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A word-generation experiment explored the rela\ive contributions! 

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

" region to verbal recall. P~tien~s .with "large left hippocarnpal 
,; .. .. _ J 

excisions (LTH) were impaired ·ln irnmediate recall of synonyms, 
(j , 

whereas those with smal], hippocampal excisions, (LTh) were 
, 

/ 
not: Both groups we;e impaired/in immediate recall of rhyrn~~, 

t , 

, ·a~d in ndelayed recall of bof synonyms and .rhymes. 

associative~lèa~ning task;'where the stimulus-items 

A nonverbal 

came from 
, 

a visual continuum, ~l~o re~ulted in a deficit for the,LTH 

(but'not the tTh) gr~up. Patients with right-temporal lobectom~ 
~ 

performed both tasks normally. On an absolute-judgement task 
, , 

involving the accurate numbering of a set of six individually 
" . 

presented rectangles, only the groups of patients with' large 

hippocampal excisions were impaired, regardless of side of 

lesion. These findings support the.' view th~t the temporal 

neocortex is important for gaining access ta information in 

semantic mernqry, whereas the hippocarnpal region iS,essenti?l 

for thé temporary retention of new information beyond the 
o 

span of immed ia te memory. 

t 1 

1 1: • 
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EFFETS DES LÉSIONS {JE LA/ PARTIE, MÉDIANE DU LOBE TEMPORAL 

~ , (; 1 / , 

SUR LA MEMOIRE I~TERMEDIARE CHEZ L' HOMME 

'Ré,sumé 

1/ 
,1 

on a 

A partir d'une expérieryce Impliquant la production de mots, 

étudié l'appqrl~'/ relati'~ du néocortex temporal et de, l"h:~pocampe 
" ..-

gauch.es au 1 rappel ,:verb~\. Des patients ayant subi de larges 

'excisions eje l'hippoclmpe (TGH) se sont révé lés dé f ic ient's dans 

le rappel immédjat de synonymes, ma~ tel n'a pas été le cas 
~ ~! ' 

"de ceux qui avaient subi de petites excisions de l'hippocampe . 

(TGh) . 
; 

Les deux groupes Qnt e4 une performance réduite dans 
'( , 

le rappel imm4 édiat 'de rimes et dans le rappel différé de synonymes . 
.,.-,---~ 1 J 

• .Je 

et de rimes. 'On a aussi observé une dé fiaience chez le group 

TGH (et non ~hez l~ group~ TGh) lors d'une tâcRe non verbale 

d'apprentissage par association, où les stimuli provenaient 

d'un ense:mble d'éléments visuels homogènes. Les- pa t ients ayant 
, , " "1 , 

subi Ane lobectomie tempor~le droite ont accompli les deux t&che~ . \ 
normalement. Quant à une tâch~ exigeant un jugement absolu, 

~ Ji, 

et impliquant le dénombrement précis d'un ensemble de si~ rectangles 

présentés séparément, seuls les groupes de patients ayant subi 

de lar~es excisions de l'hippocampe se son~ révél~s déficien~s, 

et ce 1 indépendemrr.ent du côté de la lés.ion. -Ces résultats~ tendent 

à démontrer que le' néo~ortex 'temporal joue u~;ôle importan't 
f 

dans l'obtention d'informations contenues dans la,mémoire sémantIque, 
~ , 

alors que la région de l'hippocampe est essentielle pour l'emmagasin-

age temporaire 'de renseignemènts n6uveaux, dépassant la durée 
Il ~ " 

de la mémoire immédiate. 
\ , . 
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1 
/ 

\ 

\ 

) 



t 

l" 

/ 

READ \.. . 

J' , . 
/ 
/ r 

/ • 
"'-

•• ... 
,;- 1 • .. /, ACknowledgements 

1 ., 

. 1 
(The author wishes to thank Dr. Theodore Rasmussen, Dr. 

! • 

wi~iiam Feindel, Dr. André Olivier and Dr. Jean-Guy Villemure 
1 

f9~ the eppertunity te study their patients at the·Mont~eal 

~ . 

1 L· 
~eilirOlogiCal Hospital. l am gr~eful to Dr. Barbara E. Jones, 

~ 

/neuroana tomist, for permission to us~ sorne of her superb pho~o-
'\ \e • 

miarographs, to Rhonda Amsel ior statistical advice, and to 
1 

Ma~ie-Jo~éetTremblay for tra~slating test instructions in~o 
French. Special thanks go to Dr: victoria Lees and her~Xerox 

850 word-processor, without whose help this thesis rnight rlever 
, 1 \ 

\ 
have been completed. \ 

These studies were supported in part by a Doctora; Fe~lOWShjP 

~ 

" \ ~ from the Social ~p!ences and Humanities Res~rch Counc!l of q 
1 

Canada, and in part by Grant MT 2624 from the Medical .Research 
• 

Council of Canadâ to Dr. Brenda Milner. 

/ 
/ ' 

1 
\1: 

, 1 

/ 



.. 

( 

r 

( 

"'-, 
/ .' READ 

,. , 
Table of tontents 

, 

INTRODUCTION 
EFFECTS OF BRAIN LESIONS ON PERCEPTION AND MEMORY 

l , 

Unilàteral Temporal-Lobe Les'fons 
Bilat\ral Hippocampal Excis.f.ion 
~nila~eral Frontal-Lobe Lesions 

,./ ~ " 
THE P SENT INVESTIGATION 
Subject ' 

\ 

\ 
PART J 

Experiment a: Word Generation 
\ 

Test Materials and Procedure 
Results 
Discl:Jssi'On ' 

\ 
\ 

, . 

PART II \ \ , 

Experiment ~: Associative Learning 
\ 

Test Materia~s and Procedure 
Results 

,,' 

Experiment 2: Absolute Judgements 

Test Mater iall and Procedure 
Results 

Experiment 3: Matching-to-Sample 

Test Ma~er ials and Procedure 
Results~ , 

Discussion 

GENERAL DISCUSSION 

.' REFERENCES 

APPENDIX 
! 

{' 

\ 

1 

--

,Page 

'1 

5 

5 
o 

14 

2i 

25 
25 

37 

39 

43 

57 

68 

69 

77 
83, 

85 

90 

97 

98 

101 

102 

110 

117 

139 

" 

, " 



( 

V 
READ 

, . 

1 

to under stand ~/t is b? n7 gene~ally accepted 

, 1 

alre~dY k,now about that world, ~'he gener l knowledÇ1e that I
he,world round us depends to a gr,eat ex ent I.1pon what we 

is stored i wha t has been terme~ "sema tic memory" (Tulv ing, 
• 

1972). We recognize new"things in ter their similarity 

to, or dif erence from, things alread known (Bruner, 1957r 
l 

Piaget, l 54). Moreover', hbw weIl w unde-rstand theslne,w 
G 

, 
things p~ays a major role in determining how weIl we,are able 

to remem~er tbem later (Bart1ett, ~932; Bransford, Barclay 
/ c:::: 

." 

& Frank , 1972, Craik & Lockhart, 1972). Th~se working hypotheses, 
1 

about he interaction betwe~n perception and memory, have 

rmalized in current theories of how people (and by 

infer nce, their cèntral nervous systems) process informatIon 

(e.g, Atkinson & Shiffrin, 1968, 1971; Badde1ey', "19)6; Baddeley 

& H'tch, 1974, 1977; Lindsay & Norman, 1~72; Norman, 1969; 

~hiffrin, 1976). 

The distinction, made many years ago (J?mes, 1890), 
f _' 

between the, maintenance ~f knowledge that is still in consciGus 

awareness (p,rimary, 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 
.... . , 

processing (e.g., Broadbent, ~958). Unfortunately, these 

terms later carne to be used to refer both to experimental 
) 

situations where recal1 or recognitJon was tested, apd ta 

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

,/ , ' 
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the expressions short-term memory (STM)' and long-ter ~emory > i f 
(LTM)' wére adopted ,for use wh~n rèferr ing to "eJper im 1 ntal 

situations, with "the expressions short-term storage I(STS), 

and long-term storage (LTS) being psed,when referri 9 (0 the 
, 

2 

under1ying procQsses (Waugh & Norman, 1965). A mote difficu1t! 

prob1em ha's bee~ the use of the expression • shor,t- erm storage 1 

1 

to refer not on1y to the maintenahce of know1edge in conscious' 

awareness, but also to the storage and retrieva1 6f information 

that has on1y r~cent1y passed from conscious awa FOI; 
, l' l, --

verbal information, Baddeley and Hitch (1974, 1977; Baddeley; 

1976) have argued that there is sufficient empiric~l evidence 

to support the assumption that short-term storage has.two 
( ~ , 

dissociable 'aspects: aorehearsal buffer, for maintaining information 
~ 

in conscious awarene s, and a working-memory system, for the 
'\ \ 

coding and têmporary storag~ of new .information beyond the -

immediate present. 
-. 

The' rehearsa1 ffer, in Baddeley's model, holds a limited 

amount of verbal mat rial in a phonem·~cally-coded form (cf. 

Atkinson & Shiffrin, ,1968; G1anzer & Clark, 1963; M~rton, 

1970). Verbal rehearsal, per se, appears to be an inefficient 
, 

way of getting new information into 10ng-term storage (e.g., 

Bowér & Winzenz, 1970). Increasing the number of times a 
J 

particular item-is rehear~ed does'not ne6essari1y inc~ease ~~ 
\ 

the probability of its subsequent recall (Craik & Watkins, 
. 

1973; Glenberg, smith & Green, 1977; but see Nel$on~ 1977), 1 

a~though rehearsal can improve recognition (Bjork, 197?i Cra!k 

, 
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1 

& Lockhar t, 1972; Woodwarè, 'Bjo Jongewar-d, .1;9.73). ~It 
/ 1 

has also been demonstrated tha loading of the rehearsal. 

buffeir (with digits) does no~ witp ,the performance 
., -\.,. , 

of concurrent verbal-reasonin or verbal-éomprehension tasks, 

unless the number of digits re~earsed is close to spary 

capacity (Baddeley & Hitch, 1977). Badd~l~y and ~itc~ 

(f974) had triree groups of sUbject~ listen to a list of l~ 
unrelated words, while concurrently looking ~t sets of one, 

r 

three ~r six digits, which they had to ~emember and write 

àown. In the sub~equent free-recall test for the words, the 

three groups of subjects did nQt differ in their recall of 

the finAl few items from the list: even though such items 

are traditionallYlS med to be held in primary memory (Waugh 
l 1l ..... ~" '1 

& Norman, 1965). Ba deley (1976) uses t~e evidence presenteà 
! above to argue th the ~erbal-rehearsal buffer 1S separate 

Q • 

from other processes of short-term storage. Other studiesl 

(e.g. Corsi, 1972; D.rachma,n & Ar,bit, 1966; Orsini., Sch1appl 
1 

& Grossi, 1981; Wickelgren, 1966, 1969) ha~e pointed to the 
1 
/;: existence of a similar limited-capacity bufLer for certain 

kinds of non-verbal information. 
1 

1 
1 
1 

The working-memory system, ·together with its own limited­

capacity storage ability, is esse~tial for the codîng and 

temporary storage of new information. It is here that infor-
, 

mation from semantic memory is used for the todin~ of new 

sensory information. Once coded, this néw information can 

be sto~ed, temporarily for uèe in reasoning (Hunter, 1964), 

l' 

\ • 
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language comprehension (Badde1ey & Pattersqn, 1971; Rume1hart, 
~ 

1972) and long-term l,(rning', (A.tk in~on & ~~iffrin, "1968; '.Bé!ddeley 

& Hi\t:t::h, 1974; Waugh & Norma~, 1965). ,Such codin9 is not 

necessarily matehal-speeifiei (ferba1 in .. formation can .be.'recoded-

. " as visl;lo7spatial images (e.g., De Soto, London & Handel, 1965; 
~ 

Hutten1ocher, 1968; Potts & Scho1tz, '1975), and Nisual info~mati~n 
, , 

can be ~ecoded in verbal form te.g.! Bower, 1971). 

The abi1ity of normal subjects to carry out reasoning 

tasks (or to recall the final few items from a ~word-list) , , , 

at a ti~e when thei~ reheaFsal-buffer is lo~ded with 0ther 

verbal material, supports the view that there must be a system ~ , 

for storing new i~formatfon for as long as it is needed in 

-

_, the ongoi .. ng Ber formance of a par t ieular task. The ev idence 

in favour of sudt ~ storage system for non-vèrbal or perceptual 

Information is p~rticula~ly compe11ing._ Helson's work (1948~ 

"-
1959,1964) on the e.f.fects of con,tfxt on perceptual judgements, 

as well as more reeent work by Parduec) (~959, 1965, 1,968 i 

Parducci & Perrett, 1971), supports the view th~t (for a par­

tieular set"of stimuli) ther'e must be available sorne internaI 
/ 

representations that i.nfluenee eurrent pereeptual exper ience', ' 

Furthër eviçente in favour of a, two-pa~t short-terrn storage 

system cornes frorn the work of Wickelgren (1966,'1968, 1969), 

Based 'upon his studie~ of recognition-memory fOT single ton~s, - ,/ 

he concluded tqat there were two, components in the short-term 
, ~ 

'" storage of non-verbal information: a span component, and what 

he termed an intermediate-mernory eomponent . 

.. 
( 

• 1 

( 
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."; ~FF CTS OF BRAIN-LESIONS ON PERCEPiJ:'ION ANi( MEMORY 

In the past, behavioural studies of patients with well­

locaiized brain lesions pr~vided sorne ~f the best evidence 
" ,'V . .." 

for a distinction between prirnaFY (short-term) storage and 
, 0 . .. " 

secondary (long-term) storage (Penfielti & Mtlner, 1958; Scoville 
C' 

& Milner, 1957)'. In the following selective roeview of the 

literature, a case will be made for' includ ing both a spart 
, "" (') , 

an inte rmed ia te, work ing -memory . syst~m, ill order 
o • 

1 -

component and 
, , 

, 
to account for sorne of the differentiql deficits in lear~in~ .. 

, 'QI , 
and memory that are found in association with,partfcular brain 

lesions. 

Unilateral Temporal-Lobe Lesions 

unila~r~l an~erior tempo~al-lo~e removal is performed 

for th~ relief ,of long-standing epilepsy. The excision in~lud~s 
. . 

the anterior temporal peocortex, and most or aIl of the uncus 
, 

and arnygdala, together with varying amounts of the hippocampus 
. 1" 

and parahippocampal gyrus (penfi~l~ & Mllnèr, 1958). Residual 

, ' 
i 

~ 

neurologie de'ficits may include a pé\rtial, 'or complete, corrtralat~ral, . ,. 
upper-quadrant' visual-field defect, the extent of which depen'tls, 

, 

upon the variable course of the fibres of ~he pptic ra~iations, 

as the se pass anteriotly around the temporal horn of the lateral 
1 t 

ventr,ic le (Mar ino & Rasmussen, 1968) \ Wi th ra~e c,exèep t ions " 

the patient~ who have undergone .such~urgery are otherw~se •. 

neurologically intact. When the excision is from the language­

dominant hemisphere, great care is taken ta avoid direct oE 

\ 
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indireèt damage ta the posterior speech zone, thus guarding 
, . 

against the occurrence of any laSting postoperative dYSp~a~ia 

(Milner, 1958). \ 1 . 

The 1Q distribution for such patients appear~be the 

same as the distr ibution ln the normal population fMilner, . 

1967), The patients have ndimal immediate-memory spans for 
, , 

both verbal (Milner, 1958) and non-verbal 1 (Corsi, 1972) material, 

The /temporal-Iobe ablation does, however, exacerbate pre-existing 

material-specific p~rceptual and memory deficits, which vary 

with the side of the' lesion. (Milner, 1958)0' 
\1-

Perceptual and Cognitive Deficits 

Patients with temporal-lobe lesions exhibit mild perceptual . , 

and cognitive disorders that suggest a slight difficulty~ in 

gaining access to informa~ion stored in semantic memory.,_ 

, Thus pat.ients with temporal-l.obe excisions from the left, 

la~gUage-dOminaQ~, hemisphere are impajred in their abi1ity 

to identify drawings of familiar objects when these are presented 
, , ( 

tachistoscopically (Kimura, 1963). The~ are ~lso impalred 
Q 

ln the rapid classification of drawings (or names of objects) 

as living or man-made (Wllkins & Moscovitch, 1978), .although 
, ' 

they are unimpaired in the~ ability to c1assify similar stimuli 
, 

as representing objects larger or smaller than a chair." Jaccaripo­
( 

Hiatt (1978) also found differentia1 effects for left and 

right temporal-lobe groups in their categorizption of w~rûs 

Subjects tested after,left temporal 

lobectomy used fewer ~ord- than design-categories, whereps 
- -

• 
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., 
the, reverse was true for those tested after right .temporal 

lobectomy. This finding is weakened, however, by the fact 

that neither group used significantly fewer categories than 

the nOEmal control group on either oi these'tLsks. 

7 

Milner (Nqte 1) finds that patients with left temporal-
- ·/3 ) ~ 

lobe Lesions perform rather poorly on Newcombe's (1969, 1973) 

semantic-fluency task, which requires subjects to enumerate 

objects, then animâls, then alternating birds and colours, 

. at 60 seconds for each set. It is particularly interesting 

that left temporal-lobe patients are worse at this task than 
( 
are those with left frontal-lobe lesions, giv~n that ~he latter 

patient group is markedly impaired on a symbolic-fluency task 

that require~ producing words that begin with a particular 

letter ,(Milner, 1967). In contrast, the 1eft temporal-lobe 

group shows Little or QO deficit on this latter fluency measur~ 

(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 

& Lof tus, 1975; Guilford, 1967: Jones-Gotman & Milner, 1977). 

For patients with right temporal-lobe lesions, sorne of 

the earliest, and best-replicated, findings have been the 

m1ld perceptual di~ficulties that these patients exhibit when 

req ired to interp~et complex visual material. Thus they 

poorly on tests that require the comprehension of 

or incomplete' drawing5, such as those of the McGill 
4,' 

pice re-~nomaly Series (Meier & French, 1~66; Milne~, 1954, 

, '-. ... 
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)958, 1968} and the Mooney Closure Test (Lansdell, 1968; Milner, 

1980). Such disorders can be interpreted as â mild difficulty 

in gaining acçess to semantlc memory. The patients are also 

impaired at spotting quickly the "odd man-out" 'from amongst . 
i 

four sets of fragmented concen tr ic ci.rCles\(Me ier & French, 

1966), and at recognizing overlapping nonse~se shapes when 
, 

these are presented tachistoscopically (Kimura, 1963). 

, Memory Deficits 
\ 

In cornparison with the mi1d perceptâql and cognitive 

de~icits found after unilater~l temporal lobectomy, the memory 

deficits are substantial. Patients with left temporal-lobe', 

leSio~re eften very much aware of their poor verbal memory, 

particularly if their jobs r€quire them to remember verbal 

material. Left temporal lobectomy has been'shown to impair 

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

1958), regardless of whéther the words are spoken, or wr Itten 

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

of whe ther recall or recogni t ion i s tested (Mi Iner,' 1958; 
~ 

Milner & Kimura, Note 2). The verbal-recall ability of such 
, 

patients is impaired both for àrawings of common objects (Jaccarlno-

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

~(Smith, 1980; Smith & Milner, in press). When reca11 ~r. recognition 

is tested immediately after presentation of the test materials, 
. ( ~ 

any deficits are usually mild. When a delay intervenés, however, 
/-

the verbal-mernory deficits are mor~, rnarked (Milner, 1967). 
\.11 

Memory for such non-verbal materia1 as faces (Milner, 1968), 
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melodies (Shankweiler, f966) or nonsense patterns (Kirnura, 
v~ 

1963) is typically normal. 

Patients with excisions from the right ~emporal lobe 

are ''impai~ed in the 1earn ing of, and memory f,or, au<:l i tor~ 

and visual information that is difficult ta code verbally. 

This includes bath ~ecall and ~eCOgni;ion of comp1ex _visual 

patterns (Kimura, 1963; Milner, 1975; Taylor, 1969, 1979) 
/ 

and tunes (Mi1ner, 1962ai Shankwei1er, 1966). ,:rhese pa,t ien ts 
! • 

are ~lso impaired in the delayed recal1 ~nd r~cognition of 

drawings of common objects (Hiatt, 1975; in ~ilner, 1978) 

and' in the de1ayed recall of toy objects (Smith, 1980, Smith 

& ,Mi~ner, in press). Such finding~, ?f course, have provided 
. 

good sù~port~ng evidence for the existence of s~parate, ~ater{a1-
1 

specifie memory-systems, which play a complementary role in 

the storage of new information (Bower, 1970; Haber, 1970; 

Paivio, 1969, 1'971; Shepard" 1~67). 
, 

Effects of hippocampal excision. The extent of the removal, 

in a unilateral temporal lôbectomy is determined at the time 
, ~ , . t 

of opera~lon by'taklng into ac~unt the observed physical 

condition of the brain, together with th~ electrocorticographit 

findings. The extent of 1ateral neocorticai excision can 
'1;, 

vary independent1y of the extent of removal in the more mesial' 

areas, i~clùqing the hippocampus and parahippocampal gyrus.' 
l' 

Because of this variation, it has been possible to compare 
\ , 

r, 

the ,performance of subgroups of patients whose excisions differed 
.1 , 

én~y with regard ta the extent of hippocampa1 removal. On 



10 

certain types of, learning and memory tasks there is a clear 

positive correiation bet~een the extent of hippocampal excision 

and the level of beha~ioural impairment. 

