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INT1~()DUCnON

PCRI' .\LI'),L\ IS a neurolouical disorder the charactcristic bch.r, iorul fc.uures of which .ue
very slow. but, in general, .iccuratc reading, and massive cffects of word leugth on
perform;lJlœ. Thus. pure alexies .tppe.u ro decode \\urds a~ a sequence of isol.itcd lcttcrs.
without any ncccss t. the holistic process that is obscrvcd in the normal l'cade! pt 50J
Publishcd results indicatc rh.u the eflcct of word lcngth ou reading times varies grcutly fi o III

one patient to the ot hcr, but rhut. with very Iew exceptions, it is ubove .uul sometimcs LII

abovc=-a l-scc incrcasc fUI every additiounl lctter 1"8, Il, 17,27,44, ,n, .+S, 5::, ox].
Rcsting mostly on anatomical cvidcncc, carly interprctnrion« of pure alexia hcld (hat the

disordcr \Vas the result of a disconneciion prcvcnting ucccss of visuul iuforma tion [rom the
occipital cortex 1.0 the lauuuagc center involvcd in the Interpretation of writtcn mutcrinl L 1~;,
20]. ln agreement with this \ iew. .matomic.il findings indic.itc thut pure alexia is. in 11l0S[

cases. associatcd with ,1 ksiun that involvcs the lclt occipital urca and the splcnium of the
corpus cullosum [14_;,'], As a general rule, L)\M\SrO .uid n,\\t.\SIO [1,+.1 st.ucd [hat the
crucial; 1I1d t"111 ic correla Il' ,,1'alex ia W;I S LI lesion or the pa 1',1VUI t ricula r whi t C muucr uf tilt' kft
occipital lobe, capable- tlt l'ulIlprnJlllsillg both intcrhemisphcric .md intruhcuusphcric visual
pathways (p. 1:'l73),

Although consistent with uuatomical observ.uious, the disconncction accouru or pure
alexia is Ilot cxplicit with respect to the cognitive operations that arc perturbcd in thi.,
disordcr. For (his rCaS(II1, uuthors have more rcccurly uttemptcd 10 determine the lcvel of
visual information processing th.u is alfcctcd in pure alexia. Numcrous cognitive
~xplanati()l1s have becn presentee! tu uccount cither for pll!'e .rlcxia as:t syndrome or l'or ,IlL'
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reading impairmcnts demonstrated by specifie alexie patients. These hypotheses, which may
be hroadly divided into three categories, arc brictly describcd below.

One explanation reccntly proposcd by RAPP and CARAMA77 A [47] is that a deficit affecting
the low-lcvcl pcrceptual processes responsible for the elaboration of a structural description of
the input may be rcsponsible for the reading deficit. Obviously, a disorder which pre vents
subjects from deriving an appropriate description of the shape of the stimulation presented will
impair reading. Specifically, thcse aurhors hold that the impairment suffered by their patient
occurs at the levels of putative retino-centric and stimulus-centered fcaturc representations.
That is, they assume decreasing left to right gradients in the uccuracy of feature representations
across each of these spatial reference frarncs. This impairment of feature representation is
assumed to prevcnt normal access to lexical representations and force the patient to slowly
decipher each letter in turn in order to read a word.

Other authors have focused on the slowness of letter identification in pure alexies, as weil
as on thcir high propensity 10 commit letter identification err ors that are rnorphologically
cluse to the ta Ige 1. Thcse fcatures of pure alexia ha vc bcen notcd on repcatcd occasions [8.9,
Il, 1J, 17, 19,23,2731. 44, 47, 48,52,55,56.68]. On the assumption that multiple !ctters
rnust Ile rapidly identified before words cau be rcad, il has bcen suggestcd that the systcmatic
association betwcen letter processing difficulties=-us infcrred in sorne measurc by the
magnitude of the effect of word Icngth on pcrformancc=and the word reading disorder in
pure alexia is, in fact, the manifestation of a causal relationship [17. 19,28,29, 31, 48].

A nurnber of different accounts for pure alexia are based on this assumption, Thus,
according to KINSROURNEand WARRINGTON [28, 29J, the reading disorder seen in pure alexia
arises from a difficulty in encoding many separate visual forms simultaneously, a disorder they
cali simultanagnosia (sec also Refs [17J and [31 J). This hypothesis was called into question
however by observations reported by WARRINGTON and RARIN [67J and WARRINGTON and
SHALLlCE [68]. Indeed, these latter results suggest il double dissociation between simultanag-
nosia and pure alexia, which is inconsistent with an account of the latter disorder on the basis of
the former. Anothcr account, which has more recently been proposed by FRIEDMAN and
ALEXANDER [19] and by REUTER-LoRENZ and BRUNN [481, is that pure alexie patients suffer
from LI deficit in identifying individual letters as weil as multiple letters, which forces them to
read words in a slow Ietter-by-letter manner. According to FRIEDMAN and ALEXANDER[19],
pure alexie patients have a generalized disturbancc in the autornatic identification of visual
input. while RFUTrR-LORENZ and BRUNN [48J argue, more specifically, that these patients are
unable to rapidly form abstract character representations from let ter shapcs.

Another type of account of pure alexia proposes that the reading impairment is due to a
disorder aflecting word-level processing, According to WARRfNGTON and SHALLICE [68]. pure
alexies surfer from damage to the word-Iorrn system, which makes impossible the use of visual
lexical representations for word recognition. They definc the word-form system as a functional
module responsible for the parsing of lcttcr strings into Iarniliar units and the visual
catezorization of these units. A rclatcd account, which also assumes a deficit at the \evel of
wh ole word processing, has been proposee! by PATTERSONand KAy [44J and has more reeently
hcen hcld by KAY and HANLEY [27]. These authors clairn that lctter-by-letter reading arises
l'rom a disconnection betwecn peripheral lettcr analysers and whole-word representations.
This disconncction is assumed to prevcnt the normal spatially parallcl rnapping of abstr~ct
lcttcr identities onto word-levcl representations, such that acccss becomes slow and seqllentwJ.

ln view of the multiplicity of the cognitive accounts that have becn provided for pure
alexia, one possible inference is that the locus of functional darnage responsible for the
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EXPERIMENTAL INVESTKiATlONS
The basic hypothcsis thut wc intcnd to pursue is thar pure alexia ma y Ile the result of a

deficit in identit:VÎnU alphanumeric information, without the neccssiry of any concomitant
disordcr nflccring the cap.icity of the patient to determine the shape of thcse stimuli. i.e. the
elaboration uf a structural description of the visual input. The aim of the experintcnts
rcportcd hcrc is 10 cvuluatc this clairn by specifying the impaircd processing level responsible
for the abnorrnal performance of D. M. in pr occssing cithcr a single alphanumeric eharacter
or a sequence or such syrnbols. We will demonstrate, in Expcrimcnts 1,2 and 3, that D.M.'s
pure alexia dissociates from disorders affecting low-levcl pcrceptual processes. Wc will then
prescrit positive evidence for a deficit affccting the identification stage in single-character
pr ocessing (Experirncnt 4). Finally, F.xperirnent 5 will pro vide indications as to the specifie
proccsses responsiblc for this identification disordcr.

EXPFRIMENT 1

Olle type of impairmcnt that may be consi.lcrcd as a potentin! cause of a reduced rate of
let ter processing in reading ix a low-level perceptu.il deficit atfccring the Illcchanisms
rcsponsible for cncoding visual Ieatures. As indicuted above. R"pp and CARAMAZZA [47J
have argucd that such a disorder rnay account for the poor reading performance of the alexie
subjcct they st udied. Experirncnt 1 will examine the possibility of a visual fcature proccssing
deficit by having D.M. and a group of normal controls search for a visual target diITering
l'rom distractors hy a single Ieaturc-s-orientntion-vunder normal and degradcd exposure
conditions. The use of a dcgraded ex posure condition was prornptcd by the nced to provide a
stringcnt test of Icature encoding in D. M.

ln {his cxpcrimenr as weil as il! Expcriruents 2 and 4, subjects wcre rcquired 10 indicate
whcther a predctermincd target was present or not in an array made of a variable numbcr of
items. The result of main intcrest in these thrce visual search expcrirncnts will be the effect of
the nurnbcr of items on responsc times (RTs).

III Expcrirncnt l , it is cxpectcd. on the basis of the literature on visuul Ieature search [3, 5, 43,
59,61], thar the normal controls will be able to detect the target by a process of spatially
parallcl exarnination of ail the items presented. ln terms of performance, this implies the
absence or any significant clfect or the numbcr of items displayed on R'I's-s-at least on target-
present trials und an additive effect or dcgraded cxposure on RI\ [53]. Any deviation from
this pattern of performance in D.M. should be intcrprctcd as a deficit in low-Ievel feature
p roccss iIlg.

.If ~I//p"
SI/hi!',.ts. D.M. .uid livc weil t r.uncd nor mal control subjccts, m.uchcd tn D.M. fur age, education lcvel, and

hau.lcdness touk part in this expcrirncnr.
~ftl/!,,.ials tnul stimuli. The cxpcrimcut was l'lin on " Macintosh Plus microcomputcr and was controllcd by

Pxych l.nb software. A microphone, liukcd to the computer. \Vas uscd ro rcgisier the verbal ycs/no rcsponsc thal was
rcq ui red l'rom SIIbjects on ca ch 1ria 1.

l hc targel subjccts had ln scarch \Nas a horizontal haro On each trial, a varia hie nurnbcr of distructors were
prcsented. Distractors wcrc vertical bars. Stimuli wcrc hlack on a white background and thcir sile wus 2 mm
"ide /7 min long. They wcrc di-pluyed al randornly sclectcd locations within a 4 x 4 location array which was
vcrtically ccntercd with ocul.u tixat ion. The horizontal and vertical dixt.uiccs bctwcen c.ich location in this array was
1 rm. The .,tinlUlus .ur.iv W;IS loc.ucd to Ihc lcft ot'a central ti\ation dot H.i mm in di.unctcr ) which was visible for
1.5 xec bclorc t hc onset ;,1' the xeurch stimul]. The smullcxt horizontul distance bctwccn this Iixntion point and any
givcn sumuh», in the ,cardl .ur.ry IV<" 1 cm. The scarch stunuli rcmaiucd visible until the subjccts respondcd.

On s-une trials, the stimulation "~,,
rand<lm black dots, of about 30'~<,dCI

Procedure. The task rcquircd subjcc:
crrors, whcther a horizontul bar wa~ pn
halfthe trials and noue in the othcr hall'
the muls.

The expcriment thercfore involvcd t

levels: maskcd or uurnuskcd): and 1 he Il
six scparatc blocks of ()e! trials cach. F"
were scatcd at upprox , 40 cm J'rom th,

A kw trials had to be climinatcd duc
Ihecas.: on 1.3~/',ofthe trials l'or D.M.
from d:rta analyses.

