new items. On
this task, which %equires both planning a few moves ahead,
and. monitoring of ongoing behaviour,’Petrides's left froqtal—
lobe group was impaired, irrespective &t theflype of test
materials used. His right frontal-lobe group, in contrast,
was only impaired on the l2-1tem list of the drawingg_and

N

of the abstract designs.

©

On tasks where there is a major spatial comggnent, as
in the learning of visual or tactile m;zes (Corkin, 1965; ":
Milner, 1965), patients with right frontal-lobe lesions are .
generally more impaired than those with left frontal-lobe
lesions, thus reflecting the general role of the riéht hemisphere
1n the successful performance of spatial tasks. Petriées
(Note 4) has adapted conditional-response tasks (which produce
a major déficit in non-human primates éfter’bilateral fron£al
lobe excision; e.g., Goldman & Rosvold, 1970) for use with

o

patients. In such tasks subjects are required to discover




N

24 :

S,

by trial and errdr, and then remember,'how’two sets of stimuli .

2

have

between any of the stimulus and lesponse items. Petrides

been paired off, when there are no natural associations

X . . ’A . . . ) !
has demonstrated marked associative-learning deficits on this

type
" i ~ lobe
were

more

oy
= 4

of task, for groups of patients with unilateral frontal-
lesions. Where the vfguo—spatial'aspects of the task .

of primary importance, his right frontal-lobe group was
severely 'impaired than his left frontal-lobe group.
: ’ 4

!
“In summdry, the effects of frontal-lobe lesions on learning

of a

'+ lobe

processes of working memory are specifically affected by frontal- >

~and memory are most apparent where the planning and monitoring

«of ongoing behaviour are important for successful completion

¥ .

task. Th%s has led to Ehé suggestion that the control »
’ N

]
lesions (Konorski, 1967; Pribram et al., 1964), whereas ,
|

it may well be that the short-term storage aspects, per se,

are intact. , . . ,
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THE PRESENT INVESTIGATION

»

The experi%&éts to be reported here were designed to explore

further the &ffects of unilateral temporal ;obectbmy on learning

‘and memory. More specifically, they were designed to evaluate

-

the relationship between encoding and storage of verbal information
in patients with temporal-lobe lesions, ;nd to assess the

effects of léft temporal lobectomy on the maintainance and’

storage of néw information in wQFking memory. In addition

to the groups,of control éubjec£s and of patients with unilateral .

neocortical excifions, the patieﬁg H.M., who underwent a bilateral

removal of the mesial-temporal reéion, was also tested on w

the word-generation and absolute-judgement tasks. His performance

provides a reference-point from which to éssesggghe exteng

of the memory d&stﬁfbance.that»can follow unilateral temporal

lobechmy. . ’

~

Subjects

Each of the patients studied had undergone a unilateral
brain opération at the Montreal Neurological Hospital, the
opegation being carried out for the relief of cerebral seizures,
In the majority of cases, thé tause of the seizures"was focal
cerebral atrophy dating from birth or early life, although
a fewncases of indolent tumour and one case -Of adult head
trauma were also included: Patients with diffuse cerebral
damage, or with fast-growing tumours, were excluded, as were

4

cases@gf'bilateral independent electrographic abnormality.

A

*
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{ " .
Because Wechsler-Bellevue Intelligence and Memory Quotients
were known for a}l patieﬁts, it was also possible to eliminate
those patienté with Full-Scale IQ ratings below 75. This

%y»{eft a total ofiiOS patients, 14 of whom weré’subsequently
excluded because pre-operative .intracarotid Amytail tests
had shown them to have atypical representation of speech (Wada.

& Rasmussen, 1960; Branch, Milner & Rasmussen, 1964).

Main Subject Groups

’

~

Of most interest 1in all of the experiments to pe reported

3

/ ' here was the pertormance of the 68 patients who had undergone

a unilateral anterior temporal lobectomy. Of :this group,
H
}4 had excisions from the left hemisphere, and 34 had excisions

e
‘
t

-

from the right.

Left temporal-lobe group. In the patients tested after’

-

* left temporal lobectomy, the mean extent of removal along

,the Sylvian fissure’was 4.7 cm, ranging from 4.0 cm to 6.0

4

\ Cm, and the mean extent along the base of the temporal lobe

was 5.6 cm, with a range from 4.0 cm to 7.5 cm. The amygdala
A -, .
was said to hawve been completely removed in 30 cases ahd partially

. [
removed 1n 4. For 12 patients (subgroup LTH), the removal
3 4

4 .
included the pes hippocampi plus part of the body of the hippocampus.
The remaining 22 patients (subgroup LTh) had had smaller hippocampal
excisions, including four patients in whom the hippocampus

) L]

-

lSodium amobarbital. Elyr Lilly and Company, Indianapolis,
Ind., U.S.A. .

PR
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had been_completély spared. The total group included ocne

case of hamartoma,bfour of indolent aétrocytoma,‘one of oligo-~

fiendroglioma, and onébcase.of closed head injury. Ten patients

were ‘see 'from two to three weeks post-operatively, the remainder .
)

being se in fd&&ow—up‘study, one or more years after surgery.

'Righa temporal-lobe group. For the patients in this
| ) ST .
group the hean extent of removal along the Sylvian fissure,
was 5.0 cm, with a range from 4.0 cm to 6.5 cm, and the mean

extent along the base of the brain was 6.1 cm, ranging from

4.5 cm to 8.5 cm. The amygd‘la was sald to have been completely

4

removed in 31 cases and partially removed in the remaining

3 cases, Thirteen patients (subgroup RTH) had had remoxals

that included the pes plus some portion of the body of the
hippocampus; the remaining_21 (subgroup RTh) had had smaller
hippocampal removals, 1nclud1ng one case in whlch the hlppOcampﬂs
was completely spared. The rlght te%poral lobe gr0up included
one case of hamartoma and three cases of indolent astrocytoma.
Fifteen patients were seen from two to three weeks after opération

and the remainder one or more years later.

" Normal control group. Twenty-four right-handed normal

control subjects were chosen to match the temporal-lobe subjects
; h

.

as closely as possible with respect to sex, age and level
of education. Their 'intelligence was not assessed.
g

Table 1 shows the distribution by sex, age, and education

for the normal control subjects and the temporal lobe patients,
2 i’
@
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' ‘ Main Subject Groups '
AN = ‘ < 5
: Sex Age(yrs.) Education(yrs/) Wechsler I.Q.
. .
G'r-oup M F Mean Range Mean _Range Mean Range
. @
Left temporal® 17 17 29.6 19-50 12.4 7-200 108.2 92-131
S~ Right temporal 19 15 27.7 16-48 11.9 8-18 113.4 79-134
Normal control 12 12 28.6 17-52 13.3  10-18 Not Assessed
L, ‘ '
i /
{ 4 .
) \
' w0 '
* ’
}‘ o4
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f
together with Full-Scale Wechsle% IQ ratings (taken from the

—~

most recent assessment of each patienﬁ) fbr the/temporal lobe
groups. The composition of the two temporal-lobe groups varied

somewhat from experiment to experiment, because the research
}

AY

was concelived progressively. Tables showing the number of

subjects participating in each task are given in the Appendix.

Patient H.M.: Bilateral Medial Temporal—Lobg Removal

-

» In addition to-the patients with uﬁilateral temporal-

/ lobe excisions, then;atient H\y. (Scovillé & Milner, 1957),
who had undergone a radical bilateral medial temporal-lobe
resection for the relief of medically intractable seizures,
was also tested on tﬁe word-generation &nd absolute-judgement
tasks. 1In his\caée, thefsurgical excision was said to have
extended posteriorly along the medial aspect of the ;emporal
lobes for a distance oﬁ 8 cm, destroying bilaterally the‘ante ior
two—thigds of the hippocampus and parahippccampal gyrus, togethe)r
with the uncus and amygdala, But sparing the lateral neocortex.
‘At éﬁe time of testing (27 years after the operation) H.M.
was, 54 years old, with a Wechsler-Bellevue I.Q. of 104 .(Verbal

97, Performance, 108) and a Wechsler Memory Quotient of 64t

Additional Subject Groups

3

i

The additional subjectsncémprised 23 patieﬁts with unilateral
frontal- ,®parietal- or occipital-}obe lesions. ggese‘subjebts,
were included "in the experiments that éomﬁt%&e Part II of
the thesis.. Table 2 shows the sex, age,leducation and mean

=y

Full-Scale Wechsler I.Q. ratings of these patients, grouped

} ‘ ) \\\\\\
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. Table 2
Additi;nal Sub}ect Groups
\ i
D Sex ‘Age(yrs.) Education (yrs.) Wechsler I.Q.
s 4 .
. Group M F Mean Range Mean R&nge ¢ Mean Range:
Left froptal 3 2 31.0 17-46 8.8 = 5-11 100.6 92-110
Left fronto- )
temporal 0 3 28.0 17-43 15.3 13-17 110.7 101-124
Right frontal 4 5 25.1 12-51 10.6 16—14 100.3 85-114 -
"Left parietal. 2 0 * 31,0 27-35 . 15.0 Hl4-16 106.5 96-117
Righ§ parietal 2 1 _ 28.7 28-30 15.0 15—20 ldl.O 80-112
Right occipital 0 1 11.0 n.a. 6.0  n.a. 93.0 n;a._ 3
N |
= <

v
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accordlng to side and site of lesion. '

Left frontal-lobe group. Figure 1 shows the cortlcal

excisions for four of the five patients with lesions restricted

to the left frontal lobe. No brain map was available for " .

the fi'fth patient (Su.Gi.), who had had an.arterio-venous

@

" malformation removed from the left parasagittal region. The
removals ranged from small parasagittal excisions (e.g., Al.Qu.),

!

to more radical’fronﬁa lobectomies that stiil alwaysispa}ed
Bréca's area, (Hu.Ma.). The epileptogenic -lesions in this
“”§\ group of patlents included pne hamartoma (Ch.Kn.) and one
case of hamartomatsﬁﬁ ganglioglial dysplasia .(Hu.Ma.).

Left fronto-temporal group. The removals in the three

patients who make up this group are shown on the right of .

Figure 1. In no case did the temporal-lobe excision extend

-

mesially beyond the pes of the hippocampus. Included in 'this

|
|-

grohp;is one case of indolené astrocytoma (Je.Ga.). One 5€her
patient (Su.Kr.) bad had a‘thgome§gd angioma, situated where
. Broca's area would normally have been. 'Preoperative sodium
Amytal tests revealed that most, and probably all, of her
'speféh was represented in -the left cerebral hemisphere. ‘The “
left-sided speech representation was confirmed at operation,

’ ’ dysphasic errors being elicited’ by electricai stimulation

of the cortex énterior and superidr to the lesion. The exdfsion
itself, although followed by a transieﬁé post-operative dysphasia,

B \ '
did not cause aﬁg permanent impairment in speech. Since the

K\‘

results éfom such a small group cannot be analyzed separately,
/
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Figure 1. Left frontal-lobe and left fronto—témpobal grouns: brain’
k \ mavs based on the surgeon’s cdrawings at ‘the time of L
' " operation, showing (in blac':) the estimated lateral -
extent of cortical extision. The brain mans on the le®t
~ side, and at the top right, are those for the left  won:a’ .

‘ lobe group. The remaining three maos on the right sile

- ,are those for the left fronto-temporal grouv: All excis-
- iors spare Broca's area, as manped out by relectrical stim-
'K ulation. (For patients Ch.Kn. and®Fu.Ma.: mesial asnedt

abovéf lateral asnact below.)  ° .

1 . ©
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. .
these cases are combined with the .other left frpntal—lobe

subjects for thé"purposes of statistical analysis.

Right frontal-lobe group. ngures 2 and 3 show the éo;t{cal

[

excisions in these nine patients. They rangégfrom small inferior-

dorsolateral (Da.Co.), or parasagittal (Ja.Ro.) rehovalg,

s ’ —

to radical lobectémies’(Gl;Mc.y Ma.Si.). In one case (Co.Ha.)

[

b

i ' -
but the hippocampal region was essentially spared. Included

\

in this grodp is one case of porencephalic Eyst (Jé.Bi.), ) "

. . 11 .
one case of tuberous sclerosis (Ja.Ro.), Edd one case of venous

@ ’
\ \

hemangiom§'(Do.Co.r.

« »

Left, and right posterjor-cortex groups. The removals

/
of! five of the six patients én‘these two groups are illustrated

in Figure 4. No brain map was available for the remaining

patient (Gu[Ch.), who had had a large (5-cm diameter) arteriovenous

malformatioh removed from the left superiér parieto-ocgcipital

1Y

‘region. One case of low-grade aéfrbcytoma (Yv.ﬁa.)°waé included

in the right posterior group.

o

&
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Figure 2. Right frontal-lobe group: estimated extent of removal
- in five of the vpatients from the right frontal-lobe
group. (For Ra.Mi. and _Co.Ha.: mesial aspect above,
- lateral aspect below.) : g ’ :
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Figure 3. Right frontal—loge groun (continued): brain maos
. showing estimated lateral and mesdal extent of
cortical excision in the four remaining patients.
from the right frontal--lobe groun. In Figures 1 "
to 4, scores to the right of each map show the
total number of errors made by that patient on
the associative—learning (AL) and absolute-judgement
(AJ) tasks discussed later in the thesis.

H 4
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Figure 4. Left and right posterior-cortex groups: brain maps
showing estimated lateral extent of cortical excision
in the two patients from the left posterior-cortex
group and the three patients from the right for. K whom
brain-maps are available. (De.Sa. and Ch.Jo.: mesial
aspect above, lateral aspect bglow; Br.Be.:-lateral
aspect above, inferior aspect below.) '
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Experiment 1: Word Generation

The first experiment explores the relationship between
the encoding of verbal material and its subsequent recall
by subjects who have undergone a unilateral temporal %obectomy.
The focus of interest of thg study was on the performance
of thehpatients %n“the left temporal-lobe group. w
The ability to understand&verbal information is largely
dependent upon our ability to evoke rapidly, and accurately,
the stored meanings of words contained in our semantic memory
system. The hypothesis put forward here is that a left-temporal
néocort;cal 1ézion impairs the ability to gain access to semant;g
memory. such an impairment would be expected to interfere
with tﬁe accurate semantic encoding of new verbal information,
and the verbal memory deﬁicit seen in sugh patients is considered
to be a coﬁséquence of that poor encoding. If this hypothesis
- 1s correct, E%ii: for left temporal-lobe patients who have
had the body of the hippocampus spared (subgroup LTh), a test
that ensures precise semantic encoding s;iuld offset tﬁe verbal
memory impairment that would otherwise be expected. A formally
similar éask that involves phoneti¢ encoding should result
.//iﬁ/gh? verbal memory impairment usually found in such patients.
In contrast,’patients with iarge left—hippoégmpal excisiong,
because of their reduced short-term storage cqpaéity (Corsi,

1972), should be impaired on both the semantic and the phonetic

tasks, even in immediate recall. Patients with right temporal
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lobectomy, given the highly verbal nature of the tests, should

show no impairment, regardless of the extent of right hippocampal
excision.