Milner (1967) first suggested, that the degree of -verbal " 

memory difficulty observed after left temporal lobectomy might 
, , 

depè-nà,~' in' par t, upon the rextent qf h ippocampal removal. "" 

The most systematic evidence for the role of the hippocampus , , 
cornes, however, from work of 'Philip Corsi (197~; Milner, 1971, 

f 

1972, 1974, 1978), the understanding/...of5,,\which is critical 
, 

ta an appreciation of this thesis. Corsi divided his left 

and right temporal-lobe groups intd four subgroups, ba~ed 
-

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

1971, 1972, 1974). Patients in Group 1 had-complete sparing 

of the hippocampal reg ion, or less than ,tl/3 of the pes h ippocampi 
J • 

)1" 

~lemoved; Group II sObjects had remo~als that iricluded from 

J 1/3 to aIl ,of the pes hippocampi; Group III patients had the 
" ' 

pes and u~ to l cm of the body of the hippocampus excised, 

and Group IV compr is~.d-' aIl pa tien ts wi thl more rad icàl exc is ions 
• j) . 
of the higpocarnpal region. Using a rnodified version of Hebb's 

, 
~1961; Melton, 1963) recur~ing digit-sequenc~ task, Corsi 

. \ 

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

supraspan sequence were the left temporal-lobe patients ~ith 

large ~pocampal excisions (Groups III and IV). Subjects 1 

in left temporal-lobe Groups 1 and II did learn .the sequence, 

although more s~o~y than normal subjects. 
, 

On à verbal-memory 
~ 

0;. 

t~sk requiring the recall of nonsense trigrarns' after a filled 
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delay- iiterval (Brown" 1958; Peterson & Peter son,,, 1959), Cors i 
! 

found graded deficits for the four le/ft ternporal~lobe subgroups,,' 
/ 

/ 

the severity of the defici~ depending upon the ~xtent of hippocarnpal 

excision. Patients in Group 1 ~ere only marginally impaired 

on the tasK. None of the right temporal-lob~ subgroups showed 

an impairment on either the supraspan sequences or the trigrarns 

task. 
1\ 

L 

Patients with right temporal-~obe lesions perforrn oertain 

learning and rnemory tasks poorly,'regardless OD thé exten~ 

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

Shankweiler, 1966; Taylor, 1969). On other tasks, hm'lever, 
Il< 

this is not the case. Thus patients with righ.t tempor'al lobectorny 

show def ic i ts in stylus-rnaze learning, both v isual '(Milner, 

1965) and tactual (,Corkin, 1965) when, and on;t.y when, there 

has been a radical excisiog of the right hippocarnpus and para­
; , 

hippocarnpal gyrus. , Corsi (1972) a~ain provid,ed the clearest 
. 

evidence for the differential effects of hippocampal excision , ~ (- , 

in the se' patient groups. On a visuo-spatial analogue of. t.he 
~ , 

recurring-digits task, which,involv~d learning a supraspan 

spatial sequence (tapped out on a randomly-arranged set of 

blocks), only right temporal-lobe suqgroups III and·IV ,failed 

to learn the recurring sequence. On a visuo-spatial mernory 

task, derived from Posne! and Konick (1966), subjects had 

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

tirne-interval. Once again, only the patients with large right 

excisions were poor at the task, being particulaJly 
\ 

'0 

\ 
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impaired wHh the longer (24-second) delay intervals. 'Rains 

(1981) has now extended Corsi's findings to the. sornesthetic 

domain. In a tactual analogue of the Posner'and Konick (1966), 
, , 

task, Rains had subjects reproduce the spatial location of 

a pin that uwas positioned irside ,a cork circle;'only the right 

temporal-lobe subjects with large hippocampal excisions showed 

a deficit on this task. Smith (1980; Smith & Milner, in press) 

has 'also found that on l'y'" the patients w i th large right ~h ippocampal 
,ID 

excisions were impai~ed in the immediate recall of the spatial 

location of 16 common objects. Patients with left temporal­

lobe excisions perform aIl these tasks normally, regardless 
, t 

of the extent of hippo~ampal removal. 

Up ta this point there is clear evidence for the importance 

of thç hippocampus in the perfor~ance of task,s where the amount 

o~ information to be remembered exceeds span capacity, or 0 

wh~re a limited amount of information must be remembered after 

a filled delay-interval. 
• ~ 

In general, the effects of hippocampal 

excision can be characcerized as d'eficits in Iverbal learning 

a·nd verbal memory for patients with left-hemisphe;:ê' le~iol)s, 

and deficits in spat~al learning and spatial m~mory for patients 

with cor respond ing les ions of' the r ight hemisRhere. Pat ients 

with comparable lesions of the temporal neocor~eK and a~ygdala! 

but with the body of the hippocarnpus spared, show minima~ 

impairment on the~e same tasks. 

Other find i~gs, though, suggest an add i t ional role c, 

" ,for the right hippocarnpal region; namely, ih 'the re-evocat'ion 
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of visuo-spatial information in cirdumstances where this can 

provide a supplementar~ aid to verbal memory (cf. Milner, 

1978, 1980). Smith (1980; Smith & Milner, in press) found 

deficits for both ~f he'r temporal-lobè groups in the delayed 
" 

recall of the names' of 16 common 0 jects, which had been see~ 

originally in a spétutÎal array. Fo her right temE'oral-lobe 

subjects, however, the deficit was restricted to the' subgroup 
(;) 

with large hippocampal exciSIons •. ones-Gotman (Jones, 1975; 

Jones-Gotman, subjects ra~e a set of .words for thelr 

':,1 imageab'ili ty. She 'then tested 'inci~ental learning /t these . 
,.' l, '\ • / l ' ' 

wdrds, and found, for he r',igbt te~roral-lobe subJects, that 

ont y the subgroup wit~ la g~ hippo1ampal excjsions was Imp~ired. 

She has also shown diff~re ~ial 16sses t~at depended upon 

the. extent of rlght hiPpoca~pal excïsion,,~on a task whè"re 

the sUbJects were required fp use imagery a~ a mnemonlC aid 

in the recall of hi9hlY-limfg~;Ole words ( ones, 1975) or word­

pairs (Jones-Gotman & Hjl~er, 1978). In ontrast, the same 
" / 
1 

right temporal-lobe patients were n9t imp ired on a more dlfficu1t 

associative-learning task, where they wer required to use 
, 

a verbal mnemonic (sentence-mediation) as an aid to the reca1l 

. of pairs of aostract words' (Jones-Gotman & Milner, 1978). 
. ' 

, :''',,' '. , 

In none of Johes·.!.Gotman' S tasks .dld the temporal-lobe subJects 
C)., ' / , 

have any difficJlty ln making appropri~te judgements about' 

imageabi'lity, or in generating' mnemof'!ic~,.images. The defic.lt, 
....... 

for the rig~t temporaJ-lobe group, came out when the re-evocatlon 

of such images wo~ld normally have provided an additional 

. . .. 

o 

" '. 
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aid to verbal memory. In contrast, a1thougn Jones-Gptrnan 

found that using an irnagery mnernonic irnproved the performance 

of her left temporal-lobe subjects, they ... weroe s·ti11 impaired 

on these high~y~veibal tasks, with no relatioqship being found 

between the extent of hippocampal excision and the degree 
c 

of mernory irnpairment in this 9foup (Jones, 1974, 1975; Jones-'r 

Gotman & Milner~ 1978). 

AlI of these flndings go to suggest that the radical 

eXClSlon of the right hippocarnpus Interferes with the retrieva~ 
/ . 
of vlsua1 information, where ~his ~ould normally be used as 

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

/ paivio & Csapo, 1969; Shepard, 1967). A cornplemehtary mechanlsm 
o 

might exist invo1ving the left~hippocampus. A strong prediction, . --- ~~ 

based on the evidence present~d ab6~e, is tbat ft should be 

possible to create a task on which left temporal-lobe patlents 
~ 

with large hippocarnpal-excisions would be differentially impairea. 

Such a task would in·volve 1earning of, or memory, for, visuo-

s~atial material, ih circumstances where verbal recodlng would 

normally be effective as a mnemonic'aid in the recall or recognltlor. .. 
\1 .(. 

of the visual inforrnatidn. 

Effects of Bilateral Hippocampa1 Excision 
. 

The most compel1ing findings in support of at least 

a -two-process theory of memory came or ig ina1ly from the study 

of subjects with bilateral lesions of the hippocampal region 

{Milner, 1959, 1962b; Penfield & Milner, 1958; Scoville & 
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, 

In particular, the~case of the patient H.M. 
1 

, ) 
been cited ~s providing strohg evidence in 

15 

favour of the STS-LTS dichotomy (Atkin~on & Shiffrin, 1968)~ 
... JI • 1 

An extensive review of the exper!mental findings for this 

patient is included here, because he provides one of the purest 

examples of an ampesic syndrome of limbic origjn, uncomplicated 

by' the effects of neocortical damaqe. H.M. also shows the 

clearest dissociation between a spared span-cornponent of short-
~ '. 

,t~rm stor.age and, a profoundly impalf:ed intermediate-memory 

comp'o1')eht. At the age of 27, thlS patient underwent bilateral . 
removal of the me~ial temporal-10be structures (including 

the uncus, amygàala and major part of the hi~poca~pus and 

'parah ippocamf>al gyrus, but spar i~.the la teral neocor tex) . 

Since this operation, which was carrled out for the relief 

, 

qf long-standIng epilepsy, H.M. has ex~iblted a profound antercgrade 

amnesia, having extreme dlfflculty in learning or rememberlng 

most kinds of new informatti.on. HIS Full-.scale 'IQ is, hOviever, 
j • 

slightlyo above average (and higher than ,it .,was preoperativelj6). 

He has been reported to show normal comprehensIon of language, ~ 

even to the extent of understanàing jokes whose point hinges 

on semantic a~biguity (Ni1ner, Corkin & Teuber, 1968). Jaccar lr.O- , 

\ 

Hiatt (1978) reported that H.M. showed ,normal sorting and r; 

categorization of nonsense àrfwings and words, despite being 

uhable to reca11 or remember any of them subsequently. AlI 
. ,.. 

" -
of these findings support the be1ief that H.M. has adequate . , 

access ta his premorbid semantic rnemory system. On rnost tests 

(-
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df perceptual ability he shows average, or above-average performance. 

One apparent exception to this is his poor performance on 

the Gottscha'ldt Figures test, (Milner et al., 19 6~). However ~ 
t 

this task may involve a short-term'storage component (Milner 

et al., 1968). Unlike patients with right temporal-neocortlcal 

excisions, he shows no impalrment on the McGill Plcture Anomalies 
, 

Ser les, or the Hooney Clopre Test (Mooney, 1956). Unlike 

patIents with left temporal neocortical excislons~ hlS recognition 

of tachistoscopically presented letters Is\normal (Klmura, 
1 

1963; Milner. et al., k968). In common with other amnesic patIents 

(WarrIngton & Welskrantz, 1~68, 1970), he has been able to 

learn to recognize lncomplete drawings of objeqts (Goilln, 
,~ 

1960), and he shows savlngs on this task when retested as 

much as three-~onths later {Milner, 1970; Milner et al., 1968). t\ 
1 

to, 

H.M. has a~ equally well-preserved abili~to attend 

and retaln (albeit brlefly) ,~ew lnform~on that 18 wlthin 
, , 

his span of attentIon. His dIgIt span (6) lS ln the law-normal 
4 

range, but IS ~etter, by one digIt, than it was preoperatively 

(Scoville & Milner, 1957). His span for a visuo-spatlal block-
( 

pattern is also wlthin the low-normal range (5 blacks; Corsl, 

1972). He is, however, unable ta learn a digIt séquence or 

â 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 it contlnuously (Dràchrnan & Arblt, ,1966; Milne~, 

1959; Siàrn~n, Stoddard & Mohr, 1965) , but once his attentIon 
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has shifted to somethlng new he is unable to ~eca~l the previous 

information. It is of particular interest that he was able . \ ~ ~ 
to employ an elaborate recoding strategy to help him retain 

1 

" successfu.lly a subspan number ser ies over a 15-minu te interval 

(Mllner, 1959). Yet, after he 11"ad been momentarily distracted, 

he was unable to remember anyth,ing of the number sequence, . ~ 
or of th-e elab~-~ate mnemonic system that 'he had used td" help 

hlm retain that sequence. He ShOW~ nO~~idencè of learning 

on a 28-cholce maze, even with extensIve overtraining. However, 

when the total nu~ber of individual steps was reduced ta fall 
. 

wIthln hlS memory span, he was able ta lear~~ albeit very 
. 

slowly, a slmple vlsual $dt tactlle maze (Hllner et al., 1968). 

On the former task he. still showed slgnificant savings when 

retested, two years later (f.'lllner, 1970). 

On aIl te~ts of recognItion of non-verbaJ stlm~li, H.M. 's 

performance fell to chance lev~l whe~ the delay interval exceeded 
~\., I,f­

l,-

3D seconds. Thus, Pr lsko (196j3), using the Konorskl (1959, 

1967) delayed-paired-comparlso~ procedure, found that H.M. 
o 

was performlng at chance ln his recognition of shades of red 

or flashes of light for any interval béyond 15 seconds. He 
tI 
was slightly 

able ta span 

be~" at recognizlng clicks and tones, belng 

a 30-second Interval at above-chance ~evels. 

H.M. was also markedly Impa~red on a tactIle delayed 

rnatching-fo-sample task involving recognitIon of bent-wire 

shapes (11ilner & 'l'aylpr, 1972). , In the originpl task, designed 

t~evaluate non-verbal rnernory in Sperry's commissurotornized 
t ~ 

" 

0, 
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." subjects (Gazzaniga, Sperry & Bogen 1962, 19~3), four shapes 

were used as the recognition set. All seven of the commissur- , 
..... . , 

otomized subjects were able to match the shapes with their 
" , 

1eft hands at Q-delay, and four of them were successful with , ' 

their left hands a(ter a :120-setond delay. H.M., al~haug'tl ' 
(. " J 

able ta do the task when tbere was no delay, reguired extebsive 

traInIng ta br idge Even a 30-second ';"delay when f"our re,C09,nltiOn, 

Items were used. Even when the number of choices was reduced 

ta three, h~s per*r1flance (~id not Impi:'o,ve, In contrast, patients 

with,â varlet y of unIlateral neoco~tlcal leslons sh~wed no 
1 

~pa irmen t on these same ta~.ks, Even W l th ·de lay in té rvals 

of longer than 12~ seconds. (~ 
The findlngs of Sidman, Stoddard and Mohr (1968) are 

particularly interest-ing, in that these authqrs" were,able 

to measure the degree ta which a gtimulu~ siill exerted control 

,over H.M. 's beha~ior, after varying delay ±nt~rvals. They 

trained him ,ini~ially ~o choçse a circle from a set ?f ellipses, 

ln a discrIminatIon-gradIent procedure. His performance on 

this part nf the task was considered to be ,within the normal 

range. FOllowing thlS, he was tested on a delayed matchi~g­

tp-sample tas~, using a set of eight ellipses as, the samples. 

Th~ delay interval was increaséd by l second after each correct ..... 
o ' "\.. ) "t 

choice, and reduced by 1 second after each er ror~ H. M. wa~,,"'~"" ( 

only completely correct i~ his choice~ 'with delay~Up t; 5 " 

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

the sample still influenced his responses at de}~ys of up 

, , 

i ; , 

l 
) - , 

\ 
) '. 
\ 
t 
j 
1 , 
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to 16 seconds. Two nor,mal 

, 
children, us.ed-as· èontrol subject,s, 

, 
showed no evidence o( a~y deterioration'in their petformance, 

even with delays 

'" In contrast 

'what he has seen 

of 40' second s, the longest in terval sampled. 

to'his almost total inability ~~m~mber 
oi heard in the recent past: H.M. ~as been 

, t , -
able to learn and remember, quite weIl, how to do certain 

, v ~---, 
tasks (see Cohen & Squire, 1980; Ryle, 1949; Winograd, 1975; , . 

" 

--- for d iscuss ion of th is iSsue) j. II.M. showed improved per forrnance, 

eQ>er !days, in learning a mirror-drawing task (Milner, 1962bJ, 
. , l, ' 

a ro~a"r.~-p~~su i t 'task. and a b imanual . tr ack ing task ,(Cork in, 

196~)\ > although he d'id not Iremember 'having seen any G( the 

t'ask s prey iou sly.. It has ~een suggested tha t learn tp9.f a k ines thet ic 

or motor ~kil1 may be'mediated by a diffetent brain sy~te'/ 
p 

from"that ~hich mediates learning of verbal or visuo-spat'al 

iniormation (Posner,'1~66, 1967; Posner & 
Il' • 

~ Howevèr, H.M. also show~ normal lEarnin~~ and 3-month 

, of.mirtoi-reading skills (Cohen & Squire, 1980). He 

been able to learn the rùleq ~nd procedures necessar' 

performing certain complex tasks (Cohen & Cork in, 19 1), sllch 

qS tpe Tower of Hanoi problem (LiQdsay & Norman, 1972). 
" go. 1 ~ 

Mi~ner (1958, 1959, 1962b) notes that, for normal individuals, 

~any experience~ are retained automatically in short-term 

ftorage wlthout having to be kept constantly in consci0us 

a~arene-ss •. She go~s on to suggest tha t i t is this. in i t ial 

short-term storage that makes lOflg-term storage possible (Nilner, 
o 

1959, 1962b), and thçt bilateral hippocampal lesions appear 
o 

, , 
, . 

~ 
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t~ inter'fere specifically with such aut0lI!,at.ic snort-,term retention. 

F~rther support for this view cOInes 'from the wo,rk of Wickelgren 
, '.,Jo 

J • • 

(196~, 1969), On the basis of the ~formance of normal subjects 

a p,itch-recognitio~ t'ask, Wic:keigren had postula ted the 
1 

existence of an intermecHate-term l1)emory system" ~hich was 

àistinct from the short-term or span system. After .testing 
:: . 

/' on this same task, Wickelgren ..(1968) concluded that H.M' 5' 

pet formance. 5powed no ev idence of th is intermed i~:e-ter;n component. 
l , 

In summary, unilateral lesions of the anteFior temporal 
ç. 

neocortex produce ma~eriàl-specific perceptual and memory 

deficits. Such deficit$ ?re considered, here, to bè a'consequence 
, ' 

of a àecreased ability to gain àccess'to information already 
, 

.'ored in semantic memor y : In this Sense, the àeficits are 

c'onslàereë to be in the initial encoàing, rather than in the 

storage of lnformatlon. Excision of the'hippocampal region, . ~ 
in conjunction with the temporal neocortex, can result in 

;" 

. aàditiona<l material-;specific learning and memory deficits 

that appear to be the result of a decreased ability to retain o . 

new info~mation.in short-term storage. 

""' ' of the hippocamp~] region~to rnemory is 

The sPtcia~ contribution 

seen'rnost clearly in 

the amnesic p~tient, H.M., whese 'bilatera-l~xcision was restr'icted 
- ~ ," ~ .//-

tu the' mesi{al-te,mporal'~eas. His, ·{mmediate span is normal,' ' 

for bath verbal and non-ver:bal information. He appears to',' 

have a no~mal ability to gain access to intormation stored 
\, . 

in semantic memory. ln contrast'he is profoundly impaired 
" ' 

in his.ability to retain ,any new info.rm~tion that exçeeds' 

, .... 

" .. 
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his recall or recognize subspan information once 

it has le ft his conscious awareness. 

1 ., i 
Unilateral Frontal-Lobe Les~ons 

Unilateral frontal lobectomy, when carried out for the 

relief of focalep!lepsy, appears ta have little or no detrirnental 

effect upon overall level of intelligence (Hebb: 1945: Milner, 

1963, i964). Patients with frontal-lobe lesions have also 

been shown' to' per form normally on a w ide var ieJty of percep'tua1 

and memo~y tasks, involving both verbal and non-verbal memoranda 

(Ghent, Misi:)kin & Teuber, 1962; Nilner, 1967,1968,1972). 

Yet the effects of a frontal-10~e lesion are easy ,to 

aetect clinically. Patients wlth severe traumatic lesions, . ' 
or with large frontal-lobe tumours, are characteristically 
. ' 

àescribed as being disinhiblted, perseverative and stimulus-

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

who have undergone a planned cortical resection for the relief 

or epileI:sy, similar effect.s are discernible r though in an 

a t tenua ted form (Milner, 1964). Sorne year s ago" Konor sk i 
~ ..... 

(1967, pp. 490-50~~ suggested that a major part of normal 

frontal-lobe function was in the control of ongoing behaviour, 

suc'h as planning a course of act ion for the coming day, anà 

then ,keeping track of what has been. completed and Gf what 

still remailns. to be done (cf. ~Pribram, [\humada, Hartog & Ross,. 

- 1964). It is particularly' in these' aspects oL behaviour:., that 
'Ô-~ 

, 
patients with frontal-lobe lesions appear ta have most dlfficult y 
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in' their daily lifE1J' In what follows, it will b~en.that , 
such patients also show a marked irnpairment in experirnentâl 

, . 
situations that require them ta plan a course of action, or 

ta keep track of what they have, and have not, done (Milner, 

1971, 1975). 