Resull s und discussion

Figure 2 shows the average R
feature target under maskcd ;
Iunction of the numl-cr oritL'1l1S

The error ra te" ()h· crvcd in 1:
betwecn RTs and errer rates
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An ANOVA perforrned on th
revealed main effccts of mas
[F(I, 4)=57.9: P<O.OO5]. ou.
values were close to or below
stimulus array was masked (a \'\
the effect of target presence indic
than on target-present trials (;,
upper part of Table 1 indicared
Conditions. No significant effcct
normal con trois.
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III,' 1'1,":\1 ri l" 1'1""1,, ,'1 1),111,C'lr~k, """L",k"j dl',pl.l\ Sclll'":''' 1\l:I'.~,,',,1di"ill"" J'''ipl'
\\lllh,)J~ :~\I·!N'I·pl'''~'.'llt lïi:d··, r;il!\,j yrnb,,1 !:!ï,!'.\"l·.\h',~.'1l1 Iri:·J.>

An ,\ i\iUV.\ pcrfor mcd ,1IlJill: ,1 "TI::l' \.'C.\IIl'l.:1 Rh ,>ll\l'I\,.'d III Illl' ("'IHrl" ':UI'I"l'tS UIII)

rl:\è:d,'d m.un ~'il~cls ,,11ll:!S"I;'!:! [Fil.il·-IL)· l' 00:'] .md nf LlI,"'ct pre-elleÇ

[F l l , ,~, r, ."7.1), !':.n.lln')]. Orher main elll-ch .md inrcr.u.tion-, '-'-l'lC n')[ ~igllilil':lll! ·-;dl r-
value , IIcre e:lu'': tu ,,1' hd,'\y 1. Th~' m.uu ,,11-":,_, ,,1 III:,-;killg :ndil';lted I(\ll~'t'r Kr, il llIc'
stimulus ,II r:J) -,l';,,, m.r-kcd (a\C!';H'.t' ,,\5:, lih"C) thau '1I11lusl,.~'d (:lVtT:lgc~'-)'.'\ rnscc ï and
Ihcl:IJcc/ o( /.:II)!d presence indic:ift'd lun!!cl RTsOlll:Il;1L'1-:dhl.ïl( Inals /:I\·cra.t,:c " )~() IIIS\'I.:)

(h:ln 011 1:lrgd-prcscnt trial., (:II'n:lge- :"() 11Isee). !«'gr<.ssi"11 ,111.'\h,,:.' prl":ellkdin the
llppe:r p:II'( I)f' "Llblc 1 indic.ucd clkL'i:-. uf tlit' numbcr "rlteill', \1hr. il l'\olre .rhout 11<.11/ III :dl

Conditi"I1". Nil ',I!!llilic:lnt dkc( \,\:1\ xccn in Ille' dl}:dysi, .-'1' tht: cr ro:: r:l(cs Ilh:,crv,;d iu Ihe
1l0rTI1;ll':')lIli,'b
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Table 1. Line.ir rcgn ..<sion .m.rlyscs of RTs as a [unction "f Ihe numbcr of items displaycd in the tcature sc'an.:h
task (Expcrimcnt Il. Th" intcrccpt , slope and 95% conlidcucc inter v.il for the slope (Iowcr.upper limits) of the
lincar regression function (ail uiven in rusee) as well as the pcrcentugc of variance it accounts for arc prcscnlcd
sCl'aratcly for c.ich condition. Note th.u, for D.M.\; rcsults. the confidence intcrv.rl column indic.ues \Vhether
hi, .•lope 1:111, within ( ) or outsidc (+ ) the inter val cstablishcd for the normal controls in the corresponding

COIHJitÎ(.l1l

Subjccts Siope
95% confidence

interv.rl
~{) of

varianceTargetJ\.lask lntcrcept
.._. __ .._ .•.._._.-._-_._._--_ •._------_._------

Contr,.>ls Present :;40 (U - 72;87
Absent 564 I.ï ·-5')/9.4

Present ~29 -25 -12.I,7.U
Ab-cru ".ln Il.7 -X'i;'i.X

Present 1151 X.h +
Absent 1>21 2.h

Prl':--t..~nt S'II 5.6
,\hsCl1t 607 .~.2

7
35

XO
51

51
IX
36
3

Present

:\hSl'nt

D.M. Present

-\h"cnl

Table 2. Lrror l'<II,'S (in '~,,,) obscrvcd in t hc rc.uurc xcurch rusk (Expcrimcnt 1)

Number Ma,k,'d Maxkcd- - Unmasked· Uumaskcd-c.
Subjccts I...lÎ' items target present t.i rgct absent target present target absent

------- -_._-------------------
Controls 2 1.7 (1.0 I.x 2.7

4 1 7 4.2 0,9 1.7
b '\l, I)X 2.6 2,6
X .\.5 ox 2.5 1.7

D,M. 0.0 ()I) 0.0 4.l
4 X.l 4.2 00 \J.O
(, o.o 00 0.0 0.0
X 42 Ol) 0.0 o.o

The ANOVA perforrned on D.M.\ results uscd individuul trials as indcpendcnt sam pies.
as ~1I1 the othcr analyses perforrned on his data in the subsequent experiments. The
observations l'rom the Icature scarch task indicatcd main effects of rnasking condition
CF (1, 359) co, 11.0; r : (J,nOS] and of targe! presence [F (1, 359) = 18,5; P <o.oo 1], as weil as
internet ions of mask x n t11ll ber of items [F (J. 359) = 32; P < 0.05] and of target x number of
items [F (J, 359) = 2.8; P <0.05]. Other main effects and interactions lailcd to reach
significancc. RTs wcrc longer if the stimulus urray was mask cd (avaage=621 msec) than
unmasked (average -= 5<)0 msec) and RTs werc longer on target-absent (average '''' 626 msee)
than on target-present trials (average = 586 msec). Simple effects of the nurnber of items on
ruasked [F (3,359)"" 1.1; I1.S.J and unrnasked [F n. 359) = 1.0; ILS,] displays as weil as on
target-present [F (3,359) < Iland target-absent [F (3, J59) < 1] trials were not significant.
This outcornc is consistent with the slopes of the linear regression Iunctions presented in the
lower part of Table I,which revcaled very weak or negative cflects of the number ofitems on
RTs. Ali slopes observed in D. M. fell weil within the 95°1., confidence interval of slopes seen in
the normal controls, cxccpt for masked target-present trials, where D.M.'s slope was
negative. Analysis of the error rates suggested sorne variation in accuracy as a function of the
condition, but this cllcct did nol rouch significance fX2 (15)~~ 17,5; I1.S,].

'1

Except for producing sligh:
shown hy D, M. in the fcature
Worth noring, hoth D,M. ail

with the number ofiterns on L

of about the saille magnitude
spatially parallel and that il
therefore appears that visual
very slow ictter-by-lcttcr real'

The perfomance obscrved il
RAPp and CAR ..\M;\ZZ;\ [47].'
increase of RTs as the nurnb,
thollgh rnask ing was not usee
between D.M.'s results and tt
processing deficit is Ilot. a nec

Having Iailed to find sup
responsible for the slowness of
that he suffers from difficulti.
material. Work by Treisman ;
integration is a prerequisite fOI

eonjunctions in arrays made 1I1

may conceivably be responsibl
deficit in the processing of mu:
item to another.

Ta examine the possibilitics (
D,M., a second visuul search
combinations ofvisual feutures 1

the topie [3. 46. 59, 60, 63, 6
conjunetion target by a seriai c.
which either tcrminates at targe
Icrminating search [5.1 1). Tf o.r,
perforrning a sequcntiul cxami:
displayed on RTs will he highe

J(t!rlrod

SlIhjeCIS, D.M. .uid four we]] train,
handcdness took part in this expcrim.:

J/aterials and stimuli. The target w.i
~Istractors were white x, and black C
).5 mm wide x 6.2 mm high. The hack
alternation of white "nd bluck srnall <1(11

a response. Othcr aspects of the m.ucnu
Experimcnt 1.