A variant of the Slamecka and Graf (1978) word-generation
task was developed to test these hypothases. In this task
subjects were required to generate a word list, having\beed
givén a cue word and the first letter of a target word. The
basis fof generating the words could be either semantic (e.g.,

a synonym; BIG? - L....), of phonetic (e.g., a rhyme; RICE?

~ N...). Normal subjects, on this type of t;sk, show significantly
higher levels of recall for the self-generated items than

do subjects who are given the same set of WOrdsvin a standa;d‘
depth;of—processing procedure (e.g., Does LARGE mean the same

as BIG?: Does NICE rhyme with RICE?; Slamecka & Graf, 1978).

The beneficial effects of generating one's own word list is' .
found for both immediaté and delayed testing and for both

rec?ll and recognition. This holds true regardless of whether
incidental or ;ntentional tests of memory are given (Dunlap

& Dunlap, 1979; Jacoby, 1978; McFarland, Frey & Rhodes, 1980).

Thig type of task seemed particularly appropriate for use

with temporal-lobe patients, because it requires the subject

to search for, and produce, a set of specific items from semantic
memory. i '

The rﬁyme— and §ynonym—§energtion tasks were given on

separate days, with blocked presentation, in order to heighten )

the expected differences in the performance of the LTh subgroup

'
N .
_ 5 P L % 3
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on the two tasks. 1In previous studies with normal subjects

.the two types of generation ‘tasks have usually been presénted
with rhymes and synonyms intermixed, in much the same way

as in the typ%cal depth-of-processing experiment (e.g., Craik

& Tulving, 1975).

| For normal subjects the first few items and the last

few items presented in a word list are remembered better in
immediate recall than are dtems from the niddle portion of

the list.’ It has been assumed that thése primacy and recency
effectijare gelated, respectively, to the long and short-term
storage components of memory (Atkinson & Shiffrinf}l968; Glanzer
‘& Cunitz, 1966; Waugh & Norman,  1965). Beqause of Jaccarino-
Hiatt's finding of a reduced primacy effect for patients with
large left-hippocampal excisions (Jaccarino-Hiatt, 1978; reported
in Milner, 1978, 1980)} and because of the thegretical interest
in thelkéle that the hippocampus plays in fhe transfer of

. . + R m"v:.’
new information to long-term storage, special attention was .

paid to the immediate recall of the first two words and the

' , > .
» ~/

. #
. last two words generated in each of thg two tasks.
. , P

¥ \
Test Materials and Procedure

Two sepafate sets of words were created for the rhyme-
and the synonym—éeneration tasks. For the phonetic task, '
16 pairs of medium or high~frequency words were chosen, such
that they rﬁwﬁed with each other and had at least one other

rhyme in common.(e.g., RICE-NICE-mice). Ten of the cue words
’ -
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had Thorndike-Lorge (1944) frequency ratings of A or AA, with
the reﬁaininé six words having an average frequency of 25.0
words per million (ranging from 4 to 45 words per million).‘
Nine of the target word§ had A or AA ratings, .the remaining

7 words having an average frequency of 30.1 words per million
(Eénging from 27 to 41 words per million).

For the semantic task, 16 pairs of words were used,
similar imr frequency of occurrence to the rhymes. The two
words in each pair were synonymous and had at least one other
synonym in common (e.g., BIG-LARGE-huge). Eight of the cue \\
words were Fated A or AA, with the other eight having ;ﬁ“average
rating of 25.8 words per million ]&anging from 2 to 48 words
per million). All but one of the target words had A or AA’"
ratings, with the remaining word having a rating of 39.0 words
per million. None of the target words in the rhyme-generation
t;sk was a synonym for any of the words used in the synonym-
generation task, and only two of the target words in the synonym-
generation task fhymed with any of the words of the rhyme-

\

generation task (see Table A in Appendix for coﬁ%lete set

N Al /
of words). For each task, eight different arrangements of

1
1

the word~pairs were created.

On each of th separate days subjects were required to
generate orally a list of 16 common words e for each of which'ﬁﬁv
they were'given a cue word and the first letter of the target
item. PFor the rhyme-generation task, gubgécts weréhgiven

the following instructions:
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I am going to say a word, and then say the "first
letter of another word that rhymes with the one

I gave you. I want you, as quic%}y as you can,

3

- to tell me the word I am thinking of. I am going

. to get you to produce a long list of words in
this same way. Then, at the end of the list,.
I will ask you to tell me as many of the words

tgaf\yéu gave me as you can remembeb., I will
A -

o

never ask you to remember anpy of the words that

I gave you. >yx ’ '
s
Subjects were allowed up to 30 seconds to p:édube each correct
target word. The time between presentation of a target letter
and the correct response was measured to the neaiﬁét tenth

of a secopd using a hand-held"stop-watch. If the subjects

gave no response {(or an incorrect response) within-~the first !
\

15 seconds, they were provided with the first syllable of

top

the target word (or the first two or three letferé fgg,monosyllabic
worés) as an addition;l cue., If, afte£‘30 seconds, they still

had not producgd the correct larget word, the word was given'\

to them by the examiner. A minimum time-interval of iO seconds
was maintained between presentation of successive cue-words, ‘=
in order to keep ﬁgeSentation—time aé constant as possible

for all subjects. The minimum presentation-time for each set

of 16 words was 155 secoqu.
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Immediately after giving the last ésrrect target word,
subjects were asked to recall aloud as many of the target
items asfthey could remember, in any érder. Both the items
and the order in which they were proéucéd were recorded. .

’

Squects were allowed up to 5 minutes to recall the items

bt most subjects completed their’recall within three Ainutgﬁ.

On the other test day (with order of presentation of tasks
couhterbalanced within each group), ;ubjects received esséntially
the same instructions as before, éxcept that this time they

were asked to produce words that had the same meaning as Fhe

cue words.

Foll&&ﬁng the immediate free-recall portion of the task
subjects were given/ on Day 1, th@)associative-learning task -~
described in Part II; and on Day 2, the absolute-judgement
and matching-to-sample £askslalso described in Part II. Af
the end Of these tasks, which took about 45.to 60 minutes,

all subjects were asked without warning to try to remember

.the words that they had produced originally. Five minutes -

were again allowed for'recall, and no prompting of any kind

was dliven.

. ‘ e
Table B, in the Appendix, shows the composition of the

temporal-lobe groups ték;ng part in the word-generation tasks.

~ 0

|
& ‘ a
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Results .

Preliminary t-test comparisons of all the results to

be reported showed no sigﬁificant differences, within any

" of the[grouﬁgy attributable to sex of'subject or to order

“ of word—.oi task-presentation. Within each tempordl-lobe

grdup there was aiso no significant difference ﬁg%weén the
performance of subjects tested in -the immed;ate posﬁ-operative

- ' o

. ! .8
period and those who were tested in follow-up study. Within

each group,” therefore, the data were pooled, for all” subsequent

1
3 r

analyses.

\

,ﬁResgon§e‘Times )
In a pilot ‘study, ig was noted that tﬁere,were many subijects
in each group who.took a long time to respénd to*one. or two
items, especially during performancg of the Synonym—éeneration
task.‘ Patients in the left témporgl—lobe‘group appeared t& '

,. display more‘of this»wordlflnding diffigulti thankofher subjects.
Because‘of these long—latengy items, it .was conéidered'approprgate_
toc use the median response—ﬁlme fqr ?ach subject (rather than
tha,mea%), as a rough mgasure of diﬁficulty for each ot the
two tasks. Tﬂese times wére used in a two-way analysis of
variance (Group x Task). In this analysis there were éignificant

? differences awong the three groupi (E.(2r545 = 6.41, p<.01), -
and between the ¢two tésks (F (1,54) = 9.79, é<:.005), but

no interaction effect (F

I

1.26),. Paired comparisons, using

) a pooled error-term and a Satterthwaite approximation to the

[}

degrees of freedom (d 107), revealed the left temporal-

o / . . : .

.

it




8

s ’ ‘ §

" lobe group to be significantly slower than either /the normal
. - ' {
control group (rhymes; Q = 3.29, p< .05: synonyms; Q = 4.56,
é<ﬁ%01), or the‘right temporal-lobe group (rhymes; Q = 3.41,

The normél control ahd

«

E}' 05: synonyns, @ = 4.54, p< .01).

P

‘ rlght tempfihl ~lobe groups did not differ from one another

(rhymes; Q 0.97: synonyms, Q = 0.87).

-

~1obe group, the two subgroups did not differ from one another

(rhymes; t = 0.67: $ynonyms; t = 0.89)%
Free Recall o

*r
A\

. Because of. the partlcular 1ntereSt in the effects of. .
both Task and Time cf Recall on the performance of the left

temporal-lobe group, plamnned comparlsons/lnvolv;ng simple-

a

. . kU 4 , .
simple main effects were calculated for Groups at both levels
. 4 '

of those'twé~factofsl These were followed by .paired comparisons
between the normal control group and each temporal—lobé‘grqqp

of 'subgroup, as well as paired comparisons between the two

¥éft temporal-lobe subgroups., using a Neuﬁan—Kuels procedure.

*

For all of these comparisons a pooled error-term was calculated,

- v

using the mean value of the four error terms from the overall

analysis of variance (Winer, 1971). The degrees of freedom‘
for ﬁhe compar isons were calculated using a Satterthwaite
11971).

approximation (Winer,

- \ .
The mean number of °words correctly recalled by the three
main groups is shown.in Figures 5 (immediate recall) and 6

(delayedlrecall). (Group

| k3 v
A three-way analysis of variance

x Task x Time of Recall) was performed an the number of items

.

. * .

/ N . .

.
.
- i
,
.

Within the Jeft tempor 1-

@

b et
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Group

Noﬂlal Control
(n=24)

Right Temporal [/
(n=12)

///‘l Rhymes

Left Temporal |:
(n=21)

Norma! Controf

(n=24) -
Right Temporal
’ (n= 12‘; Synonyms
Left Temporal
» (n=21)
' ] ] 1 L 1 | 1 L |
. ] 2 3 4 5 6 7 8 4
£ Mean Number of Words Recalled (Max =16)
& » ‘ '
immediate recall. “ean number .

‘ Figure 5. “ord generation task
“0F words-correctlv recalled bv the normal control and

temnoral-lobe groups for the rhvme- and svronym~
generation tasks, respectively.
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Group

Normal Control | - .
(n= 24) , :

Right Temporal ///////////////// s+

. (n=12)
- Left Temporal
(n=21)

~

Normal Control -
(n=24) . e
Right Temporal
(n=12)
Left Temporal
= (n=21)

Synonyms

N | I ] 1 ] ] ]
1 2 - 3. 4 5 6 7

Mean Number of Words Recalled (Max = 16) .

/

o

Figure 6. Word ‘generation task: delaved recall. Mean
number of words correctly recalled by the three
groups for the r“hyme— and synonym-generation

“\ tasks, respectively.
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‘again, ,impaire

)

recall;d correctly. &his énalysis gave significant main eff;cts
for Group (F (2,54) '= 13.92, p <. @1) Tdsk (Fk},iﬂ = 33.85,

R "<,001); and Time of Recall (F (1,54) "= 214.21, p <. 00%) .

There was¢also, however, a s1gn1f1cant thrée-way interaction

(F (R, 545{-8 63, p < OOl) Examination of the simple inter- :
actlons for Groups X T1me of Recall showed a significant effect

for b‘oi:h Rhymes (F (2,107) 5 8.73, p <.001), and Sx‘nonxm

(E (2,107) = 3.56, p_"<.05)._ o | - o

The planned comparisons of the simple-simple main.effects
- '
A . » .
(df = 101) gave a significant group effect for the immediate

recall of rhymes (F = 14.00, p <.001, see Fig. 5). Paired’
, ‘ ¥ '

compar isons showed the left teméoral—}obe group to be impaired v

!

‘ﬂ
relative to both the normal control (Q = 5.65, p <.0l) and

'ggght temporal-lobe (Q = 6.96, p <.0l) groups. A similar

, of results, was seen for the .immediate recall of synonyms
) .

p <.005), with the left temporal-lobe group, once

+

elatﬁve to both the normal control (Q = 3.91,

.
p!<.01) and right temporal-lobe (Q = 3.86, p .05 groups.

o

Significant group effects.were also found for delayed recall

»

Jof both rhymes (F = 10.54, p <.001) &nd synonyms (F = 11.85,
. ( - v -

~ -~

_ P <.001, seewFig. 6). ,In each case the left témpdral—lobe

/”/'
b4
AY
, )
3
N\
o
H
R
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A
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¥
v
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group was impdired relative to the normal ‘cont'rol group (rhymes:
r 3 v . L
Q ="6.32, p <.01; synonyms: Q = 5.73;.p <.01) ‘and also relative
R
‘to the right ‘temporal-lobe group (rhymes Q =:4.13, p < 05

synonyms : .Q = 5.95,}F.<,01). The rlght temporal -lobe group

did not differ from the normal control group on any of the c {/

)
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above compafisonsh(rhymes - immediate: Q = 2.28; synonyms

[N

- immediate:‘g = 0.54; rhymes - délayedﬂjg = 1.11; synonyms

1.25)-.

- !

Leg&ltemporal h;ppocampal effects. 1In order to explore

‘the relatlonshlp between extent of hlppocémpal excision in

left temporai—lbbe subjects and performance on the word-generation

AN

task, a threeéway‘analysis of variance (Group x Task x Time

of Recall) compared, the tweo left teﬁporal-ibhe subgroups (LTh

!

for these groups, broken down by Task and by Tlme of Recall

hd [ s L.’~I
are shown for rhymes in Figure 7, and for synonyms in Figure

and LTH) with the normal control group.- The meag recall se7;e§\

8. The analysis gave 51gn1f1cant main effects for Groups
(F (2,42 = 13.29, Qk:.OOl); Task (F "(1,42) = 16.59, p< 001)
and Time of Recall (F/(1,42) = 105.00, p <.001). None of

the interactions reached significance.

