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1. Introduction.

"Twas brillig, and the slithy toves
Did gyre and gimble in the wabe:
All mimsy were the borogroves,

And the mome raths outgrabe."”

Such is the first verse of the poem "Jabberwocdky'@wis Carroll'sThrough the looking-glass.
Read the first time, it makes no sense. Most ofatbils used do not even exist as such, they were
made up. Read out loud, one can hear the soundeairitie rhythm, and might get a hint of what
the author intended the words to mean. The rdsttito the reader's imagination. It says what you

want it to say.

Usually when we read, we know the words and dawadkte any effort to understand them - we
might hardly notice what we are doing. But witheattlike "Jabberwocky", or when we encounter
words we do not immediately understand, we becottreraely aware of our "secondary" reading
strategies. Sometimes the context in which a weplaced can give us some information about its
meaning, so reading the sentence once more mitht\We might try sounding the words out,
pronouncing them in different ways, or even trgpell them out loud to ourselves, to make sure we
got the letters right. If everything else fails, mégght ask someone what the word means, or look it

up in a dictionary.

What this example makes clear is that reading sxaremely complex cognitive process. What
makes us able to read words we know fluently, aapmiaimate the sounds of words we have never
encountered before ? What cognitive processesapansible for these abilities, how are they
organised, and in which parts of the brain are tbeglised ? What happens when the reading
process breaks down ? These are some of the queestithe cognitive neuropsychological study of

reading. This paper is an attempt to answer sonteeof.



1.1. Sorting out the nomenclature.
The termalexiais derived from Greek, and literally means "withawrd" or "not word". In the
clinic the word refers to an inability to read acqd after some sort of damage to the brain in

previously literate individuals.

Some authors use the teaoquired dyslexigaynonymously with alexia, but "dyslexia”, espdgial
when it refers to one particular syndrome like ‘foldgslexia” can easily be confused with

developmental dyslexiand | therefore prefer the teatexia.

The alexias have been distinguished along sevarargions both in neurology and
neuropsychology. In the neurological literature bae commonly divided the alexias descriptively
asalexia with agraphisandalexia without agraphiaor with reference to their anatomical substrate,
hence calling them temporo-parietal and postetexias. While there are numerous subgroups of
alexia with agraphia, alexia without agraphia isally considered a single syndrome. A third type
of alexia has also been observed, usually in theguce of Broca's aphasia, and is simply refeared t

asthe third alexia or frontal/anterior alexia.

In an early neuropsychological paper on alexialleka& Warrington (1980) suggested a
distinction between theentraland theperipheralalexias (Shallice & Warrington, 1980). The
peripheral alexias affect visual processing andyaigof the written word, while the central alexia
are the result of deficits at later stages in #sling process. An overview of the different cdntra

and peripheral alexias can be seen in Table 1ybelo

Table 1.

The alexias - cognitive neuropsychological terms.

Central alexias(Alexia with agraphia) Peripheral alexias:

Phonological alexia Neglect alexia

Surface alexia Attentional alexia

Deep alexia Pure alexia (alexia without agraghia)

! Pure alexia is commonly referred to as letterdiger (LBL) reading in cognitive neuropsychologipapers. Further
clarification of these two concepts is found in tm@pter on pure alexia.



1.2. Overview.

Understanding cognitive functions is not an easitenaWe cannot observe cognition directly, and
must therefore rely on indirect methods for meagpand explaining it. In cognitive
neuropsychology, theory building and empirical s#gdare closely knit together. The basic methods
include studying patients who have suffered somm faf damage to the brain, describing their
cognitive deficits and trying to locate the injueyg. by brain scans. With this information, onestr

to create a model of how the cognitive area in tioresnight function normally. For example,
Marshall & Newcombe (1973) created a model of weatling by analysing the different reading
errors they had observed in their patients, artdeasame time they constructed a taxonomy for

categorising acquired reading problems.

This paper consists of two parts. Part | is a detsen of the theoretical basis on which the case
study in Part Il was conducted. At the same tingeréisults of the case study in Part Il have
influenced the contents of Part I. The focus inghper is mainly on the contributions of cognitive
neuropsychology to the study of reading and acdudrsorders of reading. Thus, data from alexic
patients and suggested cognitive models will attre of the presentation, but some evidence from

neurology and connectionist modelling will alsodemsidered.

The main focus in Part | is on models of readimg] Bow they can account for the patterns of
breakdown seen in alexic patients - How does tlmmabreading system work, and what happens

when it is damaged ?