Procedure, The task rcquired subjccr
~~~ors. whcther a black X was present il

a 1 the tnals and nonc in the othcr h.
The expcrilllcnt involvcd Iwo factor..

rrc'cnled (~,ix lcvcls: 2 4 (, RIO or 12)
cach condition werc 'di~tr'ib;ll~d randoJ11',
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L,\"'ï)1 l'or pl",11I':11l.'2,11!~IiII\ l"lliclï RT\ ihan Ihl' normal control- t hc p.tttcrn nr,:lkcIS
,hll\.\ Il hl 1), \ 1 i Il Ih,' k:1 1Il l'L'~,C:Irch 1:I,k \\ :1, vcr, suuit.: r to th:u S,',:II in 1hl' ':"1111',,1SLIbjccts.
\\(lrlh Il,,IIII~, "()tlt 1),\1. .md the norm.r! C<1I11l'<11",hO\\L'd no sj,cllilicant iucrc.r:-c ,,1' Rh
\lill1 the Il 1IIII ber ,iI'IlL'llI\ "Il L\l'gL'lpre:i,:llt tri:d,:i, and Ih.: cllcct "fl1la,king \\;\, additive dlld

,1f:I""nl the ,:1111<:III:1!ôllilud,', Thc-«: "hSLTI;lli,'!),; slIgge,t th.u D,\I.', lc.uurc IJI'oc("ing j,

,;r:tli:dl:- 1':II:dkl :111..1Ih:11 It i-, 11<11p:lrlicltI:trl) .ulccrcd b~ dcgrad.uion otthc Input. Il
II1(rd')I\' :11'!1,:ars Ih:11 \ iSII,iI j'cIIIHC cill'odin!! i, normal ill D,\1. .md Ih:11 the oriuin ulh i-;
1(1'1 :,1,)\\ kll,'r,['\ -lcucr rL':I,IIIl).! h,'s Iurrhcr :d,'ng in the visu.r] proccs-ing st rc.uu.

The [1<:'1'I"'III:III"L',"h(I'\L'd 111D,\I, in Fx pc rimcn: 1 .lifTers murk cdlv fr"llllh:III','p"rtr-d 11)

R,\!'!' :llId (' \1{ \\1 <r r, r l' [. III<'ir j1:ttiL'111.iu u k:lture ,'(:lr(h l:1,k, cx hibitcd « "i,:'lliIÎc:lllt

inCJ',:;t"e ,,1' I{T, :1', ihc numbcr nI' ikrn-; di,pl:l'yl'd incrcu-cd. :111<1t hi-, ['1:,1111"et urll'd ,'hl1

thOUe>l1Il!:!'''"1g Il;'' /1<11Il'1'.1 il! ihcir ,'\pèrilll<,lll, fil': I:,,:k ,,1':111: import.uu di:'lï(P:llIl'l
bdlll','11 1),~I,'s I,'sidts .md thosc ,,1' th •. l'L'Ill il) 1 'lIhjC((:i clc.ulv undcrscor •.~ Ih:LI :t lc.u u n

l'rl'Cl'',:--III,'' .!'..'til,1 ,', n"1 ,1 11<:l(',:1I1 l:'lllt,lllinll :"'1' pure .i lc vi.r.

F ,\ P F I~1:vr F;\i r ,~
!-I:I,i1l.c' l':,ikd li1 tilld >uPl't.1I1 l'ur ihc hll'ul",>" 'lr rrnp.urcd k:lllIr( l'l1<.',,,lil1;l :j<,

rl>rPlbtl'k 1''''1'the ,,1"I\I1<'SS"1' D,~1 ',; lcucr-l» kl[\'I' 1"-:ldin~Y,I\t' iurn t" :1I1,,11I,'r11\,'"ibilll):

ihat hl' \lIlft'rs rr'.lIll diilicuhics in illll'giating ihc \.i'u:d 1l':l1111C:,t h.u Cl)I1,lillik w r it t cn

111~lll'l'i:t! vvo r]; 11) Trci-man .uid orhers h:l.') prcviou-Jy -hown ihar this pr(ll't'SS .,1' Ic.u urc

intcur.uiou i, a prcrequi-ire 1\11'n,HIll,1I perception. :Illd Illll'l\ t,11crt.i \èJ 1 Ila.' le.rd 10 tlIIIS,)I\
coniunctiou- in .ur.tv-, 111:1<1<,"P (lrnlldlil,ll' k:1lllrC'S [rI, ,t5, h,~, hTI, AI,,',:I '>l",', 1III 1Î:.!ct"r rh.u
111:1:,:(11Il'l'il:lhh- he re,p"nsihle l'PI' the 1crv S"lI\ lettcr h\ let ter r";l\lill~ in D,I\.I i, ,illlply :1

defil'il 111Ih,' j1rtl(c"'I11.l! ur IIlltllil1k itcllh in ,'L'ljUl:fll:e, t h.ir l' ill Shlrlillè! .utcru ion frtlll1 ,'Ill'

item 1" .ru.uh.-r.

To ,?\:IIlIIIlL' the l'<)\',ihilili,', olcirhcra dd'iul "UC:1lll1ë il1"'!"r:lli"n ','1'"fsc'li.t! prtll'l's,;in:" III

D,!\1 :1 'l'ltlnd \ i':u:t! 'L\tn:fJ cxpcrimcnt \\:1, l'IlIldllcle,.1. rcquiring "lIhjCl'1S ln .ntcgrutc
comhiu.uion-, llrl 1'11:11ll-:llurl's for correct pcrtorm.uuc conjunction ,,':!rl'h, The litc 1':111Ire "Il

the [opic r \,Ih, ~q, (10, 6", h,~, (;'JI in.Iic.ues th.u uorm.il <ubiccts è!l'Il('rall} xearch l'ur :1

conjuuct ion 1;lrè!l't hV:I ,eri:d cxuruiu.u iou oft hc <umuli pn:,cl1lcd ihrouch f,lcLl~(l1 :\1I,'l1lit111,

which cithcr ((:lîllll1:I[C,:I1 largel detection ur Il hcn :dl stimuli have h~'~11ex.uniucd Iseriul ,elf-

tcrrnin.uinu <c.rrch (:"311, Ir 0,\1 cit her <ufler-, Iroru a .lcficit ill iniL'gl:t[ing \ i,":tI Ic.uurc-, or 111

pcrfornuuu :1 '"''l'I''111i:d cxamiu.uion nI' :1 ,cri,,'s ,,1' itvmx. the cflcct of the numbcr l,f 11<'I11S

displuvcd (>11R'I S I\ill hl' highl'l Ih:1I1 th:lt,I](I\\11 11\ :1 !~n.1lljl "r u.um.il cout rolv.

S:'/':l':" 1),\1 .tlld ~Iqll '.,,,·lllr;lIlwd Illjrlll.lll·(IJltrlll·~It1)ll·d" 111.Iklh'! 10\ r) \1 fi>! I.:.'~·. ;:I!lh.d:\'ll k'.I,j .tl:d
h.lIll..kdll.,"" ;l''\~' p •.ut 111Lili" l'\P"-Tlllh'l1l

.\!{lft n.ü-. ,I/Id -t nnu!», Th.: L.II).2L'f \\:1', d hLtl.:k. .\. ()n (_~ddl t.ri:d .. \ \;lri;lbk iuuulc: lll'di.·,ILICll)r. ....\\;1. ••.jlh':;Cllk(!

Dj-,tf,n tilt> .vcrc \\ hit,: \, .urd hl.uk (h ,IIh1 w crc di:-.pl.l.\l:d. on \.',I\..:hur.il. ill l'l.jll.tlllllillhl'r"- -11ll"1! -t imu]i \\l'I\,'

~..:;Illill \\1....1•.: (, ~ 111111hi~h rh •.: h;I~.k~r\Hllld ,Hl \\·fllCh <trmuli ,\,'1\' di,pl.l)oçd .tj'Ih: 11\:d ~'r;l~ .ind \\;1:-. 11l.ld,: ,'(:1[\

.rltcrn.ni, III dl" \\ hiu- '1 Ild hl.uk ·,1)1:111 dtl( <. [\;,1111.1:,1\ ;Il\... Ill1p.llli •...:d t hc:.11"1";1) IÎh' :'''';,\l''il -ruuul: 1"i.·lIl:lIllL'd \ i·.lblc uut Il
,\ r~':-'p\Ill',,'. ( )( Ill!" .l':~'\'' t. \ Ir [![\" 1J~j(l'I i:d-, ,1lld :,1 imuli \I:-'I...'d i11! hi" 1.'\1'1..'1 i !1l1..·{1 1 -'.'.('1 •..· .1." ....,Ltkd j I! 1h.: \kt hl ,\1 "l'I.I il III .d·

r:.\pt·ril1l"Il! l
Pr"II',II,,'~' 1hl..·l,hk. l'''qll!'''d ,uhj\:!'!" ICI ilhJi\·:I(I..~\·\'rr,dh l~,'" TIll rqH'I:""I,.-1. t-, t:1I,itll~. .r- jllh •....jhk w lulc .1\IIÎdin.!:

t:rr"r~. '.\ hvthcr ,\ !"I\;tll \ \\ ;1' l'r,"\'I: ( il! .t "111\11111\" :111".1.' m.i, k Iif "I.. i h.;.... Il);'11' l 'iklll'" ()I)I'::I 1"\','1 \1, .1',pl t'·.l·ll! l'Il

h,dr the Ir"," ,u", """" III the <111,,:1h.ilt.
lhc ('\j'\,,'rllllL'lll t!1\lll\l..·d 1\\1\ 1·.IL~I,IJ_';l h.r-«. \\'l'!l'' LIJ":!d I(\\u :~\LI\, prl'd,,'IIL (,)! .1[",l'l.1 1. :llld t!J\,.' l1illltl',T \)1' ikllh

prl'''.,·nL,'tl ! ,; \ k'\ .l .....:. L h .. \. ~(1 \)1' ! ,'"1 l h«~'\1)I.·rilIlI'll1 \\.h /1111 in lil.~' "\ I....i r !k bl. Il.-k -, t'J lit Il r i.il-, 1',11..h l':,~, 1ri.il-. !II

t"IL'h Il HIt lnil lit \\0\'1,' dhl r tlllIlnll;lIh..lPlillv IIlt-';I! Il hlllCk '\lIhj\'Ch \\1',",' \c;II"d ,:1 ,1[11"'111\. H)ul1 l'11H11Ilw di:-'l'I:l\ ·,cr'.TII
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Sorne of the trials wcrc climin.ued duc to f:ulurc of thc.'lIbjcct's verbal rcsponse tn trigger the microPhone, This
happencd on I,O'~/" Ilf trials for D,M. .md on 0.7% of t rt ••ls for the control SlIb)CCIS.

Resuh.s and discussion

Figure 3 shows the average RTs of D. M. and of the control subjects during the search for '\
conjunctive target. Lincar regressions of RTs as a function of the number of items displaYcd
arc shown separ.uely for each condition in Table 1. The error rates observed in Experiment .,
arc presented in Table 4. The correlations between RTs and crror rates were not significan~
(·_·().09 for D.M.; 0.17 for controls), indicating the absence ofa speed-uccuracy trade-olf.

Control subjects D.M.

ROO
Conjunction Search

ROO
Conjunctiun search

;n .> ", /,hE s700

~

JI~'
'"

<:>
E E~
<:>

~

<:>
'" '"e 600 .: 6000 0
CI. CI.

'" '"'" ..,
~ ~

500 soo
2 4 6 H 10 12 2 4 6 8 ro 12

Number of items Number of items

Fig.3. Average RTs ohscrvcd in the control grollp and D.M. m euch condition of
Expcruncnt 2- conjuncrion scarch. Empty syrnhols = target-present trials. Fillcd syrnbols » targct-

. absent trials.

Table 3. Linear regression analyses of RTs as a function of the number of items displaycd in the conjunction
scarch task (Experirucnt 2): Conventions arc the saille as in Table 1

<)5% confidence % of
Subjccis Target Intcrccpt Slopc interval variance

Control, Present 523 Il.9 I.S/2L1 96
A bsc' III 542 17.1 X.7/2S.5 96

D.M. Present 543 13.4 90
Absent 598 14.7 92

An ANOVA perforrned on the correct RTs observed in the control subjects revealed a
main effcct of the nurnber ofitems [F(5, 15)= 10.8; P<OOOI] and a marginally significant
effect of target presence [F (l, 3) = 9.7: P= 0.051. The interaction of target x number ofitems
Iailed to reach significance [F (5, 15)= 1.9; n.s.]. Aecordingly, the linear regression analyses
of RTs as a Iunction of the number of items displayed indicated Iinear incrcases of RTs with
uurnber of items that were only slightly larger on target-absent than on target-present trials.
The 1<H.;kof a sign ifican t d iffercnce in the effect of the nu mber of items as a Iunction of target
presence suggests that subjects performed the search through a serial exhaustive process
[53]. This is rather unusual, as conjuction search is gcnerully performed in a seriaI self-

'1

SI',

lahle 4. Error rates (in ",;,l,
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( "1111 rois
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[F(I, 279)=25.8; P<O.OOI], and
interaction of target x nurnber of i
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deficit in pcrforrning a seriai exarn
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low-Ievel visual processing deficit ,
which has not yct been examined il
RAPP and C\RAMAZZA'S [47] ac.
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(ri.rl». :';n'.'1 tlh:k';·,. ,1 ~Ç,I!l:1l p:illt'fn,illlibi 1" Ih;,( •• hcrvcd i,1 E\r'<'1iln',:I:t: il;"~ bccn
l'CP()J'I''~''ill "c\,;r:11 \'\pl!illll'J1h ,\IlL'I<:'. as hereu hc 1111111h':1 ,',l'il('111S 10 bt' :'l:,ll'<:llnllhr""g,h

Iva:, r.ul.cr 'illi.iIl[.1. ~(I. ~q, Il ];;l~ I1(;CIl ',:.J~:!'otnl j", :-"1(' lhal.1 ',:ui,il c·,!l.llhl;\l' pJ'nL\""" iu