In the planned comparisenSﬁ(df = 83), 'the grOup effect

'was signifitant Ibr the 1mmed1ate recall of rhymes (F (2,83)

= 8.61, p <.001; see Fig, 75; both_ left temporal—lobe sGbgroups

[

i

belng impaired relatlve to the normal control group (for LTh:

Q =4.90, p <.01; for LTH: gf= 4.46, B <.Ol), but not dlfferlng
.-

from%eaqh'other (% = bm54, n.s.). In marked conirast, although

the overall group effect for immediate recall of synonyms.,

was of e751m11ar magnltude (F'(2,83) = 8.53 é< .001\ see

Fig 8), on this task the group with large hlppocampal excisions

was 1mpa1red re}atlve to both.the norma% control group. - ' .,

Cof e
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Flgure 7. Left- temooral thDocampal effects rhyme generation
task. Mean number of words correct in immediate
and' delaved recall._ -Results for the normal. control
groun’ and the two left temnoral- lobe subgroubs,

respectlvegy. v



Figure 8. Left-temnoral hippocampal effects: .synonym-generation
Mean number of words correct in immediate and
delayed recall.- ‘Results for the normal control groun
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(Q = 5.84, p< .01) and to the group with smallehi

excisidns (Q = 4.25, p< .01). The difference betwden the

normal control group ané the group with small hippocampal

'eicisions did not approach significance (Q = 1.86). Significant
/ . * ) - , '
group effects were??ound for delayed recall of both rhymes

. (F'(2,83) = 10.82, p< .001); and synonyms (F (2,83) = 10.39,
*

p< .001). 1In each case both of the left temporal-lobe subgroups

were impaired (rhymes; LTh, Q = 5.44, p < .0l: LTH, Q = 5.07,
- ’ &
pP’«-01: synonyms; LTh, Q = 4.25, p< .01l: LTH, Q = 5.84, p«<

\ :
\. .0l) but did not differ significantly from one another (rhymes;

3
\

Q =1.08: synonyms; Q = 2.62). - ‘ \

)

Serial—Position'EffedEs in Immediate Recall

Figure 9 shows the serial—p351tlon curves for the immediate

— ’ S {
recall of the rhymes by &ach of the three groups. The immed jate

free-recall scores, 'for each task, were tabulated according |

ol H , b

- to the position in the list that each word had occupied when

it was first -generated.1 For the analyses, these input positivns

Y r
were grouped into eight sections of two words each. The groups

l v
Z7&e then compared in two separate two-way analyses of variance

Group x Recall Position),'one for each task;6}ﬁollow1ng'these
b ‘analyses, planned comparisons of the groups r the first
two (primacy) and last two (recency) items generated were

4 >

carried out, using the pooled error-term fﬁgm each of the {

L

., overall analyses. Following Greenhouse and Geisser's (1959)
recommendation, conservative df were used, for evaluating the -

significance Of all repeated-measure effects. Where the

! v v
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Figure 9. Word-generation task: all grounms. Serial-nosition

effects for the immediate ‘récall of rhymes.
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group effects were significant, paired comparisons of the
» groups were carried out using a Neuman-Kuels procedure.

Figure 9 shoWs the serial-positiop curves for immediate
recall of rhymes. The Group effect was significant (F (2,54)
= 14.95, p <.001), as was the Serial-Position effect (F (7,378)
]

= 11.22; P <.001). However there was no significant interaction

1.14). 1In the planned comparison of /the primacy

(F (14,378)

]

effects (df 407), the group differences were significant
(F (2,407) = 7.55, p <.005), and the paired comparisons revealed
the left\temporal—lobe group to be significantly impaired
relative to both the right temporal-lobe group (Q = 2.94,
p <.05) and the normal control group (Q = 4.83, p <.0l). The
datter two groups did not differ éignificantly from one another
(Q =l.§b). In contrast to this|, the group differences for
the recency portionlof tge curve did not approach significance
(F = 1:10). For the immediate recall of the synonyms, both
the overall Group, and Serial-Position, effects were significant.
' (Group; F = 4.36, p <.05: Serial-Position; F = 5.37, p <.01).
In this case, however, there were no differences between the
groups in either the primacy (F (2,397) = 2.81) or the recency
(F = 0.02) portions of the curve, | \

Relation between left hippocampal removal and serial-

@

position effects. In the analysis of the serial-position

effects, the most interesting results were those for the two
left temporal-lobe subgroups (see F%és 10 and 11f. A two

way (Group x Serial Position) ana;y51s of variance for the
LY

!
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. o—o Normal control (n = 24) ‘
Lefttemporal '
O--0 Small hippocampal removal(n= 15). . i/
w4 Large hippocampal removal (n = 6). . i

l MMI I 1 l —l .._
1-2 . 3-4 5.6 7-8  9-10 11-12 1314  15-16
List Position

1

Left-temnoral hippocamnal effects: serial-position
curves for immediate recall of rhymes.
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Figure ll.ﬂLeft-temporal hippocamnal effects: serial-position
curves for immediate recall qf synonvms.
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immediate recall of the rhymes gave significant main effects
for Group (F (2,42) = 9.18, p <.001) and Serial Position (F
(7,294) = 10.29, p <.001), but no interaction (F = 0.93; see
Fig 109~+—The group differences, for the primacy portion of
the curve (gglf 314) were signifiéant (F = 6.74, p <.0055,
"and paired comparisons revealed that both left temporal—lébe

- /

subgroups were impaired relative to the normal control group .
(LTh; Q@ = 3.52, p <.05: LTH; Q = 3.85, p <.05) but’diq not
differ ¥rom one another (Q = 0.32). There were no differences
among éhe groups for the final (recency) portion of the curve
(F = 0. 81)

The overall4analys1s for immediate recall of Lhe ynonyms
was also significant for Groups (F = 7.50, E <.005) and Serial
Position (F'= 5.26, p <.01), with a nonsignificént interaction/
(F = 1.26; see Fig. 11). Once again the groups differed in
the primacy portion of the curve (F (2,315) =ﬁ7.33,12 <.005),
ght th%s time the paired com%frisons showed that only the#ﬁp
patienés with large hippocampal excisions (LTH) failed to §
show any primacy effect (NC; Q = 5.77, p <.01: LTh; Q = 4.44, *°
P <. 0l). The left temporal- lobe subjects with small hlppocampal
excisions '(LTh) did not differ from the normal controfkgsoup i
in their ability to recall the first two synonyms that they
had generated (Q = 1.33). There were, again, no differences
among the three groups in their ability to recall the final

two items (F = 0.33).

5
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‘Per formance of H.M.on the Word-Generation Task
H.M. feceiv%é’the same task-instructions as did the

s

other subjecEs with regard to producing and remembering the
self-generated items. He had no difficulty in producihg the
appropriate responses in both the rhyme and the synony?’conditions.
In immediate reca&l of the rhymes, he was able to proé%ce
the last two words correctly. After a three-minute delay,
filled with general conversation, he was unable to remember -
any, of the words that he had given earlier. 1In the synonym-
generation task, he produced only the final item from the

list in immediate recall, and no items at all after a three-

minute filled delay ‘interval. I

' Discussion ' -,

AV
For the normal control and right temporal-lobe groups, :

the results of the word-generation tasks accord well with

€
the results of similar studies in normal subjects (e.g., Slamecka

& Graf,.i978).' Thus, for both gr;ups, the synonyms were recalled
betterJthan(the rhymes, in immediate and in delayed rgcall.

On both tasks the right tempéral—loﬁé and normal-control groups
performed at the same level. Although the left temporal-lobe

group also recalled the éynonyms better thaqrthey recalled

\Mthe rhymes, this group was significantly poorer than eithér )
éf the other two groups on both tasks. The left temporal-

lobe group was also slower than the other two groups az\qifjﬁgting

both the synonyms and the rhymes. This finding is in keeping
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A\\ with previous-observations of slight wbrd-findigg difficulties
as a sequel to left tempb;al lobectomy ,(Milnef, 1958). ,
~ For the leftﬂtemporal—lobe‘subgroups the rgsults for
immediate recall fit well with theroriginal hypotheses that
motivated the $éudy. Both the subgfoupjwith the hippocambus
spared (LTh)\and the %ubgroup with large hippocampal excisiops
(LTH) were equally poor in their recall of rhymes, suggesting
that a lesion of the left temporal neocoftex*is sufficient ‘
to cause a deficit wﬁén tﬁe initialbencoding is on a purél?
/phonemic basis, rather than being directed towards the meaning
Qf the words presented. Good support for this view comes’ &
from a recent study by Rains (1981), in which he tested groups
of right and left temporal-lobe patieqts taken from the same
population ag the subjects in Lhﬁs thesis. Using the depth-
of-processing paradigm developed by Craik and Tulvinhg (1975),
Rains had his subjects fi}st make one of threeut§pe§ of judgement.
about each word from a 48-wgrd list. Subjects had to decide
whether or not the word described ag'item from a given semantic '
‘category (semantic condition), or rhymed with a given word :
\\’(Qhonemic category}? or was printed in upper or lower-case ..
letters (Ehzsicai condition). Immediately after completing
the taskt subjects were given tests of incidental recall and
rééogn&tion for the s;t of words about which they had had
"to make judgements. Rains found the expected depth—of-proceésing

effects for his normal control and right temporal~-lobe groups,

with words from the semantic condition being recalled best,



READ , ‘ | : 59
' N .
+ .- those from,the phonemic condition being recalled next best,
and those from fhe physical cbhdition,being recalled most
- N : ,

v . : ] - -
poorly (cf. Craik & Tulv1nq7\&335). Rains's left temporal-
lobe group was impai;ed on all conditions, although this group

. was better at recalling worgs from the semantic c¢ondition :
élfthan\gfom either of the other two conditidnsi (The}r7recgil

" of woids from the phonemic condition, however, was-as "poor

asnthéir recall of wofas from the physical. As in the wor?—

generation study, Rains found that the tw%cleft temporal-lobe

- subgroups ' (LTh & LTH) were equally 1mpa1red in 'their recall °

» of words from the phonemlc condltlon.\\The findings from the

- two studies help confirm that excision of the left temporal
neocor tex resuits in a marked ﬁhpairmept in ;erbal recall
® . | when the orienting task that is used does nat require any
semantic encoding for' its succesgfulkéompletion. o
“//// [ This yiew also fits well with recent observations by
Roldan (Note 5), whé has been carrying out directed-forgetting ¢
‘experiments (ﬁjork, 1970) with temporal-lobe patients. 1In
Roldan's task subjects are required to read aloud, and reﬂember,

set§ of words presented individually on a video screen. At

\ [
a given signal subjects must either recall the $ from

the most recently-presented set, or forgeff that set of words -

L
and begin to memorize a new set. This t&sk, in which dozeis
"of words are presented within a single test session, is very

demanding on short-term storage and recoding processes. Left

tempéral-iobe patients are the only subjects who make phonemic

LN
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"ability to understand the meaning of singleﬂvords. It may
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errors in recall on this task, despite ﬁaviné read the words -
oorrectly ag these were presented (e.q., they might have read
the word BIRD, but recalled it as BREAD). Taken together,

the réeults from the above studies s&ggest-some impairment

in the bhonemic encoding‘of verbal material by -patients yith
left tempora}-lobe lesions. )

In the rhyme-—generation tagk, the seeial—positioe curves
for immediate recall (see Fig. 9) show'clearly that, for the
left temporal-lobe group, very lit;e of'the phonemically coded
informaeion got into long-term storage, ;It can be seen from:
Figure 10 that this was the case for both left temporal-lobe
subgroups, neither of which showed any evideecé‘yf a priéacy
effect in’the immediate recall of &he rpymes. In contrast, _
the norma% recency—eféect displayed b§ both of the left temporal;
lobe subgroups suggests that they had no difficui@& in retaining
the final few items inuprimaryumemory. It appears, therefore,
that,_iﬁ the rhyme-generation task, the left temporal-lobe .
subjects were jU§t retaining the most recently geFerated items
in their rehearsal b?ffer, w1thout doing any of the recoding
necessary to egfect a transfer of that information fo long-
tepm\storage.‘ In a.recent paper, Zaidel (1978) has commented
on the inability of the isolated right hemisphere to eMﬁloy
phonemlc encodlng, in contrast toﬁlts normal, or ngar normal, "

A Y

well be that left temporal-lobe damage results in impaired

s N

o) :
. R ‘

encoding of all auditory-verbal material, but that the intact

-
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S&ght hemispherpg canﬁprovide some assiséaéce in tﬁE encoding
f

. of ?ganingful'material. '
‘ On the synonym-generation task, the immediate récaiL

y 3

of the LTh subgroup was as good as that of the nofmal congrol

group, with many of the temporal-lobe subjects scoring above

( @ )
the mean‘“f the control group. This does not appear to be
because the task was,ibn easy one,®%as no sﬁbject was at ceil’ing,"?

and the mean number of words recaf@gg by the normal control

-

group was only 50 per cent-of the total nuﬁbeﬁ of words generated
»Otiginally (see Fid 5). Moreover, the LTH subgroup was markedlyy L

Von _impaired in the immediate recall of the same set of words. "

In this case, Rai?s's‘(IQSl)hdepth—qf—processing study provides

a nice cogntérpoint to the results from the word-gengrationA
study. Rains’s left tempér;lFlobe subgroups were equally ,
B ‘Fﬁmpa\:ed in {he &mmed%ate recgfl of .words for which'the§ had ,

< previousl{y made 'a semantic judgement. Thus it appears that
- A4 N 5
’

« ' \
having'to’/search for, and produce, a specific item from semantic

«»

memoty«ias in theKWbrd—generation\task) is sufficient to“offset,
4 1
at least temporarily, the v?rbéldmemory deficits for the group
. of left temporal-lobe pat'enﬂﬁltttﬁ small hippocampal\egg}gions.T \,‘§:<:

\

' ~The serial-position curve f immediate recall of the
. Synonyms (see'Fig.ll) érébideé eviden;e fér a normal pattern
‘'of récall for the LTh subgroup. This group is notré%fferenﬁ L
from the nor%al control group ﬁﬂ\either ;;l Rfim?cy or recency ,

'ﬁ’portﬁggg of the curve. ?According to the traditional view

of memory'(e.g.,'Waugh & Norman, 1965) this heans, for, the .

‘
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‘ LTh subgroup, that items generated at the beginning of the

~of 'the final two items from the list. Jaccarijno-Hiatt. found

the earlier parts of a list in immediate recall ‘are considereds
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e il
test list have been successfully consolidated in long-term

. storage. In contrast, the cur;e for the LTH subgroup shows
‘no evidence of any primacy effect, suggesting an almo§t comglete
failure on the part of subjecfs in this group to consolidate
‘new verbal ﬁhformation. Once again, however, both of the
left temporal—lobé subgréupsﬁyere dnimpaired-in their recall

AW : Ay

a similar é%ssociatdqp for her ieft temporalq19Qe,supgroups

in thei; immediate free recall of items from aQWOrd—li§t,

with only her LTh subgroup showing any primacy effect %Jacgaginq—
Hiatt, 1978;‘reported by Milner, 1978, 1980). : . .