Part | includes a description of the dual-route elad reading and the empirical grounds on which
it is founded, mainly the study of the central &dex Two other models of reading are also
considered in relation to the empirical evidencarfistudies of alexia, the "two-route lexical model”
and a connectionist model of word processing.

Pure alexia is the only peripheral alexia discussede paper, and it will be given special
consideration because of its relation to the cag#ysn Part Il. Anatomical considerations as vell
the cognitive deficits believed to be responsiblegure alexia will be discussed in some detait, bu

an exhaustive review is not attempted.



While the number of papers on pure alexia and alexth agraphia is enormous, the literature on
the third alexia is less than sparse. There amgoitive neuropsychological studies of this digord
on record, and the literature considered mainlyeofrom the field of neurology. A special case of
the third alexia, also related to the case studart Il, will be presented in some detail (Anderst
al., 1990).

In Part Il a unigue case of alexia is presented¢hvhoses some interesting questions about the
organisation of the reading process. The patidnj (J impaired in reading and writing letters but
not numbers, a pattern of performance only repartexd before, in a patient with a lesion in
premotor cortex (Anderson, Damasio & Damasio, 19%h¢ performance of JM is not easily
explained within existing models of reading, anéitempting to explain his deficit in reading two

main problems will be considered:

An interesting feature of JM's problems in reacing writing is that his oral spelling and naming to
oral spelling is preserved, abilities that are Uguhsturbed in the third alexia, but generallyasgd

in pure alexia. Since JM' writing is spatially dited, we do not know whether his written spelling

Is intact. The question is: Can we make any infegerabout JM's written spelling on the basis of his
oral spelling abilities ? In answering this questibwill review other cases in which oral spelling

has been preserved and writing compromised, aneXplanations considered in these cases.

The second question concerns the clear dissocibétween numbers and letters observed in JM.
How can cognitive theories account for this disathen ? In answering this question, evidence from

cognitive neuropsychology, imaging studies and aleuetworks will be considered.

Reading is an acquired cognitive function, and migit be organised in the same way in different
individuals. Whether or not such functions candmmlised in the brain, and can be selectively

damaged, are important questions, which will als@tnsidered in Part Il.



Part .

The alexias and models of reading.



2. Patterns of paralexia - the cognitive neuropsyaiogical study of reading.

In their seminal paper, Marshall and Newcombe (18é8the methodological standard for the new
scientific approach - cognitive neuropsychologyey reviewed the literature on (parieto-occipital)
alexia and presented six case studies of their dvay observed that: "It is comparatively rare for
the dyslexic patient to be totally unable to rdadmore common is the situation where the subject
reads some words correctly, others not at all,aanget others makes paralexic errors of various
types." (Marshall & Newcombe, 1973; 176). Theirddeas to analyse and classify these errors, and
to interpret them within a model of the normal riegdorocess. They believed that language skills
are so tightly organised in the brain that only sgratterns of breakdown will be possible. By
analysing the patterns of breakdown, then, oneldhmriable to say something about how the
normal reading process is organised.

Marshall & Newcombe (1973) identified three differ&inds of alexia by classifying the errors their
patients made when reading single words out loundth® basis of this analysis, they suggested a
reading model consisting of two different routesirprint to sound, thus the namheal-route

model (See Figure 1 below.)

Figure 1. The model of normal reading suggested by Marghdlewcombe (1973).
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The other route activates a word's meaning, itas¢éimaddress, before the word is pronounced.

Visual processing of the written word precedes loothes.

2.1. Dual-route model.

There are several versions of the dual-route moidedading (e.g. Coltheart, 1980, Ellis, 1993, £lli
& Young, 1996), but they all include the main featiof Marshall & Newcombe's (1973) model.
Ellis (1993) presented what he called a "hybriddoél-route models (Fig. 2), which | will use as a
starting point in describing the normal readinggass and the breakdowns believed to cause the

different types of alexia.

Figure 2. .
written word
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According to dual-route models, the process oflsimgrd reading starts in tivsual analysis
system,which identifies the letters of the word and thgsition in the string. The system
determines which letter is seen, and convertgatwhat Coltheart (1987) calls "abstract letter
identities", a general representation of a leffbese general representations are independeng of th
type, or font, with which the letters are writtéimat is, they will be the same for the letter-gsn
wind, wind and WIND.