conjonction -:\.':lrç!J ,:\.'(tlr~ \\ IlUI '3uhieCh Cilll cv.uniue I!J..: ','Ptirl' stimulus ;11'1<1.'withoui ,'y"
1l10It:n1l'111, it~61 An .\ NOV\ ;'l'plicd 011 UT'.>I' 1:11\:.\\>ld" :,!I\,\V,;d ;1 ruuin effect ,,[ th.:
1l11J11hn\ \1' i tc:lll:-. L F (~ 1";) ,,\.1. P :n.( )51 T111~dLd ,h,,\V,:d :1 tcn.Icncy 1".11CI rut ralcs i,'
incrc;l~,,, \\1;11 lh<: 1l1l11lb.~1or lic'lIb pr~~':llkdt Lli-,Ic fI

Th.: .\~<nV,\ IK'IÎ\:Il'l1ll'd <;(1 U.i\:(.'~!(s~tlh :d:".> indil:lkd ui.uu dli..'\I' ",j[,I1,':!d JlIl:'i','1ll':

[F! 1. .)7')),:~.~: l' ()(1l)11 nud 1)1' nurnbcr ,'If iun», If\~, :,N) 1~ <;: r' 1)()Oll 1he
intcr:!lli\lil of lalgd'. number (If ill'lll' \\".b IIl

'
l :,i.~lIil'i(;111l [f (:',~7t)) ,,\'.1 III ,I!!lè'~t1l"Jll

with I.h,:"<,, IV--llll), t';~'.rt':;sil)1l ;11I;dy~l'S <howcd lil1l::11 [U(T\':1:,t':, or R h ;1:; ,1 tunctiou of the
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t'rom a left-right gradient in the accuracy of feature representation. It is conceivable that a
similar gradient may not have had any effect on D.M.·s performance in the two previous
expcrirncnts due to particular aspects of the mcthodology used. Also, it is conceivable that
D.M.'s performance was normal in Experiments 1 und? mercly because the complexity of
the stimulation used was too low for any deficit to be manifest. Experiment 3 was designed Lv

addrcss thcse possibilities.
Possibly the most strik ing demonstration of a feature processing gradient in RAPP and

(',\RAi\lAZZi\'S [471 patient was obtaincd through the use or the partial report procedure [54].
ln this task , their subject showcd a very stecp performance decrement with rightward target
displuccments within the stimulus array. Thus, uccuracy was 100% for the lcftrnost item in a
three-lctter string and dropped to about 30% for the rightrnost letter. The partial report
paradigrn thus appearcd weil suited to demonstrate a low-level visual deficit in processing
horizontal stimulus arrays in D.M. if he suffers from any.

ln olle part of the cxperimcnt. subjects were asked for the full report of an array or six
briefly cxposed lerters prescntcd in I.wO rows, ln another, the tusk required the report ofonly
one or the items displaycd. The letter to be rcported in this partial report task was indicated
by a 50 msec bar probe which irnrnediately followcd stimulus exposure. rr D.M. surfers from a
deficit in rcpresenting letter fcatures in the rightrnost positions, he should show a markedly
lower performance for items located on the right than for those Incated on the left of the array
in bath the full report and partial report tasks. No performance gradient ofthis sort is to be
cxpected from the normal control subjects [36, 37].

Mcthod

SltI,/,·C'-'. D.M. and four wcll traincd normal control subjccts. rn.uchcd 10 D.'V1. for age, education levcl, and
handcdness look part in this cx perimcnt.

Mincrio!s and stimuli. On cach trial, an urray made of two HlWS of thrce lctrcr-, was prcsenred for a duration of
150 msec, This p.uriculur st imulu-, ar ruugcmcnt was choscn duc ta D.M .·s dense right-hcmianopiu, which r" .juircd
lclt-hcrnificld cxposurcs, The use or si irnulus arrays made or a single row would have preventcd (he presentation of
numerous items on cach display and could have prccludcd any sputial location clfcct to appeur in the data. Stimulus
lcucrs wcre rundomly <clcctcd uppcrcaxc consonants which wcre hctwcen 3..1 and 5.2 mm wide x 6.2 mm high. Any
lcitcr could appear only once in a display. Each lcrtcr was scparutcd from the une nearcst to it by a distance or 1 cm.
The right end of the stimulus nrruy was locatcd 1 cm to the lcft or a central fixation point of2.0 mm in diarncter,
which was displaycd for 1.5 sec before cach trial. ln the partial report condition. the probe indicating thc letter to be
rcportcd 'hl> a vertical bar 4.1 mm high prcsentcd for il duration of 50 rusee. 1 cm abovc (for upper row targets) or
below (for lower row targcts) ihc largct louer. The onxct of the bar probe wax simultuncous with the offset of the
stimulus .ur.ry. Ali stimuli wcre bl.ick on a white background.

l'rocedur«. ln the full report condition .. subjccts wcre rcquired io narnc ail the lcttcrs prcscnted. ln the partial
condition. only the tar~d indicated hy the bar probe was 10 be reported. Subjccts wcre instructcd to be as uccurate as
possible and no rime pressure w", .ipplicd. The cxpcriment was run in t wo separ.uc blocks: one made of20 (rials for
the full report task , and one of 1i0 trials Ior the partial report lask. One of D.M.·, trials in the full report task was
uccidcntully lost during data .uiulysis.

Res/tirs and discussion

Sincc the main intercst of this expcrirnent residcd in the cffect ofstimulus location alonga
horizontal axis, results were collapscd according to the lateral location of the item within the
row in which it was prcsented. These results arc shown separutcly for the control subjects and
D.M. in Fig. 4.

Results of the control subjects showed a uniforrnly high performance level, with no
significant effect of stimulus location in either the full [F (2. 6)= 1.5; n.s.] or partial [F (2.6)
< Il report task s. In contrast, the analysis applicd on D.M.'s results indicated a significant
effect of stimulus location on accuracy in the full report task [;(2(2)= 20.5; p<O.OOI).

I(~) Control subjects

Full Pa!
Report Rer

TASK
Fig . .j Percent.ige of correct ta rget 1.

control ;~rnup and

However, no effect of talerai t:1
[x2(2) = 1.11; n.s.].

Direct comparisons of aCCUf<lL
performed. ln the full report tas]-
averages observed in the normal
locations, respcctively. This positif
confidence intervals cstablised for'
task. ln contrast, for the partial re]
intervals established for the contr.
located at the leftmost of the a/Tay
normal con trois. His perforrnanc.
group for the center and rightrno-

D. M.'s performance in the full r

for letters located to the right of
contrast, D.M.'s partial report pc
function of the horizontal locatior
examined in this tn.k , his percent
performance, as established l'rom ~
discrepancy between full and pal
impairmen t of feature encodinz. Il
beexpected that the quality uffeal
is the sarne in the full and partial
which the stimuli were exposed '
probe, which indicated the let ter
helped D.M. to focus his atter
representation for this item. Ind-
fcature information could he cxtr.,
of the stimuli. From this, it ma
involved in feature encoding and,
of a structural description of the st
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rcspousiblc for D.M.'s poor performance in lull report By extension, the present results
suggest that the general slowncss of the lettcr-by-lcuer reading performance in 0.1'.1. cannot
he attr ibutcd 10 an impuirment of these low-Ievcl pcrceptual operations.

lfa n impaired representation of visual lcarures is not al the origin of the discrepancy h;twcen
D.I\-1.'s full .uid partial report performance, ihcn what is the factor which may explain this
difference? One possibility is that the discrepancy takcs its origin in the different loads the full
.ind partial report tasks put on the letter identification process. Clearly, letter identification was
required in Expcrimcnt 3 sirice subjects hud to explicitly report what the stimuli prescnted
wcrc . Just as clearly, an accu rate description of the shapes of the letters displayed is not
sufficient to determine what they rcpresent=- i.e. thcir identity. An additional processing step is
req uired for 1 his. 1t may he .issumed t hat this srep is the ma pping of the st ructural description of
the items displayed, thal is a representation of their shapes, to k nowledge representalions of
their identines. Ultimatcly, for a perfect performance, six such mappings had to be executed in
the full report task. l'ha t is, subjects were rcq uired to report, and thcrcfore idcntify, as many
kthTi ;1:> they coukl Irorn the six they werc shown Howcver, in the partial report rask. the
identification of only <lm; lcttcr w.ix sutlicicut for an accuratc pertormance.

With CIbricf cxposurc durution such as that uscd in Expcrimcnt 3, observations reported by
P'\SHLER [42.1 suggcst that, in normal observcrs. identification of the items presented is based
011 a rapidly fading iconic trace of thcse stimuli. At this point in the processing sequence, items
have Ilot yct been idcntitified but only exist as structural descriptions. If access to
representations of letter ideutitics is irnpaired, what this means is that a large performance
discrepancy bctwcen full and partial report should Iollow, as we observed here in D.M,

Even if access to letrer idcntities is slowed down to sorne degree, it may be possible to
identify the let.ter indicated by the bar probe before the iconic trace of the target has faded
away. This would then lead to normal or close to normal performance in the partial report
task . ln contrast. in a full report paradigm, a subject with irnpaired access to letter identities is