Althdugﬂ the verbal-memory deficits seen in#left temporal-

T -

lobe patients are typically more severe in delayed recall (7

"<than 'in immediate recall (Milner, 1967), the impairment of

tﬂ:,LTh subgroup i? their delayed recall of the synonyms was
someqpat suprising; Piven their goodJ%eQe;‘gf immed}q?e.reCall
for these iteﬁs. Normal subjgcts;~after a delayh usuali&

¢ recall few of the items khat were or1glnally presented, in .

¥
the final llst p051t10ns, even though they' had produced them

-~

in immediate recall. This finding is generally interpreted
as gpnfirming that th regpncy effect is ‘the résult of such
_items being originally held in phenemic form in the verbal " " ~

buffer, and never coded for transfer to long-term storage «

(Baddeley, 1976). 1In contrast, dtems that are produceé from .x
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to have been recalled from long-term storage ané, hence, are
.mbre likelypto be recalled egain after é‘deiay. The‘petients ;
K ""ié the LTh subgroup shoued an avehegelldss of more than 40%,
of alL the items:that they had recalled inittali&, in contrast
to a-25% average loss for the normal control 'group.’ JThIS
differential loss of verbal information for the LTh, subgroup
cafnot be 1nterpreted as being the result of poon 1n1t1al
encodlngt given the requirements of the task end thelr nor‘ma‘la
immediate-recall 'scores. It seemsfmost'likelf thaﬂfin immediate
;ecall the information was still-beiﬁé heid in intermediate
memory, wherk it would normally be retained pribr to~£ts consolidation
(cf. Wickelgren, 1970). The loss of much of this 1nformat10n
q after a dekay suggests that fittle of it was actually consolldated
The f1nd1ngs from these experiments support the orlglnal

. f

hypothesis, that a left temporal-~ neocortlcal exc sion is suff1c1ent

to 1mpa1r the encoding of verbal materlal, whlch hen 1eads .

hJ

to poor storager of that same material. For.patients th

o . ‘the hippocampus spared [subgroup LTh), precise .semantic encoding

»

T "can offset that deficit for a time, resulting in normal storage {
4 - . N - N ﬁ - ' @ -
) of verbal information in intermediate memory., In contrast, /
k4 o - B

, the patients‘with large hippocamp51 exéisions (subgroup LTH)
were gnable to tahe advantag? of pretise encodlng, belng equally
Lﬁ?L— ' im alred 1n*thetrw1mmed1ate recall’of both rhymes and syn6“?ms

|
This strongly suggests that the 1ntermed1ateJMemory system

C— v

. of t? s latter group does not fjfctlon prqferly. , . J ' )
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1 w?s designed foriginally to evaluate the abilitylgf patients

task might be, the result of a more general impairment, either
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PART II

S

Experiment 1 , - CoL

T :

The associative~learning experiment described in Experiment

| )

L .o .
W%WL left temporal-lobe. lesions to creatg, and maintain, an
J

‘internally-ordered continuum in working memory.

. e . o,
.Mh In a previous study, Read (ﬂ@78, 1981) showed that patients

who had underg&ne'a left anterior Femporal lobectOmy,wére
markedly imp?i;éd iﬁ theirNability to solve dfductive;reasoning )
problems éf tﬁe general form 'A is taLlerwthan B: B is taller ,
than C, Zﬁich one\is shortest?'\\Patients with comparable
excisions'from the/right temporal lobe performed normally.

Oh‘tﬂis typd of task the moré difficult\itgms (é.g., A is

not as tall .as B: C is not as short as B. Which one is tallest?)

impose a considerable load on short-term verbal storage processes.
L 4 . 3 " o

‘By ;écoding the information given in each premise into a visuo-

spatial image, this working-memory load can be reduced considerably.

Hence, the perfq&mapce of normal subjects improves sjgnificanély

{
. . ; .
when they are told toQTdﬁﬂ/é mental {image of the information

" containkd in each pr$mise (éotté & Scholtz,31975). Despite

being encouraged to use such mental images, most of the subjects
in'gead'é/left temporal-lobe grodp reported béing unable even
to form these images. This finding suggested that the defi'cit

sﬁgﬁn by the left teﬁporal—lobe group on the deductive-reasoning

. . ) . .- A S .
in the "ability to recode-verbal information 1nto,%asu0hspaﬁ1al
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form, or 1n the ability to store this wrecoded information
Mv_ - .
,temporar1ly as an aid to problem solving.

An alternatlvei
explanation,‘that the inébility Qf these petients to form
mental images might have been due td'afprimary iﬁpairment -
in their ability to understand and\femember all of the verbal

information contained in the premises, could not be ruled

6ut. Most of these patients, however, scoxgdlwithin the normal

N\

range, on De Renzi. and vignolo's (1562) @oken Test of langqage
compreheﬁsion, whefe the verbai commands can be as long as .
- those in the deduetive~reasoning probieﬁs,' Leeser 019765,
"moreover, has pointed out the.;arge‘verbai—memory component

"inherent in the Token' Test.

It was assumed;‘therefofe, that ’
the impairment seen_on the aedective-reasoning task after ‘ >
left temporal lobestomy reflected an 1mpa1red ability to recode,
or store temporarlly,‘the verbal 1nformatlon glven in the’
premlses of the problem. o " ‘ , o

. ~a

t

In order to find out whether this 1mpa1rment was 11m1ted

-

to the verbal domain, it was decided. to assess the ability

“ i - -
of patients‘with left teﬁporal—lobe Ies%ons tg form, 6: maintain,
\ . P
internal represeﬁtetiqns on a learning task in wg}ch'there
were‘no‘verbalrstfmpli, Such a test would require, for its
successful combletionﬁ.the creation.-and ﬁaintenance;of'an;
' t;yernal representati;n~of‘perceptual stimuli} A moégtied"
version' of an associative-learging tast, in which the stimulus.

was created éspecjally

-

‘items were taken from a physical gontinuum;

for this purpose.

\ e . . . - !
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In previous studies of this type,,th stimulus items ,
have been taken from:a perceptual_cbntinuum ?e.g. different
line lengths; or different shades of grey), but have been -
paired (randomly)‘witq a set of verbal‘response—items. Stimulus
-iteﬁs were never presented in the order in which tﬁey occurred
along their continuum. wEither a fixed number of trials ;;s
given, or testing was continued until some criterion. level
of performance was reachéd.t Whennthe total number of’errors .
made for each pair of items was plotted against thegstimulus
" items ordered along their continuum, an inverted U-shaped
: function was obtained, which has :been descri%ed as a sérialJ
posftion curve (Bower, 1971). Subjects made‘fewesﬁ ergofs
on the stimulus items at the ends of the range, and most errors
on those péirs wherewghe stimulus iteﬁs came from the m;ddle(/
of the range (Bower,-1971; Ebenholtz, 1963, 1966; Jensen,
1962; McCrary & Hunter, 1953; Murdoch, 1960). Bower suggests
tq;t‘ﬁgﬁ regson(for this éffect is the gradual formation,
beginning with the end items, of an integgai’representatidh
of\th? relationshi?s between the stimulus ftems ordered along
‘- their continguﬁ. Such a representatign. is held to be almost

essenti)l for the correct pairing of thevéomplete set of stimulus

" "
and response items (c.f. Potts, Banks, Kosslﬂ*,«Moyér,‘Riley

) ' . w
' & Smith, 1978). . ‘ L
In the éssociative—learn;ng task used .in Experiment 1,
‘a set of non-verbal response items was used, which remained Lb
¢ N b4

b L !

in f?ﬂl view of the subjeqt at all Eimes. In this way it was

W
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hoped to prevent the left temporal-lobe greup frgﬁ\inng shandicapped '

&by possible verbal-comprehension or verbal-memory difficulties.

3

It was a§$umed that if the left temporal-lobe subjects were

indeed impaired in their ability to form, or to méintain,

an internal represéntation of the stimulus items, then the

pattern of error responses made by that group should reflect -

s

N k-

this difficulty. If the impairment was gdgreat, the serial-

t--‘f i -~ v
position curve for the number of errors made to each stimulus-

item should be essentially flat, with no savings in the humber
\\

of errors made in response  to items from the end§ of the continuum.

Experiment 2 U V\g .
The comments(of a number of subjects suggested that one

’ Q - ’4

of the most difficult parts of the associative-learning task

was in knowing which stimulus .item they were being shown on

In ordér to explore this aspect ,0of 'the /

a particular tﬁial.
F g

task mere directly, an.absbluté—judgement task was‘created

(usf§§ séimuli similarltopthose uéed in the associative~learning .
task), in which subjects were required to number eéch stimulus

item in the order in which it occurred along its continuum

(ifét, the smallegk item was number l,‘the next smallest,

number 2, and so on). ,

»

Exper iment 3 '

\ ¢ﬁ%e ﬁgtching-to-sample taskaéwere included as control .

N ) 4
tasks, to guard against the possibility that patients who ¢
had difficulty with the absolute-judgements task might have

been impaired because of a visual-discrimination deficit.
14
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The same stimulus materials used in the absolute-judgements

e

i
/ . task were employed for the matching-to-sample tasks. i

b

Experiment l: Associative Learning

The Paired-Associate method is a time-~honoured way of
8tudying the course of verbal learning (Gibson, 1940; Kling

L& Rigés, 1971; Woodworth & Schlosberg, 1954). In its most

A » - »
\J} basic form, the reinforce-test procedure, a list  of N pairs -
—_ : : ‘
of nonsense syllables or words is presented to a subject,

, )
one padir at a time. Then the stimulus items from these pairs \\)

are re-presented in a newyorder, and the subject tries to

recall the corresponding response items, The pairs are presented
\ :
b in di(ii:ent orders on successive trials. A™gorrection procedurg\
d

»™in which the subjecf is told the correct response
’ ' ’ ¢ W ‘
3 if he fails to give it within a few seconds. The measure &

¢ .

used is normally the total number of correct responses in .

is use
¢ s

o
-

) ~a fixed number of trials. The method was originally daveloped

w

to study such variabBlés as meaningfulness of nonsense syllables

i
l ’ v~ or familiarity of¢words.
|

~ /// * In the'ﬁgkhpd of anticipation, each stimulus item is .«

v given separately, and a response made to it, following which

i bothythe stimulus and)response items are presented simultaneously.

' Fhen the next stimulus item iSwpresented, and so on, until
~- '
all the items have been presented. Order’of presentation (//—*”

’ 4 . , . ,
of the complete'set of stimulus-response pairs is ramdomized .
2 i

for each separate block of trials. The task usually continues

until all pairs have been learned to some criterion.
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Effects of Unilateral Brain Lesions on Associative Learning L s

—

¥

Previous studies have shown that patients with left temporal-
. lobd& lesions are impaired in their ability to learn verbal
.paired-associates .(Meyer & Yates, iSSS;IMiiner, 1962a), regardless

of whether these are presented in spoken or in written form
» “a

(Blakemore & Falconer, 1967; Milner, 1967). For the associagive—

i

' . \
learning of pairs of non-verbal stémuli, the little evidence

v

that is available would seem to suggest that neither .left
nor right Eemporal—lobe subjects are impaired (Meyer,¢&9§9£. \

It is possible, however, that Meyer's nonverbal tasks were

/

simply too easy for all of his subjects.

g ' De Renzi (1968) has suggested, on the Easis of his

B
£
findings in patiénts with unilateral® vascular lesions of the .

brain, that all - iativejlearning tasks, whether the stimuli

%

™
themselves are vefbwl/or non-verbal, have a large verbal component,

ﬂﬁgﬁd to name“all the stimuli in an effort
after meanifg (Bartlett, 1932). De Renzi, however , used the

)
reinforce-test method for his non-verbal tasks, subjects being

shown five pairs of non-verbal stimuli before being tested
a .

for recognition of each appropriate response item. Under

such conditions, it would indeed be helpful tc use some verbal
N ‘ A .
mnemonic. De Renzi's findings,.L therefore, may have been due

\

more to the method of presentation than to any necessary use

of a verbal code in associative-learning tasks. //
Recent studies by Petrides (Note 4) have shown clearly .

that associative-learning tasks can be created that appear .

)
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one of the stimulus items, and the subject discovers, by trial
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o] :
to have & minimal verbal component. Petrides has adapted
.

the conditiohal—response paradigm, previously used to test
non-human primétes (Goldman & Rosvold, 1970), for use as anl

\ 0 1] . 3 a . ]
associative-learning task with human subjects. jHe has six & .
y o - -

stimulus items and six response items, which remain in front

of the subject throughout the test. The experimenter.indicafes

) { ~
aﬁa error, the correct response item, and then must remember

-

it. The(fést‘cgntinues, w}th randomizeé presentation of the ) ‘ oo

e

4

stimulus items;, until the subjeét*ha§ reached a stringent

] . . 13 \\ \- 0
criterion, or until a cgrtain number of trials have been given«

. ) N
Using simple stimuli (a set of identical blue lights grouped -

together in a.spatial pattern, one of which lights up Eé\tpe

~

~~

stimulus on any given trial) and simple response items (six _\~\\
blank file cards'laid out in a row in front of fthe subject),

Petrides has Bten able to demonstrate a major associative-

N — 14

learning deficit for patients with unilateral lesions of the
- 5 ! / *
right,é&ontal cortex, and &'more variable deficit for patients ’

Y

with left frontal-lobe lesions. On this samg’;ask, the“only
patients with temporél—lobe lesions who were imeaired were

those with extensive encroachment upon the right hippocampal

region (RTH), consistent with‘their known deficits on other -
tasks that in;olve memgry for. spatial location (e.g., Smith,

1980; Smith & Milner, in press). These findings demonstrate

f
that, given appropriate stimuli and test conditions, patients v .

¢

L - -
i@ith left temporal-lobe lesions, iiiz/iggse with radical excisions

4
’
[N

L) . ‘
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of the hippocampal region, may be unimpairedon an associative-

léarning task.

~

Ty . ’ . \ \ 4
The assotiative-learning task used in the present investigation

>

"involved associating each of a set of six colour photographs,
laid out in a spatial array, with one item from a set of easily-y

discriminable rectangles, which were only shown one at a time.