These representations are then processed furthiéeisual input lexicofy which contains
representations of all familiar written words. Ttang is then matched to one of the stored

representations, and the word is recognised.

Still, the word is not yet understood. Understagdamd connections to other associated words, is
achieved when the information reaches the semsaysieni. The semantic system contains
associations or connections between different quscand their different representations (e.g. the
taste and image of an apple will be connected),jsndually seen as a network through which
activation spreads along the connections or adsmtsabetween different concepts or "nodes"
(Collins & Loftus, 1975Y.

2.1.1. Reading out loud.

When one is reading silently, these are the ontgs®ary stages of processing. But in the
neuropsychological research on alexia, the mostmomobject of study has been reading (single
words) aloud, which means that we also need torithesthe output - how word representations
translate into spoken words. As indicated by thaeyadual-route model proposes two different

ways in which words can be translated into sound.

First, there is theemantic routewhich includes all the stages described to thiatpA

representation of a word in the semantic systershioformation about its meaning, but not about

2 Coltheart (1987) refers to this as thehographic Input Lexiconand it is also sometimes referred to as igual
Word Form SysterfWarrington & Shallice (1980).

% Also called the cognitive system (Coltheart, 1987)

* There is some disagreement as to whether therenitary semantic system, or if it is built upssveral modality- or
category-specific subsystems. For our purposesjeatieed to know is that a word is understood arsa$ it activates an
entry in the semantic system, and the issue oftipheilsemantics" will therefor not be discussed.



its sound. The phonemes, or sounds, of familiadeare specified in thepeech output lexicon

This may be straight-forward enough when we amrémounce short words, consisting of few
phonemes, but with longer words, the order of thenemes also need to be specified. Most models
propose a "phonological short term store" for gugpose, a store where the phonemes of words,
and maybe even short sentences are being heldrig/aiv be articulated. Ellis (1993) calls this the

phoneme level, while Coltheart (1987) simply célls response buffer.

But what with unfamiliar words, like the ones irethoemJabberwocky? How do we process words
before they become familiar, and have represemimthe visual input lexicon, the semantic
system and the speech output lexicon ? The expetaingtudies of this have focused on how we
read non-words out loud, and have specified a roca@ecting the visual analysis system with the
phoneme level.The process involved is usually referred tgapheme-phoneme conversion
indicating that the letters, or graphemes, of adnaye directly translated into sound. This route is

often referred to as thsublexical route.

2.2. Evidence for dual-route model.

Shallice & Warrington (1980) made a distinctionviben thecentraland theperipheralalexias, the
central ones arising from problems within elemefitthe dual-route system, while the peripheral
alexias are results of damage in or before theaVisput lexicon. The main evidence for a dual-
route model of word processing is derived fromaaetral alexias, which also support the model as
an explanatory framework. As mentioned in the idtiction, the central alexias are surface alexia,

phonological alexia and deep alexia.

2.2.1. Surface alexia
The most apparent symptom in surface alexia isgatents read known words as if they were
unfamiliar, that is, they rely on the sublexicalt® Because they read by translating graphemes

directly into phonemes, they are more likely todreegular words correctly, and they often make so-

® Might also be calle@honological Output LexicofColtheart, 1987).

® A non-word is a word invented by experimental pyogists, and is nothing more than a letter sthiaging no
meaning. Some authors make a distinction betweemmods, which are implausible letter combinaticarsd
pseudowords, which are easily translated into spand might look like a real word. | will use thems
interchangeably.



called regularisation errors. For example, Mars&allewcombe's (1973) patient JC rdedenas
liston, andinsectasinsist and he attached meaning to the word he pronouncédhe presented
word. His reading was also influenced by word fesaey, and he was slightly better at reading
concrete than abstract words. The existence chseiidlexia strengthens the basis for postulating a
separate route for grapheme-phoneme conversiogp@milent of semantic access, so in this way it

supports the dual-route model.

What is not clear, though, is where the functiateficit in surface alexia lies. A brief look at the
model will reveal that disturbance at several d#fe loci will result in a reliance on the sublexic
route. As is probably the case in JC (Marshall &Wembe, 1973), the deficit could be at the level
of the visual input lexicon. JC had good comprelmnsf spoken words, and only slight word
finding difficulties in normal speech, indicatinggat his semantic system and his speech output
lexicon were intact.Warrington (1975) reported two patients who hashtgr difficulties reading
exception words than regular words. These patestshad problems in other semantic tests
(confrontation naming, naming to description, wprdiure matching), indicating that true semantic
damage was responsible for their reading diffiesltiThe disparity among surface alexics may be
diagnostically inconvenient, but both patterns @&axdown presented can be explained within the

dual-route model, and support the notion of a sutdé procedure in reading.