at a great disadvantage cornparcd to normal subjccts. For the latter, the identification
proccss may be sufficicntly r.ipid that they are able to report several items beforc the icon has
decayed. If the identification operation is slowcd clown howevcr, fewer items may be reported
within the duration of the iconic trace. This would then result in irnpaired full report
performance relative to control subjects. The next expcriment will test the hypothesis or
irnpaircd uccess to letter identity representations in D.M.

EX PERIMENT 4

The previous experiments have Iailed to pro vide any indication in D.M.'s results for an
impairment of low-levcl perceptual processes. Thèse observations thus suggest that D.M.
docs not surfer l'rom a deficit in extracting information as to the shape of the visual
stimulation to which he is cxposed. As suggcsted above, another hypothesis that could
uccount for his very slow letter-by-letter reading is that of a deficit in character
ident ifi((u;on-that is in contacting internai representations of the identities ofletters from an
intact structural description of the input.

1n order to test this hypot hcsis, we designed a lctter-search task in which it may be assurned
that it was necessary for the subjccts to sequcntially identify the individual characters
displayed in order 10 perforrn the task correctly. Several stcps were thus taken in order to
prevent subjccts to use sorne tcmplate match strutegy=-i.e. base their responses on a
structural description of the stimuli=-ro perforrn the task. Before each trial, a letter narne was

"

presented auditorily. This lcttcr
required \0 report wherher il w:
Half the leu ers presented were
lowercase on hall' the trials and
experiment ail have very differe
forms. Besides these particular 1

stimuli prcscntcd be necessary fu
in Experiment 4 were sirnilar
Experiments 1 and 2. subjects ha
a variable Humber of items and t
used in Expcrirncnt 4 were lette

Considering the nature of the
would have to perforrn a search
either until target detection or
From Ibis, il wus cxpcctcd th:l
presentcd and tint these slope-,
identificatioll. Undcr the hyp.-
predictcd that the cffect of the nu
individual lcuers. would be ahn

MeIl",d

Subiects. D.M. and five wcll rr.uned
handcdness took part in (his cxpcrimeu

Jfu('r;of'illI.! <t iniuli. The target 'llhic-
Ietter was prescnrcd auditor ily immcd
presentation was controllcd by (he cornp
N and R, in borh iheir lowcrcasc and upl'
and bctwcen 4.R and 6.2. 111111 in hcight

On each trial. a variable nurnber of è

turgets letters for t ha. t rial. Hall' the il ist r
lowercase and on the ether halfit wus ur
They were displaycd at random location
stimuli used in (his ex periment werc as

Procedure, The task requircd subjects f

crrors, whciher the target-louer wus pres.
half the trials and nene in the othcr hal,

The expcrimcnt involvcd (11'0 lnctors. :
of iterns prcscutc.i (1""'1' lcvcls ; 2, 4. 6, \JI

trials in cach ~utll:ili,ql werc distl'ibute<.:
display scrcen

Somc of the trials wcrc elimin.ucd duc
happencd 011 none of the trials for D.M

Results and discussion
Figure 5 shows the average R

search for a letter target on the b.
the number ofitems displayed art
are presented in Table 6. The cc-
(-0.12 for D.M.; 0.16 for conti

An ANOVA perforrned on th
effects of target presence [F (I , 4
P<O.OOI], and an interaction of



Il'

pi"'~l'J1lnl ;tlldil(lilh 1LI" kl Il:i ,!( r, Ii ;1\ 1h•.· [111':!,'1<)111Ii il 1 1);" :llllhe (1l,il ,:11.1,,,hl'" 1 1\'.1'

rcqlllr,:tI l,) "'j).)11 \'.h.'llll'·\! '.' .i-, pn",,'1\1 il, .111IH!':I.\ IJl;;,le: 1l1.1 ··.. I,·j.li;1<- !lllllil' •.1 \,( k!kl,

Iblf th,' kl\i.'r·, 1'1\",'11[01 \\"1\' ir I 1,,,.><.•• ;.,,,' ::11,1half il! IIpl",!,·.I··,'·, \i' ..• ,h,' LIII'el \\;h Il'

l,1\H: re: 1:;,' "11 h.il! 'hl' il'];!!" .uu] "PIA'I,.I"· .'11 1lit" .,tl1l:1' h:lll' / Ii':!l'·. rh.: :,IIi',', 'I,,'d ill t lu.

.:\pèl'i\!!,'\.t ,III il:!'.,' \','1\ ,111](-1\'111.,il'Ii'·,'·' i\ hcn l'rt>r'\liL:d III Il,.-;1' /'''.I,'!'·:I.''· l)l' "1'1".'1" '1".'
f,)n~b, l.h.::-Ic!e:;11t,.':'•.:~P'\l'll,'1I1,,1' IIICI,ur,.·': Llk,'1l III ."1',1.:1'1" ,'11,,111('11i:,I: ,d"nlil"';lt;'-'I.'!' I!J,·

~liJlJl1II jll\",,:·l}k,II·'l.: 11\·,',''.'·,11\ ;"11 ll'r" ..•.1.p.:l'fl.ltïll;II1 •...,· 111'''·(, il1('r ,1,',1,,:,'1\ •.>1 t h: I,.,k Il:.:<1

in [.'i)l·lllll<:":·\ ",:!,' '1IIIil:'l 1.•• Illd.\,: .,1' the' prù:cdllll' ,:.\\),:11111,:111:>. l'II', :1' !II

E\I1c'rill".'\lh 1,111..1.'. ·,llhie' ..I·, il.I,1 tu ',',.lld·, 1"'1;1p,lIli,"ILir t;!(~'L'lIlI'.[I!IIIIIII' ;1I1:t " III :d •." '1

:t ~:ili:ihk 11111111-1<'\,)1' Ikill'; ,,".1 ri", Ch!,; r'~LJ"il"d;, \lTh;d 'r c-: Il,) Il,,;,''''I' C \: ", .hl· lil1ll,:i

uscd III 1:"1";11111"\11-+ C\.,'1,: kll...-I': ;1< ',.,::' rl!,· ·'·.t'l· III 1::'\1>':lIlIll:111 i

('UIL"Î\"-'!:!)~ illt: 11011111.:',"·fi/ll' Lht.. 11_·qll\r.~·\.J iil L\!)'_'lïllk'lIl ~ il \\iI-·;I:,'-.l:ilh:d id 1. 'lul'I":',!';

\\()uld 1!~I'.t· IP l~l:~n()lÏn :,1"t'al:~';l ln l~h'J!},i_~lil;,' ,~I_·qlh.'ntl:" idl'11'dic~11i'Jn i'! I:ldf",'du Il!j'lrt'f:''.

ci'lic! iiiJl.!1 1.,,"':1 .], k' Il Il ,il um il tli' '·,IIIII'liu.' ,IITl'" 1',lé' 1...: Il i)i"U;""',j l'.' Il,111 ,')'....!I

i;/'1)111 [hi I( h ',J:\-',i d th ! k 1 Vi !(l IPj ((' i .: Ilil< ',:Ii\ il> ,!, '1 h! )1 1\

ji_ 1 ~ • > ! ,. !" l I .! 1·1!'

ilh.:(uiL. ':'1\ Il '.It,kl :.lIt' ~~\I,\,tl-'t~·.1 "1 i!.I'l·,IÎ!· ..·..!
pr\:di'Lh ..i 1':.!ll!ll>! ..Ii<..'\.~ \_,~llh: lill!.\b·.:r<:! !I·..'ln·it.~fl R 1

iJh.l!\.HI:;;!i j\,II<.-'. \',')I!î(~ l'l' .,j'n'lInl::II' LIII_!,-.: !l! f) \1

.' ( , f l j 1 .ô 1,~.,1 \ .' -: ~

."/Ji,/( 1 U \1 tu.! IiI, '.' ;:!i u.t: 11' il'

h,!nl~l,;dl,\.'· l""k j\,lr( Il) :)!i \_':'j:':!.:!H\.'JlI

.\l,i,,·i/,,/, ""/"'!"II/!' J,', Llr;.·'" -;'II'i \ J- I:.!d i,' ·,1: 1,'
'II, 1\,'1.,);· ,l,

: I!\· \.\ 1/.11 l'Ji t-, ~ 1; l': "."-:1, ',"

l,., ,.1

! L,i/.! : 'r I,'l ! l'le LI ':r

1 b t , ; I!~,

~\ l,

kliL! ,i: ~I i)1

1'1\': l ~t l."! i "

~, l'.•! E Ii.: r-, ':
.md h,!\",-,"n J~ -,

On <,'<" li'! Ii n,·,

';11 uh u::u.i tu "! . , k r {Il~(Î H, 'l' :ti .'-.,,:1,_

!-.·i .,', ji , !i.l, ..'h'" l, I .• "; . d i 1:\, 1. "

',\ !"c !'1.1I k "i' 1 \, l"l
;1,", .

!~!il, .. : '1; , •.1
~';{ 1'\ Il rH·'!, _Ii ,d \"ni ,j

\;Ir:-~l:i·li!f,,· l,,!~h.! il:.lll:df1h\.·dl;t!",i-I.,!,':,,'I,\·l, ';'Jldkl:l'I,I"]'(' I.)',:IIJ' '1

),)\-\::1'\ .i. pi ')l! 1:< l:li,ï' I~_:ir 11 :'',l'jll't'! 1h '!lll l"'; :1::,1;1;

rh'.'- l!: ·1,I·i.',;:·~J.tt ::ni!(l!ll !,)c:lli~\!l. il\\, 1,'!'(.1 ~:llrr.11 11\ Ili~·": ll~:' l' l:!H'r .1 l' \:

:inl1J11!J' Il lr~ th. C\f".'lird'·;H -·.•..i\:·!, ~I~:!,Il Iii :hl.' \l.-ihl".l .~:~',-j,Il, r "~"_Îil'knl :

"r v, .i.,«, fl'~-, l._:;-I· \\.'111I11',·.! o...:lt!:;\:, r. (,'r;:di, 1:\ \1.:1:';1'1 .••.1' •.:_, ill) t. "1:';': '''1\::\1

L'ITu1' ....\-1,,·:111'1 ll:'i'II::~I'{ k.ki .\.1_.;111''';' d' IP.l Il'' ·,J,,·':lij,I.' tu.ni.: d'\ 1",,1 :tr
hallth.: :11 ,l, .!Jhl '1' :1•.: ln l!le' ,rlaï Inl!

Ih~\",I',IIII:'''lj,jl;' '!',I·.!I',i.llj"L·!('I': rh"-,, ,\'1'''; "ll,'lpl~',!ii" Il~'.! ·,,1
drill'lii:~ j'j,'. J;' 1: ,LIU; k \\.!. :" l', .<'!. rI:",. \," (Ii' '!i! \', l' i r.u 'l' (,::"" i'. 1 . i,j"

111'1,

,1,1

l ,1 ~!\\' 1) l , il v .: :. Il

:!J' ; 1/ (1 r..

l, ,1

.,.

···.Il!

l ri~1i .• ;!:

dt,pl.,',
~;'l!P"-' "1

!'"IPPI'!!\j

1 ., '

I.ill.': J.il.\ '1\'\,']111"'1:1:.,.,: ',1, I,I:I!lt: ,'Il tll' '!ITI

Jlg' trt.tl'

'1-,,1',

.ii: J', /1"l

i·i).'lll'

~"':Irt..:h f:.lI ï I\.·!I\_T I.!!;!t:t ,_Hl ï hc i·'..i ...T·..•,d J( ·,ltl •.'il:II.' •. 1. Ili'-;'! i,·<r~-·,'.·h-!!I. "i:~ " ;!',;l (iiil\ ::\11, \1/

thc nurulx-i (,IIIIIII,dl'I-.!,I\\:cI,II'\.'·;J'\'l\ll"',,'j\!ld:cl\ 1"Ic·",11 ,:'1\!oIlllo',) l" l ,I,k', 11.'1 i:II •.."

~II'C !ll'.",'nl,:d III 1,,1'1<:Ir / hl' ('1'1 i',·i.;il'-'!i·, h"I\\':'1,'\1 PI" .111'.1 ,.'11,,1' 1 :1.-", '\ 'l, "I>I '.1,'1)111',,:1111

I-UI.2I,,, /J 1\./, 1).1,.1,'1 '.'\lII(I\+,/. !l1"1('.'i!ill:~ ,Ill' :d)"'I1(,"-' ,rI:l ';1',\"11 :i,:,:!!!:!, \ il':ld,' ,<il
..\\1 .\:'tH IV \ 1','1'1',>\:"1'11"1111", ',·'l!I\·<.'I r~1", "I."'l'r\",11I1 dl" ':"lIfl',>I '-01.)\11'l',' \ ,'"k<l \(i '''1

eirt'\:i~"It:II~:C:l PIc''-.''llu:i 1- Il, il \ \ il', n.U.'!.:tlhl<.,t'llIliI!h,,', ,fli'·II!.1 f' 1i l 'l''c 1.1./1.
P<O.O(J: [. ,Int! 'Ill 1!11\·Jît-th·q i.d ~;~r"',j ~liPlll~·~"r.)rILïrh J.i !3. ! ~1 l'!. j' fi (I! 1 :";!lltpll..



,14X

\/XJO

D.M.
Lettcr seurch

E ~()OO

'"'"
~ J(XXJ
Vl

'"p:: :ï(X)

()L-....L.._---' __ .....I-__ L-

2 ·1

Number of items
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. r,xpl~liIllLïll 1 lcttcr :-'1..';IILh. ('oI1\l'llli':'Jl;-" arc the -.unc as in Fig. ~.

l able 5. 1 incar rc!!ression allahs,;, of RTs as a lunct ion (If the numhcr ,,1' items displavcd ill the lcttcr scareh
,. t.rxk (Expcrimcnt ·1). Convcnt io nx art.: the sa \lIt' as in Iuble 1 .
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(-, ]l).2 0.0
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Control,

D.M.

cffects of the target x numher of items interaction indicated signiticant cffects of the number