. ) /
The method of testing was the same as that used by Petrides,
. »» B
-in that subjects were required to discoveér, by trial.and error,

and then remember, which photograph was paired with each stimulus

3

i£em. The spétial position of the photos was changed on every
trial, in order to eliminate the’possibility of a subject's.
using spatial locétion as an aid to memory. It was hypothesized
that any impairgent found for left temporal-lobe subjects '
on this task, could be interpreted as beiné due to their inability
to retain aﬁ accurate representafion of thegstimulus itéms
N in memory, rather than to an,associative—learning difficul?y.
\\Particular importance was attachequtherefore, to the shape
\\\\\\xofxghe'serial-position curve, which would show the number :
@\bﬁ\ggrqés made in relation to each stimqlus item (ordered ‘

~ N

along the continuum), ) ; ,

\{ . A

Eo
. % Test Materials and Procedure

[

f&e stimulus items comprised seven identical sets of
six different rectangles of black paper, each 8 cm Irigh, ranging -
from 1 cm to ¥ cm in wi&th}&gee Table 3 for exact measurements).

Each rectangle was mounted\uertically in. the ceht:g of a white v
~ o




~,
Al
N\

‘ i

READ ! ; ' . 72
l 4
-
Table 3
Stimuli Used in the Associative-Learning Task
or y/ B N
[ o L
Number

Test materials l 1 2 3 4 5 6
Rectangles? 1.0 2.0 3.2 4.4 5.7 7.0
(width shown in cm)
@pach rectangle is 8 cm high ‘ ’

T
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N

fEile card, 15 cm wide x 10 cm high., The 42 stimulus cards

b N AT i S S
g

P

were présented in péeudorathm order, within blocks of six, i
. ~ so that no two consecutive rectangles were identical and not

more than two sucessive rectangles were consecutive items K

.
o i B Wt

within a series. The response items wer'e the set of six colour

beok paz

photographs shown in Figure 12 (photomicrbgraphs showing- double

o

A drde Sy
t

histofluorescent staining of the rat brainstem; B. E. Jones,
\

71981). Seven sets Of these same six photos were mounted,

-

‘ 2

each set on a different 43 cm x 30 cm white card, so that’ :
each photo occurred at least once in each of the six possible )
locations. - ' , \ v

Subjects were first shown the sets of photos, and were

told: . At 4;i , . i
: - There are sif,dzégerent photograghs mounted on N
each of these wiite cards.  You'll be séeing o
b the sdme six photos many times; however, a$ you ,
can see, the photos are in differént ﬁosiéionsg i¥ ' ) i,
on each cakd” £ \‘ l
Subjects were next shown the se§ of blacb rectangles,hand : v/w
' told: ! ' - : o
There are six dif}erent’rectangles of black paper
mounted on these cards. .Each different recfanq}e A‘ 0
' \ has been paired Qith one of the color photos ot
{ T » on the large white cards. What you have to do
/ ™ is to aiscover,lby gues§ing, which photo.goes ?
( - with each different rettangle. I will tell you
- <j~ ' if you guess wréngly, and I waﬁt,?oq to keep

'
1 Y .
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om, guessing until you choose the correct photo.: o
¢ C Once you have guessedqcorrectly, that sa%e photo -
. will always be palreé with the same rectangle, -
f ‘ no matter:where t;e photo is on the card. There . ¥y

1s notthg about the colour or the 51ze oE the
. photo that wé‘k*lét you know how the phoﬁbs and
rectaﬁ#{es are palred {see Flg. '13 for esi?;gmental /?w

set-up). . CT .
t - ' i 3 v /’ ‘S b
These jnstructions were repeated, or clarified), assnecessary

v N Y

until the,subject.ﬁnderstood what was required of him. g

%

l .
A minimum of 42 trials (seven sets of the six pairs of

1 . p/ Y. A {
stimuli) was given to each subject. Criterion per formance

L d

N was take% to be'three sonsecutlve sets of six correctly-pbired - -
[ - -~
reota gles. If a subject did not reach thlS crlterlon w1th1n
¢

126 trla}s &@l sets ‘of* 51x), testlng was stopped Subjects

were not informed that tha‘rectangles were to be“presented

t

"in blocks of 51x, nor ‘were sthey, told what jﬂhstltuted crlterlon}
« §

¢

pepfofmance°'. 4 ! N \ , \

i . y

Each photo was assigned @ dlfferent leétter ds a code

E{Penable t%e expeﬁﬁmenter to record each epror as it was

%ade. No matter how many 1ncoqrect,cho;ces were made to a“

. \ 1 - . .

particular stimulus item on a given trial, for' scoring 'purposes
. . ' ' .

. i ,
Ctheée were” counted a&s_a sgegle error. The first«three sets

v

these trials were‘not c ed in the flnai\error sgores. .

\.
The, expeflmental é@bject groups taklng part in &hls experlmedt

A}
[

are shown 1n Table C of the Appendix. & '

‘ o
¢ -, W r - Yo
. . v
R - A
\ L b

. ta

of six srials were useﬁ\i;g practice, ‘and errors made durding / - .
oJ]

-
~

¢

Pl
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% Figure 13. Associative—learﬁﬁng task: experimental set-up.

The exnerimenter is shown p zsenting one of the™
stimulus items, while thes®ubject chooses one of .

~‘\\\ , the response items. . ” - o
. .
) . v 4 ‘1 Y /
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» Results

, Because testling did.net continue beyond 21 sets of six
-~ " ,

¥ ‘ 4 N N

trials; and given, the wide range of error scores within each
f/') )

A .
group, it was considered approﬁrlate to use a non~parametric
- = .

| method of analysis (Siegel, 1956). All subjects were’r7nKéd
. i
<’ according to the ctal number of errors that they had made

on the task. Palfed compar isons d§§tge two temporal- -lobe
. >
- groups, using a W1lcoxon rank-sum test (Ferguson, 1971), revealed
\ / v
that the left and' rlght temporal- lobe groups dld net qiffer ’

from one anofher_ g = 1.63, n.s.)% A non—parametrlc Kruskal-

« Wallis one-way analysis of variance was thene run of ‘the rank N
» . r‘ 5 A N
scores.. The signﬁficance of the %alculated value of H was

2

T assessed by comparison, with.X“ tables, for k-1- degrees of
) ! \

. 5 ’ %
freédom. This test, comparing the performance of the four

re

% temporal-lobe subgroups with that of the normal control group,’
. . reveeied significtpt qroup differences (H = 13.88, p <.blz.
| :
s
: ( R P o
d@ The effects of radical excision of the hippocampal (f/

4 ' y
' region on performance in this'associative—learning task were

P Hippocampals Effec

o ’
1

"’ assessed by means of Wilcoxon Rgnk—Sum tests (Ferguéop, 1971).
N Separate comparisons were made between the noimai control ‘
group and each of the temperal—lobe subgroupe: Pairee.ceméarisons K
: - were also made bef@een the. small and large hippocampal—excision
subgroups, within each temporal-lobe group. Tq?se comparisons

v revealed that the group of patlents w1tb small left-hippocampal

» exc1s1ons}(LTh) was not impaired relative to th normal contro%
¢ N b ’d ‘

- o
R v |



Y

both the normal control (ZR ZR'= 77, p< .002) and LTh (2R-R

¥

] , N -

- /
group, (2R-R = 328, n.s.). In contrast, the group with large

left hlppocampal excisions (LTH) was impaired relative to

=:94.5, p«< 02) groups. Nelther of the two'fight temporal-
lobe subg;oups was 1mpa1red (RTh; 2R-R .= goﬁf?? RTH; 2R-R , '
= 99). Thus 6n this ostensibly non-verbal ass;\ﬁative—iearning

task, the only teﬁporal lobe group to Ehow any 51gn1f1cant .

1mpa1rment was the LTH group. \l\ Kﬁv | { . o 03.

Pass-Fail Comparisons

Fl

,‘ Withim the #&imits of testing, justlover half of the'temporal-‘

lobe patients failed to feach criterion on the associative- .

)
7/

learnind task. . Thus it was\poééibie to explore, within groups,

. _ _ e, | o : L
the relationship between the extent of hlppocamﬁal excision
and theability to reach ctiterion., ! .

—Separate X2 an;lyses (using Yates's correction for“small

samples) were performed for eqch temp?ral-lohe grohp, comparing1

o

the ability of the two hippocampal subgroups to’rdach criterion

on this 1;arning task. As can be seen from Table 4, these ~
results cohplement thos; for the :anked error-score compar isons”
glven above., é51gn1flcantly more left temporal -lobe patients

‘with large hlppocampal remgvals failed to reach critérion, ;

than those with small hippocampal excisions. Injcontrast,

the two right temporal-lobe subgroups did not differ.on this - »

- ’ / Lt } - »
measure. , ‘ ¥
. Ser{®l-position effects. The associative-learning task R

¢ "
was originally designed to discover wpg&her patients with
- ‘

- v ,
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: Table 4 L, _—
Chi-Sguare 'Compar.isons Within. Each- Tempgral-Lobe éroup
* for the Associative-Learning Pask
‘ , Z —_ Ao
Left Temporal-Lobe Gro&Ip~ " Right Temporal-Lobe Group
: : . . ;
‘ Pass Fail Total Pass F"a11 Total
¢ .
LTh 11 T 18 . RTh -9 8 17
’ : # . .
- J
LTH -1 9 10 RTH '3 75 8
, Total 12, fl6 28 12 13 {x 25
I ) ‘ \
. < . o 3 '
F' N - ,
x2 = 40937 . x% = 0.09
* = E( .05 /
P
?“ J
2 W . . N
N\ ? : 4
; "
€
4
- “ h
W
’ ‘a f i
X ‘ \
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left temporal—lobe lesions could form, ‘and maintain'}n worKing
+ I / - 6 )
memory, an internal represefftation of an ordered set of stimulus/‘
\ y N

items. The results reported above show clearly that only '

¥

the subgroup of patients with extensive removal of'the left .
, ’ , , . ' 2 .
hippocampal region was impaired on the task. An analysis

&fomparison of the total number of errors, or of

» L

based upon

the ability to reach criterion within a fixed number of trials,

. N -, s 1
+ does not, however, reveal the reason for the poor performance
T

of the LTH subgroup. Some subjects, from all groups tested,

\ s . K \
" were unable to, reach criterion on the task, and many of these \A

” Ty

commented on the difficulty of knowing which stimulus item
4 \

they were being shown on any particular\triaSﬁ“ It is, of

¢
course, possible that the left temporal-lobe patients who

/

failed to reach criterion might have done so for reasons other

’ I

_than a difficulty in forming and maintaining an internal rep-

resentation of the stimulus items. If this were the case, .
tiHen the number of errors made in response td each stimulus

\%\‘l .

itéﬁ might Be no greater for these left temporal-lobe subjects
i v ’

than for other subjects who élsngﬁiled. 5

In order to assess whether this was the case, serial-

Al " “
posi%&w1%uqq;s~wqre plotted\for normal-control and temporal--.

¥
lobe groups (see Fig. 14). Thgse subjects who reached criterion
L4 , ’

on the task were assigned to a "pass" subgroup, and those
\‘;’
[ 4
who failed to reach criterion were assigned to a "fail" subgroup.

Within each subgroup, a mean error score was calculated for >
: §

¢

4

{
X

A
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w Figure 1k. Associative-learnins task: serial-ndsition chrves.

‘ Mean number of errors mace ¥n resnonse to each
stimulus'iten, plotted as+a function of the nosition
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r . ] . . .
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; based upon whether %p'not thev reached criterion.
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each of the six stimulus positjons.. For eva&uation of all- »

bl

repeated-measure.effects consprvative df were used (Greenhouse -

-7y [ ’ ~

& Ceisser, 1959). A three-way (Group x Pass/Fail x Se:igl—
Position) analysis of variance gave significant main effects
for Pass/Fail\(g (1,71) = 73.52, p <.001), and for Serial-
Position (F (7,355) = 29.10, p <.001j,'3§ well as a significant
two-way ﬁ%ss/Fail X Sérial Position interaction (F (7,355)
= 4.29, p <.05). Most interestingly though, the group comparisoné

;5 ‘
di8 not approach significance (F (2,71)#'= 0.48), and neither

"

did any of the interactions that involved the groups. These

/
findings suggest, therefore, that the left temporal-lobe subjects

3

who failed to reach criterion on this task did not differ,
with regard to their abiligg to create and maintain internal
representations of the stimulus items, from the right temporal-

lobe or the normal control group subjects who also failed.

/

Other Groups /

W
Of the 12 patients with excisions that involved the frontal
neocortex, not one was able to reach criterion on the associative-

"

learning task. 1In the compérison’of ﬁpe ranked efror—scoreq
of- the two frontal-lobe groups and the normal control group,
the overall Kruskal-Wallis analysis was siggf?ﬁcant (H = 15.42,
P <.OOi), aé\@ere the subsequent'paireq cémpérisons 6f left

and right frontal-lobe groups with the normal control group’

(left; 2R-R = 29.5, p 4.002: right; 2R-R = 25, p <.002). ‘

- The two frontal-lobe groups did not differ signifiséntly,from

?
one another (2R-R = 35). .

¢
LS

R

»
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The two patients with excisions from the left parietal

lobe also failed to reaéh criterion on this difficult assodiative—

] T

learning task, whereas the patient w1th a right parietal-lobe X
[

rexcision had no d1§f1culty in doing so. ¥ 9

'
1 M R ¢
[
N w

Experiment 2: Absolute Judgements

[PR——

/
The results of the Associative-Learning tagk suggested

ded
tat a major reason for subjects failing to reach criterion
was an inability to maintain a - suff1c1en?%{ accurate memory

trace of the stimulus 1tems from the mlddﬁe of the continuum.
» E))

In orderNto test thisahypothesis égre directly, an Absolute-

\ - >
Judgement task was created,,in which subggcts were required
-to number each of sik tectangles as these dere presented in
r R “

random order, "one" being the narrowest, and "six" being the
“.widest. Such tasks make little or no demand on associative=
learning ability, appedr to have a minimal verbal-memory load,

and are easily understood by all subjects.