Studies by Milner and her associates (Miiner, 1963, 1964, 
. -

1972) Pr isko, 1963) have demonstrated that patients wlth unilateral 

frontal-lobe excislons for epilepsy show'no impairment on ; 

many tasks on which patients with temporal-lobe 1esions do , 

poorly. Thus, on most tests of reca11 or recognition, patients 

wlth unllateral frontal-lobe resectlons perform normally, 

as long as a set of non-repeating test items is usèd (Hilner, 
, 

1964, 1972; Pr"lsko, 19631. In contrast, when a l1mlted number 

of test items are 'presented repeatedly and; a ~eci~n has 

to be made about each one, frontal-lobe-patients are often 

markedly -impaired (Hilner & Teuber, 1968). This 'finding has 

been demonstrated for de1ayed pa lIed-co.mpar ison tasks (Hilne r, , . 
1964; Prisko, 1963), continuous-r~cognit1on procedures (Kimura, 

1963; Milner, 1964; Milner-' Teuber, 1968; Mliner, Taylor 

& Corkin, Note 3), and tests requir~ng judgements of temporal 

/fecency (Nilner, 1972). On cer ta ln rnemory tests a les ion 

of the left frontal lobe resu1ts in a more severe impairment 

than is found after a lesibn of the r 19ht frontal lobe. This 

has béen shawn nicely by Petr ides (Petr ides & Milner, 198J), 

USlng a task in which-'t:l'atie.nts are shawn sets of high- or , 
•• I/~· 

~ low-lmagerywords, drawings of cornmon objects, or abstract 

) 
\ 
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des igns. Initially, the same six items are shown, in different 

locations, on six different pages. The subject i8 told to 

touch any item on the f ir s,t page, then to turn ta the nex t 

page and touch a different item, and so on, trying nevet to 
, 

touch the same Item m,ore than once dur ing the course of tha t 

set~ Then the test is repeated, with new arrangement~ of 
l, 

the same SIX items having to be touched again, in any arder. 

The procedure is then repeated a third time. Fo~lowing this, 

eight new items are given, with the same task instructIons, 

and then ten new items, and finally twelve new items. On 

thlS task, which requires both planning a few moves ahead, 
(; 

and, monitoring of ongoing behaviour, Petrides's left frontal-
• 

11 ." 
lobe group was impa ired, ir respect Ive crf the' type of test 

materials used. His t'ight frontal-lbbe group, in contrast, 

was ônly impaired on the 12-ltem l,ist of the drawin~ and 

of the abstract designs. 

On tasks where there is a major spatial component, as 
./"'. ' 

in the learning of visual or tactile mazes (Çorkin, 1965; 

Milner, 1965), patIents wfth right frontal~lobe lesions are 

generally moçe impaired than those with left frontal-lobe 

lesions, thus reflecting the general role of the right hemisphere 

ln the successful performance of spatial tasks. Petrides 

(Note 4) .has adapted cond it ional-response task s (wh ich prodûce 
-

a major deficit in non-human primates after'bilateral frontal 

lobe excision; e.g., Goldman & Rosvold, 1970) for use with 

pati,ents. In such tasks subjects are required to discover 
'1) 

\ 
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.... 
by trial and errér, and th en remernber, 'how two sets of stimuli 

have been paired off, when there are no natural associations 

between any of the st i~ulus and le.sponse i terns. Petr ides 
~ , 

has dernonstrated 'marked associative-learning d~ficits on this 

type of task, for groups of patients with unilateral frontal­

lobe les ions. Where the v /suo-spatial aspects of the task ., 

were of pr~rnary i~portance, his right ~rontal-Iobe group was 

more severelyJirnpaired than his left frontal-Iob~ group. 
Il 

\, In sumrnar,y, the effects of frontal-lobe lesions on learning 
I~ 

and wernory are most apparent where the planning and monitoring 
, 

.of ongoing behav iour are important for successful complet ion 

of a task. Th~\s has led to tli'~ suggestion that the control <­

~ 

" 

processes of working rnemory are sPecifically affecte~ by fro~tal­, 
lobe lesions (Konorski, 1967; pribrarn et al., 1964), whereas 

l ' 
it may weIl be that the short-term storage aspects, per se, 

are intact. 

" 

.' 
, . , \ 

, . 

. , 
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THE PRESENT INVESTIGATION 

The exp~r i~ts to be reported here were designed to explore 
, , 

further the êffects of unilateral temporal ~obectomy on learning 

and 'memory. More specifically, they were designed ta evaluate 

the relatlonship between encoding and storage of verbal information 
1 

in patients with temporal-lobe lesions, and to assess the 

effects of left temporal lobectomy on the maintainance and' 

stor,age of new information in w9~king memory. In addition 

to the groups,of control subjects and of patients. wlth unilateral 

neocortlcal excIsions, the patient H.M.; l','ho 'underwent a bilateral 
~ -

removal of the meslal-teffiporal reg ion, was also tested on li> 

the word-generatlOn and absolute-judgement tasks. HIS performance' 

provides a reference-point from wh ich ta ass~s~~he extent, 

of the memory d-rs-t-tH'-bance. that -can follow un ila ~ra l temporal 

lobectomy. 

Subjec ts 

Each of the patients studleà had ul1dergone a unilateral 
, 

brain operation at the Mon.treal Neurological Hos&,ital, the 

ope1ation be~ng carried out for the relief of cerebral seizures . 

In the majority of cases, the cause of the seizures was focal 

cereb,ral atrophy dating from birth o~ earlY'llè, although 

a -few cases of indolent tumour and one case -of adult hec1.Cl 

trauma \<?ere also included. Patients with diffuse cerebral 

damage, or with fast-growing tumours, were exc,luded, as were 

cases '\.~f 'b i la teral Independen t elee trog r aph ie abnormali ty. _ 
, 

, 1 
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Because Wechsler-Bellevue Intelligénce and Memory Quotients 
o • 

were known for aIl patients, it was also possible to eliminate 

those patients wlth Full-Scale IQ ratings below 75. This 
(- ? ~ 

~~eft a total, of 105 patients, 14 of whom were subseguently 

excluded because pre-operative ,intracarotid Amytal1 tests 

had shawn them ta have atyplcal Iepresentation of speech (Wada_ 

& Rasmussen, 1960; Br~h, Milner & Rasmussen, 1964). 

MaIry Subject Groups 

Of most interest In.all of the experiments to be reported 

here was the performance of the 68 patients who nad undergone 

a unilateral anterior temporal lobectomy. Of ,this group, 
!il 

34 had excIsions from the left hemlsphare, and 34 had e~ClSlons 
• ~! 

from the rlght. 

Left temporal-lobe grouE. In the patien~s tested after 
, 

r left temporal lobectomy, tne mean extent of removal along 

I
the Sylvian fissure'was 4.7 cm, rang ing from 4.0 cm to 6.0 

" 
cm, and the mean extent along the base of the tempor a 1 lobe 

was 5.6 cm, wlth a range from 4.0 cm to 7.5 cm. The amygdala 
<\,. 

h'aVLe was said to been completely removed in 30 cases ahd partially 

Il 
removed ln 4. For 12 patients (subgroup ~fH), the removal 

~ J 
Included the pes hippocampl plus part of the body of the hlppocampus. 

The remaining 22 patIents (subgroup bTh) had pad smaller 9ippocampal 

excisions, includIn~ four patients in whom the hlppocampus 

lSodium amobarbital. 
l nd ., U. S. A .. 

'\ 

Elr Lilly and Company, Ind ianapolis, 

'\ 

~. 

-" 
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had bee~ completely spared. The total group included one 

case of hamartama, four of indolent astrocytoma,' one of oligo-
. . 

dendroglfoma, ànd one "case Of closed head in jury. Ten patients 

were ~ee~ from ~wo to three weeks post~operqtively, the remainder 

being seeh in fo~40w-up study, one or more years after surgery. , , 

. Right\ temporal-lobe ~r~up. For the patients in this 
\ . 

group the ~ean 'extent of removal along the S~lvian 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~a was said to have been completely 
Î 

removed in 31 cases and partially removed in the remaining 

3 cases. Thirteen patients (subgroup RTH) had had remo~alS 

1) 

that included the pes plus sorne portion of the body of the 

hippocampus; the remaining
o
2l (subgroup RTh) had had smaller 

h ippocampal removals, includ ing one case in wh ich the hippoca.mp'Üs 
f....----"' ... 

1 1 9, 
was completely spared. The right temporal-lobe ~roup included 

one case of hamartoma and three cases of indolent astrocytoma. 

Fifteen patients were seen f~om two to three weeks 'after operation 

and the remainder one or more years later. 

Normal control group. Twenty-four r~ght-handed normal 

control subjects were chosen to match the temporal-lobe subjects 
, ! • 

as closely as possible with re~~ect to sex, age and level 

of education. Their 'intelligence was not assessed. 
{} 

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

for the normal control subjects and the temporal-lobe patients, .,J" 

: 

t' 
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together with Full-Scale wechsleJ IQ ratings (taken from the 
. . 

most recent asse&sment of each patient) for thertemporal lobe 

groups. The composition of the two temporal-lobe groups varied 

somewhat from experiment to experiment, because the research 
\ 

was conceived progressively. Tables showing the number of 

subjects participating in each ~ask are given in the Appendix . 
.-. 

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

, In addition to- the patients with unilateral temporal-
~, ~ 

lobe excisions, the patient H~. (Scoville & Milner, 1~57), 

who had ,undergone a radical bilateraJ medial temporal-lobe 

resection ~or the relief of medically intractable seizures, 

was also tested on the word-generation and absolute-judgement 

tasks. In his, case, the 'surgical excis~on was said to have 

extended posteriorLy along the medial aspect of the temporal 

lobes for a distance of 8 cm, destroying bilaterally the ante~r 

two-thirds of the hippocampus and parahippocampal gyrus~ toget~r 

with the uncus and amygdala, but sparing' the late~al neocortex. 

At the time of testing (27 years after the operation) H.M. 

was, 54 years old, wi th a Wechsler-Bellevu'e I. Q. of 104, (Verbal 

97, Performance, 108) and a Wechsler Mernory Quotient of, 64. 

Additional Subject Groups 

The additional subjects cornprised 23 patients with unilateral 

frontal-~·parietal- or occipital-~obe lesions. ~s~ subjects ' 

were included ~in the experiments that com~r\~e Part II of 
, 

the thesis., Table 2 shows the sex, age, education and mean 
~ , 

Full-Scale Wechsler 1.Q. ratings of theie patient~, grouped 
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Table 2 . 

Additiona1 Subject Groups 

Sex Age (yrs.) Education (yrs. ,) W&chs1er 1.Q. 
......, 

i _~ 

, Group M F Mean Range Mean Range s, Mean Range' 

3 2 :31. 0 17-46 8.8 5-11 100.6 92-110 

Left fro 
temporal ,0 3 28.0 17-43 15.3 13-17 110.7 101-124 

4 5 25.1 12-51 10".6 6-14 100.3 85-114 . 
. 

106.5 ULeft pariet 1 , 2 0 • 31. 0 27-35 15.0 14-16 96-117 
f . 

Right pariet 1 2 1 28.7 28-30 15.0 12-2'0 101. 0 80,-112 
t) 

Right 6.0 '93.0 0 1 11. 0 n ."a. n. a. n.a. 

'<" 
A 

~ 
/' ,...) 

-
} ~, 

1 • 

-- --

, -

, 

n 
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;; 

accot?ing to side and site of lesion. 

Left frontal-lobe group. Figure i shows the cortical 

excisions for four of the five pètients with les ions restricted 

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

the li7fth patient (Su.Gi.), ~ho had had 'l.9-n. arter io-venous 
, 

malformation removed from the left parasag i ttal reg ion. The 

removals ranged from sma~l parasagittal excision~ (e.g., ~l.Qü.), 
, 

ta' more radical 'fron_t~ lobectomies that still always' spa'red 

Broca's area (Hu.Ma.). The epileptogenic ~esions in this 

group of patientS~included pne hamartoma (Ch.Rn.) and one 

case of ha~artomat~ ganglioglial dysplasia -<Hu.Ma.). 

Left fronto-temporal group. The removals in the three 

patients who, make up this group are shown on the r'ight 'of 

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

mesially beyond,the pes of the hipp~campus. lncluded in this 
~ ~ 

group ~is one case of indolent astrocytoma (Je.Ga.). One other 

patient (Su',Kr.) had had a- th~o~bo,Jed angioma, situat~d where 

Broca's area would normally have been. ~reoperative sodium 

Amytal tests revealed that most, and p~obably aIl, of her 

'speeèh was representeg in ,the left cerebral hemisphere. 'The 
fi. 

left-sided speech' representation was confirmed at operation, 

dysphasie errors being elicited~by electric~ stimulation 

" of the cortex anterier and superi6r te the lesfon. The exdision 

~itself, although followed by a transient post-operative dysphasia, 
.p. 

,d id not 

results 

cause a't 

~om such 

permanent impairment ,in speech. Since the 

a small group cannot be analyzed separately, 

/ 
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Figure 1. Left frontal-lobe and left fronto-tempor~l g~ouns: brain' 

': 
1 " 

maps based on the surgeon 1 s è.rawings at 'the time Çlf ). l' 
, operation, s1:qwing (in blac':) -:he estimat~d lateral 

extent of cortiG::~al ext:!ision. T~e brain mans on the ~ eJO't 
side, and at the top r-ight, are t}10se for the Ief:t"+::-or.':a',, 
~obe group. The 'remaining t:-:ree mans .oh the rj.g:!t sic'e 
are those fdr the left fronto-·temnoral grau!); All excis-

, ior..s spare 9roca 1 s area, as manped out by 'eiectrical StiFl-­

ulation. (For natients Ch.Kn. and o P:u.,~Ka.: rrte~ial aST")eèt 
abové, lateral as'Osct be'law.) 1" , « 

! ...; 1-. • .... 

", l 

\ . 
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f 

these cases are combined wi,th the ,other left frontal-lobe 

subjects for thé" pùrposes of statistic.al apalysis", . , . 
~ , > 

Right frontal-lobe group. Figutes 2 end 3 show the cortical 
, \ 

exc is ions in these nine patients., They range~ from small infer ior-
, 

do~solateral {Da.Co.), or patasagittal (Ja.Ro.) refuoval~, 
.... 

to rad ical lobectçmie~' (Gl ~Mc.; Ma. Si.) • In 1 one case (Co. Ha. ) 

'the anteriot 4 cm of the temporal lobe were also removed,. ~ 
1 

but tQe hippocampal region was essentially spared. Included 
J _ 0 , 

in this group is one case of porencephalic cyst tJe.Bi.}, , 
pne case of tuberous sclero~is (Ja.Ro.J, ~rid one çase of venous 

hemang ioma '(Do. Co. h 
1 

\ ... 
Lef~ ànd r\9ht posterjor-cortex groups. The removals 

1 

~ Ofl five of the six patients in· these two groups are illustrated 

" 

, , 

in ~igvre 4. No brain map was available for the rernaining 

patient (Gu;Ch.), who had had a large (S-cm diameter) arteriovenous 

malformatioh removed from the left super ior par ieto-oc,e.ipital 

region~ One case of IOW~grade_a<:rocytoma 

in the right posterioi Vroup. 

, 

" ~, 

, 
(Yv.Ga.) 'was included 

,1 
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, , 

Je. Bi. 29' 
Q 1 

Ra. Mi. fl 32 
, , 

1';' 

~ 

Da. Co . 22' 

,< 

o 

Co.'Ha. 36 23 

'" Do. Co. 33 

... 

Figure 2. Right frontal-lobe group~ estiMated ex~ent of removal 
. in five of the natients from the ri~ht frontal-lobe 

group. (For Ra.Mi. and_,Co.Ha .. : mesial' aspect above, 
lateral aspect beloYT.) • 

" 
'" , 

, ' 
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\ . 

,-
> 



( 

[ 

(( 

lZtAD 35 

.----

C Case Error Case" Error 
Scores 'Scores ~I , 

AL AJ AL AJ , 
-) 

" 

r 

iy.Ga. 54 0 Ma. Si. 43 0 

Jq. Re. 53 3 GI. Ma. 40 

, ) Figure'3. ~ight frontal-lobe groun (continued): brain mans . showing estimated làteral and mesml, extent of cortical excision in t~e four remaining natients. from the right frontal··lobe groun. In Figures l 0" e to 4, scores to the rJght of each map show the total number of errors made by that patient on the associative-learning (AL) and absolute-judgem~nt (AJ) tasks discuss~d later in the thesis. 
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De. Sa. 
, ~ \, 

o 

Gr. Ha. 

" . Yv. Ga. 

Figure 4. 

Error 
Scores 
AL. AJ 

o 

23 

o 

Case 

Br. Be. 

:\ 

36 

Error 
Scores 
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\ . 
62 

19 

Left and ri8~~ posterior-cortex groups: brain maps 
showing estimated lateral extent of cortical excision 
in the two patients from the left poster~or-cortex 
group and the three patients from the right for.who~ 
brain-maps are ayailable. (De.Sa. and Ch.Jo.: ~esial 
as~ect above, lateral aspect b~low; B~.Be. :"lateral 
aspect abo~e, inferior aspect below.) , 

f 

, 
1 



t 
./ 

READ 37, 

Experiment 1: Word Generation 

The' first experiment explores the relationship between 

the encoding of verbal material and its subsequent recall 
, 

by subjec~s who have undergone a unilateral temporal iobectamy. , 1 

The focus of interest of th~ study was on the performance 

of the~patients in .the left temporal-lobe group. 

The ability to understand~v.erbal information is largely 

àependent upon our ab-iilty to evoke rapidly, and accürately, 

the stored meanlngs of words contalned in our semantic memory 

system. The hypothesis put for ward here is that a left-temporal 
\ Q , , .. 

neocortjcal lesion impairs the ability to gain access to semantj~ 

memory. Such an impairment would be expect~d to intèrfere 

with the accurate semantic encoding of new verbal information, 

and the verbal memory deficit seen in such patients is consfdered 
, ' 

to be-a consequence of that poor encoàing. If this hypothesis 

is correct-, t~~n, for left temporal-lobe patients who have 

h?d the body of the hippocampus spared (s(pgroup LTh), a test 

that ensures precise semantic encoding should offset the verbal 

memory impairme?t that would otherwise be expected. A form~lly 

similar task that ,involves phonetiç encoding should result 

,~i~he verbal memory impairment usually found in such patients . 
• , ,\ 

In contrast, patients with large left-hippocampal excisions, 

because of their reduced short-term storage cqpacity (Cors" 
-.~ 

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

tasks, even in immediate recall. Patients with right temporal 

(' 
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lo~ectomy, given the highly verbal nature of the tests, should 

show no impairment, regardless of the extent of right hippocampal 

exc~sion. 

A yariant of the Slamecka and Graf (1978) word-generation 
~ 

task was developed ta test these hypoth~ses. In this task 

subjects were required ta generate a ward list, having'been' 

given a cue ward and the first letter of a target ward. The 

basis for generating the words could be either semantic (e.g., 
1 

a syn9nymi BIG? - L .... ), oi phonetic (e.~., a rhymei RrCE? 

- N ... ). Normal subjects, on this type of task, show significantly 

higher levels of recal1 for the self-generated items than 

do subjects who are given the same set of ~ord~ in a standard· 

depth-of-processing procedure, (e.g., Does LARGE mean the same 
~ 

as BIG?: Ooes NICE rhyme with RICE?; S1ameCka & Graf, 1978). 

The beneficia1 effects of generating one's own word list is 

found for both immediate and delayed testing and for bath 

~- reca11 and recognition. ~ifi holds true regardless of whether 

incidental or fntentional tests of memory are given (Ounlap 

& Oup1ap, 1979; Jacoby, 1978; McFarland, Frey & Rhodes, 1980). 

Thi~ type of task se~med particularly appropriate for use 

~ with temporal-lobe patients, because it requires the subject 

ta search for, and produce, a set of specifie items from semantic 
'\\ 

memory. 

The rhyme- and synonym-generation tasks were given on 
, 1 

separate days, with blocked presentatlon, -in arder to heighten 

the expected differences in the performance of the LTh subgroup 

1 
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on the two tasks. In previous studies wi~h normal subjects 

.the two types of generation ~asks have usually been presénted 

with rhymes and synonyms intermixed, in much the same way 

as in the typieal depth-of-proeessing experiment (e.g., Craik , 

& Tulving, 1975). 

For normal subjeets the first few items and the last 

few items presented in a word list are remembered better in 

imme~iate reeall th an are items from the ffiiddle portion of 

the list. It has been assumed that th~se primaey and reeeney • 
effects~re re1ated, respeetively, to the long and short-term 

storage eomponents of memory (Atkinson & Shiffrin, 1968; Glanzer 
) 

& Cunitz, 1966; Waugh & Norman, ,1965). Be~ause of Jaecarino-

Hiatt's finding of a redueed prirnacy effect for patients with 

large left-hippocampal excisions (Jaccarino-Hiatt, 1978; reported 

ln Milner, 1978, 1980), and because of the theqretical interest 
, .. 

in the role that· the hÎ'ppocampus plays in the transfe,r of 

new information to long-term storage, special attent"i~n was 

paid to the immediate reea11 of the first two words and the 
l' . 

, last two words generated in each of th~' two tasks. 
,-"---

, 
Test Materials and Procedure 

" , , '/ 

Two separate sets of words were created for the rhyme-' 

and ~he synonym-generation tasks. For the phonetic task, 

16 pairs of medium or high-freguency words were chosep, sueh 
," 

that they rH~~d with each other and had at least one other 

rhyme in eornmon.(e.g., RICE-NICE-rnice). Ten of the eue words 
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had Thorndike-borge (1944) f!equency ratings of A or AA, with 

the remaining six words having an average frequency of 25.0 
f . 

words per million (ranging from 4 to 4~ words per million) • 

Nine of the target word:s had A or AA ratings, .the remaining 
,,>!, 

7 words having an average frequency of 30.1 words per million 

(rang ing from 27 to 41 words per million). 

For the semantic task, 16 pairs of words were used, 

Jf similar irr 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. 1 BIG-LARGE-huge). Eight of th,~ 7\ 
words were rated A or AA, v/ith the otl}er eight having an average 

rating of 25.8 ~ords per million !ranging from 2 ta 48 words 

per million). AlI but one of the target words had A or AA 0 

ratings, with tge remaining word having a rating of 39.0 words 

per million. None of the target words in the rhyme-gener,atlon 

task was a synonym for any of the words useq in the synonyrn-

generation task, and on1y two of the targe t, words in the synonym-

genera tian task rhymed with any of the words of the rhyme-

generation task (see Table A in Appendix for cOI#plete '" set 
... 

of words). For 
1 

each ta,sk, eight d ifferent arrangements of 

the word-pairs were created . 