of stimuli on both target-present [F(3, 12)= 15,1; P<O.()Olj and target-absent
[F (3, 12)= Il.5; P<O.005j trials. Congruent with these large cffccts of the numberofitems,
regressions showed substanrial linear increases in RTs as a Iunction of the number of stimuli
di~played (Table 5), The effect of number of items on RTs was approxirnately twice as large
on target-absent trials as on target-present trials, which indicates a seriai self-terminating

>.;1Nt

search [53]. An unalysis of varia net
controls did not show any significa.

The !\NOVA perlorrned on D.;
[F(l, 170)=88.7; P<O,OOI], and (~
interaction oftarget x number of iter
of the target x number of items inter.
presented on both target-prcser
[F(3, 170)=93.0: P<O,OOIJ trials. 1
RTs as a function of the nurnber of it.
slopes were approx imately twice a'
present trials (Table 5), indicuting <LÊ

performed on the error rates reveal
t:ondition [X2 (7)= 2~\.O; P<O,OOIj.!
search lask consisted in il failure 10

ll1arh:dly with the number uf items
As iudicated previously, the rcsult

which RTs increased with each ad\i

above, a major pa rt of the effect of ad,
of identifying individual lctters. It ca
process an individual lctter is dramai
Thus, his slopes on both target-prescn
the 95110 confidence intervals establis

A number of different operations r:
of the nurnber of items wc observed (
the encoding of the Ieatures of an indi
identifient ion of the letter; (4) and th
next. Any of thèse operations may. i
processing in D.M. However, the oh
the operations of feature encoding, fl
another are normal in this patient. (
very large difference betwcen the COI

individualletters reflects a deficit afTc
we argue thnt the disorder occurs al 1

item is matched to a representation
required ln determine if the stimul
experirnent will pro vide further evi.
rnapping a structural description of

The results reported 50 far have
characters in D,M, No evidence for
responsihlc for the elaboration of a
despite our concerted attcmpts. One.
thar might underlie D,M,"s identili-
processes that rnust occur for correct

A cornmon assumption behind Il
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S"'(lCS w erc .rpprox im.uely rwicc as l.u gc 011 t.ugct-abscnt Iliais :IS thcv line on t.uuct

(1rl''''lIt 111:11,(f;lhk'l. illdi":ltillg :t~aill:1 ,clial ..•e1f-lèrtllillallllg sC:lrl'hl'nl,'l''''. '\11:111:tI}'I"
pelfUrJIlL'd o n t h, error 1'.11,''';rcv calcd ;1 ,i~!lIi(il'alil v.niunou ill al'!:lIr;IL') ;1' :1 IÙIICIIIIll ,,1'

C"IHIIllnn L/ 1il .';-'(1: p. (111111J A,C;111bc xccn ill T:lblc (,,;tli oI'D.I\I.'Se:IWIS in t h.: kltel

,,'.IIL'h 1;1',kL','lhl,1L:d in u f.ulurc ln tind the (;11.'2el.Iht' l'lùllll'l1l1 <Ir t hc.c ,'11"1''' 1I1l'lI':I',,'"
1l1.llb:dl; wil h t h.: 11i111Ih•.·r \,1' Il,'111\ jll':'êllk"

\, iu.li... I"''' 1.'1"\1"11',1",1hl' 1""lIll "l'lll;lil1 ;llkrl·,t 111"III' \1'oll:J!·;l·;lil·h Il:,1,·,,, Ih.-· r.u c .11

which R r, illt:1l·;I·;':.! 1IIIh (,;Il'h ;lddllil'Il;J! ,liI11111"s. III the l'rc''eilt '·.\Pl'1'111Il'ill :1' ;1I.'!Ur·"
.dl" 1':. ;1Ill; 1i,1ri': 1ri 1111hl: l'I kLt ,,1':1dd i t il' Il: J!1..:1Ir'r-, "11 1{ l v m.r\ h.:;t Il Iii 1UI,'" 1" th.: Il 1l,.'1';urou

olld.:nlilllll~ il1dlllt!lI:tI lcrur-. Il CIII he '':l'II jll r;lhk':; th;11 the 111l1eIl'(l'li,,'<I III n.\1 III

pruL'C,' .m ur.hv idual lcucri-, dr.un.uicullv 1,'n,~''1'th.in th.u oh-crvcd in i hc 11I'1'11I:tI(01111,'''-

Th \1<. hi, ,1"l'l" "II h•.ll h 1;1l'g"I- pre-en t :uid 1.1!'!..!l·1.:1h\l'l1 1Ili:1 b :t re LI l' .1h"l ,.'1he 11ppn 1i111i" uf

the 1)5"" conlidcncc irucrv.rls e:,(;lhli~he:d l'ur t hc l'OIT':'I.llllldilig ,k,p.:\ i11the l'Il Il 11,,/ gr'.)lIp .
.\ 1111111hcl',-,1'd ilkl':l1l "1'\'1':11il111,111;1\P' 'I,'nl i:tli 1 LI 'Ill Ii hure l" thl' ;1hn, '1'111.tlhLI r!.!,·l'lkL'l

ur lit,· 1l11l11hl'1',,1' ill'Ili'> Ill' .,h,nvcd "II D.\I.·' l't'l'l'"rnl:IIll'L' 111~'\IlL'rtlll"1l1 -+. IÎl"\" :11',' (1)
the "IlL'ud 1I1g,,1'the 1..0;11111'<':',)1';111indi , id L1:11kt 1L:r.l ' 1t hl' 1111t',,1:1t1"11•,1'th,:,,' fe.llllll''>.' 1\ Ilhl'

iJL'llllliC:IIIIlIl Ill' the lettcr: (·tl aIII1 the lime III ,11Ifl the rl)ClIS ;llInlll(l1l 1'J'()1l1IIl1e item 1" the

ncxt .Ô, \11\ '>!·Ilie,.: oper.uion-. 111:1!,111priucipk-, be 1'l''''Pl'I1'lhk rllllh.: ,1'"ll'll LIt.: .>I·!.:111'I

prolc'sil1g ill n.\I. Howcvcr. thL' obscrv.uion-, rcported ill [.\jlL'liIl1l'ill'-. 1 3 1l1111L':llcd111:11

the "lkT;III"lh ollc.n urc cncodinu. fc.uurc intcur.ruou. and .utcnuou ,hllb from olle item 10

.tnot hc r .uc uorm.rl in t h i-; p.iticnt. On t hc h:l'I' .,1't hc-,c ,·IIn,ldl·I·:lllIll1'>. Il :11'1'<':;11,Ih:11 the
l'cn 1:lr,!c dulcrcucc hL'lIIl:\'I1 the: control SlIh.ll'L'lo.;.uid D.i\'l. 111t hv timc "'.'Ctkd 1" PI,'..-e:"

indi. idu.rl klll'I, IL'ilù'" a dclicit al1'eL'lillg t hc l'pe:lall')II"rklkr Ilklltilic;lli,"1. SI"'uliv;tlly,
wc ;11,~l1l't h.rt the disordcr ilI.TUI":l1 the point whcrc an int.rct dc,nlptillll.,llhc -h.ipc ol ~111

item " Ill:llcll,:d 1.' ;1 rL'jll'l"\'!ILltil1l1 ,d' t hc idl'Illit\ Ill' 111,:lcucr. :111"1"'1':1111111whir h Il:''
requirc.l 1., d"!L'I'lllllll' Ir tlt,· st imulus Il;1' the t.uect "1 Iloi ill r·\pl'1'ill1L'llI·t rhe 11<:\1

~.\pClI1111·1111\111jll<lll.k lurt hcr evidence 1"'1'.1 dL'illil .ulccung the Pl".'l'es:.cs involvcd 111

111:II'I,ill;'::1 ,1111,'1111:11dl·".,ipti,1[1 1,1':1kilt'!' 1";1 Il'I'll':;l,I!:lt'')11 .,1' 1" i""I1III\ III 1)\1

1:x PI" R /1\11=NT )

Tltl' I,·,ul" l'l'l'l'Ikd ,0 1'.11'h.rv,: .Il'lllill"tr;lll·" ;1 Iklicil ill t h. itl"lllllil·:tti"'11 ill ..;ill~~k
r:!t:II:ILlL'h ill 1) \1 N" nid'ï1l'L' 1',)1:1dl,.,rdn .ul .•.·.·lil1~ !ht' 1,.\\kl,'lllt.'1lL'j'IIl;t!I'lill"·"'':'

ICSpOlblhk 1'''1'Ih,' L'/;lh"r:l1illll I,r:t ,IIlIl'lllr:tl .Ie"'II!,li'"1 of 1/1,' 1j"";,, lI\jllll Il;1' (;->1111.1,

J':'l'lIl' (1111L·IIlI"L'rll'.! :lllcllll''' One \j1l",lillll <t ill lcft "(1l'Il,'()I1ClTI1\ t hc '1)L'l'llic 1I1l'ch:llli'llI
iha: 11I1)'hl 1111,ktlll' 1) "-1.', idl'lltlli,::lti"1l ,kli,·it. .\ 11111['1.'dl't:lilL'l1 ('\:II11ill;l[II>1I (d' th,'

pr')'X"l', rh.u mu-: .)C(1I1 1"'1'L"'!Tl'l'I idcllliticll"lll l, rcquircd

'" ('('111"".)(1 :ISSIlllIpll"1l hl'hilld Il](l,kl., .,1' l "1I:t! "klllific:lIl"1I 1~ 111;11Ihl., "llLï';III"1I



450 M. AR<.am,; and D. N. BIIIl

rcquires a match bet wcen an appropriutc description or the shape of a perccptual abject and
the internai representation of the idcntity or that object. A second assurnption is that a given
abject would contact-or activate=not only its own internai representation but also
neighboring representations that arc structurally close tl} that of the target [25, 35]. Wit:1in
this Irarnework. we may assume that explicit identification occurs when the signal-to-noise
ratio of activation between representations of the identities of known objects exceeds a
certain threshold [2, 33].

Two selection rnechanisms may be involved in achieving the signal-re-noise ratio required
for cxplicit identification. First, the shape description of a given target must actirate the
representation that corresponds to its identity. Through this process however, ether
competiug representations may also be acti vated because of the structural overlap that exist~
between them and the target. ln order to achieve a proper contrast between signal and noise
a second selection rnechanism must come into play. This consists in the inhibition of
representations of items that competc with that of the target for identification.

The ob-crvutions reportcd in Experirncuts l , .2 and 3 have suggcsted rhat D.M. is quite
able ln construct "11 adequate structural description of visual stimulation. Aiso. his ability to
idcntily visu.illy prescntcd lertcrs (Expcrimcnts 3 and 4), howcver slow it may be, suggests
that internat representations to this type of written material are still available. From this, we
may hyporhesize that D_M.'s character identification deficit results from an impairment of
the processes involved in matching a shape description of the input to the appropriate
ielentity representation. Specifically, we suggest that the selection mechanisms-activation
or inhibition=-nccessary to obtain a signal-tc-noise ratio that exceeds the identitication
threshold are irnpaired for D.M.

Expcrirncnt 5 tcsteel this hyporhesis through the lise of a structural sirnilarity priming
parudigrn. ln this task , subjects were asked to identify a single target letter. Preceding this
target by a variable SOA, a letter prime was presented. This prime was either identical,
sirnilar , or very different in visual appearance from the target. Assurning that the prime
mostly activates ils own internai representation but also activates representations of
structurally close items, the hypothcsis of irnpaired selection pro cesses in D.M. predicts that
the tirne required to identify the target will be higher if it is preceded by a prime sirnilar to it
than by any other prime. That is, given a prime that is sirnilar to the target, the activation of
the prime's internai representation wililargely dccrease the signal-to-noise ratio that may be