I
-~

H e 5 oy,
- Previous studies with normal §Lbjec;s (see Alfuisi, 1957;

Garner, 1962; Miller, 1956; for reviews) *have shown that the /
L / \
maximum number of items that can be correctly ideatified,

~

using stimuli varying aiong a single dimension, %5 rather

)

small (an average of 6.5 items, Miller, 1956). Moreover,

1

1ncrea51n3.the stlmulus range, so that 1nd1v1dual items are
further apart along the phy51cal gontlnuum ‘makes llttle dlffere%fe .

to thf number of items that can be accurately 1deng1f1ed (Allu151,‘

¢

1957; Erlksen & Hake, 1955a, 1955b; Garner, 1953 Garner &

5
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Hake, 1951; Pollack, 1952, 1953).° Ihis, of course, is different
¢ :

from the situation ih a dﬁserlmlnatlon task, or in a delayed
matching-to-sample task, where a single sQ}mulus 1tem has "
to be qecoguized from among a group of similar stimuli after
a short delay interval. 1In both of these latter cases the
physical spacing of items along their contfghum is a major
factor in the dlfflculty of the task.

on ab&olute-judgement tashs, normal sub]ects usually
reach their 5%ympto€}g performance level within a few trials,
and can rapidly acéLMmodate.to a shift in the range of the
stimuli, or even tJd a trausppsition wheregthe ipems at one ~ o
.end bedome the middle items of a new, K set of stimuli (Bower ,

1971; Helson, 1964),. To account for such flndlngs it has

been suggested (Bower, 1971; Potts ef al.’ 1978) that part

of_the memory trace of the set of stiﬂﬁli is ap amodal representation’

»

of the ordinal relationships betwéen stimulus items, together
wlth an analogue representatlon of thk items themselves (see
Pﬂkts et'al,, 1978, for discussion). In‘contrast, memory

forgjndividual stimuli (as in a delayed matching-to-sample
?

task) mdy involve an accurq*;dinternal regiiéh Qf the actual
Btimuli, as has‘geen s&ggest by Paivio (1975- cf. Klng,

Y : aaren
1963, 1965, for some experimental support) ‘

'] \
A

The hypothesis put forward here is that the abiliéy to
perform absolute-judgement tasks chcessfully‘depends upon

being able to-encode and store both Qrdinal and analogue relations

)
{ N\
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in an inteﬁmediat <memory sygFemf “For the purposes‘of this ‘\\
thesis, the spe01f1c a\ege of the coding used by the patients
is of less 1nterest than t@e functional status of thls intermediate-
memory system. ‘”% \\\\ — :
\ 7 . A
Test Materials aﬁ&\Procedure

£
Originally, this task was given ing the same set of

A~

%

4
rectangtles as had been used in the assoe}a§1ve 1earn1ng task

ThlS proved, however, to bé/too easy a test,\even for subjects

™~ - RN

-

who-had falled the associative-learning task, Ag\a consequence,
pfiot studies were run with normal sdbjecss to fid&\an appropriate
lével=of dlfflculr; for a six- rectangle absolute- Judéement

task, ‘'such that theiareaz(majorlty of the ndrmal subjects

tested were able.to reach criterion. The difficult set of *~ .
rectangles used is shown, in order of srée, in Figere is.

In order to explore Ffurther the’limits oflthe expected deficit,

ip the patiéht greups an easy set of rectanglee was also creat?d,
on which all normal control subjects tested were ab%e to reach
critérion; Specifications for the two sets of stimuli are ;

given in Table 5. Each stimulus-item was mounted on a 20

& g
cm x 12.5 cm white 5*&ﬁaFard' For each set seven copies of

A
[} 8

each item were prepared. Within each block of- six, the 42
stimuli were arranged in pseudorandom order, such Ehaé\two'
.identical stimuli neverrappea ed consecutively,”and not\mereL
than two adjacent items from ¥ ithin a ser1es occurred conseéutrvely.

Eaﬁgiget of 42'cards’was gounted on two § cm rings, so ghat

3 | | "xQ\Jf” - . o f
r
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%@sblute judgemeﬂt and delaved matching-to-samnle tasks:
h

stimuli.

e six rectangles shown are those that formed the difficult set

the absollite- judgement&ﬁasks

Qf original size,

(Note.QStlmull reduced to U43%
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Table 5 ”
Sets of Stimuli, Used in the Absolute Judgement Tasks.
) F Number '

Test/ materials 1 2 3 4 5 6

»> a . : . : <
Rectangleg (width shown in cm) . -

Difficult set 3.00 4.00 5.00 6.00 7,00 - 8.00

Easy set 2.50 3.75 5.00 6.25 7.50 8.75
. /
3Each rectangle is 10 cm high. 5
] , .
) f’
. N, ‘ N
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only one stimulus item could be ;seen by the subject at any :
’ |

%;e time during the test. A different order of item presentation !
was used for each set of stimuli. oty

For the patients, the order of task presentatioﬁ{was
a

o 4 always the same; &fter completifly the matching-to-sample and
\ . ’ i - ) : ’ '
. delayed matching-to-sample tasks {to be described \in Part % :
de: Expt. 3), each patient was given a slort practifge session N
. - »
with a set of squares, follozgd by testing on_the dlfficult ~ -
{ . - g ~w Aim m mem m o R e / - ' v . A
e ] s¢tSE reétangles. Then another short session withs the squares.
o . was given, as affiller task, before the final test‘sessiéﬁ': '
with the easy set of rectangles. The instructions to each
. sy o r e T
t patient were as follows: ) .
. / B ) , .
s L . 3 . . &
I’ . - . - ' - ‘ . é_/v/:‘
‘ ' X I'm going\ to be showing you a series of six-rectangles. Sy
‘ - : A \’ R . e ¥ ° .
;. T { all 1 wantkyou to.do is to number each item as n
) . - -
. . A
L you see it. Call the smallest one "number®l", , '
o ~ —call the next smalleﬁt "numbér 2", and s0 on'ub ’ ,f
. P . 5‘1
\ to the largest one> which I want you tp call "number )
N, . Y . ' . -
‘l ) 6". I will tell you, for each'item, rhethét yeu - ’
- are right or whpng. When.-you ‘are rigﬁl we go on
. i . -
//4 ‘td the next item, when you are wrong I want ybu )
~ o AN : A ™ |
- to try.again until you get ig/right.“ o, -t .
'S L1t ¢ had e '
. . ) 1 \,\\;\b o B - . . y
A minimum of 42 tiﬁqlr‘were’sﬂoﬁn to each .subject for each ' .
\ - 4 - - .
- . < . . . ' /, - .
. , set of rectangles, W1thJcr1ter10n perﬁ¢fmance being 18 consecutive 'y
; ! v o . ' »
‘ - - L - C . . . ’
correctwtrials (i.®., three sets of six items). 'No time
i o ’ b ) r e TR
. o oo ~ ;
— ‘ . /A N .
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limit was, set for each judéement, and subjects were permitted

. LW
to correct their initial choice before being tadd whether .

it was right or wrcngi’_fge/}es\,ﬁontinued until the subject

either reached criterion or completed 126 trials (21 sets
b

~

of six 1tems) SubjectS'were not told that test items were
given in blocks of six; nor were they told how many items

they had |to get right in order tof reach criterion. As in

- the assoc|i ve learning task no matter*hcw*many"iﬁéé??ect

. A
choices were made to a particular stimulus-item on a glven
trial, for scoring purposes“these were counted as a sirigile
error, Once again, any errors made during the first 18 trials

were not counted in the final error-score. The patients taking
' - I 4 - 2 0 . ‘

part in this experiment, grouped according to side and site
! » ' ‘ . e b A :
. . , of‘lesion, are shown in Table D of the Appendix.

m

Special instructions for H.M. Because of H.M.'s extreme

' memory difficulties, t%ggtest instructions were modified . for
~ him 1n the following way. Two hand-wrltten file-cards, one -~
. ‘with the words "smalles& = 1", the' other with. the words “largest
J = 6", were placed in front of him} so that he could refer
- to them for the duration of tﬁe.test.: He was then given the
same instructions as were given tolother smbjects; with“the
, following addition: | R y i '
To help you to remember how I want you to ‘number .
the w1dths, I'm 901n9 to leave. these two cards
on the desk in front of you. You .may look at '

. ‘ : them any time you want to during the test, - - -

s

& | ‘

.
2 - /"
N

»

. . g

R
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H:M. was only tested on the easy set of Eectangles, his performance
being so poor on tﬁese that it seemed pointless to try the

more difficult set.

. " Results . ’
Aﬁ in the associative—learniné tagk, the resulfs‘for‘

both—of the absolute-judgement tasks were evaluated by ranking
all subjects in terms of the/tota% number of errors they had
made. In this study, the ability of the patients with large
hippocampal excisions to create, ana maintaiﬂ, a precise internal
‘reprg§entation of a sget Bf rectangles, was of particular interest.
Because of this, the performance‘pf the temporal-lobe subjects
will be reporteéd before the results for the other patient
groups. Each temporal—iobe group is again subdivided on the
basis of the extent of hippocampal excision.

Analysis Of Ranked Error-Scores

a) Difficult set, A Kruskal-Wallis one-way analysis
of variance, performed on the rank scores for the five groups,
revealed significant overall differences amgng these groups

(H = 35.99, p <.001).

£ .

b) Easy set. Once again, the overall analysis revealed
significant) difféences among the five groups (H = 2i.66,
p <.001). ,’

~

The.co;Biete left and right temporal—lobé groups did not differ
significantly from ohe another in their }erformance on either
- . 5' s

set of rectangles (Difficult Set; R 24 .24 = 546: Easy Set;’
N . ’ g
R = 536). - ! .

’ ra
! .

ibmma e 5
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Hippocampal effects.. Subsequent paired comparisons between

the normal control group and each of the temporal-lobe smbgroups;
as well as comparlsons w1th1n each temporal- lobe group, were
performed for each set of. rectangles. a?I'hese results are presented
in Table 6. Relatlve to the normal controL group the left

and right temporal lobe subgroups with small hippocampal excisigns
{LTh & RTh) .were-not 1mpa1red;'1n contrast the subgroups

with large Hippocampal'exoisions (LTH & RTH) vwere impaired.

The wituin—group comparisons were also siguificsnt: in each

case the subgroup with large hippocémpal excisions wss inferior

to the subgroup with shall hippocampal excisions.

Pass wersus Fail | *

[N " Q . . 0
‘As in the associative-learning task, there were a number

1

of patients from both right and left temporal-lobe groups

who failed to resch'criterion on the difficult set of rectangles
) 0 ‘ v - '

within the limits of testing. Thus it was possible to compare,

. [+
\%ithinweach group, the incidence of patients passing and failing

the test, as a function of the extent of hippocampal excision.
Separate 2 x 2 tables, 'showing' Pass vs. Fail'against Large -
‘vs. Small Hippocampal—Excision, were created for each of the

two temporal-lobe’ groups (see Tabile 7)., Probabilitiés of’

such distributions occurring by,chance were evaluated by a

" Chi- -square test (applylng Yates s correction for’ small samples)

For both left: and rlght temporal lobe groups, patlents with

®

e
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Table 6
4 d ’ v -
Results of Wilcoxon Rank-sum Tests - .

' for the Absolute-Judgement of Rectangles

.

-

.****B <'002 l

Set *

.Compar isdn ‘ Difficult ' Easy

Normal control ; .

vs LTh . | . 280.0 B 138.0 |
1 ‘ N ~

Normal control .

vs. LTH 59.5%ewr 44.5% -

J o .

LTh vs. LTH 65.0% ° 28, 5%*

Normal confrol ' - | P

ve. RTh . 255.5 » 76,0

E‘jgl"maR%HCOHtTOl ’ é-;_gf'**'* C 37, 0xkkx )

L 4 '
RTh vs. RTH . . 76.5%x L 24, 0%w
*p <.05 s ‘
**g <.02 ,
***E < .01 R “ ‘w

 Thae, e gt e ek &

¥ s € ettty on
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: ' A
Chi-Square Comparisohs Within Each Temporal-Lobe Group
for -the Absolute-Judgement Tasks-

P

Left Temporal-Lobe Groué Right Temporal-Lobe Group
[d .,‘
’ Pass Fail Total pass Fail Total
LTh 13 3 16 RTh 13 1 ’ 14
LTH 2 6 8 RTH 2 8 10
Total 15 9 24 15 9 - 24
C ok
x2 = 5.00 x% = 1p.29"
* = B <.05
£ b

*
*

]
ro-
A
o
-



READ ‘ 94

¢

9

large hippocampal gxcisions wer® significantly more likely

to fail to reach criterion on the difficult set of rectangles
than'éere patieAts with small hippocampal excisions (left.
teﬁéoral—lobe group; §2= 5.00, p< .05, right temporal-lobe

group; §2 = 10.29, p< .01). Of all the patients with unilateral
excisions, only one (M.B., a right temporal-lobe subject with
a.large hippocampal excision) was unable to, reach criterion 8

sy .
on the easy set of rectangles, making a total of .23 errors

t

in 108 trials. ’ . .

»

Serial—posiﬁlbn elfects. For the difficult sct of rectangles,
subjeéts from within the main,right and left temporal-lobe’

groups ‘were once again divided 1nto subgroups, based upon

their ability /to reach criterion or the task. Mean error
scéres for each "pass" and each "fail" group were then plotted
against the stimulus 1ltems og@éred along their continuum (see .

Fig. 16). Because there was no normal control group jn the

2 g .
"fa1l" condition” an initial two-way analysis of variance

T

(Group x Serial Position) was run with -the five subgroups.
-
This analysis was followed by planned single-df contrasts
; X g

(using the Group error-term) between the "pass" and "fail"

subgroups. gFollowing this, planned contrasts were performed
( ,

*

2 The data for the one control subject who failed to reach
criterion were exoluded from the calculation of the mean error
scores for that group. °

<
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Position of Rectangle Within Continuum

, .
Figure 16. Absolute-judgement task: serial-mosition curves.

The mean number of errors made "in resnonse to
each stimulus item for the difficult set of
rectangle’s. Temnoral-lobe subjeets—are grouned
according to side of lesion and to whether op not
thev reached criterion.
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to assess whether there were any difference;%between the serial-"

k]

position curves of the two "fail" groups, or between the curves
y

of the three "pais" groups. Once again, conservatfve degrees ,
of freedom were used in as%gssing any repéated—measﬁrg analyses:
For the overall analysis, as expected, the Group:ﬁnd Serial-,
Position gffects wgre significaﬁt (Group; E (4,67§ = 27.27,

p <.00L: Serié%;Position; F (5,335) = 48.74, p <.001), as

was the Group x Serial Position interaction (F (20,335) =
9.26, - p <.001). The planned comparison between the pass and
fail subgroups was also significant (F (1,67) = 60.55, p <
.00}): There were, however, noédifferenceﬁ between the three
'subgroups %Po passed, or betwéén the two subgroups who failed

(F <1, in both cases). )

Patient H.M.

i

The performancé of H.M. on the easy set of rectangles

£

provides a gdod baseline from which to assess the effects

of unilateral hippocampal excision.: H.M. was able to identify
the narrowest width correctly each time that it was shown

tb him,vsuggesting tha? he had ﬁo,difficulty in unde&standing

the requirements of the task. Out of the remaining 90 trials,

. however, his first choice was incorrgft 49 times. More to

the point, .he was sometimes out by as many as three places
in his first choice (e.g., saying "two" when “shown rectangle
number five). On this easy set of rectangles, no other subject

(4 .
was ever off by more than one place in their first choice.