On each of two separate days subjects were required to 
/1 ~l>. 

generate oqllly a 1ist of 16 cornmon words~ for each of which ">\!' 

they were 'g iven a cue word and the fit:st letter of the target 

item. For the rhyrne-generation task, 9-ub,;j,~cts wer~ 9 i ven 

the fo1lowing instructions: 
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l am go ing to say a word, and then say the ·f irst 

1etter of another word fhat rhymes with the one 

l gave you. ,1 want you, as quickly as you can, 
\1\ l 

to tell me the worcq l am th ink ing of. l am going 

to get you to produce a long list of words in 

this same way. Then, at the end of the list" 

l will ask you to tell me as ma,ny cf, the word~ 
le 

th~ è,~ou gave me as you can remembet. l will 
, 

never ask you to 
) 

remember ary of the words that 

l gave you. )~~ 

41 

Subjects were allo~ed up to 30 seconds to p~odu~e each correct 

target ward. The time between presentation of a target letter 

and the correct re~~onse was measured to the nea~t tenth 

of a seco~cY, using a hand-held" stop-watch. If the subjects 

gave no response (or an incorrect response) withi~the first 1 

\ 

15 seconds, they were provided with the first syllable of 

the target word (or tpe first two or three letter's fo~/ monosyllabic 
\ ;; 

words) as an add i tional eue. If, af ter 30 seconds, they stÙl 
~ ,1 

had not produc~d the correct target word, the word was given 

to them by the examiner. A minimum time-interval of 10 seconds 

was maintained between presentation of successive cue-woràs, '~, 

in order to keep p'resentation-time as constant as possible " 

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

of 16 words was 155 seconds. 
" 
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Irnrnediately after giving the last correct target word, 

subjects were asked to recall aloud as many of the target 
J 

items as?they could remember, in any order. Both the items 

and the order in wh ich they w.ere producéd w,ere recorded. 

Subjects were allowed up fo 5 min~tes to recall the items 

42 

bdt most subjects completed their recall within three minutes. __ 4 

On the other test day (with order of presentation of tasks 
1 

counterbalanced within each group), subjects received essê~tially 

the same instructions as before, éxcept that this time they 

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

cue words. 
t;;" 

Following the immediate free-recall portion of the task 

subjects were given, on Day l, the) associative-learning task 

described in Part II; and on Day 2, the absolute-judgement 

and matching-to-sample tasks~also desc:ibed in Part II. A~ 

the end o'f these tasks, which took about 45,to 60 I,T1inutes, 

aIl subjects were askect withoLit warning to try to remember 

, the words that they had produced originally. Five minu tes 
" 

were ~gain allowed for recall, and no prompting of any kind , 

was cPiven. . 
111 

T~ble B, in the Appendix, shows the composition of the 

temporal-lobe groups tik~ng part in the word-generation tasks~ 
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C' 

Results 

~ 

Preliminary !-test compar i sons of all ,the results to 

be' reportesl showed no sign~ficant differences , within any 
n" • 

of the, group's'" attr ibutable to sex of' subject or to order. 
. ~ 

, of word- or task-presentation." Within,each' ternpor~l-~obe 

i:;;<' 

~ j âi' -: 
grdup there was also no significant difference between the 

~ \ 

performance of subjects test~d in ,the immed;ate post-operative 
1 

, ,t' 

peI iod and those who we,re tes te'd in fOllow-up s tuày. Wi th in 

each gŒOUP," there fore, the data were po'olèd, for alI - s, ubsequent 
~ , '1 , 

analyses. 

JAResponse' Times , 
In a pilot 'stuëly, it was noteç} that there were many subjects 

in each' 9 rou'p who, to~k a long time te re spond to' one, or two 
-

items " espec iaUy dU,r ing per formance of the synonym-genera tion 

task. PaÙents iri the left tèmporal-lobe' group appeared to 

~ display more of this word'-flnding difficulty than other subjects. 
~ , 

Because of these long-latency items" it ,was con~idered ~pp[opriate_ 
, " . 

ta use the median response-tlme for each sUbJect (rather than 
\,. ... ~ , .-

the,lIrnean) 1 as a rough rn4f~sure of diHiculty for each of the 

two tasks. These tirnes were used in a two-way é!nalysis Df 

variance (Group x Task). In this analysis there were significant 
1 

differences among the three group~ (f., (2,54) :;; 6.41,12 < .01), 

and bètween the,two tasks (~ (l,54) = 9.79, É< .005), but 

no interaction effect (~ :;; 1.26). Paired compar isons" using 

a pooled error-term and a Satterthwaite approximation to the 

L-
degrees of freedom (df = 107), revealed the -left temporal-

, ' 

\ 

~ 
j , 

\ ' 
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1 
lobe group to be sighificantly slower than either {the normal 

1 

control group (rhyme'si Q = 3.29,12< ,.,05: sy,nonyms; Q = 4.56, 

È <'~'OI), or the "rig.ht temporal-lobe group' (rhymes; g = 3.41, 
. 

12\,.05: synonyms, 9 == 4.54, 12 < .01). The normal control and 

r i~ht temPFal-lobe 'groups did not' diff'er from on~ anothe~ 

((hymesi g~ 0.97:'synonyms, Q = 0.87). Withi~ th~ 'eft temport­

lobe group, the two subgroups did not differ from one another 

• • (rhyme~; ~ = ,0.67.: sY,nonyms; ~ = 0.8.9). 

Free Recall " . 

Because of. the p'articular interes't in the effects of. , 

both Task and Time of Recall on the performance of the left 

temporal-lobe group, pla~ned comparisons,invo~ving simple-
'(,' ., ~ . • "l' 

simple main effects, werj,e calculated fq,r Groups at both levels 
f • 

" "" of those·two ,factors. These were folbüwed by,paired comparïsons 

between the normal control group and each temporal-lobe,grqup 

ot 'subgroup, as weIl a~ p~ired comparisons between the twO" 

l'éft t:emporal-lobe subg roups., us'ing a Neuman-Kuels procedure. 

For aIl of these comparisons a pooled error-term was calculate;d, 

using the mean value of the fou{ error terms 'from the overa1J 

ana,lysis of, varia,nce (Win.er, 1971). The degrees of 'freedom 

for the compq,risoris wére cal'culated using a Satterthwaite 
" .. 

appr9ximation (Winer, ,1971). 
, . \ , 

The mean number of 'words correctly reca11ed by the three 

main groups is shé~n,in Figures 5 (immediate recall) and 6 
1 

(delayed recall). A three~way analysis of variance (Group 

x Task x Time of Recall) was per formed cm t~e number" of items 

/ 
~----------------------------------------------------------------~~----
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recalled 

, 

corpectly. 
'\ 

This analy,sis gave Sign~~~nt main effects 

13.92, E <.~l); Tâsk (! â)s.4) = 33.85, 

Recall (~ (l,54) ~ 214.21, E <.O~). 

for Group Œ (2,54) = 
... 

E <. 001) ; and Time of 
- ( 

There'was~also, however, a significant thrée-way.interaction 
< 

.(! . <il, 54}, =8. &3, E' <. Oql). Examination of the simple inter-

actions for Groups X Time of Recall showed a signifieant effect 
( 

oc:. \: 

f,or bp€h Rhymes (! (2, la 7) =, 8. 73, 
? 

(! (2y {)7) = 3.56! E." < .05)., 

E <,.,001), and Synoflyms 
, 

( 

~T~anned co~parisons 
'\ 

of the simple-simple main~effects 
• 

"(df = 101) gave a Si.gnificant group effect for the immeqiate 

recall of rhymes (F = 14. 00, J2 <,. 001, see Fig. 5).' paired' 
• " - ~ . ' r 
comparisons showéd t~e left temporal-~obe grQup to ~e impaired "0 

fl 
relat~iv~to both the normal control (2 = 5.65 r J2 ,< • 01) and 

• ~gh t tempora'l-lobe (Q = 6.96, 12 <. al) groups. A similar 

patte . of result~ was seeti for the ,immediafe recall of synonyms , 
E < .D05}, with the left temporal~lobe group, once 

'21gain, .impaire elatI've to both the norma'l control (2 = 3.91, 
. . "', \ 

E f<.Ol) and rig~t temporal-lobe (2 = 3.86, 12 ~.05) 1roups. 
1.' 

Significant group e1fects~were also found for delayed recall 

,bf both rhymes (F = 10.54, E <.001) â~d synonyms (F = Il.85, 
, ( ~ - ~l " ~~ --r'" 

E < • 001, seel )Fig. 6). .In each case t'he left temporal-lobe 

group was imp~ired relative to the normal 'conerol group (rhymes: 
r ~" r . " 

Q ='6.3211 E <.01; synonyms: Q = 5.73;,~E <.01) 'and alsc) relative 
- § - ',. 'f r-
to the right ,te~poral-Iobe group li~ymes: Q =~4.l3, 12 <.05;, 

6·' ",' .... , ,," 
synonyms: .Q' = 5.95, 'j 0< " 01). The 'r ~?ht te~poral-Iobe group 

did not differ from the normal control gtoup,?n any of the 
), ( 

" 

.. ' ,) 

l .. ) 
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ahove comparisons (rhymes - immediate: Q = 2.28; synonyms 
, .J 

immediate:'Q = 0.54: rhymes - dêlayed: 9 = 1.11; synonyms 

- delayed: 9. = 1.25)-. , 

Le~tempor~l hip~ocampal effect&. In order to explore 

thé relationship between extent of hippoca~fal excision in 

." 

left temporal-lobe subj'ects and per formance on the,. word-genera t,ion 

task, a threé~wai analysis of variance ~Group x Task x Time 

of Recall) compared, the tWE) let:t temporal-i~ subgroup.s ('LTh 

and LTH) ~ith the normal control group' .. The mear( r~wall sc~. 
for toese gro~psf brokèn down by Task and by Time of Recall,., \ 

\ .' " , '. - '-\.. ' 
are shown for rhymes in Flgure 7{ and for synonyms in.F~gure 

8. The' analysis gave signific~nt main effects~for, Groups . , 
( ~ ( 2 , 4 2 i = 13. 2 9, 12' < - • a 0 1) i 'Ta s k (~. ( 1 , 4 2) . = 16. 5 9, E < • () a 1) , 

and T~me of Recall (~I (1,42) = 105.00, E < .001)~ None of 
- , 

the interactions reached significance. 

In the planned compar iSOn51\ (df = 83) , 'the group' e~fect 

'\'was sig~ifibant lor the i_I?medi'ate reca11 of rhyf[les (~ (2,83) 

J 

= 8.61, 12 < .001i see Fig. 7), both~left temporal-lobe subgroups 
s:--.' 1 • ',' 

being impaired ,:elati-ve to the normal contro~ group (for LTh: . 
, 

9 = 4.90, ~ < .01;, for LTH:' Q:' = 4. 4 6, 12- < • 01), but n ~ t d i f fer' in 9 , 
. -il ' 

In marked contrast, although from<ê each 'other (Q = "0,.54', n. s.) . 
, :". ~ 

the overall group effect for imined ia te reca1l of sy.nonyms.,. 

was ~f ~simi,lar magnitudè (~. (2,83) = 8.53, E< .001, 
, 

see 

Fig 8), on this tas~ tbe grocrp with large hippocampa1 excisions 
,,.v-

was impaired relative to ~bth,the norma~ contror grou~ , , 

l " 



( 

,1 

. ( 

READ 

-~ -
Il 
)( 
0 
~ 
""'-

-=c 
CD -.0 
U 
CD 

0:::: 
CI) 

" 
'"'C 

L.. 

~ .... 
0 ... 

1 - 'CI) 
..0 

1 E 
::l 
Z. 
_C 
0 
CD 
~ 

) 

n 2A 15 6 '24 15 6 
Group Normal \, ,Leftr, 

, Control Temporal 
Normal Left 
Control Temporal 

. . f 
-

Figure 7. 
1 _ 

Left-temporal hippocampàl effects: rhyme-genera~ion • 
tas~. ~1ean' number of Hords correct _in '~rn.rneèia;t;e 

, 

and' delaved recall. ,·?esul ts for the normal. control 
'grou!-> and the two l~ft temnoral'-lobe sUbgroups, J 

respèctive~y. ~ 
, 1 

1 _ 



c' 

. 
0F.AD 

( 'J' 

'" " . 
; 

, 

.0. 

c:-

"'--- ' 

. ~. 

J 

, 

." , 

Figure 8. 

( 

\ 

50 

Immediate Recctll Oelayed Recall ~ 

~LTh , 

---0 
, .... .. 

Il 
X '\ 
0 .(\ ~~ 

......... 

." .' / 

~CI) 

-0 
u 
CI) 

0::: 
CI) 

-0 
"-
0 
~ .... 
~ 3 
"-
CI) 

1 
:) 2 
Z 
c 
0 
CI) 

~ 
--\ 
, 1 

24 J 15 6 
" ~Normah Left . 

Control Temporal 

n 24 15 6 

G Norma1 Left 
roup 'Co' ntrol T 1 empora J 

" . 
i " Le:ft-tem1)oral/hi::rpo.campal effects: .synonym ... genera:tion 

task. ~1ean nurnber of words correct' in iJ11mediate, anc1 . ' 

delay~d recalI~ '~e~ults for th~ nopmal ~ontrol gro~~ 
and the two Ieft temporal~lobe subgrou~s (LTh and. LTH) , 
respectively. 

l '. 

/, 

., 



( 

", 

\ 
\ 
\ 

, . 

1 • 

" 

, 
READ 

(Q = 5.84, 12 < • al) and ta the group wi th small~ __ .E,.2-L(~ 

eX'ci.sions Cg = 4.25,12. < .01). The difference betwel,en the 

normal control group and the group with sma1l hippocampa1 

. e~cisron~ did not approach significance (g = 1.86). Bigniflcant 
ry,: - , 

group effects were ~found for delayed reca1l of both rhymes 
p 

(~' (2,83) = 10,.82, 12 < .001); and synonyms (~ (2,83) = 10.39., 
.JI 

E < .001). In each case bath of the 1eft temp,oral-lobe subgroups 

were impaired (rhymes; LTh, 9 == 5.44, 12 < .01: LTH, .Q = 5.07, 

- t 
12'<.01: synonyms: LTh, Q = 4.25, 12 < .01: LTH, Q = 5.84, 12 < 

Î 

\. .0)-) but did not differ significantly from one a'nother (rhymesi -. w 

Q =1. 08: synonyms; ,9 = 2.62). \ 

SeriaI-Position Effects in Immediate Recall 
, .... 

Figure 9 shows the seriaI-posItion curveJi for the immediate 
,,~ ( 

~recal1 of the rhymes b'y èach of the thre~ groups. The/immed~ate 

free-recall scores l' 'for each task, were tabula ted accord ing 
b ' 

to the pos i t ion in the, lis t tha t each word had occup iec1 when 

it was fi,rst "ge~erated.l For the analyses, these input positi'Ol)s 
» 

were grouped into eight s'ections of two words each., The 9ro1lPS' 
, 

1 

wefe then .compared in two ~,eparate two-way analyses of var -tance 

!Group x Recaii Position), 'one for each task. jfolloWlng'these 

'analyses, planned compar isons of the groups ~ the first 

two (,primacy) and last two (recency) items generated weFe 

carried out, using tqe pooled error-term J59rn each of the 

overall analyses. Fol1owing Greenhousè and Geisser's (1959) • 

recommendation, conservatlve dE were us\ed, for evaluating the 

significance bf aIl repeated-measure effects. Where the 
r. 

1 

) 
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group effects were significant, paired cornparisons of the 

groups were carried out using a Neuman-Kuels procedure. 

Figure 9 sho~s the seriaI-position curves for irnrnediate 

recall of rhymes. The Group effect was significant (~ (2,54) , , 

= 14.95, E < .001) " as; was the SeriaI-Position effect (~ (7,378) 
, ) 

:: 11. 22, E < .001). However there was no s igni f icant inter act ion 

(! (14,378) = 1.14). In the planned corn~arison oflthe primacy 

effects (df = 407), the group differences were significant .. 
(~ (2,407) = 7.55, E < .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, 

E < .05) and the normal control group (Q = 4.83, E <.01). The 

~atter two groups did not differ significantly from one another 
!If J (Q = 1. 89) . In con tras t to th is~, the group di fferences for 

the recency portion of the curve did not approach sign~ficance 

(! = 1.10). For the irnmed iate recall of the synonyms, both 

the'overall Group, and SeriaI-Position, effects were significant. 

(Group; F = 4.36, 1? <.05: SeriaI-Position; '! = 5.37, ",P <.01). 

In this case, however, there were ~o differences between the 

grouP9 in either the primacy (! (2~397) = 2.81) or the recency ~ 
(! = 0.02) portions of the curve. 

Relation between l~ft hippocampal removal and serial-

position effects. In the analysis of the s~r)al-position ' 

effects, the most interesting results were those for the two 

left temporal-lobe s~bgroups {see Ff~5. 10 and IIi. A two 
~, 

way (Group x SeriaI Position) anç~ysis of variance for the 
'-' 
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immediate recall of the rhymes g~ve significant main effects 

for Group (~ (2,42) = 9.18, E <.001) and Serial Position (~ 

(7,294) = 10.29, E <.001), but no interactIon (~ = 0.93; see 

Fig 10). The group differences, for the primacy portion of 

the curve (df\= 3l4)~ were significant (f = 6.74, E <.005), 

and paired comparisons revealed that both left temporal-lobe 

subgroups were impaired relative to the normal control group 
1 ... 

(LTh; ç = 3.52, E <.05: LTH; ç = 3.85, E <.05) but did not 

differ lrom one another (Q = 0.32). There were no differences 

among the groups for the final (recency) portion of the curve 

(!:=0.8l). 
1 

The overall. analysis for irnmediate reca,ll of the synonyms 
/ 

was also sig~ificant for Groups Cf = 7.50, E <.005) and SeriaI 

Position (~. = 5.26, E <.01), with a nonsignificant interactiOI-' 

(~ = 1.26; see Fig. Il). pnce again the groups differed in 

the primacy portion of the curve (~ (2,315) =~7.33, E <.OO~, 

~t this time the paired com~risons showed that only the' 

patients with large hippocampal excisions (LTH) failed to j 

show any pr~macy effec~ (Ne; Q = 5.77, E <.01: LTh; g = 4.44, 

E <.01). The left temporal-lobe subjects with small hippocamp~l 

excisions "(LTh) did not differ from the normal control~-r-oup 
/ 

in their ability to recall the first two synonyms that they 

had generated (Q = 1.33). There were, again, no differences 

arnong the three groups in their ability to re'call the final 

two items (F = 0.33). , 

" 
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, 
) 

'per formance of H .M.on the Word-Ge'neration Task 

teceiv~i the same 
~. 

H.M. task-instructions as did the 

other subjects with regard to producing and remembering the 

self-generated items. He had no difficulty in producing the 

appropriate responses in both the rhyme and the synonym conditions. 
~ p 

In irnmediate recall of the rhymes, he was able to produce 

the last two words c~rrectly. After a three-minute delay, 

filled with general conversation, he was unable to remember 

any,of the words that he had given earlier._ In the synonym-
!. ' 

generatlon task, he produced only the final item from the 

list in irnrnediate recall, and no items at aIl after a three-

minute filled delay 'interval. 

Discussion 

For the normal control and right temporal-lobe groups, 

the results 0t the word-g~neration tasks accord weIl witrr . 
-( 

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

~ Graf,. i978). ' Thus, for both groups, the synonfms were reca).led 

betterJthan,.. the rhymes, in immediate and in delayed rscall. 
<. ' 

On both tasks the right temporal-lobe and normal-control groups 

performed at the same level. Although the lef~temporal-Iobe 

~roup also recalled the synonyms better tha~ they recalled 

the rhymes" this group was significantly poorer than eithe~ 

of the other two groups on both tasks. The left tempO\al-

lobe group was also slower than the other two groups at~~~ting 

both the synonyms and the rhymes. This finding is in keeping 

-~r 
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with previous observations of slight word-finding difficulties 
~ 

as a sequel'to left tempor,al lObectomy.(Milnei, 1958). 
\: , 

For the left temporal-lobe subgroups thé results for . , 

irnmediate recall fit weIl with thè!'--0f.~9inal hypothes~s that 
1 

motivated the ~tudy. Both the subgrouPtwith the hippocampus 

spared (LTh) and the 'subgroUp with large hippocampal excisio~s 

(LTH) were equally poor in their reca~l of rhymes, suggesting 

that a lesion of the left temporal neQcor'tex' is sufficïent 
\J ' .. 

to cause a deficit wh~n the initial encoding is 6n a purely 

l'phonemic bas is, ra ther thal1 being d irected toward s- the meaning 

Qf the words presented; Good support for this view cornes' ~ 

from a recent study by Rai~s (1981), in which he tested groups 
, 

of right and left temporal-lobe patients taken from the same 

population aJ the subjects in t~is thesis. Using the depth­

of-processing paradigm developed by Craik and Tulving (1975), 

Rains.had his subjects f{rst make one of three types of judgernent. 

about each word from a 48-word liste Subjects had to decide .. 

whether or not the wQrd described an item from a given semantic 
" 

category (semant~c condition), or rhymed with a given word 
1 

\ (phonemic category)~ or was printed in upper or lower-case 

letters (f)hysical condition.,... Immediately after completing 
11> 

the task, subjects were given tests of incidental recall and 
-' 

recoglfi'tion for the set of words about which they had had ' 

"to ma~ judgernents. Rains found the expected depth-of-processing 

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

with words from the semantic condition being recalled best, 
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poor ly (cf. Craik & Tulv in~5) . Rains' S le-ft temporal7" 

lobe group was impaired on aIl conditions, although thiç 9foup 

was better at recalling words from the semanti; éondition 
'\ 

rthan,trom either of the 'other two condit-ions: Their ~,rec:rl 
l n 

of word~ ftom the phonemic condition, however, was-as ~oor _ 

aS,their recall of words from the physical. As in the wor~­

generation study, Rains found that the" ·tw~ left temporal-lobe 
c· j 

subgroups '(LTh & LTH) ~ere equally ~paired in 'their recall J 

of wor~s from the phone"mic conditibn>", The findings ,from the 

two studies help confirm that exci~ion ~f the left'tempoial , . 
neocortex results in a marked }mpairme~t in ~erbal recall 

when the orienting task that is used does nQt require any 

'semantic encoding for' its successfu];,.completion. 