2.2.2. Phonological alexia

According to Ellis and Young (199§)honological alexiavas detected because the dual-route
model predicts its existence. In the model (Figil® translation from letters to sounds can be
disrupted if the link connecting the visual anadysystem and the phoneme level is damaged. This
would result in an inability to read unfamiliar vasrand non-words, which is the core symptom of

phonological alexia.

Beauvois & Dérouesné (1979) described the first chiphonological alexia. Their patient (RG)
was pretty good at reading nouns and content wbrdsyery impaired in reading non-words out
loud, a pattern that also was true for familiag(&is birthdate) vs. unfamiliar number strings. RG

could still write both spontaneously and to dicatialthough he had a moderate degree of

" This argument assumes a unitary semantic system.
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dysorthographia. He was still able to write non-agto dictation and spell them out loud. Beauvois
& Dérouesné (1979) showed that his alexia was pate", or occipital, because he was quite
impaired in identifying the combinations of lett@nsnvords and translate them into sounds. On the
contrary, when reading non-words, RG would oftesnpunce avord similar to the non-word. The
alexia observed also differed from frontal alexidhat the patient was not aphasic, and from deep
alexia,because RG did not produce any semantic efBesuvois & Dérouesné's (1979) case was
important in two major ways. First it showed thhbpological alexia was dissociated from the other
alexias. Secondly, but more importantly, it showreat the sublexical route can be selectively

damaged, and thereby established the functionaperdence of the two reading routes.

Apart from the impairment in reading pseudowordgnmlogical alexics can also be better at
reading content words than function words, and ttlegiding can be affected by concreteness and
frequency. Friedman (1996) suggested that theaggxnptoms accompanying a selective
impairment in reading non-words appear in predietahccession: "we can expect to see
morphologic paralexias, (...) a relative deficir@ading functors compared with nouns, a relative
deficit in reading verbs compared with nouns, anelaive deficit in reading abstract compared

with concrete wordsin that order' (p.120, Italics original.)

Surface alexia and phonological alexia togetheremgkadouble dissociatiorwhich is neatly
explained by dual-route modesurface alexics can only read via the sublexizale, while (some)

phonological alexics can do everything but reathiy route.

2.2.3. Reading without meaning - triple route model

In Figure 2 there is also a third route from ptmmsound, connecting the visual input lexicon digec

to the speech output lexicon. Schwartz et al. (1880orted a patient (WLP) who suffered from a
progressive breakdown in semantic memory, and rtbidshe was able to read words she could not
understand out loutiHer lack of understanding was evidenced by hemeents, reading the word
hyena she commentedyena....what in the heck is thdt(Schwartz et al., 1980; 261). What was

surprising about her reading was that she could ezaeption words likeortoiseandleopard

8 Deep alexia, pure alexia and frontal alexia wilba presented later.
° This might have been a case of what is now knasvseanantic dementia, but Schwartz et al. (198@)edrit "anomic
dementia".
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without being able to match the words to the c@uesling pictures, or categorise them. She could
also read visually similar words with diverging pumciations correctly (e.g@ar andbear). In a
dual-route model, like the one suggested by Marghblewcombe (1973) this pattern of
performance is not possible. WLP could read exoaptiords, which cannot be done using the
sublexical route, and yet she clearly did not asegyy semantic information about the words she
was reading. This led Schwartz et al. (1980) tgpse a third route, linking the visual input lexico
directly to the speech output lexicon. Shallice &Nihgton (1980) also argued for the existence of
a third route, connecting the representationsmilfar written words directly to their

pronunciations, bypassing semantics. This "triplgte” model has now come to be widely accepted
as a framework for interpreting reading disordbts,is still commonly referred to as the dual-route

model, as the main distinction is still betweendakand sublexical processing.

2.3. Deep Alexia

The core manifestation oieep alexias that patients with this syndrome make semamtarein
reading, they substitute synonymous words, e.glgiaastown.Marshall & Newcombe (1973)

also noted three other kinds of error producechbyr deep alexic patients: visual errors (e.g.
performreadperfum@, derivational errors (e.glefendreaddefencgand a combination of
derivational and semantic errors (eagive readdeparturg.