A




4

Other Patient Groups

)
4 The error scores of the patients with frontal-lobe lesions

v

Y (shown/in Figs. 1-3, under the heéding AJ to the right of

each brain map) and of the normal—c?ntrpl subjects were ranked

for .a separate Kruskal-Wallis analysis. The frontal-lobe
jﬁysubjects showed no §vera11 impairment’on either set of rectangles
] (Difficult Set;  H = 2;31: Easy Set; H = 2.15), even though

five of the eight right frontal-lobe subjects faileé to reach

criterion on the difficult set (fails shown in Fig 2; passeé

shown in Fig. 3).

The two left parietal-lobe patients who had failed the
)
associative-learning task were not available for teigfng on

the absolute-judgement task. As can be seen from thé results

' ‘tabu}ated beside the-;?ain—m;; (Fiq. 4), the two right parigtal—
lobe'subjects who were‘tested og the absolute-judgement task
made no errors on the difficult ;et of rectangles. THe patient
(Br.Be.), who had undérgone a complete right occipital lobectomy
two weeks prior to being tested, was an 11 yeartold girk;
de;pite making more than the average numberlpf errors, she
was able to ﬂ§ach criterion.on\;ﬁé\difficult set of rectangles.
\ " Experiment 3: Matching-to-Sample'

;
The matching-to-sample and delayed matching-to-sample

.

tests were introduced as control tasks for the temporal-lobe

*

®  patients. They were designed to demonstrate” that discrimination

‘
P /’
. a
3

o
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of, and memory. for, single visual stimuli were not impaired P

in any of the temporal—lobe"subgréups,' The same set of difficult
réctangleéfwas used as in the absolute-ju?gemgnt task (see

Fig. 15). ‘of particﬁlar ingerestf in this, regard, was the
performanceuof the patients with large hippocampal excisidns,
because they had been so markedly impaired in their ability

to retain an accurate internal fepresentation'df the complete

S s

i

=

set of six stimuli.

Materials and Procedure

The stimulus board for these tasks consisted of a wooden
<=

yide x 46 cm high, into which large white cards

could be slid (63 cm x 45 cm; see Fig. 17). On each of these

frame, 66 'cm

cards were mounted six different rectangles of black paper,
identical to the rectangles that formed the difficult set

in the absolute-judgement tasks. A 20 cm wide x 12.5°cﬁ

* high recéss, cut ‘into the centre of the board, was used to

. 8

display a single samplé rectangle, which ‘was mounted centrally

®

on a 20, cm x 12.5 cm white file card. 1In order to avoid the

appearance of afterimages the back of the recess was covered

o

with black paper.

Before beginning the patching-to-sample task, subjects
. were asked to point to each of the six rectangles displayed

on the large card, beginning with the smallest one and going

-1

s



'

Figure 17. Mat¢hing-to-sample task: the experimental set;up.

»>
©

The photo shows a subfect pointing to the item that
matches the stimlus—item shown in the centre of
the board. !
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in sequence up to the largest one:' All subjécts were’ able
‘to do this gorrectly.
| "For the matching-to-sample task subjects were told that
they'would be shown a sample regtangle‘in theﬁsent;e of,the
board, and that they were to point to whichever one of the
rectangles around the edge of the board lookegd the.same as
éhe one in the middle. ! ‘
For thg delayed-matching-to-sample task, six diffgrent
sets of the six rectangles were prepared, each set.arranged
on one of the’large white ca}ds so that the same gsctangle
nevér appeared in the same spatial location more than onde.
‘Subjects were warned before the star£ of Ehe test. that thdy
would be‘seeingha differen%ﬁarrén?ement.of the rectangles
aftefaéach delay interval. A plain 63 cm@x 45 cm white cgra
was used to cover up the response cards'while the sample item

was being shown 1in the centre of the board. Instructionsk

to the subject were as follows:
I'm going to show you a sample rectangle ih the
centre of this board for gﬂsecondsu Then I'Xl
take the sample away, and for five more seconds
all you will see is the large Soard with the
black centre. After that' I will uncover one of
the séts of rectangles, and you are to point
to the rectangle that matches the one Xou saw

a few seconds ago. . N .

¢ . ) \ [
) /
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' complete sets Qf the six different rectangles).
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There was no limit:-set on the time taken’ to respond, and sibjects

were permitted to correct their ch01ce when they felt 1t ,was
incorrect. No- feedback was given abou;'performance on this

task. Each Subject was given a totdl of 18 trials (three

] [

A
L

Results ) - . o

On the matching-to-sample task there were no subjects/

from any group tested, who made even a sinéle uncorrected

error, This finding confirms that the individual recténg;és
that made up tdé set of difficult items for the Absolute-Judgement
task were easily piscr;minable from oné another when they \\\'
eould be inspected simultaneously.

Foq\dhe delayed mg;ching—to-sample task, subjegts in”

the .normal control group, togethér with those in each of the )

four temporal-lobe subgroups were ranked according to the

total number of errors made on the 18 trials. The ranked

'scores 'were then submitted to a Kruskal- alIis one-way analysis

of variance. This analysis did not come close to 51gn1f1cance
(& = 1,89). A similar analy51s, comparing the two frontal-
lobe grpups‘with thednormal control group, also did not. come
close to sigdificance (H = 2.84). The resulti of the matching-
and delayed matching—-to-sample tasks cohf%rm that, in the
discgimination and short-term storage of these particdlar

visual-stimuli, the performance of the patients with «temporal-

lobe or frontal-lobe lesions was well within normal limits.

=t
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e experiments that formed the second part of th1sfthgs1s }
were ge31gned to explore the role of the\left tempéral neocortex

in the creatlon and maintenance of 1n§erna1 representatlons

as alds to memory. The results of the experiments, however,
po1nted clearly to the importance of the hippocampal region | .
for the temporarp storage "of such representations. ‘

For the ;emporal-lobe patients, the results,of the associative-

|
learning task were not quite as had been predicted. On this

ostensibly non-verbal task, only 'the left temporal- lobe subgroup g
with large hippocampal excisions (LTH) was impaired. This
finding complements that of Petrides (Note %) mentioned earlier.

~

]
In Petrides's, study, with&n each stimulus set (six identical

blue lights).and.response set (six idenélcél file cards)’
individual items were‘diSCriminable from/one another mainly

on the'basis of their spatial location. Thus a major componént
or the task was remembering the appropriate spatial locations ‘
for,each"stlmulus-response’pair. On this task the only temporal—
lobe subgroup -impaired was 'the one with large rlght—hlppocampal
excisions (RTH). Petrides's finding adds to the‘weight of

evidence demoqéﬁrating the importance of the right hippocampal

‘\region in the recall' of spatial location (e.g.,\kains; 1981;.

émith 1980- Smith & Milner, in pres ). In contrasr spatial ¥

- RS

!
location was irrelevant 1n the present study, because the
§

stimulus items were always presented in the same p051t10n,
!
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"and the position of éaph response item was changed -on every : :

trial. Under these conditions 'meither of the right temporal- “
o M ’

¥ oy
IR

lobe subgroups was impaired. “° ~ !

’ ’ * \ » ) ‘;

- M Two possible explanations'suggested themselves as raasons g
. o ' N :

for the deficit of the LTH subgroup in the present study. \ o

_The first was that the left temporal-lobe subjeqts were diéferentially

impaired in their ability to retdin\an accurate representation
of Fhe six ‘stimulus items in memory . If tgis had been so0,
one might have expected'that tﬁenﬁhmber of errors made'in
response to each stimulus item fshown in the serial—position
curve, Fig.-14) would have been different &t the left temporal-
1obe€subjects who failed to reach criterion than for the right
temporal-lobe or normal control subjects whd also failed to
reach criterion. This did not turn out to be the case,'however,
suggesting that ;lthough such a diffiqulty might contribute
to poor performanée on the task, the;é must, be another factor
involveé to expla&n the consistent impairment of the LTH subgroup. .
This additional factor appeared/to be that subjects assigned

»

verbal labels to each of thé response items as an aid to meémory -

»

(cf£. De Renzi, 1968; Ellis, 1973; Glanzer & Clark, 1963).

These verbal labe

would also have to be retained in memory

for successfu complet on.of the taskK. The reduced short-

term verb apacity of the LTH patients (Milner, '
p 4

1967) would thus be sufficient to‘'cause their overallldiffiqulty

with the task. This explanation for the deficit/of the LTH
- . { - *

7 -

[
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"subgroup on the‘aégpciative-learning task, despite its post- *

hoc nature, is §upported by other ;vidence. 'Jn pilot studies

the same set of étimulus'widths as Ead been used in the associative-

learning task were tried as stimdli in an .absolute-judgement

task. "In that test all subjects were able to reqch criterion,

irrespective of how much difficulty they had had in knowing

which width was which in the associative-learning task. The

poor perfgrmance,,on the associative-learning task,‘of the °

‘tWO patienté with left parietal-lobe lesions, compared with.

the good performance of the one‘éatient with a right ‘parietal-

lobe lesion, also argues for a verbal qompon?nt to this tasy.

Indirect evidence for a verbal cémponent comes from the performanc%

of the patients with right temporal-lobe lesions, who would

- be expectea’to benefiﬁ from using a verbal mqemonic (cf. Jones-~

Gotman & Milnér, 1978) in recoding the complex visual stimuli

that were used as the resgonéé items. In most vother tqsks

where comélex visual 'stimuli have been used (e.g., Kimura,

'1963;\Milné}, 1975; Taylor, 1969, 1979), patf%nts witﬁ right

temporal-lobe lésions have'been markedly impaired. The fact

that the right temporal-lobe group’was not impaired on this )

visual-learning task is a good indication that such verbal =~ . = |
' o , . N

.- ~

recoding was going on; ° ' , ,
‘ 1

The fact that in the left temporal-lobe group only the '
-patients with large hippocampal excisions were impaired fitse

well with the'findings for 'the word-generation task. .In that

~

»

task the left temporal-lobe patignis with the hippocampus

»

v



" intact (LTh) were successful initially in remembering a set

of wordsuthat had been géne;gteé on the basis of their meaning,
whereas the LTH sdbgroup was markedly impaired at doing so. -~
It was suggested in the Discussion of those tasks ﬁp. 63)

that the reas;n for the differing abilities of the two left
temboral-lobe subgroups lay in the fact that the intermedia£e~
memory system of the LTh gubgroup was still functioning relatively
no;mally, whgreas thqt of the LTH subgroup was'markgdly abnormal.
This explanation of the deficit found for thé LTH subgroup

on the asseciative-learning task accords well with the st}ong
prediction made in the Introduction, that ‘left temporal-lobe

" subjectswith large Qippocampal excisions would be differentially
impaired géompared to a group with sTall hiépodampal excisions)
on a non-verbal task in which verbal recoding could provide

an important aié to memory. This interpretation complements
Jones~-Gotman's (1975, 1979;'Jone§-Gotmad & Milner, 1978) findings
of a more severe impairment for RTH subgroups than.Egr_RT; ‘

-

.subgroups on tasks where visual imagery provided an additional

Il

L
" aid to recall of verbal material.

Fof the f;ontaltlobe subjects, the results of the present,
associative—learning study help to support Petrides's belief
:(Note 4) that frontal-lobe lesions drastically impair the '
ability to make ;ssociations between stimuli bearing oqu
a% arbitrgry reiationship to'one another. in the present

study both frontal-lobe groups were<:arkedly impaired. Pribram

and his associates have shown gBrody £ Pribram, 1978; Grueninger

.
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& Pribram, 1969) that non-human primates with bilateral frontal-

lobe lesions do particularly poorly on tasks where the spatial”

location of the stimuli is changed on each tr%al. It could

P

' be that human subjects with frontal-lobé lesions are also
affeétednby such manipulations, and, if so, ﬁhis factor may
have exacerbated any associjtive-learning deficits of the
frontal-lobe patients in the present stﬁdy. As in other taské
'tpat result in an impairment for patients with righ€\or left
frontal-lobe lesions, so‘here the method of testing is as

important in disrupting performance as the verbal or non-verbal

nature of the test materials.

-

. The results for the absolute—judgement\tésks were much

‘clearer than thdse of the aséociative—learning task. On these -
’ e

tasks only the patients with large hippocampal excisions were

/

impaired, and that regardless of the side of the lesipn.

The absolute-judgement tasks were also,much Easier, for all %
subject groups,/than thelassociative—learping task. Even

the patiéngs who failed to reach criterion on the difficult

set of recfan;leSawere seldoh. o&f by more than one place in

their first estimate, and fqg the easy set of rectangles only y
one patient with a unilateral lesion failed to reach criterion

on the, task. The retention of such perceptual information

requires the temporéfy storage of ordinal relationships (e.g.,

,
larger than, smaller ‘than) together with some analoque representation

b . fy

of the actual physical size relationships (see Potts et al.,

A
. 1978, for extensive discussion of these differences). When



T -

-

READ ’ 107

@

simple stimuli that vary along a single dimension are used
(as in the present study), there appears to be a rapid loss
of information from g;ial to trial (Siegel, 1972), and verbal
recoding does not appear to be effective‘as an aid to .retention
* of the stimulus information (Ellis, 1973). The findings in
this\tﬁesis suggest that the failure of the temporai-lobe
subjects with large hippocampal excisioné was due to a reductio;
in the quality 6f their internal representation pf the stimulus
set, rather than to any absolute lo§§ of the‘ability to form
or maintain such répresentations. :

The performance‘of the amnesic patient, H.M., provides
the clearest evidencg for theximportance of the hippocampal
regidn in the temporary storage of new information. For the
easy set of rectangles, fhe wor st gerformance by any temporal-
ﬁobe patient with a unilateral lesion was a total of 23 errors
iﬁ 106 trials. The combined group of temporal-lobe patients
with large hippodampal ékcisions made a mean of 7.5 errors
on the same tas&; In contrast, H.M. made 49 errors on the
easy set of rectangles. He was able to number the narrowest
rectangle correctly each time it was®' shown to him, and, was
correct on over 55% of trials with' widths 2, 3 and ;, suggesting
that his internal representation for these -items was relativelys
accurate. Yet he was only correct on 10 out of 36 trials '
for tﬁévother two rectangles (nos.:4 & 5), being off by as B

many as three positions (e.g., saying "2" when shown rectangle”
)

number 5). Like all other subjects H.M. had been required

«
“
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to keep.sguessing, on every trial, until he gave the correct

response. . ‘ . )
P 4 -,
In absolute-judgement tasks a decision about the.correct

-

value to assign to any one stimulﬁs item is determined by
the particular set of stiquli'being used (Helson, 1964; Parducci,
1965, 1968). Thus individual judgements are made in the conte%t
of the complete set of stimuli. This, of course, impliéi

L .
that some internal representation df the stimulus set must \

be main%ained so that accurate judgements can be made. , For
normal subjects, the five stimuli preceding the one being
presented all have a sfgnificant effect upon the current judgementg
(Staddon, King & Lockhead, 1980). It ‘would appear tggt for :
the patients with large hippocampal excisions, there mustf
be an abnormallii}apid deterioration in fﬁe quality of the o
“internal representation, which is equated here with an impairment
ofzintegmediate memory.