This yiew also fits weIl wi~h recent observations by 
1 

Roldan (Note 5), who has beeQ carrying out direpted~forgetting :' 

:experiments (Èjork, 1970) with temporat'-lobe patients'. In 

Roldan's task subjects are required to read aloud, and re~em~er, 

sets of words presenrted- ind iv idually on a video screen'. At 

a given signal subjects must either recall 5 from 

the most recently-presented set, or set of words 

and begin tO,memorize a new set. This t sk, in which dozerls 

'of ~ords are presented within a single' test session, is very 

demanding on short-term storage and recoding processes. Left 

tempéraI-lobe patients are the only_ subjects who make phonemic " 
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errors in r ecall on th is task, despi te hav ing read the words " 
, 

oorrectly as the se were presented (e".g., they might have read 

the word lHRD, bu t r'ecalled i t as BREAD). ~Taken together, 
1 

the results from th~ above studies suggest'some impairment 

in the phonemic encod ing' of verbal mater ial by opatients wi th 

left temporal-lobe lesions. 

In the rhyme-generation tah, the seriaI-position curves 

for immediate recall (see Fig'. 9) show clearly that, fo~ the 

left temporal-lobe group, very litle of the phonemical~y coded 

informa~ion got into' long:"'term storage .. It can ge seen from' 

Figure 10 that this was the case for both left temporal-lobe 
( 

subgroups, neither of whieh showed any evidencè of a primacy 
.'> 

effec t in the immed iate recall of ~he r,hymes. In con trast, 

the normal recen~y-effect displayed by both of the left temporal- .. 

lo~e subgrQups suggests that they had no difficU-J:ty in retaining 

the final few items in,primary' memory. It appears, therefore, 

that, i~ the rhyme-generation task, the left temporal-lobe 

subjects wefe juft retaining the most recent,~Y generated items 
; tt ,,\ 

in the ir rehearsal buffer, wi thout doing any of the reeod ing 
1 

necessary to effect a transfer of that information to long~ 
1 

t_e.lT'll\stoz;.,~ge •. In a, recent paper, Zaide! (1978) has commented 

(;m the inabi li ty of the isola ted l igh t hemisphere to enfploy 

phonemic encodihg~ in contrast to its norma~_or n~.r norm~~, 

abili ty to understand the mean ing of s.ing le i)ords. ~t may 

weIl be that left temporal-lobe damage results in impaired 

ecncoding of aIl auditory-ve~bal material, but. that the intact 
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II' 

~ght '~~mi'SPhe~1' "a~,erOVide sorne assisb~~in t!l, encoding 
1 

of 1e~ningfUf matér'ial. , c 

• On the synonym-generation task, the ~mmediate recal+ 
, D . . 

of ~he LTh sUbgroup was as good as ~hat of the normal control 
1:' , 

group, with ~ani of the temporql-Iobe sU,bjects sc~r ing above 
d 

the ~e:n ~f 

because the 

This does not appear ta b~ 
l ' .~ 

one ,'as no subject was at cei1ïng,"r 

reca1l!t b~, the nOrln~1 control 

the control group. . \ 
task was. ~n easy 

and the ~~~n number of words 

group was only 50 per cent -·of the total nu~be~ -o.,.f words generated 

.. otigi-nally (see Fig 5). M~reover, the LTH subgr6up was .markedlYf 
~. 

impaired in the immediate r"ecall of t'he same ~et of \\Fords . . , 

In ,th i s cas e. Ra i~S • s ' (198li .dep th -o.f-p ro~ess i n9 s tudy prov ide s 

a - nice co~n~èrpo±~t 'to ~the r'e'sults from thè word-gen~r~tion_ 
study. R,a ins" s l~ft tempjr~l--l~be subgr-oups were equally 

llimpa,red rin ~he \mmed~ate re~~l of -,words t'dr which' th~y had 

previ~usly made"a, semantic judgement. Thus i,t appears that 
~ .~ 

~ \ 

having'toJsearch for, ànd propuce, a specifi'c item from semant.ic 
.. / ' .t'},,. 1 G 

memoty' (as in the word-generation· task,) is sufficient to,"offset, 
, F 

li 

a't least tempofar ily, the v,rbà.l-'"memory defic i ts for the group 

of left temporal-lobe pat~n~ !~ sm~ll b.~ppocampal \excib'ons, .. ') 

, -The ser ial-position curve f immed ia te recall of the 
4 

, synQnyms (see 'Fig. Il) pro~ide~ evidence fdr a normal pat'tern 

'of rtcall for the LTh subgroup. This group is ~ot \~~fteren~ 

frOJlJ the nor~al control grou~ iJ\ e1ther' ~ ~rim~cy or recency 

~ portÏ(?!Ls o'f tl1i~ curve." According to t,he traditfonal view 
.' 1 

of memory' (e.g., Waugh Sr Norman, 19651), th,is me~ns, for'~ the 

~ (~A J ' 
, , 

\ 

\ . 

1 
-- ... 

\ ' 
( , i 

o 

« 1 



, \ l .. 

1 • 

1 

! 

• 

h. 

RaAD 62 

i 

. LTh subgroup, that items generated at the beginning of the 
.n­

test list have been successful~y consolidated in long-term 
fi 

, 1 
storage. In contrast, the curve for the LTH subgroup shows 

no evidence of any primacy effect, suggesting an almo~t com~lete 
, , 

failure on the part of subjects in ~his group to consolidate 

new verbal 1ll-formation. Once again, however, both of the 
, , 

left te,mporal-lobe subgroups~were unimpaired' in their recall 
:ï:l' , ,: ~ 

o~the final two items from the list. Jaccarino-Hiatt. found , , . 
a similar dissoci~10n ~or her left temporal~lobe .subgroups 

iii " 'J ... " ~ 

in their Immediate free reçall of. items from a~word-li~t, 

with only her LTh subgroup showing any primacy effect ~Jaccarino­
\ , 

Hiatt, 1978; reported by Milne~, 1978, 1980). 
'.. . 

Alth6ugh the verbal-~emory,deficits seen l~1eft temporal-

lobe patients are typically more severe in de1ayed recall 

'. than 'in Immediate recal1 (Milner, 1967), the iinpairment of 
..".. 

the LTh ~ubgroup in their deIayed recal1 of the synonyms was 
~ 

somew..,hat supr ~s ing, ~ iven their good je~e!. ..,o.f immed_i~"'te. recall 
• 1 •• 

for these items. NorIllilI subjects ," after a de1ay, u~ually 

, r eca 11 few Of. ~he items loha t ~e or:9 Ï'all y preseq téd. : n 

the final l:~st-posit'ions, èven though they' had produced them 

in imm~d iate re.eallo This finding is genera11y, fnterpreteq 
• 1 

as ~onfirming that th~ re~ncy effect is tqe r~~ult of such 

items being originally held' in phGnemic .t(}~m in the verbal" 
" 

burfer, and never coded for transfer to Ibngïterm storage 

(Jo 

(Badde1ey, 1976). In contrast, items that afe produce~ from .~ ... ~' 

the ear1ier, parts of a list in Immediate recall 'are considere~ 
.... 

" 

1 .' /1 ' 

• 

" 
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'-, 

ta have been recalled from 10ng~term storage and, hence, a~e 

,more likely ta be'- recalled again after a;'-"delay. 
,P 

The patients , , . , 

in the L7'h subgroup showed an ave'l\age 10'55 of, more than 40%, 

of aIL the .,ite,ms ,tha t they had recalle'd ini tially, in contrast, 
, IF 

ta a· 25%' average 1055 for the normal control 'group.' jTh iS, 

differential loss of verbal information for the LTh,subgroup , . 
1 

cannot be interpreted a? being the result of poo~.initial 
, , 

eneodin'9'1, given the requirement5 of the task aop thei'r :norma'14 - , 

immediate-recall \scores. It seems'most 'likely tha~in immediate 
~ 

reeall the information was still'being held in intermediate ' 

, " 

.. 
, 

mefnory, wher~ i t ~ould noqnally be retained pr ior to' i ts consolid.a tion 

this informa tion (~f. Wickelgren, 1970). The 1055 of much of 

~~ter a d~ia'y suggests that l\tùe ~ of it was 
\ 

actually consolidated. , 
'j • ~ 

The findi~gs from these experiment~ ~upport the original 
-='""'-- \ 

hypothesis, that a' left temporal-neocortical ex~{~ion is sufficient', 

ta impair the encading dE verbal ~ateJial, ,w~'iCh ~hen l;adS • 
to poor storage' of that same mater iale For, patient~th . 

. 1 

the hippocampus sppred {subgroup LTh), pceeise·semanti~ eneoding .. 
'can offset tnat deficit for a time, resulting in normal storage 

of verhal i~formation in in~~r~ediate~emor~.!-'l In c~ntras.t, 
) the patients 'with large hipPo,carnpal excisions' (subgr'oup LTH) 

~, - , 

~e.re ~nable ta f.'~e advantag~ of précise enc~d'ing, bei'~g' equaliy 

~ 
l' . . 

im aired irrthe-ir-':immediate reea'll ~of both- rhymes and syn6i1:yrns. 
• l ' 

This strongly suggests that the intermed'iaee-~emor~ ;ystem 

of t~iS latter group does ~~t ftet: ~an ~~O~erlY~' 
. ~, l 

~ ... 
\ ' ", " ....... t~ , 

\ 

" 

J. 

~ 

, 

, " 
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\1 PART II 

ExpeIilment l , 
,t l " " 

1 The associative-learnlng experimenç described in Experiment 

l w~s designedJor igina·lly ta 'evàluate the ab!li'ty, Ç?f patieQts 

Wi,~lh left temporai-lobe, lesions ta· crea~, and mâint'ain, an 
j 

internally-ordered continuum in working memory. 

,;11\1\) In a pdviouS study, Read (~\978, 19!31) showed that patients 

" , who had undergQne' a left anter ior temporal lobectomy, were 

rnarkedly imp('~,1=ed in their'\ability to solve d,eductive':'reasoning 

problems o~ the general form 'A is taller than B: B is ialler 
If 

th.an c. t ich one is shortest?' \ Patients with comparabfe
j 

excisi9ns from th€~ right temporal lobè performed normally. 

On this ty~~ of 'task the more difficult items (e.g., A is 
'or , ' 
~ , ~~, 

not as ta II ,as B: C fs not as short as B.' Which one is tallest?) 
, , 

impose a considerable load on short-term verbal storage prQcesses. 

'By ,recod lng the information g i ven in each premise into a v isuo­

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

Hence, the p.erf~tm?l~ce O,t normal su~jects i~pro~es s".ignificantly 

wnen 'they are toJ(d ta Va mental v.m~ge of the information 
, , . 

. c~ntain~d in' e.ach prtmise (PQtt~ & sch07tz,.J.975). DespÙe 

being encouraged ta use su ch ., ' 
menta~ images; rnost of the subjects 

, .J. ( , 
in ~ead'~ l;ft temporal-loge group .reported bein,g unable ev en 

. , 
T~is' finding s~ggest~d that the' defi'ci-t 

i () , 
ta form these images. 

s~wn by t,he ,left te~poral-lobe group on the deductive-reasotling u~ • , / 

task might b~ the, result of a more general. impairment, ed.ther 

i~ the '73b'ili ty to 'recode .v~rbal ,info'rmation in~o,' V~guo~spa,t ial 

, , 

! 

l' 
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form, or in the ability to sto,re this (retoded, information 
'1 - , 

temporarily as an aid to pf'~blem solving. An alternative 

explanation, "that the 'inability of these patients to form 
, l' 

. / 

mental images ~ight have been due to aArrimary impairment '.. ' , 

/ 65 

in t~eir ability to understand and remember aIl of the verba~ 

information contained in the premises, could not be ruled 
l ,,' 

out. Most of' these patients, however, SCO~:dlwithi~ the normal 
" ~ , 

ran~e,on De Renzi. and Vignolots (19Pf) Xok~n ~,st of language 

comprehension, whe~e ~h~ verbai commands can be as long as 

, th,ose in the deductive-reasoning problems .• ' Lesser P976), 

moreover 1 has poin ted out the ~arge' ve'rbal-memory component 

"inherent in' the Token' Test. ;rt was assumed " therefore 1 tha1: 

the impairment se~~ . .on the deductive-r~asonin9 task arter 
, "\ 

left temporal lOQectomy reflected an impaired ability to r~cod~, , . \, , ,-

or store temporarily, 'the, verb~l information give:n' in the ',. , 

, 'premises of the p,rQihem. 
, 

In order to find out, whether this impairment was, limited 

to the verbal domain, it was decided. to assess the ability 
') l ' 

of patients'with l'eit te~poral-lobe îes.ions tq forrn, or maintain, 
, ).. '1 

~nt~rnal represedtatiQns on'~ learning task in which there 

were' nO
t 
verbal' stim,ûli'.' sJCh a' te~t would 'require, fO,r its 

. ' 

successful complet iont- the creation, 'and nfa intenancé ,~f ' an ~ 

. i,ernal 'representation' of perceptual stimuli. A modUied . 
" ~'---' 

/ 

" 

. , 

version' of an associati~~-lea~ng task, in which, tl:le, stimuI~'J: 

'items were taken from a,phy~icalt~ntinuum~ was created èSpe~llY 

for this purpose. 

" . , 

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

, . 

~ 
l 
,< 
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\ , 

\, 
In previous studies of this type," the stimulus items , 

-, 
have been ta~en from'a perceptual ~ontinuum (e.g. different 

line lengths1 or differenf shades of grey), but have been 

pair~d (randomly) 'with a ~et of verbal response-items. Stimulus 
, ' ' l ' , 

, .. 
-items were never presented in the arder in which they occurred .. 
along their continuum. Either a fixed number of trials was 

-
given, or testing was continued until sorne criterion.leveL 

- " ' 

of performance was reached. When the total numbér of errors • 

m~de for each pair of items was plotted against the~stimulus 

items or.de'red along their continuum, an inverted U-sh~ped, 

function was obtained, which has ~een descri~ed as a sèrial J 

position curve (Bower, 1971). Subj~cts made fewest error~ 

on the stimulus items at the ends of the range, and most errors 

on thos~ pairs where~the stimulus items came from the m~ddle~ 
of tfle r:ange (Bower ,'.197Ù Ebenholtz, 1963, 19aft6'i Jensen, 

,1962; McCrary & Hunter, 1953; Murdoch, 1960). ~ower suggests 

that -tD-e! reason for this effect is the graduaI 'formation, , r--J ,,-
beginning with the end items, of an internaI representatio~ 

...... r4 1 

of the relationsnips b'etween the stimulus items ordered àlong 
f 

their contin~u~. Such a rep~esentatiQn, is held to be almost <-

«' essenuJ'l for the correcf pair ing of the ~~omplete set of stimulus 
" 

and response items (c.f. Potts, Banks, ~ossl~,~Moy~r,' Riley 

& Sm i th, 1978). 

In the associative-learning task used .in Exper~ment l, , , 

'a set of non-verbal response items was used, which remained \ 
:t ' ~ .l.... .. . 

in fr~ vi~w of the subje~t at all Urnes. I~ this way it was 

l' 
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hoped to prevent the left temporal-Iob~ gr,?up fr~eing vandicapped ~, 
by possible verbal-comprehension or verbal-memory difficulties. 

\, ..... 1 :t '7 ) 

It was as~umed th~t if the left temporal-lobe sùbje~ts were 

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

an internaI represtntation ~f the stimulus items, then the 

pattern of error responses made by that group should refl~ct 
tl) > 

this dif~iculty. If the impairment was great, the serial-

positiè~ curve fo~ the number of errors made to each stimulus-
..... " 

item sHould be essentially fIat, with no savings' in the humber '\ . 
of errors made in response~o items from the end' of the continuum. 

Exeer ~::n:o:ent5 ~.~ a\ ~umber of 5Ubj~ct,:\~gge~ted tha~ pne 
'0 • 

of the most difficult parts of the associative-Iearning task 

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

a ,particular t~'ial. In ordér to explore this aspect !tof 'the 
~ A 

" 

task m~re directly, an, absolute-judgement task was cr~ated 

(usirig stimuli similar to. those used in the associative-Iearning 

task), in which subjects were required to number each stimulus 

item in the order in which it occurred plong its continuum 

(i;e., the sma~be~' item was numb€r l, the next smallest, 

number 2, and so on). 

Experiment 3 

, .Jrhe ~a;tching-to-sample task~ were included as control, 
'i l 1 

tasks, to guard against the possibility that patients who 

had difficulty w{th the absolute-judgements task might have 
'-\ 

been impaired because of a visual-discrimination deficit. 

" 
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, / 

The same stimulus materials used in the absolute-judgements 
..-

j 

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

,/ 

Experiment 1: Associative Learning 

" The Paired-Associate method is a time-honoured way o~ 

ètudying the course of verbal learning (Gibson, 1940; Kling 

,& Ri96s, 1971; Woodworth & Schlosberg, 1954) '" In its most 

basic form, the reinforce-test procedure, a list- of N pairs 
) 

of nonsense syllables or words i5 presented to a subject, 

68 

one pa~r at a time. Then the stimulus items from these pairs 

are re-presented in a new~order, and the subject tries to 

recal1 the corresponding resPOnse items. The pairs are presented 

in di~f~rent orders on successive trials. ~~orrection procedur~ 

is u~.e~ in which th'e subjec't i6 told the correct response 
" ,~ , s~ ~ 

if h~ fails to give it withiri a. few seconds. The meas~re 

used is normally the total number of correct responses in 

a fixed number of trials. The method was originally ~êveloped 

to study such varia~i~s as meaningfulness of nonsense syllables 

J or familiarity of'words. 

In the rn~thpd of anticipation, eac~ stimulus item is 

given separately, and a response made to it, following which . . 
bath the stimulus and}response items are presented simultanepusly. 

t' 
~hen the next stimulus item ~presented, and so on, until' 

" aIl the items have been presented. Order)of presentation 

of the 'complete'~'set of stimulus-response pairs is r"à\domized 

for each ,separate block of tr ials. The task usually continues 

until aIl pairs have been learned ta sorne criterion. 

'r 

/ 
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Effects of Unilateral Brain Lesions on Associative Learning 

Previous stùdies have shawn that patients with 1eft tempora1-
" 

lob~'lesions are impaired in their ability to.learn verbal 
( . 

,.paired-associates .(Meyer & Yates, 1955; Milner, 1962a), regardle!\,s 

of whether these are presented in spoken or in written form 

(Blakemore & Falconer, 1967; ij1..lner, 1967). For the assoc,iative-
\ ~ 

learning of pairs of non-verbal stimuli, the litt le evidence 
v 

that is available would seem ta sug~est/that neither .1eft 

nor right temporal-lobe subjects are irnpaired (Meyer,~~959i. ~ 

It is possible, however, that Meyer's nonve!bal tasks were 

sirnply too easy for aIl of his subjects. 

C De Renzi ~1968) has suggested r on the basis of his 
'11 

findings in patients with unilaterai'" vascu1ar lesions of the 

brain, that iativeflearning ~asks, whether the stimuli 
~I \ 

tnemselves are ve or non-verbal, have a large verbal component, 
~ , 

to name"all the st imuli in an effar t " 

after meani g 1932). De Renzi, however f use,d the 
~ 

reinforce-te method for his non-verbal tasks, subjects being 

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

fo~ recognition 6f each appropriate response ~tem. Und~r 

such conditions, it would indeed be helpfu1 ta use sorne verbal 
; . 

mnemonic. De Renz i'S find ings,. there fore, ,ma y have been due 

more to the method of presentation than ta any necess~ry us'e 

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

that associative-learning tasks can, be created that appear 
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te have à minimal verbal co~onent. 

;+ 

Petriàes has adapted 
~ 

70 

the conditional~response paraàigm, previously used to test 

non-human primates (Goldman & Rosvold, 1970), for use as an 
1 1 

"1-

a~~ociative-Iearnin~ ~a5k with human subjects. ~ He has qix 
, 

stimulus items and six response items, which rema~n in front 

of the subject throughout the test. The experimenter indicates 

one of t~ stimulus items, and the subject discovers, by trial 
~ 1" 

a~a error, the correct response it~, 3nd then must remember 

it. The~est (continues, ~~th randomize~ presentation of the 
1 1 • 

-... 

stimulus items ~ until the subject "ha,s reached a str ingent 

criterion, or until a c~rtain number of~~ials have been given~ 
---- -._-~" t' 

Using simple stimuli (a set of iàentical blue Ifght,s grouped 
......... '-......~ 

together in a ,spatial pattern, one of which lights up a~----t~e 

stimulus on any given trial) and simple response items (six ~"-._ 

blank file cards laid out in a row in front of the subjectl, 

Petrides has b~en able to demonstrate a major associative-
,­
,/ 

learning deficit for patients with ,unilateral lesions of the 
/ 

r ight, ~ontal cortex-, and ~more 
1 

variable àeficit f~r patients 
\;., . .... 

with left frontal-lobe lesions~ On th'is same ,task, the only 

patients with temporal-lobe lesions who were impaireà were 

those wi th extensive- encroadrment upon the r ight h ippoc'ampal 
l , 

region (RTH), consistent with their known deficits on other 
,. -~ 

tasks that, involve memory foc spatial location (e.g'., Smith, 

1980; Smith & Milner, in pressj. These findings demonstrate 
1 

that" given appropriate stimuli 'and test conditions, patient:s , ' 

'-ith left temporal-lobe lesions, ~e with raàical 'excisions 

1/ 
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, 
of the ~ippocampal region, may be unimpaired\u~ an associative­

{. 

léarn ing task. 