obtuined from the target, rclati ve to the ether priming conditions. 1ndeed, those other piming
conditions should mostly activate either the target representation (identical prime) or a
representation which is not a structural neighbor of the target (structurally different) prime.
If select ion processes req uired for identification are impaired in D. M .. a sirnilar prime should
thcrefore increase RTs relative to the otber prirning conditions.

ln cont rust 10 these cx pccrations for D_M., previous experimenrs that used a similar
paradigrn suggcst that the normal coutrols should show a respouse competition effect [16,
57], wit h rcspousc t irnes highcr with any prime lctter that is associated ro a response dilferent
from the target.

Mcthod

Subjcct«. O. 1. and four weil t raincd normal control subjccts, matchcd to D.M. for age. education level, and
h.mdcducss took part in this cxpcnrncnt.

J/i/la;,t!s and stimuli, 'Iaterials wcrc ideutical to t hoxc dcxcrihcd in Expcrimcnt 1.
The stimuli uscd wcrc t he uppercasc letters H. M_ 0 and Q. Thcse kttcrs wcrc grouped inro two pairs (H-M and

o ()).Each membcr "fa pair was very similar to the other. and lcttcrs wcre very dissimilar bctwccns pairs. Selection

orthese lcttcrs was bascd on ihc confusion m
was opcrat ionnlly defincd as Ille cunfusa btlit
of the letters varicd betwccn 4.1 and S.I mr:

The target Icttcr was prcsentcd 1 cm to 1 hl'
"hove and helow the target location t he fi \
lctters. The stimulus onset asychrony tSOA) 1
Ali stimuli (target and prune] rern.uncd vixi'

procedure. The task rcquircd subjccrs to ,
The cxpcrirucnt involvcd t wo factors. Tho

idcntical, similar. or different J. and the SOA ho
depcndcnt mcasurc wax RT. The cxpcrirncnt
Cllndition wcre disrributcd r.uidomlv in cach

Sorne ofthe trials were climinatc:1 duc to f
happcned on noue of the trials l'or D.M. an,

Results and discussion
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M. AI{(;UN and D. N. Bun

An analysis of variance perforrned on the average RTs for the cont rol group revealed main
cflccts of prime [F (2, 6) c= 10.0: P <: 0.05] and ofSOr\ [F (3,9) = IIU: P < 0.005], along with
a significant intcruction bct wecn those two factors [P (h, 1X) = 3\: P < (U)5]. The main cITee!
Ill' SOA indicated decreasing RTs with incrcasing timo intcrvals betwecn the prime ,~nd
target. Pairwisc cornparisons with r-tcsts indicuted thut, at each SOA between prime ana
target. RTs were shorter with <l prime identical to the target than with primes either similar
to, or different from the large! (for ail comparisons, P <0.01). This pattern ofprimingctTeets
was present in cach of the control subjccts. An A NOV A a pplicd on the error rates observed in
the normal controls did not rcveal any significant elfect.

An ANOVA performed on the RTs observcd in D.M. also revcaled main effects of prime
[F(2, 345)=X.3: P<OJ)Oll and of SOA [PO. 345) = f..3: P«)J)Oll However, the
interaction of thosc two factors was Ilot signilieant ff (6, :145) < 1J, although it is clear that
the prirning effect which is apparent at SOAs 01'0,100 and 200 rusee (hg. 6) was no longer
present at an SOA of :100 msec. As wus the case with the normal contrais, D.M.'s RTs
.lccreascd with incrcasing SOA betwccn prime and largc!. Puirwise compurisons indicatcd
lhat RTs with ;1 prime ident icul tn the targe! were <hortcr thau with one which is similar
([1 < 0.0 1). 1n cout rast 10 the rcsultx seen iIl the cont roi grou p howcvcr , 110 di flerence bclwecn
'identical' and 'differcnr' primes was secn (average RTs wcrc 59H and 601 mscc,respcctively).
The annlysis applicd on error rates showcd no xignificant cllect of condition on accuracv
[;t2(11)=LJ.I:ILS.] .

A first aspect or the results which is worth noting is the large overall RI' difference betwecn
D. I. and the control group (Fig. (i). ludccd, with ail conditions pooled, D.M. took , on the
average, 147 rusee more thun the normal corurols tu respond to the target. This is in marked
contrast with the results of Fxperimenis 1 and 2, in which D.M. and the control subjccts
showed RTs which wcre roughly within the same range. Considering that the task used in
Experiment 5 requircd the identification nf a target leuer whcreus this wus not the case in
Experimcnts 1 and 2, these large RTs observed in D.M. may he taken as evidence congruent
with the hypothesis that his leuer indentification is defective.

However, the most important result of Expcrirncnt 5 is the difference bet wcen D.M. and
the control group in the pattern nf RTs across prirning conditions. As predicted on the basis
of the literaturc on normal individuals. the control subjccts showed what may be considered
as <1 response competition elfect. That is. any prime which is associutcd with a response that is
different from the target led to an increase in RTs. 1n mark cd contrast. D. M. failed ta show a
rcsponse competition eflcct. xince RTs in "idcntical' .ind "different" priming conditions did
not differ. Howcvcr , a prime similar 10 the target rcsulicd in a rnarkcd increasc of RTs relative
to the othcr priming conditions.

The evidence prcscnted in the previous cxperirnents mark edly const ruins the range of
acceptable accounts for n.M .·S let ter proccssing deficit. Thus, it hus bcen shown that D.M.'s
letter processing irnpairrnent takes place alter an appropria te encoding of the shape of the
items has been ,ichicved, but that he dernonstrates a large increase in the rime 10 proccss
individualletters whcn identification is required. l3y elimination, one plausible uccount for
D.M.', charactcr processing disorder is that he suffers l'rom a deficit at the lettcr identification
stage, that is in the proccssex involved in matching an adequate structural description orthe
input with the corresponding internal representation or the identity of the item.

As indieatcd previously, wc have assumed that this matching process mainly involves
activatory as weil as inhibitory interactions betwcen a representation or the shape of the
target presentcd and intcrnul representations of lcttcr identitics. The goal ofthesc processes is
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M. ·-\IU,II' :tilt! Il N III Il

abuorrnal priming cllccrx obscrvcd ill D.M. in Lxpninlelll 5. Ihis sliggeslS thal aCCOllnts
rcst ing on such low-lcvcl pcrccptua l deficits arc unlik cly cxplan.itious for his !citer
rccognit iou disordcr

CiLNFRAL DISCUSSION

Ihc main lindings rf\1111the cxpcrimcnts rcportcd hcre indic.uc a disordcr specifleally
aflccting the selection proccsscs activation ;1[11..1or inhibition-· involvcd in the identilica_
rion of .ilph.mumcric stimulauon in a pure alexie patient. D.M. Ali the avuilablc evidence
Iuiled tu slIggcst thal this disordcr is .iccompunicd hy ail imp.iirmcnt of the processes
respousiblc l'ur the elaboration ol a structural description or visu;" stimulation. \,loreU\·cr.
the sunul.u ions of the xiruila rity prillllilg cxpcrimcnt have pJ'()\ "led observations which
suggest tha t the Il.\ put hcsis l'or t his 1<1t kr type 1Ir d isordcr ill D. :YI. IS inudcq ua tc to L'X plain his
palll'l'11 ,,1' prlilling L'lll:l'ls III ['l'I'lIll1e'llt:' \11 illlj)airmL'llt ,,1' Itlll -Icvcl pcrcc pt un l pI'I)CeSSt2S
thcrvforc ,I",', il"t .ippc.u It) he a nCLI~"S:lr\' 1· •.• nc-omit.uu uf pure .rlcxia.

Wc 11I11l nn\\' 1'1 ,t disClI:,sitl11 Ill' the jlt'"sihlc llllrdieatil:ns ,,1' the 'iill:,!!e· •.har;lckr
idclltilic:lti"n disllnlcr phsel'l'L'd ill D.\-!. r,'r word reading pcrform.ruce. Givc n the nuture of
his lcucr idcnt iticu t ion deficit il IS 1lhvit lUS 1hat ;1 st l'a [egy b.rscd on the ex plicit del'nding of
let ter idcntiries would he ahnormally slow lhc more fund.uncntal question howcver,
conccrux the nature of the rclationship bctwccn a lcttcr proccssing deficit "l'the kind wc have
dcscribcd, and the disrupt ion or visual word identification obscrvcd ill D.\I.

Currcntly, mos; modcls assume ih.u normal n:ading is pcrforrucd in a hierarchie Iashion.
wit h leu cr uuit« ncuv.ucd in a <p.ui.rlly p;lralid manncr ;lJld m.ippcd 11I1to higher level
orthographie rcprcscm anous LI. l t). .14. 35 .. N.H).~IJ. Within this Ir.uucwork , what might
De the consequences of ;111irnpairrucnt in rbcsclcction proccv-cs that must occur [or letter
idcn t ifieu t i,nf'>

As indicurc.l. Iuultv selection of let ter idcnt itics lcads t o a dccreuscd signal-tc-noise ratio
hctwcen the t.u gct und cornpctiug u nit s. lhis implies thut the spurious activation or lctter
identity rcprcscntauons that arc suucturul ncighbors \11'cach lcttcr in the word prexented is
uansrnit tcd !I) highcr lcvcls in the prllccssing hicrurchy. The Iailurc ln quick ly resolve the
ident ity of leucrs may have a dclctcru ius cllcct o n word reading. Conccivubly. this could
cntircly pre vent the proce,sing olword» as pcrccptu.il wholc-. and hcncc force the subject to
rely un the lahorious dccodiug stLltegy thut is chur.ictcristi« ur lcucr-by-lcncr reading. On