For the frontal-lobe patientshlthe results of the‘agso}ufe-'

judgemint tasks are difficult to interpret. It had been as§umed
origi;;lly thét the basis for the predictedofrontal—lobe impairment
on the associative-learning task would be in the associative
aspects of the task, rather than in any difficulty with creating
and maiﬁtaining an accurate internal represantafiop of the

stimulus items. This assumption appears to have been correct

for the patients with left frontal-lobe excisions, all of

whom were very good at the absolute-judgement task. For the

right fronépl—lobe group, however,,tﬁere was a bimodal distribﬁtion

y,

/




in test pgrformanbe. Five patients were very poor at the
‘task (see Fig. 2), wﬁereas the remaining three patients were
very good (see Fig. 3). There appears lo be no relationship
between the number of errors that right frontal-lobe subfects o
made on the task and either the site or the size of the cortical
ex;ision, or the timeg since oéération.

It is important to note that no;e of thé,patients, from
any group tesgéd, had any difficulty with the delayed matching-
to-sample task (although H.M. has sti}l to do this task). o
The good matching performance of the unilateral temporal-and
frontal-lobe groups shows that their discrimination of, and
memory for, single examples of the moré difficul£ set of rectangles:
was normal (cf. Prisko, 1963). Hence, the deficits found ‘
for the temporal-lobe patients with large hippocampal excisions
were specifiT/Eo the absolute-judgement taék, in' which temporary !

retention of contextual information about the complete set

of stimuli was essential for good performance. o
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GENERAL DISCUSSION

The results of the word-generation tasks have provided

-

newéand interesting inforhatibn about the role of the left
temporal ﬁeocortex in thecomprehension and recall of verbal
material. - In the immediate }écall of phonetically-encoded”
information(rhymes) both left tempofal-iobe subgroups were
markedly impéired, whereas precise semantic enchi;gp(réquired
'by thé synonym-generation task) resulted in normal levels ’
of iﬁaediate recall for the LTh subgroup. These findings suggest
that the left temporal neocortex norqally plays an important
role both in the retention ofléerbal information in verbatim [
form, and'in the recoding of such information on the basis
of its méaning.

The concept oﬁ‘a working-memory °system for the control
and temporary storage ?f new information is central td current
theories of how human béings process.infogmation ke.g., Baddeley,
1976; Bower, 1975; Shiffrin, 1976). The_resultg of the experjiments
in this thesis provide good support for the belief that the
hlppocampal region of the brain is essentlal for the temporary
storage aspect of - thé WOrklng-memory system. In normal subjects
this ability appegzs t6 Serve a dual function. First, it )
enters into the temporary rgténtion of newly—encoded item
inférhation in matgrial-specifié form, prior to consoiidation

of #he.information in long-term storage. The findings from - |
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the word-generétion and associative-learniné studies dgmonstrated
that the temporary retention of semantically-encoded verbal
information was critically dgpendent upon the integrity of
the hippocampal region in the language—dom%nént hemisphere.
This discovery e;tend; the work of Corsi (1972) into the domain
of meaningful verbal material, and complements the findings
of Jones-Gotman on the role of the right hippocampal region
in image-mediated verbal léarning (1975, 1979; Jones-Gotman
& Milner, 1978). )

Second, the hippocampal region appigrs to be important
for the temporary storage of new informéiion as, required during
certain kinds of bercéptual processing. The results of the
absolute-judgement experiments suggest that both hippocampal.
regions play a critical igle in the establishment and main;enance
of contextual information on which absolute jngements 6f .
simple sti$uli are Qased.

The physiological concept of an iﬁtermediaté—term memory
system, as a prerequisite to long-term stér;ge, has existed
for many yeats. Thus Mliller and Pilzecker (1900),. in the
original discussion of the %?nsolidatié; theory of memory,
suggested that there must be neural processes that persist
for some time after the actual perceptual experience, in order
to give sufficient tfﬁe for consolidation of the 'new information
to take place (Glickman, 1961). This idea was revived as

a possible reason for the retrograde amnesia seen in cases

of closed-head injury (reviewed by Whitty & Zangwill, 1966).




"that was essential to long-term storage.
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However, it was predominantly the work of Hebb (1949, 1961) .

and of his students (e.g., P. Milner, 19579 that helped to

mdevelop.the concept of a brain-system that was necessary for - _

thg temporary storage of new informagion’prior to its long-
term storage. Hebb's coneept of the cell-assembly, as a rever-
bé{atorYNneural circuit that prefigured ;ermanent morphological
changes, was seminal to subsequent woerk on Ehe hippocambal
system. A major impetus for much of the later work on the

role of the hippocampus and paraﬁippocampal gyrus in memory,
was avseries of p;pers by Brenda Milner (1959, lQQ?b; Penfield -
& Milner, 1958; Scoville & hilnern 1957). It was in these
papers that bilateral damage to the hippocampal region was -
directly implicated as a causal figfgr in amnesia.\ Milner
(19597, 1962b) suggested that the role of the hippocampal region
was in ‘the temporary retention of new information after it

had left conséious awareness,land prior to its more permanent
storage. She noted that thg amnesic patients appeared not

to retain ary information once it had pass;d from their conscious
awareness, whereas’normal subjefts showed automatié retention
of new experiences in short-term storage. She went on to
suggest that it was this automatic retention of new information

4

. Subsequently, other theoretical explanations of amnesia
‘ b
have been proposed. In particular, Atkinson and Shiffrin's

. #
(1968) popular model of how human beings process information,

[
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which focussed almost exclusively on the retention of verbal

information, resulted iq the following biasedlinterpretation'
of the hippocampal amnesic syndromeL Short-term or primary .
memory was equated with verbal span (H.M.'s d;gfs sbaﬁ’was
normal; therefore his short-term memory was norméli.‘ Long~-
term or secondary memory was equated with recalllof verbal
informatiqn after a delay/AH.M. was unable to recall any verbal
information once it had passed from his conscious awareness;
therefore his long-term memory was impaired). In the Atkinson
and Shiffrin model,.verbal rettearsal was held to be the key

to transfer of informption from short-term to" long-term storage.
Because H.M. could rehearse verbal material and retain it

in shért-term storage, the locJ; of his impairment had to .-

be in the tramMéfer process.’ Other evidence, showing that

H.M. was incapable of retaining limited amounts of nonverbal

information for more than 30 secodnds (é.g.,g;jiﬁi, 1972; Prisko,

1963; Sidman, Stoddard & Mohr, 1968; Wickelgren, 1968), was

at first attributed to a failure to initiate verbal reheérsalﬁﬂ
(Sidman et al., 1968); bu£ the subsequent demonstration that
the isolated, mute,. right hemisphere could retain non-verbal
information for much longer than H.M. (Milner & Taylor, 1972)
has now ruled out this interpretation of his deficit. Instead,
it is argued here, those tasks on which H.M. fails are precisely

<

those that make demands on ‘an intermediate—memory'sysiem.

i
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The clearest evidence for such an 1ntermed1ate—m§mory

system, and the major finding in this thesis, came from the

)

‘unexpected reghlts of the absolu%e—judgement tasks. These

E4

findings/have provided a framework within which to interpret

the effects of hippocampal lesiogs in human beings. What

has still to be explored is the relative contribution of the
hippocampus and the'parapippocampal gyrusf Eince excision

of the parahippocampal gyrus alone appeats to be sugficient
to cause the same deficits as are fZan with a,hippocampal

excision (Milner, Note 1). One must also not forget that

_in all of the patients in whom the body of the hippocampus

was partially excised, “the amygdala was also removed, and

so it is not possible to say what effécts would be seen if

" the amygdala were spared and the hippocampus removed. Recent

4

work by Mishkin (1978), however, suégests that a combined

-

bilateralvremoval‘of both the amygdala and the hippocaméal

region is necessary to cause a major memory impairment in

the monkey. |

By now there ,is a converging body of evidence from studies

of lower mammals indicating that the hippocampal regionuis

the physical substrate fon_an intermediate-memory*syétem (e.q.,

ginogradova, 1975). 1In recent years the work of O'Keefe and
Nadel (1978) has demonstrated that lesions of the hippocampail

. T . .
region in rats disrupt/theé ability to remember information

about spatial location, suggesting a parallel with the effects

of unilateral right hippocampal excisions in man. The work

.

e’ ¢
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of Olton'ané'his aséociates (Olton, Becker & Handelmann, '1979;
Olton & Pépas, 1979), also with rats, has shown a dissociation
after hippocampal.lesions between the impaired ability of ‘ \
the.animal to remember what.it hasrjust done-and its preserved :
ability to remember information about ' the: context of the étpériment.

s

Olton et al. (1979) use the term "working memory" to t?fér -

. to memory for recently 'past events, and the term "reference

%
memory" to refer to memory for contextual’information. On

the basis of his Pwn experiments, Olton’propoges that the
hippocampps i;,;electively invblved iA‘behaviour that depends.
on working memory, irrespective of, the spatial o; non-spatial
nature of the memofanda. DespiEe some formal‘;imilarity between
Olton's working-memory system and the intermedfatg*memory
system proposed in this tﬁesis, one must be caufious about ©
equating the effects fodhd by Olton after hippocampal damage

in the rat with the intermediate-memory deficits observed

after medial temporai—lobé lesions in man.‘ In particular, "

one notes that thé quality of the deficit in the rat resembles

more the effects of human-frontal-lobe lesions than it "does

14

- the effects of hippocampal ones. . .

> In this thesis a distinction has been made between’ two )
1 " ‘-3 14

'components of a working-mempry system, one for planfing and‘ﬁ

organizing ongoing behaviour, and the.other,.an intermediats-
e . ﬁdfﬁ;ﬁ

memory system for the temporary storage of‘nsb\gnformationgi

Strong support for such a distinction was found in the partial

dissociation observed between the effect of left-frontal and . \

\
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left-hippoqampal iesions on the pe{formancé of the aésociative—
learning and absolute—iudgemené tasks. The left frontal-lobe
group and the left te%ﬁoralrlobg (LTH) subgroup were equally
impaired on the associative,iearning task, Where planning

and monitoring were important, wheteas only the eft temporal-

~

lobe subgrqup was impair&d on the absolute-judgement tasks]

<

where the majbr demands were on the temporary retention of

new information. * 2
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Table A

i d

Test-Items Used in Word-Generation Tasks

é,

Materials
) Synonyms I3
Cﬁ Target |, Cue Target
Disﬁ ﬁish Melody Song
Card Hard 8peak . Talk
Seal Real Revolver Gun
Save ' Cave Earth - Groung
Rice Nice ’ Jumpl {Leapl'
Waste Paste Timber Wood
Beat ‘Seat ‘ Raﬁid Fast
Kite Bf%e Repair Fix
Pail Nail ' Easy Simple
Malt Halt Big Large
~ Lamp Damp g Infant Child
_ Mind Find Disappear -  Vanish
Roﬁnd Souna Attractive Pretty
'Boast _ Roast Yacht Boat.
Face Race ' Road Street
Hold Bold - Begin Start
™~
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Table B

/

‘Temporal-Lobe Subjects in the
Word-Generation Task

L 2 Sex Age (yrs.) Wechsler I.Q.)
Gr;up M F Mean Range Mean /’ﬁa‘n/ge .
Left temporal 13 8  29.6 - ' 18-50 108.6;\ 93-131
Right temporal £+ 7 25.8  16-46 110.5 79-134
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. Table C /
\ Subjects’ Taking Part in = ,
. . the Associative-Learning Task o n
' ! /\
Sex Age (yrs.) Wechsler I.Q.
Group . B M F  Mean Range ‘Mean  ‘Range
Left temporal 15 13 "28.3 18-50 . 108.4 92-131
Right temporal 15¢ 10 27.3  16-48 115.0  81-134
Left frontal 3 1 - 30.0 17-46 102.0  '92-110
Left ‘fronto-temporal 0 2  20.5 17-24 104.0 101-107
: o ' s
_ Right frontal 2 4 \\\Lzs.s . 12-51  101.0 -; 90-110
) :
Left parietal 2 0 31.0 27-35 106.5 ) 96-117
Right parietal 1 o - 28.0 n.a. 111.0 n.a.
;
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, * " Table D \
Subjects Taking 3ar£ in the * °
Absolute-Judgement’ Tasks
\ y Ies
' C Sex’ Age (yrs.) Wechsler I.Q. |
: *  Groug ' M F Mean 'Range Mean  Range
.o i ) . t A
Left temporal 14 10 -29.3  .18-50 107.2 . 92-131
~~ . ' B ’ y ‘
. .. Right “temporal 12 12 ' 28.8. 16-48 114.4  79-134 ¢
... Left £fqnta) 2 ‘1 34.7 23-46  99.0  92-110
‘e s oL
. Lefg flrontotemporal 0 2 " 33.5 24-43 112.5 . 101-124
Right frontal 4 4 26.0 12-51 101.5  85-114 .
l : , s
Right parietal 1 £ 29.0 " 28-30  96.0 80-112 .
J 3 2N N . ' N ° ,.
e Right occipital 0P 1 11,0 n.a. 93.0 n.a.
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-

N
JD [!

Tempofal—Lobe Subjects. in the

. ' ) - Matching-to-Sample Tasks
\ o’ l )
Sex ’ Age (Yrs.) ﬂ Wechsler I.Q.
Group - . 'M F Mean  Range ‘Mean Range
Left temporal 10 . 7.  26.9% 19-43 "\408.0 - 92-125
. Y ! ' Do
Right temporal 7 8 27.0 16-48 108.8  94-129
Left frontal 2 1 34.7 23-46  99.0 92-11[\
Left frdntotemporal -0 2 33.5 24-43 112.5 , 101-124
Right frontal ° 4- 4  26.0 12-51 - 101.5  85-114
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