The 
• 1 

aSsoci~tive-i~arni~g task used in the pres1nt investigation 

assocfting each of a set of six colaur ph~tograph~, învolved 
, 

laid out in a spatial array, with one item fram a set of easily-, 

discriminable rectangles, which were ooly shown one ab a time. 
1 

The ,method of test ing was the same as tha t used by Petr ides, 
~ ~ 

,in that subjects were required to discovér, by trial,and error, 

and then rememger, which photograph was paired with each stimulus 
! , 

item. The 6 pdtial position of the photos was changed on every 

trial, in order ta eliminate the possibility of a subject's~ .,. 

using spatial loc~tion as an aid to memory. It was hypothesized 
~ 

that any impairment found for left temporal-lobe subjects 

on this task, could be interpreted as being due te their inability 

te retain an accurate representation of the~timulus items 

in memory, rather than to an assoctative-learning difficUltp., 

~Particular importance was attached r therefore, to the shape , 
~ \ 

~ of\~~e '~er ial-position curve, wh.ich would sbow the number 

l}&f"errors made in relation to eacl; stimulus item (ordered 
~ , 

'" , 
along the continuum), 

'~, ~ 

~ Test'Materials and procedqre 

~e stimulus items comprised seven identical'sets of 

six di~ferent rectangles of black paper, each 8 cm "igh, ranging 

from l cm to , cm i.n wid~,h>\5ee Table 3 for exact measurements) . . , 
Each rectangle was mounted \zer tically in. the centre of a wh i te . ., ( 

, 

c, 

, , 

J 

...... 
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Table 3 

Stimuli Used in the Associative-Learning Task 

" 1 , 
Number 

Test materials 1 2 3 4 5 6 
"~,I. 

Rec tang lesa 1.0 2'.0 3.2 
(width shawn in cm) 

4.4 5.7 7.0 
\ 

'aEach rectangle is 8 cm high ~, • 

1 
" • ; , . 

l-C" V' ... 
~ 

9 

" ~ "- • 
\. r c 

'" 
,"# 

, . \, 

" 

~ 'J' ~ 
, , 

~. 
.\ 

. / ~ 

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

were prèsented in pseudorandom order, within blocks of six, 

so that no two consecutive rectangl~s were identical and not 

more than two sucessive rectangles were consecutive items 

within a series. The response items were the set of six colour 
, < 

~ photographs shown in Figure 12 (photomicrographs shdwing: double ~ 

, ~ histoflu~rescent staining of the rat brainstem; B. E. Jones, 

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

) 

T 

( 

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. 

told: 

Subjects were first shown the sets of photos, and were 

r"--

There are si~erent photogra~hs mounted on 

each of thes~ w~te cards. ' Yoo III be seeing 

the sàme six photos timesj howeve.r, '-many as you 
-, 

can see, the photos are in dJfferent positions, 

on each c~ 1 ';" 

\. 

Subjects were next shown the set of black rectangles, and 
\ 

told: 
'1 

There are six different'rectangles of blaèk paper 

mounted on these cards. ,Each diffe~e~t rectangle 

has been paired with one of the color photos 

on the large wh ne ca{ds. Whë!t yc;>u have to do 

is to discover, by guessing, which photo,goes 
1 

with' each.different rebtangle. l will tell you 

if you guess wrongly, and l want,you to keep 

t' 

r, ~. 

j 
~', 

\ 

1 
1 

'1 \ 

-' 
:;i­
l 
J 
; 

, 
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::l:~;:;~:;v:~:~:s~:: :::::;t~;: ::::-:!~h:::~~ 
will always be paire~ wit~ the same rectangle~ . ' ',' , 

no matter 'where the photo is on the card. There 

,~\ i: nothi1g about the colour or t,he size o~ the 
o t ' l ' ~ 

''r photo' that wl\lI'l,èt 'you know how th~ ?ho;oS and (, 

'r.ecta4fe: are. pair~d' (see <;i9: '13 for ~xr.inental 
set-up) •. 

. ' 

These ~nst'~ucti:~S were repea te~': or :lar ified~ as~ne~essary 
until the, subject understood what was required of ~im. . ' 

1 
• A minimum ot_42 trials (seven sets of the six pairs of .. 

'sti~UVli) w~s given' to each subject. Criterion p~rformance 
'. was take\"t6 ,be . "three ~.ons~fU;ive' s~tl. ~ s.ix c~<rectly-pHred . 

reOlt~gle9'. If ê'; !:iubject did not reach this cri~erion wi~hiJl 
. , 

126 tr ia.s ~l sets ~o~· six): testi!1g wàs stopped. Subjects 
" ,-.. l' 

li'> w:re not inJormed that, t.h~ rectangles were to b~pre~ented 
" 

in bl~ck, of ~~x; 
• 'W 

pevfotma~ce'" . 

, ~ 

n0f. 'were Ithey., told, what.je!rs.tituted 

'. ~ " , . ' ~ 

criterion) 

'" 
" '/ Each 

• 1 

photo was assigned ~ different lEftter ls a code 

t1: ·e~pe.i~ent~rO to re~ord each e);or as it was 
" 

t-J.. en~ble 
l ' 
made . No matter how many ïncor.tec~. cho!ce~ were made to a" 

l ' , / . 

particular 'stimulus i~em on ~ g~ven tJ;ia,l, for' scoring 'put;;poses , 
• 1 ,. , 

'" ,:~h~se... we~e' counted aIs.a s"gl~ err~r. The 'first',three sets 
< , 1 , 

of six lr ~als, ,were :lsed\~or p~(act ice '. 'and errors made, dur\ing / 

,these tr,ials wer,e" n~t cdt1~ed in the fina,,\ err?r-:;;çores. 

Th~ expe"{imental ~bject-groups tak!~g pa/~ in ~iS ~xperime1\t 
in' Tab;J.e C of th'e Append i~. ~ .... \ " ,Ii \ 

, 
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Associative-lear~nR task: ex~eri~ental set-UD. 
The exverimenter is shawn' p~sent:J.np; one of the O

,\ 

stimulus items, ~hile th~bject chooses one of 
the respanse items. ... 0 
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'l 1 Resu1ts \ 

Because te~t·ng~did.n0t continue beyond ~1 sets of six 

~ . '1 d' 1 "'th . d f ' . th . h trIa Si an glven
l 

e Wl e ,range 0 error scores Wl ln eac 

gr~up, it was conridered appr~tri~te to use a~non-parametric 
met~od of analysi (Siegel, 1956). AlI supjects were' r,nkèd 

a~Cording to the total number of errors th6t the, had mad~ 
on the task. \ Pairéd comparisons'~t~e two temporal-lobe 

, 1 • .. 
~ l ' ~ 
groups, using a Wllcoxon rank-sum test (Fer~usory, 1971), revealed' 

r ~ 
"that the left and 1 r ight, temporal-lobe groups did nept <tiffer 

from,one,another~i~ = 1.63, n.s.)~ A non-paraJlletric Kruskal-

" Wallis one-way an41ysis qf var iance was theljf run' on ,th~ rank 
, l .f' , 
scores. ~ The signffican'ce of the ~alcula~ed value of !! was 

assesséd by eompatiso~ with.X2 tables, for k-l:degrees of 

freedom: This te t, eomparing ~he perform~~ce of the four 
lit ~ ,,-, . 

tempora~-lobe sub roups with that of the normal control group,' 
, 

reve,led signifie nt group differences (~ = 13.88, E <.bl). 
~ 

Hi 

( 
.j 

a11 Effee s 1 f 

\ The effec s of radical excision of the hippoeampal 

. ... f 1 .1 h" • , t' l . 'k reglon ou per ormance ln t lS aSSOCIa lve- earnlng tas were 
l , \ 

asse~sed by meqns of Wilc-oxon tank-Sum tests (Ferguso,n, 1,971). 

Separate comparisons were made between the normal control 

group and each of the temporal-lobe subgroups. Paired compar isons 
- . , 

, were also made between the, small and large hippocampal-excision 

subgroups, within each temporal-lobe group. T~se> eomparisons 
~ 

revealed that th~ group of patients wit9 small left-hippocampal 
, ... 4\"' '~I /1 
excisions! (LTh) was not impaired relati,ve to tlïe normal control 

f 

\ 
1 

"_1 f 

,. 

$, 

~ 1 

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

left-h~ppO?ampal excisions ,(L~H) was impair~d relative to 
" , .... 

both the normal control (2R';R '= 77, È < • (}02) and LTh (2R-R 

~ = "94.5, 12 < .02) groups. Neither of t1te two iight temporal-
, ,. , ' , ' 

lobe sUbgroup,s was i~paired (RTh; 2'if-R.= 3015:S~ RTH: 2R-R \ 

= 99). T~US -~n this ostensibly, -no=rba~ asso";;\ativ~-iear'ning 
~ ... " t .. 

task, the only te~poral-lobe group tô -show any "sig, niffcant 
1 _ '1 

~i., ' t' 

>< ' .. ; ". 

, ... , v'\ 

impairment was the LTH group. i" 
~ss-Fai~ Com~arisons 

• 

{ 
• l 

WithiJ1l.rthe i:imits of testing, Just over half of the temporal-' 

lèbe patients failed to teach' criterion"on the associative-

learnin~ task. ,Thus i t was posE; ible to explore, w..i thin groups, 
, 1" '~:... 

, - ~!> ''''?{ f 

the rela t ionsh ip between, the extent of 'hippocampal e'xcis ion _ 

and the'~bility to reach ctiterion .. 
( 

-;-'Separate x2 at;alyses (using Yates 's correction for,;srnall 

:::P ~::: i;: r: f P:::O:::d h :::o::::a :;::~: :~:::b:o~ :~::~ :::::: :::' 
on this learning task. As can be.seen from'Table \\ these, " 

results complement those for tha ranked error-score Qomparlsons 

g i~en above. ,,f ignificantl,Y more left temporal-lobe patients 

with large hippocampal rembvals failed to reach cr1tèrion, 

than those with small hippoqampal exçisions. InjContrast, 

th'e two r ight temporal-lobe subgroups did not differ ,on th is . 
,( .,} 

measure. 
1 

was 

serr..l-rosition e;fects. The associative-learning task 

originally designed to discover whether patients with 
jr--

"'-, . 

_1 

'-. 
1 

f .. ' ... 

-4' 
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Ch i-Square ICornpar.isons Wi th in· Each' 'rernp~al-Lobe Group 
o for the Associative-Learning ''liaSK 

..... 

, •• 1 

GrO~E Left TemE°,ral-Lobe Il 

\ 
Right TemEoral-Lobe proup 

• 
<) 

Pass Fail .. Total Pass Fa 11 Total 
~ 

LTh Il . ,7 18 
~ 

RTh 9 & 17 ( 

J 

L'PH . l 9 , 10 RTH 13 5 8 

28 (25 12 13 
, " 

~ • J" 

x2 ::: 0.09 

.. 
* = 12< .05 f 

) 
l' 'J 

\ 

.. 

, \ 

, \ 

t ( .. 

, 
l' 
i , 
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J 

: 
l 
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1 

left temporal-lobe lesions could form,' and m.aintain 'f~ working 
1 ~ , 

Jllemory, an 'internaI rep'rese~tation of an ord,eréd ,seè of st imulus r 
,.. 

items. The resul~s reported above show clearly that, only' , 
,.,. 

the subgroup' of,patients with extensive'removal of~the left 
1 

hippocampal region was impaiFed on the task. 
'1" • 

An analysls 

based upori "compar ison of the total number of \ er rors, or of 
t, 

the abili ty to reach cr i ter ion wi th in a ,f ixed' number of 'tr ials, 

, doe s not, hqwever, 'reveal the reason for the p'oor per fQrmance 
\ -

of the'LTH subgroup .. Sorne ~ubjects, from aIl groups tested, 
, . 

~ "were' unab.le' to, reach cr i ter i'on on the task, and many of these \.\ 
l' 

commented on the difficulty ,of knowing which stimulus item 
~ . 

they were being shown on ~ny particular 'tr ia~.~ It is, of 
{ 

tourse, possible that the ~eft temporal-lobe patients who 
, 1 

failed to r~ach criterion ~ight have done so for reasons other 
~ ~ / 

'than a difficulty in formil].g and maintaining an internaI rep-

resentation of 't,he stimulus itefllsô If ,tQis were the case, 

ttlen the number of errors made in response t~ each sti~uIus 
'\'il ~ " 
it~~ might ne no g~eater for these left temporal~lobe subjects 

~ N 
1 

~ 

th an fo.t" other subjects who also-*iled. 
... 

, 
In order ço assess whether t is was the case, serial-

posi~\~,.~>n ~s.we.re· pl~for 
~ 

lobe groups (see Fig. 14). Th se 

.. 
normal-control and temporal-'_ 

SUb)ects who reacheç] cr i ter ion, ' 

on the task were assigned to a "pass" subgroup, and those 
\~, 

1 
~I 

, ~ 

who failed to .reach criterion were assigned to a "failli subgroup. 
1 

Within eacq subgroup, a mean error score was calculated for ~ 
~ , 
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""., Fir;u:::,e 14. Associative-learnin rr t~s~: serial-~dsit\?n càrves. 
Hean nUMber of errors rn.aè,e .4n reSDonse ta eac~. 
stinulus 1 itGT'1, plotte(l aS,4 a function of the nosi tion 
of each-iten within its continuum. ~ormal-con~rol 
cJ.nd termor'al··lobe subi ects ar~' divided &j,nta grouDs, 
based uP\~:"' ~7h~ther y;"lot thev r~ached c:ri terion. 
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each of the six stimulus, positjons.~ For eva,J.uation of a'll; 
" ..,.. , 

repeated-measur~ ,effects con~~rvative' df weI;e used (Greenhouse ' 
~,--'l f > \ ,- , .. 

& Geisser, 1959). A three-way (Group x Pass/Fail x Se(ial-

position) analysis of variance gave significant main ef~ects 
, 

for pass/Fail (~ (1,71) = 73.22, E < .001), and for Ser ial-

position (F (7,355) = 29.10, e <.001), as weIl as a s\gnificant ,-
f 

4 
two-way pass/Fail x SeriaI Position interaction (~ (7,355) 

= ~.29, E < .05). Most intere~tingly though, the group comparisons 
l ' 

d{d not appro~ch significance (~ (2,71)~= O.48), and neither 

did any of the interactions that involveè the groups. These 

findings suggest, th~refore, that the left temporal-lobe sUbJects 

who fa iled to reaçh cr i ter ion on th is task d id not di ffer , 
, . 

with regard to their aoili~~ to create and maintain internaI 
1 

representations of the stimulus items, from the right temporal- ~ 

1 

lobe or the normal con~rol group subjects who also failed. 
;/ 

Other -Groups ,\ 

Of the 12 p~'ients with exqisions, that involved the frontal 

neocortex, not one was able to reach criterion on the associatlve-
'1 

lear n ing task. In the comJ?ar ison of ttfe r anked er ror -scores\ 

\ ob the two frontal-lobe groups and the normal control group, 
1 1\~,lJ.. 

the over~ll Kruskal-Wallis analysis was signlflcant (~ = 15.42, 
~ , 

E <.001), a~,~ere the subsequent'paired comparisons 6f left 

and right frontal-lobe groups with the normal control g(oup' 

(left; 2R-R = 29.5, E ~.002: right; ~R-R = 25, E <.002) • 

- The two frontal-lobe groups did not differ Signifl\a~tly,frOm 

one another (2R-R = 35). \ 
\ 
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J , 
The two patients with excisions irom the left parietal 

lobe aiso failed tO rea~h criterion on this difficult associative-
"~ , 

learning task, whereas the patient with. p right parietal-lobe ~ 
~ ~ 

'excisiqn had no di~ficlilty in doing 50. 

,) 
Experiment 2: Absolute Judgements 

The results of the Associative-Learning tas\ suggested 
J~ 

t~t a major reason for subjects failing to reacti criterion 

"'"'ts1 " was an inability t,o maintain a ,sufficien~7~ accurate memory 

trace of the stimulus items from the mid&le of the co~tinuum. 

In order"to tes: this bypothests '~~e directIy, a~ Absolute-
~ \ 

... 
Judgement t~sk was created" in which suô'~ects were required 

"-

, to number eacj of si~ tectangles a,;:; these ~ere presented in , 
~~ndom order, "one" being the narrowest, and "six" being the 

, l " 

~~widest. Such ta~ks make Iittle or no demand on associative~ 

learning ability, appear to have a min~mal vetbal-memory load, 

and are easily understood by ~ll subjects. 
f 

Previous studies with "'normal ;ubjec.ts (see ~ltuisi, 19~7; 
Garner, 196~; Miller, 1956; ~or reviews) ~a~e shown that the 

\ , 
maxqmum number of items that can be correctly idehtified, , . . 

, ~ 

usi,ng stimulï varying along a single dime'nsion, is rather 
1\ \ 

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

incr~asin~the sti~ulJs 'range, 50 that individual 
r 111'""') , 

fur~her apa.rt aiong the rlphysical çontinuum,-~akes 
\. 

items aré-

little difference 
\ 

to th~ number of items that can be accura·tely idelltified {Alluisi, 

1957; Eriksen & Hake, l~55a, 1955b; Garner, 1953, Garner & 

i 

t' 

( " 
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Hake, 1951; Po11'ack, 1952, 1953).' This, of course, is differeri't 
fi. • ... 

from the situation in a dJsczrimination task, or in a de1ayed 'l;! 

, Of 
matching-to-samp1e tas~, where a sin,re s~imulus i~~m has 

i ~ 
to be ~ecognized from among a group of similar stimuli after 

a,shprt de1ay interval. In both of thése latter cases the 

phy-sical spacing of i tetns alopg their cont rn\um is a major 

fact'or in the difficulty of the task. 
- ''lt ' 

On ,ab~olute-judgement tas~s, normal subjects usually 
\ 
reach their â\ymptotiç performance level within a few trials, 

/ 
,/'" 

and can rapidly accoIrunodate. to a shift in the range of the 
~ 

stimuii, or even to a transposition where the items at one (" 

,end bec'orne the rniddle items of a new set of stimuli (Bower, 
.~ , 

1971; Helson, 1964) e,/ To account for such findings it has 
~ 

been suggested (Bower, 1971; Potts e~ al.'" 1978) that part 

of. the memo'ry trace ~f the set of s-{}.~ii is ~~ amodal repres~ntation' 
of the ordinal relationships betw~en stimulus items, together 

wi th • an analogue representation of th~ items ,themselves (see 

Ptts et ',ai). 197 ~. for discussion). In- contrast. memo,y 

for ,.individual stimuli (as in a delayed matchïng-to-sample 
. , 

task) mây involve an 
" \ ~ 

~imuli, as ha: ~een 

1963, 1965, for sorne 

~ccur,.e internaI re~~êa ~~ the actual 

sJgges~ by paivio (1975; cf. King, , r ') 

experimenta1 support). 
~~ 

Th~ hypothesis put forward here is that the ability to 

perform absolute-judgement tasks sJccessfully-depends upon 

being abl~ to'encode and store bath, ordinal and analogue relationS 
( 

\ 

• 
, 
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~ 

~ ~ 
" 

in an inte~JIIedia~rnemory sy~tem:- "For the purposes of this \, 

thesis, the speCifi~"{e of the coding used by the patients 

is of less intere'st than'''tfe functional status of th is intermed iate-
, t'j "" 

~ l '" memory system. 

Test Materials an Procedure 
p,. 

Origlnally, this task was giveJl lng the same set of 
, ;,. ),~ .. Il .~ 

rectangles as had been used in the ass~ciative-learnin~ task. 
j, \.\ ' 

This proved, .however, to b( too easy a test,' "even for subjects 
" 

wh.o' had fa iled the assoc ia ti ve-Iearn lng task. ~ a" consequence, 

pilot studies were run with nor~âl s~bjects to fin~ an appropriate 
\ \', 

lével""':"of difficulty for a s'ix-rectangl.e absolùte-judgftment 
.A ~ " " 

task, ; su ch that the l'--g-r-e'-at major i ty of the ri~mal subjects 

teste. were able.to reach criterion. The difficult set of ~ 

rectangles used is shawn, in order of size, in Figur~ ~5. 
, 

In order to ex'plore further the' limits ortthe e'xpected deficit", 
\ l ' 

ip the patient groups an easy set of rectangles was also creatjd, 

on whia.h aIl normal contr,ol subjects tested were ab1-e to reach 

critérion. Specifications for the two se~s of stimuli aie 

given in Tab~e 5. Each stimulus-item was mounted on a-20 
~ , 

\: ((. UJLe 1 d cm x 12.5 cm wh1ter.f .... - ~car . 
1 , 

For ;each set seven copies of 

each item were preparèd .. Within e.ach block ~ six, the 42 

"-
~imuli were arranged in pseudorandom arder, such that two' . - ~ . 

/ 

. identical stimuli ~ever(appea ed consecutively,~and not'ms{e 
, ."/.. 

than two~adjacent items ,fr~!!L~~t9in El series'occurred conse~utively, 
" 

Ea,d.et of .42' cards'" was ~ounted on two ~ cm r in9"~, 50 that 
~ 

""/~-

, 

, 
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one stimulus item could be .seen by the subJect at any <;mly 

/ne time dur ing the test: A different order of item presentation 

was used for each set of stimuli. 