lhis accouut , \\Ilrd reading pcrformuncc ;lt 1e:lst ;IS it rd:ltcs 10 c xplici: identification->
could he prcdicicd c nl i rcl y on the h;!.Sls uf v.ui.iblcs th.u .itlcct lct tcr idcntific.u ion. without
any mcasurublc cflcct ,)1' purcly lexical fadors.

An altcrn.uivc cx plnnat ion ma" he cunxidcrcd 11IlIVeVeL ln cllcct. the d ixt iuct ion bctwccn
let ter a nd word UJllts appca rs rather .ubitr.uy whcn .ipplicd III the l(ue."ti'ln of e.\plicit
ideuti Iic.uiou. Single chaructcr«, .rftcr ull. h~1vc specifie pronuncra t i,1I1Sand ca Il he reasonably
tllllugilt Ill' <t, bcing rcprcscntcd ill the s.uuc systcn: t hul m.iintains the Iorm ut' the whole
\\(l rds. ln 1he 1iIII 1t. 1hcrc a re wu rds in f Il,,1tsh , :1nd man y ,II he r la nguugcs, macle 1Ip ur a single
L'haLIL'lL'r (e.". :1 and 1). On this accouru. D.I\I \; dixturb.mcc III cxtructiug the pcrceptual
idcntit y ollcucr-; Ill;IY he part pra more gcneral deficit within a I:Jr"er syslL'm that dcals \Vith
thc rCCll\LTy llLtfphallullll.:ric code. IÎ1L'faet that D.M. rctains the ahility tll npli.;itly identify
!ctters hut Jlllt words (wilhollt resorting tl) a !clter-hy-Icttcr strategyl Illa) he aecul1nted rorin
terms ()f t he d itkrel1c<.: bct ween the density ur t he strucluralneigh bnrh()()ds uf !citer and ward
representatiolls. ('wn racl\.lrs met)! cUlltrihllte to this dilkrcllec. Firs!, ill alll10st cwry

language. the numbcr of chaructcr-,
accepta hie words is very l.ugc. Sc'
single char.teter is rather srnull. If "
or structural closcncss for wor
ncighborhoud dcnsity - is much h
l11eehanisms thut we consider necc
signal-tn-noisc ratio ill the act i
exaggcratc the timc rcquired to
decrcaxcd [or word reprcsentati.
prcvcllting explicit identification
dccomposes the word into irs con

lfthis lutter hypothcsis is CUITCL'I
alcxi«. t 110IIgh :1S we have u rgucd ,
This hyporhesis ie.ids lo the foll<
word ;IUCSS, it !, ,'xpeL'lcd t h.rt n
pcrccpt il III I.l' "','"rd-'ill :'CIJ, ui t.'
patients undcr l':\P\bllrC c, >lHI!!1l1J1
he possible [or patients to pcrform
do Ilot .rllo w t hcm t o cxplicitly ic
decision t.isk. the suhJt:d docs Ill)
neighhoring ones ro achievc il r
empirical observations and the c
tasks, MO"<SFLl. et III. [3X] hav
reprcsent.uion relative to the acti
disunguish a lcgirim.uc word-Ior
hyporhcsis of subthreshold wholc
markedly uffccted hy purcly lcxi
density or its orthographie ncigh

Ali of rhcse predictions have he
a brief sumrn.uy of thesc rcsult
publications .. "mont! the most im
D.M. docs show an clfect or or!
string. This patient is .ilso able tt
cffect of word lcngth "Il RTs an
other cxperimenrs ha le shown II
lexical variables. Thus, in nan
reduction of RTs with an incrc.i
density or the ta rgct also hus a
targets which have 110 or thogr.q
than words with scveral such ne

Before closina, wc would lik.
whcther pure al::xia ma v be COI
time, this issue rem.uns 'lIndccit
alexia mav Iltl[ l!cnerali/e lu Il
hypothcsi~ Ilr a,; impainncnt ('
alphal1umeric stimulation l11a\
bchavioral disnepancy hct\\e:'l
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bct wccn explicit word identification and word categorization [13, 52J. ludecd, not ail alexic
paricut-, show such a dissociation [27.014.47. 6X J. We suggcst that this difference bdwcen
subscts ur pure alexie patients nccd not be taken as a l1e('essa/'y indication of 4ualitativcly
different undcrlying deficits. Within the expluuatory framcwork proposcd above for pure
alexia. the paramcter or main intcrest arc those which aflect the selective processec..,
.rctivation and inhibition .. involvcd in identification. It is cusy 10 conceivc thar the extent to
which t hcse selective proccsses arc impaired varies from one pure alexie 10 another For
cxumple. in SOIne patients, damage may be sutficicntly moderato to permit word activation to
excecd the thrcshold necessary for lexical judgements, whercus ot hers may sufler from an
impairrncnt which is too severe l'ur this type of performance. Further work will be necessn-ç
10 determine cmpiricatly whcthcr the uccount prescntcd hère l'or D.M.'s reading impairment
may upply l'Dr other pure alexie patients.

l, '"'''' 1.·,J,I,·""'lIh ..\ t hou-crnd 111:Inb 1" 1.>.•\1. 1"'1' hi, pa t ic nt .uid ,1.",dll""S ".,II"hor<llil'n and for his good
humor 1 hi, r,·'cal'.h ·.LlS '''1>1'''1'1-:,( 11\ .t 1",,1 gr:td",tiL kll,,,,:,ltip lrom t hc \kdi,::d R,':,,,,,"'1 C.1I111Cill\1.R.C.,,)f
< ·:1t1:,,1.1 l,' \""rtin \rclIill .uid hl' :111"lx",lin~ l'rani fr'''ll the \1 R<' III 1):llIil'l ~. Huh
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i\PPENDIX
[he uct work Il,ed 10 conduct the vimulat ion of the -imilar iry priming cxperirncnt was , ill most respects. ideruical

1<'the lettcr pr"cè'"i ng port ion ,,1' \11 '('1 t.r L\ "n "nd R 1'~lITH" 1{r internet ive activa 1ion rnodcl L l5/ and cornpriscd a
fc.uurc lcvcl ,",d a lct t cr idcntit y rcprc-cntnuon lcvcl. The fcuturc input as weil as the lctrcr idcntit y rcprcsent.uions
wcrc the '.'Inll' ;" pr"pos<'d hv rhe« .iuthor-; The cquution« used ln compute the net input rcccivcd by units, the
uct iv.u io n leve! \)1' unirs. and the f'l'SpIH1SL' :'Itrl'nglh I,r let ter i.Icntitv unit-, wcre ahd the ..;am...: a.'i those uscd in the
[-\\1 <cc cquutions (II (61 in Rd.liSI

Fhc l<lfgels "n<l prime, wc re presenl<'d 10 the 1I1,«!.'1 t hro ug h sq1arale but identic.il ScI' of fc.uure units. Beth sels
••1'fe"lure uuit-, l'I'"i<:L'led ro a unique ,ci (lf let ter «Icnrity units. The magnitude (If t hc \wighls from pric-, teuture
uuiis 1<) lcner idcntitics wus 1:;",i, rh.u ,,1' Ih.: projections from largel Ie.uurc units 1<>let ter idcntitics. ln ail the
simulatior», l,:unduch'd, the onsct nI' the prune ;111....)or the uuge: v.;t~ simult.mcous.

[he prob.ibility or muk ing a re-ponse ha-cd on a given let ter idcnuty unit \Vas hased "Il ;1xignal-to-noise ratio
mspircd hy l .t ( t:'s choicc rnodcl [.\.11-- sec equation 171 in Rer. [,151, The rcspo n-c critcrion \Vas achicvcd when the
probabilit y "fa rcspunsc ha scd <)J) one or the lcttcr i.lenury uuits excccdcd a value oft.l.7.

r:()I1(",in~ is a lisl of ".mc of the pnr.uncters uscd in the model. which rcm.uned invariant throughout ail the
sinurl.uiou» conductcd: minimum .uid resling .icuv.uiou levet of ulli" ~ (); maximum .ictivat ion lcv ci of units = 1;
dcca v l'ale ,,1' acuvuti •. n ~ 0,il7; r.uc ,,1' intcunuion "f the activ.uiou of lcuer idcntity units sz: Iln": growth raie of
re-ponse -,tn...ngt h a:-. a tuncrion llf act iv.uion = ln,

1n cach ,,1'1he prim illg co ndit: -ns. 1he !:II'gelS IL"led wcrc the let ters A. B, C, D, F, l fi, 1..1, L, O. P, Q, R, T and Li,
ln t hc idelllll,,1 prune <','nd,lion, t hc ""ll,' input \\;\,' prcscntcd h. t hc lar,cel and prune fc.u urc unitx. ln the similar
prime con.lu ion the prune ""'" lcucr which <l'll'cred from t hc tar!!el b y only "ne tc.u urc ln t hc different prime
condiuon, t hc pruue lias" lcucr which had n" fcature ill commun wit h the 1;lrgd,

lhc \\cighl par.unctc r:, uscd 10 -irnulu tc ''''fII"tl pcrfor mance' wcre e:'I:lhli.shcd as lollow». '1 he activation weight
from lc.uurcs l,> kllc:r ide'llIilie's \\;" ,et lull.ll05. L,dl !cller idcnlity unit had a rcclIrsi\·l' f""ililatorv conncclion 10
ihl'if \vhp:-.t: \'-"t.:'Îl:!.hl \\'a~ of ,. 1l11.!,"IC twu \"alll~s \\'cn: IÎxcli and chall1!es il1 Îllhihitorv C\lllllCuiullS l'rom fcaturcs to
leI 1er idcnl;li •..s :lIld hclwcen !cIter idcnt'Iies \Vcre Ihen pcrformed Tn "l'da tu prl;II,1e an ,'ppr,nimati<ln of Ihe
performance: ,,1' Ihe: c'l/lIml gr<H'p in F:xperimenl 5. fhe data presented III Tahle S for Ihe c"ntral group \Vcre
"hl;lIncd \Vill!:l11 inhihiliol1 rr()!ll fealur,'s 10 kller, ()ftl.ll.11 and ,Ill inhihili(ln hct\\eel1 let ter idel1lilies "fO,35, The
d:tIlL'ged ",,,,I<:I ,L,ta sh'l\\n in r"hle X "·as .,hl:lined \ViII! Ihe f"lIowing \\'l'ighls fr(l!l1 fl'atllres 10 IcIlCfS:
:l<'li'ati"l1 ~(l,(I(I_»: inhihili,>n tlllii

\'t'!fr"f"\' :".!, ',/1". \',,1 11.,\,1 -. pp l'dl 1/.\1, l'l'Il
Prtll"'" Hl (ilt':ll !iIIUIil

DOPAMINE DEPEN
PATIENTS wrru PAR~

VERITY J. BROW'I,*t U"
DA VII) L.I

Laht1r:tlt)ry of Scuvorimot or Rcscarch.
In,\I'ILIle ,,1' !\eurlllot,(icai l'

\Ilslracl 1 hi, 'Iud\ " ",.1 t hc III
ihc v must l'ch on iutcr u.il infll)'Jl
,uhie'L'l, and p':llients wit h I'ark in-,
which the motur dL'lllands wcrc c
intrinsic infor m.ruon about the re,
t.isks w hich cmploycd stirnuli L'O'

.uhitra r ity as,,){'ialcd \\ ith the re"
dilfcrcntinlly impaircd in U,il1!! in

THE SPEED of choice rcacuon rime
responses] is intluenccd by the sti
is a high degree of cornpatibility
time is short. but wh en the rel:
lengthened [12].

Tt hus hcen suggcstcd that the
reaction times which are based
hypothesis is thut patients with
diseuse, wou/Ii hc more impaire
about the rcquired rcspousc une
arbitrary. Th; degree ofimpainu-
the stimulus,

There is sume su pport f(Jr t /
impaired when actions are 1Il1tk
appropria te rcspnnse, !-'tH exar
patients with Parkinson's diseas
and in the use nl'advancc inform:
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