For th.e p~tien ts, the order of task presenta tion,,-was 
<!. 

alwa~s the same; afte~ complet~ the ma~chihg-to-sarnple and 
1 

delayed
c 
match~ng-to-sarnple tasks {to be descr ibed in Part , 

~I: Expt. 3), each pati~nt was given,a s~ort practi e session 

Wi!h a set of squ,pr:es, followed by tes.tins _~<iI,:.L!;:P.e d ffic.ult: 

sft ~f rectangles. Then . an~:~e~ - ~'~~'~.~ -'~'~~'s'ion, ~ ~h'f th~ squar~_ 
was given, as., tfiller ta si< , befar~ the, final bèst-sessi6~ 
with the easy set of rectangles. The Instruct ons to each 

~ 0 

patient were as follows: 
.' 

b 

~
' ,_'. 1..---") 

gD~ng to be Show~~g you a series O~,pi~-rectangles. 

l ,want you to .do is to nurnber each item as " 

y()u se'e it-. CalI the smallest one "number~,J,", 

-::,.call, the next smallest "nurnb'èr 2"; and s~ on- up 
, .) . " 

to the largest one~ which r want you tP. calI "nurnbèr 
IV 

6". l wU,) t;el~ you, f~r each''item, rhe·the~r y~u 

. ht ~~ h ' , .r-are r-1g or_w ..... ng. W en,,·you are rlgnt wre go on 
• 

'td 
. 1 

th~ next., i t,em ,~hen you are wrong l w,al}t you 

irri9 ht. ~ 
, 

to try.again until you get 
~> 

, 

) 

J 

, 
< , .. 

.. 

,A minim~m a~:~~i~Ul'i" were ·.ho;'n ta each .subject for each' 1"" 
, ) . . , 

se't of re,ctang,les, withicriterion' perf.,ç'rrnanc"e b~ing 18 consecutive 

corr'èc~als 

Il 
• 

. ; 
,'" 1 

(LI!. , 

) 

01 ' .y 
three sets of 

\ 
,-" -' 

r ~ 
') 

six items) . 'No time 
y/-

r .1 
. . 

11 
" . \ , " • __ .• R 
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limi~ waSt set for each judgement, and subjects were permitted 

to correct their initial choice before being t~d whether 

, i t was 

either 

r.ight or wr~n~ontinued until 

reaèhed criterion or completed 126 trials 
~ \'., 

the sut>ject 
• 

(21 'sets 

of six items). Subjects werè not told that test items were 

given in blocks of six; nor were they told how many items 

~ey hftd to get right in order to:reach criterion. As in 
r'> c... ..,..'\ 

th~ as~oc if'\v .. e-lear.l"\ing tas~, no matter how many incort"ect 
\ . 

choice,s, ere made to a particular stimul~s-"item on a give~ 

trial, for scoring purposed these were counted as a single 

err~r. Once again, any er-rors made dur ing the first 18 tr ials 
, . , 

were not' counted in the final error-score. The patients taking 
l' J " ~ 

part tn this exper~ment, grouped according to ~ide and site 

of&lesion, are shown in Table '0 of the Appendix. 
~ "'l 1 ~ 

Special instructions for H.M. Because of H.M:'S extreme 

mernory difficulties, t~ test instructions were modified.for 
"-

him in the following way. Two hand-writte,n' file-cards, one 
~ l:!,' , , l ' .. ' 

, 

• fi\. " 

'w i th the words "smalle::;~ = 1", the' other wi th, ~he words "largest 

,~ 

= 6", were placed in front of hi~; 50 that he could refer 

to them for the dur.ation of trie tes't. He was then 9 iven the 

same instructions as w~re given tO,other subjects, with the 

fol'lowing add it ion: ,/ 

To help you to remernber h,ow l want you to 'nûmber 

the widths, l 'm gOing~ to leave, these two cards 
y 

on the desk in front of you. You,may look at 

them any time yo~ want to during ~he test. 

" 

, 

) . : . 
1 

, , 

- 1 
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~ . , 1 
HtM. was only t~sted on the easy set of rectangles, his performance 

• 
being" 50 poor on these that it seemed pointless' to tey the 

more difficuit set. 

Results 

As in th~ associatlve-learning task, the results for 
\ 

both--of the a~~lute-judgement tasks were evaluated by ranking 

aIL subjects ~n terrns of th~ total nurnber oÎ errors they had 
o 

made. In this study, the ability of the patients with' large 

hippocampal excisions to create, and maintain, a precise internaI 

repr~~entation of a ~et of rectangles, was of particular interest. 

Because of this, the performance 9f t~e temporal-lobe subjects 

will be reportéd before the results for the other pati~nt 

groups. Each temporal-lobe group is again subdivided on the 

basis of the extent of hippocampal excision. 

Analy~is df Ranked Error-~cores 

a} Difficult set. A Kruskal-Wallis one-way analysis 

of variance, performed on the rank score~ for the five groups, . 
tevealed significant ove,rall differences a~n9 these groups 

(~ = 35.99, E <.001). 

b) Easy set. Once ag~in, the overall analysis reveaied 

sign,ificant'l, diff~ences among the five groups J!! = 2i. 66, 

E <.001). i 

T~e ,co~ete left and' ri9h't t~mporal-Iobé ~roupos did not differ 

,significantly from one another in thei'r 1erformance on either 
, '1- -' 

o 

set of rectangles (Difficult Set: R 24,24 = 546: Easy Set:' 

s = 536) • 

, ' 
i 
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'. Hippocampal effects.- Subsequent paired comparisons between 
';:y 

the normal control' group and each of the temporal-lobe s~bgrou~sJ 
~ 

as we}:l as compar.isons within each temporaf'-lobe 'group, were ' 
~ . 

perfdrmed for each set of· rectangles. The~e tesults are presented 

in ,Table 6. Relative to the normal control! group the left 
, . 

.and r ig,ht t;rnperal-lobe sub9roups w ith small hippocampal ~xcis iQns 

'(LTh & RTh) ,wer~ot i,mpaired; in cont,rast, the subgroups 

with ~arge 'A\ppocampal' ex~isions (LTH' &: 'R':l'H) were ~mp~-ir::ed. 

The within-group comparisons were also significant: in each 
• 

case the' subgr0up with large hippocampa'l excisions was inferior 

te the subgroup with small hippocamp'al excisions. 

Pass v..ersus Fa il 
tII 

'As in the assèc ia'tive-learnir:gtask, there were a number 

of patients from both right and left tempo~al-lobe groups 
1 

wha failed to re~ch'criterion on the difficult set of rectangles 
r 

within the limits of testing~ ,Thus it was gospible to compare, 
o 

\ithin ,each group, the incidence of patients p'assing and failing 

the test, as a function of the extent of hippocampal excision. 

Separa te 2 x 2 tables,' showing 'P'ass vs,, Fai;L' against' Large ' 

vs. Small Hippocampal-Excis ion, were created f,or each of the . ,~ -

two temporal~lobe' groups (see Tabie' 7) .• Probabilities of' 

such distributions occurring b~ chance were evaluated by a 
1 

Chi-square test (applying Yates'scorrection for'small samples). 

For botfi left'and right temporal-lobe groups, patie~ts with 

: ' 

f 
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Table 6 

i / 

, . 

,f 

Results of -wilco~on Rank-sum Tests 
for the ,Absolute-Judgement of Rectangles 
~ 

.Compar ison 

Normal ,control 
vs LTh . , 

Normal control 
vs. LTH 

) 
LTh vs. LTH 

, Normal control 
vs. RTh 

Set 

Diff icult Easy 

280.0 lib 138'.0 

.r 

59.5**** 44.5* 

65.0* • 28.5** 

255.5-' 76~0 

92 

/v 

Normal control 
vs. RTH 87.0*'*** , '37.. 0**** 

RTh vs. RTH 

*E < .05 
**E < .02, 

***12 -< .01 .,' 
****E < .002 

76.5~** 

/ 

24.0*** 
\ 

" 

o " 

\ .' 

'" . 

., 

, 
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93 

'" Chi-Square Comparisons Within Each Temporal-Lobe Group 
for ·the Absolute-Judgement Task~ , 

, 
Left TemEoral-Lobe GrouE Right TemEoral-Lobe 

, 
~ Of 

Pass Fail Total Pass Fail 

LTh 13 3 16 RTh 13 1 

LTH 2 6 8 RTH 2 8 

Total 15 9 ,2.4 15 9 

x2 * x2 ** = 5. 00 = 1.0.29 

* = E < .05 
.. ,. 

** = È <.01 

Group 

, 
Total 

14 

la 

24 

l' 
( 

... , 

.. 
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large; h ippocampa l exc is ions we r~ s ign if icantly more likely 

to fail to reâch criterion on the,dlfflcult set of rectangles 

than were patients with small hippocampal excisions (lefte 

temporal-lobe group; !2= 5.00, E< .05: r~ght temporal-~obe 
2 group; ! = 10.29, E< .01). Of aIl the patients wlth unIlateral 

exclslons~ only one (M.B' f a right temporal-l?be subject with 

a, large h ippocampa l e;>:éC is ion) was unable tOI reach cr i ter ion 
,1 C'I 

on the easy set of rectangles, making a total of .23 errors 

ln 108 trials. 

Serial-positlbn e1fects. Fbr the difflcult set of rectangles, 

subjects from wlthin the malnJright a~d left ~emporal-lobe' 

groups 'were once again divldecJ lnto subgroups, baseÇl upon 

their abilltY/to reach crlterion on the task. Mean error 

scores for each "pass" and eaèh' Ilfai.l" group were then plotted 

agalnst the stImulus Items o~ered along thelr contInuum (see 

FIg. 16). Because there was no normal control group Jn the 

"fa Il'' 
. 2 ' t 

condition an initIal two-way <1nalysls of variance 

(Group x Serial Po~itlon) was run wlth 'the five subgroups. 
l', ... 

ThIS analysls was followed by planned sin~e-df contrasts . ( 

(using the Group error-term) between the "pass" and "fail" 

subgroups. ~Followlng thlS, pla~ned contrasts were performed 

2 The data for the one c6ntrol subJect who falled to reach 
cr iter ion were' exoludeâ from the ca1culation of the mean error 

te 
scores for that group. 

\ t } 

\ 

"-, 
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,Position of Rectangle Wit~in Continuu'!' 

F~~ure 16. Absolute-judgeMent task: serial-~osition curves. 
The mean nu~her of errors Made 'in resnonse to 
eac~ stimulus item for the difficult set of 
rectangle's. Temnoral-lobe 9-tHr}€et:~_o:rouned 
accordinp.; ta side of lesion and to whether- br not 
they reached criterion. 
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to assess whether there were any qifferences'hetween the se'r ial- . 
" , 

position, curves of the two ~'faq" groups, or b~tween the curves ,. , 

of the three "pass" groups • Once a~ain, conservati ve degrees " . ' 

of freedom were ùsed in assessing any rep~ated-measure analyses. 
• ,1/"" ~ 

For the overall analysis, as exeected, the Group '~nd Serialo 
• ,',1 

.Q • 
Position e.ffe~ts were signific,nt (Group; ~ (4,67,; = 27.~7, 

E < .001: Seria~;position; ~ (5,335) = 48. 7~, 12 < .001), as 

was the Group x SeriaI Position Interaction (~ (20,335) = 

9.26,'12 < .001). The plan~ed compaiison between the pass and 

fail subgroups was also significant (~ (1,67) = 60.55, 12 < 
, 

. 001) • There were, however, no differences between the three 
4 

subgroups ,hO passed, or betw~~ the two subgroups who failed 

(~ < l~, in both cases). 

Patient H.M. 
, 

The performance of H.M. on the easy ~et of rectangles 

provides a good baseline from which to assess the effects 

of unilateral hippocampal excis~on. H.M. was able to identify 

the narrowest width coirectly each time that it was shown 

to him, .suggesting that he had nQ ,difficulty in understanding 
9 

the requirements of the task. Out of the rernaining 90 trials, 
1 

however, his first choice was incorre~ 49 tirnes. More to 

the point, ~e was sometimes out by as many as three places 

in his first ,ch'oice (e.g., Sa~ing "two" when~own rectangle" 

number five). On this easy set of rectangles, no other subject 

" was ever off by more than one place in their ~irst choice. 

1 
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Other Patient Groups 
,J 

The erJor scores of the p~tients with frontal-lobe lesions 

... (shown in Figs. 1-3, under the heading AJ to the right of 

each brain map) and of the notmal-contr9l subjects were ranked 

for,a separate Kruskal-Wallis analysis. The frontal-lobe 

,~>lsubjects showed no overa'll impairment on either set of r.ectangles 
>:;J'!"""-

(Difficult Set;\ ~ = 2.31: Easy Set; ~ = 2.15), even though 

five of the eight right frontal-lobe subjects failed to reach 

criterion on the difficult set (fails ~hown in Eig 2~ passes 

shown in Fig. 3). 

The two left par ietal-lobe patients who had failed the 
... j 

~ssoc ia t ive-learn ing tasK were not avai lable for teS!lng on 

the absolute-judgement task. As can be seen from thJ results , ~. 
tabu~ated beside the brain-maps (Fig. 4), the two right parietal-

lobe subjects who were tested on the absolute-judgement task 

made no errors on the difficult set ot rectangles. The patient 
, 

(Br.Be.), who had undergone a complete right occipital lobectomy 

two weeks prior to being tested, was an Il year~old girl; 

despite making more than the average number of errors, she 
'" 

was able to ~aCh criterion,o~ --~difficult set of rectangles. 

'Experiment 3: Matching-to-Sample' , , 

The match ing-to-sample and delayed match ing-to-sample ' 

tests were introduced as éontrol tasks for the temporal-lobe 

patients. They were designed to demonstrate~thàt discrimination 

{ 
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of, and memory_ for, single visual stimuli were not impaired 
f 

• 
in any of the temporal-lobe subgroups. The same set of difficult 

\ l 

rectangles was used as in the absolute-judgement task (see 
9 • 

Fig. 15). 'Of particular in~erest,· in this. regard, was the 

performance of the patients with la~ge hippocampal exciêi6ns, 

because they had been so markedly impaired in their ability 

to retain an accurate internaI representation'of the complete 

set of six stimuli. , 

Materials and Procedure 

The stimulus board for these tasks consisted of a wooden 

frame, 66/~m fide x 46 cm high, into which"iarge white cards 

could be s~id (63 cm x 45 cm; see Fig. 17). On each a( these 

cards were mounted six differenç rectangles of black paper, 

identical to the rectangles that formed the difficult set 
, r, 

in the absolute-judgement tasks. A 20 cm wide x 12.5 cm 

" high rec~ss, cut "into ~he centre af the board, was u~ed to 
1 

display a single sample rectangle, which ~as mounted centrally P 

on a 2~ cm x 12.5 cm white file cardo In order ta avaid the 
( 

appearance of afterimages the back of the recess was cavered 

with black paper. 

Before beginning the ,atching-to-sample task, subjects 

. were asked ta point to each of the, six rectangles displayed' 

on the large card, beginning with the smallest one and going 

( 

f 
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Figure 17. . 
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.. 

" 

,~ . 

l1atèhing-to-samp1e task: the 'experimental set":up. 
The photo' shows a sublect nointin~ to the item that 
matches the stim1us-iteM shawn in the centre of 
,the board. 1 

J 

.J 
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in sequence up to the 1argest one. AlI subjects were)abl~ 
• 

. to do this correctly. 

For -the matching-to-sample task subjects were told that 

they would be shown a sample rectangle-~ the centre of 1 the 
-" ...... 

board, and that they ~ere to point to whfchever one of the 

rectangles around the edge of the board lookep the same as 

#he one in the middle. 

. For the delayed-matching-to-sam~le task, six different 

sets of the six rectangles were prepared, each set arranged 

• on one of the large white cards so fbat the Sqme rectangle 
"III 

never appeared in the same spatial loca~ion more th an onée. 

-: Subjects were warned before the start of the test, that thèy 

would be seeing 'a different arrangement of the rectangles .. \ . 
a fter" "each delaYj' n erval. A pla'in 63 cl1{r x 45 cm wh i te car'd 

was used t~,cover u the résponpe cards while the sample item 
\ 

was being shown ln the centre of the board. Instructions ~ 

to the subject were as follows: 

l'm going to show you a sample rectangle in the 
.-:f 

centre of this board for 5 seconds~ Then l'lI 

take the sa~ple away, and for five more seconds 

aIl you will see is the large board with the 

black centre. After that' 1 will u~cover one of 

the sets of rectang les" and you are to point , 

to the rectangle that ~atches the one ~ou saw 
t .. ' a few seconds ago. 

C'~j 

,~ 

.. 
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There was no limit'set on,the time tak~n' to resporid f and sùbjects 

were permitted to cor rect their cho,ice when they felt i t" was , , 

incorrect. No' feedback was given abou~ 'performance on this 

task. 
"JI • 

Bach ~ubject wasgiven a tot~l of 18 trials (three 
. 

'complete sets QI th~ six di fferent rectangles). 

Results " 

On the matching-to-~ample task there were no subjects, 

from any group tested, who made even a single uncorrected 

error, This finding confirms that the individual rectànglès 
. ( , 

that made up the set of difficult items for the Absolute-JudgemeJ1t 

tasK were easily piscriminable ~rom oné another when they '\' 

could be inspected simultaneously. 

For the delayed mr;.tching-to-sa.mple task, subjects in 
\ . . 

the anormal control group,' togetihér 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 th en submi tted to a Kruskal-~llis one-way analys is , 
of variance. This analysis aid not come close to signlficance 

(~ = 1.89). A similar analysis, comparing the two frontal­

lobe groups ,~ith the normal control group, also did not, come 
• ~ !» _. 

close to significance (~= 2.84). The results of the matching-

and delayed mat~hing~to-sample tasks confirm that, in the 
-, 

discrimination and short-term storage of these particular 
, 

v isual~'st imuli, the performance of the' patients with ·te~poral-

lobe or frontal-Iob~ lesions wa~' well within normal limits. 

\ 

{ 

'r 
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" 
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. e experiments that formed' the second part of thiSy~tJs~s . , 
, .' ~ ~ . , , 

were Qeslgned to explore tne role of the ,left temp6ral neocortex 

in the creation and maintenance of in'tjer.:-nal representations 

as aids to ~emory. The results of the experiments, however, 
, ". o 

pointed plearly t~ the importance ,of the hippocampal region 

for the temporary storageoof such representations. 
.. ,j '. 1 

For the ~emporal-lobe patlents, the results,of the associative-
\ 

lear~ing task wer~ not quite as had been predicted. On this 

ostensibly non-verbal task, only 'the left temporal-lobe subgroup . 

with large hippocampal excisions (LTH) was impaired. This 
"<lt 

finding complements t~at of Petrides (Note ~) mentioned e~rlièr. 
1) 

In Petrides-'s. study, within each stimul,us sét (six identical 
~ ~ i 

J' / 

blue lights) .and response set (six identic~l file ~.!=ardsn 
1 • ,// 

individual it,ems were discriminab,le from one another mainly 

on the basis of their spatial location. Thus a major compon~nt 

of the task was rem~mbering the appro~(iate spatial locations 

...y for .each' stimulus-response pair. Op t'bis task the only temporal­

lobe sUbgroup,impaired ~as 'the one with large r~ght-h~ppocampal 

excisions< (RTH). Petrides's finding adds to the weight of 

évidehce demé~ating t~e i~portance of the ,right hippocâmpal 

\.~egiOn in the recall' 'of spatial loc~ion (e.g., J~ains; 19&1';, 

Smith, 1980; Smith & Milner, in pres). In contrast, spatial~ 
f ,; .." ~ " • 

location was irrelevant in the present s~u~y, because the 
\ 

stimulu~ items were always presented in the same position, 
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". .. 

and the position of each respo,nse item was changed -on every , 
, 

trial. Under the se' condition~'~either of the right temporal-
J~ 1 ., \ " 

" 
J ~ "" t 

lpbe subg roups was Ï-lI1pa ired. " ',"" 1 

• Two possible eXPlana.'ti~ns· suggested themselves as ~son II r_~s 1 

for the de f ie i t 0 f the LTH s,ubg'roup 'in the present s tudy" . ~ " 

~ The first was that the left temporal-'lobe subjects were di.fferent'-ially . . \ 

impaired in their abili ty to reta'in an accurate representatio'n 

• 

) 

of the s~x'stimulus items in memgry. If this had bGen 30, 
. '.'ii , 

one might have expected' that ~he '·~ûmb~r of errors made in 

'response to each stimulus' item (shown in the seriaI-position 

curve, Fig.' 14) ,would have been different f8't- th~ le ft tempor,a1-' 

lobe subjects who failed to reach criterion than for the right 

temporal-lobe or ,normal contro~ subjects who aiso failed to 

reach criterion. This did not turn out to be the case1 however, 

suggesting that although such a diffiqulty might contribute 

to poor performa~ce on ·the task, therè mus~ be another factor 

involved to, eXPla~n the consistent 'impairment of the LTH' subgroll.p .. 

This additioQal factor appearedrto be that subjects assigned 

verbal labels to each of thè response items as an aid to memory , 

(cf. De Renzi, 1968; Ellis, 1973; Glanzer & Clark, 1963). 
, 

also have to be reta--ined in memory 
" . 

of the tas~. The reduced short-

term verb of the LTH pat ients (Milner,. 1 ( 

1967) would thus be sufficient to 'cause their overall di'fficulty 
, .' 

with the task. This explanation for the deficit)of the LTH 
,/ 

1 ~ 

o 

1 

\ ' 
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'subgroup on the aisociative-Iearning task,' despite its po~t- ~ 
• hoc nature, is supported by other evidence. ~n pilot studies 

the same set of stimulus 'widths as had been used in the assQciative~ 
,.91 

lea~ning task were tried as stimuli in an.abGolute-judgement 

task. In that test aIl 'subjects were able to reach criterion, 
. , 

irrespective of how much difficulty they had had in knowing 

which width. was which in the associative-Iearning task. The 

poor perfJrmance,.on the associative-Iearning tas~, of the 

two patients with left parietal-~obe lesions, compared with, 

the good performance of the one 'patient with a r·ight 'parietal-

lobe l~sion, also argues for a verbal qomponent to this task. 
\ 

Indirect evidence for a verbal component cornes from the performance 
/ 

• of the patients with r ight temporal-lobe" les ions, who would 

, be e,xpected to benefi,t from using a verbal mnemonic (cf. Jones­

Gotman & Milner, 1978) in recoding the complex visual stimuli 

that were used as '~he response items. In most"other tasks 

where complex vîsuar 'stimuli have been used (e.g., Kimura, 
,.. (; 

1963; Mi1ner, 1975; Taylor, 1969, 1979), patients with right 

tempora~-lobe l~sions have been marked1~ impaired. The fact 

that the right temporal-lobe group·'was not impaired on this 

visual-1earning task is a gooQ indication that such verbal 

recoding was going oni 6 

• 
The fact that in the 1eft temporpl-Iobe group only the 

r 

. patients with large hippocampal excisions 'were impaired fits~ 

weIl with the findings for 'the word-generation task ... In thaF 
, ',' 

.task the 1eft temporal-lobe pati~ts with the hippocampus 
; 
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intact (LTh) were successful initially in remember ing a set 
, . 

of words that had been generated on the basis of their meaning, 
• \ ? 

whereas the LTH subgroup was markedly impaired at doing so. ~ 

It was,suggested in the Discussion of those tasks ~p. 6~) 

that the reason for the differing abilities of the two left 
/, 

temporal-lobe subgroups lay in the fact that the intermediate~ 

memory system of the LTh ~ubgroup was still functioning relatively 
p 

normally, whereas that of the LTH subgroup was,~arkedly abnorm~l. 
, f 

This explanation of the deficit found for the LTH subgroup 

on the assQciative-learning task accords well with the strong 

predictiçn made in the introduction, fhat "left temporal-lobe 

SUbject~~th large ~iPpocampal excisions W~Uld be differentially -

impaire'â ~compared to a group with small hippocampal excisions) 
• 

on a non-verbal task in which verbal recoding could provide 
\ 

an important aid to memory. This interpretation complements 

Jones-Gotman's (1''975, 1979; Jone.s-Gotman & Milner, 1978) findings 

of a more severe impairment for RTH subgroups than19r.RTh 

_subgroups on tasks where visual imagery provided pn additional 

aid to recall of verbal material. 
, ~ 1 

For the frontal-lobe subjects, the results of the present. 

asaociative-learning study qelp to support Petrides's belief 

(Note 4) that frontal-lobe lesions drâstically impair' the 

ability to make associations between stimuli bearing only . , 

~ , 

an arbitrary relationship to'one another. In the present 

, 

study both frontal-lobe groups were~arkedly impaired. pribram 

and his associates have shown ~BrOdY\' Pribram, 1978; Grueninger 

l , 

\ 

• 
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& pr ibr~m, 1969) that non-human pr ima'tes w i th bila teral fton ta'l­

lobe lesions do particularly poorly on tasks where the spatial' 
-

locatïon of the stimuli is changed on each tr~al. It could 
. . . 

be that human subjects with frontal-lobé lesions are also 

~ff~ctedo by such manipulations, and, if 50, th!s factor may 

have exacerbated any'aSSoci~tive-learn~ng deficits of the 

frontal-lobe patients ~n the present stùdy. As in other tasks 
, 

,that result in an impa~rment for patients with right or left 
, 

frontal-lobe l~sions, sO,here the method ~f testing is as 

important in disrupting performance as the ve~bal or non-verbal 

nature of the test materials. 

, T,he r.esuolts for the absolute-judg~ment\ tasKs were much 
, III ... 

clearer than those of the associative-learning task. Ori these 
Ij 

'tasks only the patients with large hippocampal excisions were 
/ 
impaired, and that regardless of the side of the lesion. 

r 

The absolute-judgement tasks w~re also.much easier, for aIl 
/ 1 

subject groups, than the associative-learning task. Even 
Il 

the patients who failed to reach, criterion on the difficult 
, ~ t 

set of rectangle~ were seldom,~ by more th an one place in 

their first estimate, and for the easy set of rectangles only .' 

one patient with a unilateral lesion failed to reach criterion 

on the, task. The retehtion of such perceptual information 

requires the temEor~ry storage of ordinal relationships (e.~., 

larger than, smaller/than) together with sorne analogue representation 
r, 

of the actual physical size relationships (see Potts et al., 
,>f 

1978,' for extensive discussion of ttlese differences). When 

J 
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simple stImuli ~hat vary along a single dimension are used 

, (as in the present study), there appears to be a rapit! 1'OSS 

of information from ~ial to trial (Siegel, 1972~, and verbal 

recoding does ryot appear te be effective as an aid to,retention 

of the stimulus information (E11i~, 1973). The findings tn 

this~ tQesis suggest that the ~ailure of the temporal-lobe 
., 

subjects with large hippocampa1 excisions was due to a reduction 

in the quality of their internaI representation of the stimulus . 
( 

set, rather than tO,any absolute 1055 of the ability to form 
/'" 

or maint~in 5uch representations. 

The performance 'of the amnesic patient, H.M., provides 

the clearest evidence for the 'importance of the hippocampal 

reg ion in the temporar.y storage of new information. Fat the 

easy set of rectangles, th~ worst ~erformance by any temporal-
J ' 

~obe patient with a unilateral lesion, was a total of 23 errors 

in ~06 tr ials. The combined group of temporal-10be patients 

with large hippoc'ampal excisions made a mean of 7.5 errors 

on the ~ame task~ In contrast, H.M. made 49 errors on the 

easy set 'of rectangles. He was able to number the narrowest 

rectangle cor:rectly each time it was·sho.wn to him, and,was 

~ correct on over 55% of trials with'widths 2, 3 and 6, suggestlng 

that his in'ternal represe~tation for these -items was relativel~ 

accurate. Yet he was only corr~ct on 10 out-of 36 trials 
(~Y 

for the other two rectangles (nos.·4 & 5), being off by as 
1 

many as three positions (e.g., sayinq "2" when shown rectangle-
) ~ 

number 5). Like aIl other sub)ects H.M. had been required 

',' 

," 
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to keep~uessing, on every trial, until he gave the correct 

response. 

In absolut~-judgement'tasks a decision about thecbrrect 

value ta assign to any one stimulus item is dete~mined by 
. 

the particular set of stimuli being used (Helson, 1964; Parducci, 

1965, 1968). Thus individual juùgements are made in the context 

of the complete set of ,ptimuli. This, of course, implies 
l' 

L , 
that sorne internaI repr~sentation df the stimulus set must 

be main'tained so that accurate judgements can be made. ) For­

normal subjects, the five stimuli preceding the one being 

• 1 
/ 

/ 

presenfed aIL have a s{gnificant effect upon the current judgement~ 
~ 

(Staddon, King & Lockhead, 1980). It 'would appear that for 

the patients with large hippocampal excisions, there must' 

be an abnorma11y rapid detèrioration in the quality of the 

• internaI representation, which is ~quated here with an impairrnent 
~ 

of intermediate memory. 
\ 

For the fron'ta1-lobe patien~s, the result;s of the abtso~ute-
, , 

judgement tasks are difficult to interpret. It had been assurned 
~ \ 

originally that the basis for the predicted frontal-lobe impairment 

on the associativeclearning task would be in the associative 

aspects of the task, rather than in any difficulty with creating" 

and maintaining an accurate internaI representaiiQ~ of the 

stimulus items. This assumption appears ta have been correct 

for the pati~nts with left ~ronta1-1obe excisions, aIL of 

whom were very good at the absolute-judgement task. For the 
. \ 

group, l}owever,. there was a bimodal distr ib'u'tion righ~ fron~al-lobe 

. 1 

,~/ 
\ 



) 

/ RlEAD 109 
.. 

in test p~rformance. Five 'patients were very poor at the 

. 'task (see Fig. 2), whereas the remaining three patients were 

very good (see Fig. 3). There appears to be no relationship 
1 

between the number ofo errors that right frontal-lobe subjects 

made on the task and eith€r the site or the size of the cortical 

excision, or the tim~ since op~ration. 

It is important ta note that none of th~ patients, from 

"n.y group tes~e\d, had any dJfficu.lty with the... delayed matching­

t.o-sample task (although H.M. has still to do this task). 

The godd matching performance of the unilate~al temporal-and 

frontal-lobe groups shows that their discrimination of, and 

memory for, single examples of the mor~ difficult set of rectangles· 

was normal (cf. prisko, 1963). Hence, the deficits found 

for the temporal-lobe patients with large hippocampal excisions 

were specifirO th'e absolute-judgement task, in' which temporary 

retention of contextual information about. the complete set 

of stimuli was essential for good performance. 

. ,' 

, ... 
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GENERAL DISCUSSION 

The'results of the wprd;generation tasks have provided 

new (tand interesting infor'mation about the role of the left 

temporal neocortex in th~!~omprehension and reca~l of verbal 

m,a'ter ia1. ' ,In the immed ia te r'ecall of, phonetically-encoded' 

information '(rhymes) both left temporal-iobe subgroups were .. 
markedly i~paired, whereas precise semantic encQding ,(required 

"by th~ synonym-generation task) resul~ed in normal levels 
.. ". 

of irnrnediate recall for the LTh subgroup. These findings suggest 

that the left temporal neocortex normally plays an important 

role both in the retention of verbal information in verbatim 

form, and in the r'ecoding of such infor:mation on the basis 
• 

of its méaning. 

The c'oncept of; a working-memory 'system for the conl»-rol 

and temporary storage of new information is central to current 
l , 

theories of how human beings process information (e.g., Baddeley, . 
1976; Bower, 1975~ Shiffrin, 1976). The, results of the experiments 

in this thesis provide good suppnrt for the belief that the 

~ hippocampal region of the brain ïs essential for the temporary 

storag'e a'spect 9f' t~; 'work ing-memory system. In normal subjects 
• '.. 1 C) , 

this ability appears to serve a dual function. First, it 
" 

enters into the t~mporary r~tention of newly-encoded item 

infor'ma,tion in materiaJ.-specifié form, prior to consolidation 

of the. informatioq in long-term storage. The findings from . 
. . .... , .. . , , 
", 

/ 
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the word-geileratio.n and associative-learning studies demonstrat~d 

that the temporary retention of semantical1y-encoded ve~bal 

information was cri tically de:pendent upon the integr i.ty of 
, 

the hippocampal region in the language-dominant hemisphere. 

This discovery extends the work of Corsi (1972) into the domain 

of meaningful verbal material, and complements the findings 

of Jones-Gotman on the raIe of the right hippocarnpa1 region 

in image-mediated verbal 1earning (1975, 1979; Jones-Gotman 

& Milner, 1978) . 

Second, the hippocampal region appears to be important 
r.} 

for th~ temporaty storage of new information as, required during 

certain kinds of perceptual processing. The results of the 

absolute-judgement experiments suggest t'hat both hippocampaL 
,"" 

regions play a critical raIe in the establishment and maintenance 
1 

of contextual information on which absolute judgements of 
, ? 

. l . j . slmp e stlmull are based. 

The physiological concept of an interrnediate-term memory 

system, as a prerequisite to long-term storage, has existed 

for ,many years. Thus MUller and Pilzecker (1900) r in the 
~ 

orig~nal discussion of the c('nsolidation theory of memory, 

suggested that there must be neural processes tha~ persist 

for sorne time after the actual perceptual experience, in order 

ta give sufficient tf~e for consolidation o'f the 'new information 

to take place (Glickman, 1961). This idea was revi~ed as 

a possible reason for the retrograde amnesia seen in cases 

of closed-head injury (reviewed by Whitty & zangwill, 1966). 

~----------~--------- ----~-

" 



( 

READ 
,. 

'" 112 

However, i t was predominantly the work or H~bb (1949, L961) 

and of his students (e.g., P. Milner, 1957') tl1at helped to 

. develop ,the conc;:ept of a brain-system that was necessary for -

the tempo'rary storage of new information' prior to its 10ng-

term storage. Hebb's concept of the ceI1-assembly, as a rever-

be~atory neural circuit that pre,figured permanent morpholog ica1 

changes, wa"s seminal to subsequent work on the hippocampal 
" . 

syst~m. A major impetus for much of the 1ater work on the 

role of the hippocampus and parahippocampa1 gyrus in memory, 
. 

wâs a ser ies of papers by Brend1a Milner (1959, 1962bi Penfield 
" 

& Milner, 1958; Scoville & Milner, 1957). It was in these 

papers th~t bilateral damage to the hippocampal r~gion was 

directl'y impl~ated as a caUsal f~9r in amnesia. Milner 

(1959~ 1962b) suggested that the role of the hippocampal region 

was in 'the temporary retention of new information after it 

had left conscious awareness, and prior to its more permanent 

storage. She noted that the amnesic patients appeared not , . . 
to retain ady information once it had passed from their conscious 

awareness, whereas normal subjects showed automatic retention 

of new experiences in short-term storage. She went on to 

suggest that it was this automatic retention of new information 

, that was essential to long-term storage. 
" 

,Subsequently, other theoretical explanations of amnes~a 
J 

have been proposed. In particular,·Atkinson and Shiffrin's 
/ 

(1968) popu1ar model of how human beings process information, 

, ! 

...-. 
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~hich focussed almost exclusively on the retention ~f verbal 

information, resulted in the following biased interpretation 

of the hippocampal amnesic syndrome]. Short-term or pr imary 

memory was equated with verbal span (H.M. J s dig 1 span was 

normal; therefore his short-term memory was normal). ' Long-

term or , secondary memory was equated with recall of verbal 

fi 

information after a delay~H.M. was unable to recall any verbal 

information once it had passed from his conscious awareness; 

therefore his. long-terrn rnemory was impa·ire~~. In the Atkinson 
~ 

and Shiffrin model,.verbal rehearsal was held to be the key 

to transfer of information from short-term to'long-term storage. 

Because H.M. could rehearse verbal material and retain it 
r 

i,n short-tertn storage, the locus of his impairment had ta, W 

be in the tra~fer process. 1 Other evidence, showing that 
" 

H.M. was incapable of retaining limited amounts of nonver?al 

information for more than 30 sec<:>nds (è.g., c07' 197?i priska,., 

1963; Sidman, Stoddard & Mohr, 1968; Wickel~n, 1968), was ... 
~t first attributed to, a failure to initiate verbal rehearsal 

(Sidman et al., 1968): but the subsequent demonstration that 

the isolated, mute" right hemisphere could retain non-verbal 

information for much longer th an 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 ~n intermediate-memorY,system. 

, 

1 .. 
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The cle,arest evidence .' such interrnediate-rnemory for an 
, - Il . 

system, and the major finding in 'this thesis, came from the 

unexpe~ted 're~ults of thè absol~te-judgement tasks. These 
... . 

findings have provided a framework within wh'ich to interpret 

the effects of hippocampal lesio~ in human bei~gs. What 

has still to be explored i5 the relative contribution of the 

hippocampus and the parahippocarnpal gyrus,' since excisi~ 

of the parahippqcampal gyrus alone Bfpea~~o b~ sufficient 

to cause the sarne deficits as are f6und wlth a. hippocampal 

excision (Milner, Note 1). One must also notOforget that 

in aIL of the patients in whom the body of the trippocampus 
1 

was partially excised, 'ihe amygdala was aiso removed, and 

so it is not possible to ~ay ~hat eff~cts would be seen if 

the amygqala were spared and the~hippocampus removed. Recent 
~ 

work by Mishkin (1978), however, suggests that ~ c9mbined 
,.. ... ~ .. 

bilateral'removal of both the amygdala and the hippocampal 

region is necessary to cause a majo~ memory irnpairment in 

the rnonkey. 

By now there ,is a cpnverging body of evidence fro~ studies 
" 

of lower mammals indicating that the hippocampal region is 

the physical substrate -'_ an' intermediate-memory. sy~tem (e. g. i 

~inogradOva, 1975). In recent years the work of O'Keefe and 

Nadel (1978) has demonstrated that lesions of the hippocarrÎpa'l 

reg ion in rats d isrupt l th~ ~bili ty' to remember information 

about spatial location, sU9gesting a parallel with the effects 

of unilateral right hippocampa~ excisions in man. The work 

j.. 
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Of Olten 'and his associates (.Olton',· Beck~er & Handelmann, '1979; 

Olten & Papas, 1979), also with rats, has shown a dissociatio~ 

af,ter hippoca:mpal,lesions between the irnpaired ability of 

the. animal to remember what .. i t has'- just dene -and it~ preserved 

~bility t~ remember information about~thec context of the ~x~~rimeRt. '" ,. ~ \.;..p. ...... 

Olton et al. (1979) use the terrn "working mernory" to re(~r -

to memory for recently"past events, and the term "reference 
\ ~ 

rnemory" to re fer to mernery for con tex tuaI " information. On 

the basis of his own experiments, Olton'proposes that the .. . ." 
hippocarnp,us is 'selectively invo1ved in behaviour that depends. 

" on working memor~, irrespective of, the spatial or non-spatial 

nature of the mernoranda. Despite sorne formaI similarity between 

01 ton 1 s working-memory system and the ,intermediate4inemory 
.. , 

system proposed in this thesis, one must be çautious about 

equating the effects found by Olton after hi~pocampal damage 

in the rat with the intermediate-memory deficits observed 

after medial temporal-lobe lesions in man. In particular, 

one n~tes that th~ quality of th~ deficit in the rat res~mbles 
more the effects of human'frontal-lobe lesions th~n itPdoes 

the effects of hippocampal ones. 

In this thesi-s a dist.inction has been maQe between" two 
.~ 

components of a working-me~pry system, one for plan~ing and' 
.",. 

organizing ongoing behaviour, and the-other,~n interme~~­

memory system for the tempora;y storage of,new'\information.\ 

Strong support for such a dist inction was found in the paJ;tial 

dissociation observed between the' effeqt of left-frontal and 

o ., 
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. \ 

left-hippocampal lesions on the performance of the a~sociative­

lear~ing and ab&olute-judgement tasks. The left frontal-lobe 
,., 

group and the left temporal,l~be (LTH) subgroup were equal~y . 
irnpaired' on t'he assoc iative, learning ~ask, "here p~nning 

and monitoring were important, whereas only the ~~ temporal~ 
lobe subgroup was impair~d on the absolute-judgement tasks~ 

wh~re the major demands were on the temporary retention of 

new "information. .. t 

\ 

\ 
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Table B 

'Temporal-Lobe Subjects in the 
Word-Generation Task 
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Sex Age (yrs.) Wechsler 

M F Mean Range Mean 

13 8 29.'6 18-50 108. 93-131 

1· -
7 25.8 16-46 79-134 
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.J , 

'" Subjects Tak ing Jart: ins' the . 
() 

Abso1ute-Judge ent' 'la ks ' .. 
\ ,\;--

.. , '-1 ... 
l'!Q. 

. 
Sex Age (yrs. ) Wechs1er 

lr 
Gro~p 

;. , 
'$ M F Mean Range Mean R,ange , 

K 
, 

~ 

Left t""ernpora1 14 10 ·29.3 .là,-50 107.2 . 92-131 J 
" . t <1 1 

.Right temporal '12 12 28.8. 16-48 114.4 (19"'134 r . 
ff'~ 

i, -, f , 
Left 2 1 34.7 23-146 99.0 ~2-110 

, 
i . ( 

2'4":43 
'1 

Lef, frontoternpora1 0 2 ' 33.5 112.5 ' 101-124 J 
l 

1 - 4 
j 

Right frontal 4 4 26.0 12-51 101.5 85-114 ! , 
f 

f , 
R'ight par ietal 1 29.0 28-30 96.0 80-112 ',) i 

-1 . , " 1 

1 . ~ Right occipital O~ 1 11.0 ri.a. 93.0 n.a • 1 u 
" ~ 1 . , , 
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) 

~ • , . 
. ( . 

1t' 

"' 
. .. 

1 \ 
" ~ 

-) 

.. ,1 .. 
" .. ",L , 1 \ . 

" ~ li " ,', " 
" -.v " .\-. 

, 

-~ ~ 

"'" '. 'v/ "r ',--1 

t' 1 f), , . 
1 
! , 

~ 
i, 

" ; 1 r ~ , 
!J \ 41 • ,-;. , 

, . 

1 
> ' 't ". ~ 

~, . • 
) .- 1 

0 .. . r .. , 
;t '" 

'" 
, \ ) , r 

( 
! , • ,..,.. 
~( \ 

1 J ,(' 

" . ... 
./ . ' 

1 .. :. 
~ If 

......IlL. 



t'l ;\ 
.{ J 

--
rr 

l , 

~ .. 

" . 

• 
... 

READ "\ 144,'/ 
" 

" 
7" L - ~ 

~ 
Table E. 

-' ' ( D 

\ 

Temporal-Lobe Subjects. in the 

.~ 
. ,Ma~ching-to-Sample Tasks 

.. 

Group .' 

Left temporal 

Right , temporal 
t 

Left frontal 

Le~t f,rc6ntotemporal 

Right frontal 

1 

, , , 
\ . 

\ . 
\ 

o ' 

Sex 

'M 

10 

7· 

2 

0 

4 

F. 

7, 

8 

1 

2. 

4 

, . 

. , 

, 
Age (Yrs. ) 

Mean R~nge 
, . , 

26.9; 19-43 

27.0 i6-48 

34.7 23-46 
\ . 

33.5 24-43 

'2\',,0 12-'51 . 
.; 

"" ' 

" 
Wechsler I.Q. 

'Me~n Range 

~08.0 . 92-125 
) , , . 
tO~.a 

99.0 92-11 
94-

12h 
, .' ~ 

112.5 1 10~-124 -

101.5 

, \ 

85-114 

J , ,r 

" , 