Coltheart (1980a) reviewed 21 cases of deep alar@dnoted another kind of error often produced,
namely function word substitutions (elgm readme. He also defined two other categories of errors
seen in deep alexia, which are both a bit morelpno#tic. First there are the "visual-then-semantic"
errors, for which the famous examplesignpathyeadorchestra(Marshall & Newcombe, 1973)
where one believes that the patient has misidedtifie word (visually) asymphonyand then

made a semantic error. The problem is of courgenthane can know for sure if that is really the

case.

Even more problematic, given that the classificattbthese errors is supposed to give insight into
the reading process, and where it goes wrongharévtsual and/or semantic” errors, an example of
which isshirt readskirt. This could equally well be a visual and semaatror, and therefore ends
up in this not quite satisfying error category. Asen with this extensive set of error classifimasi

or categories, one may still end up with what Gzdith (1980a) calls "unclassifiable errors”. On top

12



of making all these errors in reading words, ddepies are also unable to read non-words
(Marshall & Newcombe, 1973; Coltheart, 1980a).

There is some variability among patients with dalegia. Some may be able to read some words
out loud, and the syntactic category and imageagtufithe word influence these remaining reading
skills. Deep alexics are better at reading concteghly imaginable words, and they read content
words better than function words (Coltheart, 1980&grshall & Newcombe's (1973) patients also
had a tendency to produce concrete nouns as resgpoegardless of the syntactic category of the

stimulus.

Explaining deep alexia is clearly not as straightfird as the other cases of parietal alexia, asickth
are (at least) two different ways of explaining #yadrome. Some authors (e.g. Shallice &
Warrington, 1980; Glosser & Friedman, 1990; ShalBcPlaut, 1993) believe that they observe the
residual functions of a normal reading system. dlual-route model then, both the grapheme-
phoneme route, and the connections between thalvigut lexicon and the speech output lexicon
must be damaged. There also seems to be a semanitiem in deep alexia, which might reflect
either problems in accessing the semantic systemitloin the system itself. Some deep alexics
(Marshall & Newcombe, 1973) make semantic errorgpiontaneous speech, and some have
problems in other semantic tests, e.g. in worddpgchaming tests (Nolan & Caramazza, 1983),

indicating true semantic damage.

Another explanation for deep alexia, put forwarddmjtheart (1980b), suggests that the entire left-
hemisphere reading system is destroyed in theganpgtand that their residual word reading skills
are the result of right-hemisphere functions. Helypauilds this theory on studies of patients mayi
had left hemispherectomies, and partly on studiggie alexics. Coltheart (1980b) argues that the
lesions causing deep alexia are so extensiveittisainlikely that any reading skills should bé le

in the damaged hemisphere. Built on observatioaisttie right hemisphere is not able to derive
phonology from print, he still believes the actspbken output to be produced in the left
hemisphere.

When deep alexics are presented with a word falimgait will be identified by a visual input

lexicon in the right hemisphere which activateg@aresentation in the semantic system on the right.
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Information is then transmitted to the lexiconlie teft hemisphere for pronunciation (Coltheart,
1980Db).

2.4. An accident of history ?

Recently it has been suggested that deep and pigoall alexia are really points on a continuum,
and do not represent entirely different patternsreakdown in the reading process (Glosser &
Friedman, 1990; Friedman, 1996). As mentionedexaihonological alexia may be accompanied
by other symptoms than an inability to read nondspand according to Friedman (1996) these
always appear in a predictable sequence. The @ely dlexic symptom never observed in
phonological alexia is (by definition) semanticoes; in which case the diagnosis changes to deep
alexia.

Friedman (1996) reviewed recent literature on ddegia and found five cases in which patients
remitted to phonological alexia. Two of these casesdescribed in detail by Glosser & Friedman
(21990). In all these cases the pattern of recoigetye exact opposite of that defining the severity
phonological alexid® While the semantic paralexias were always the tirsemit and the other
symptoms were reduced or remitted completely, Hiléyato read non-words was the last to be
restored. None of the patients reviewed regaineinl fine-morbid skills for non-word reading. This
led Friedman (1996; 127) to suggest that “the nedisat deep and phonological alexia are so
commonly treated as distinct entities may be ardeat of history”. Since deep alexia was observed
first, semantic paralexias became the definingifeadf the syndrome, and since Beauvois &
Dérouesné’s (1979) patient did not produce thesegrthey had to come up with a new label for
his alexia. The continuum of deep and phonologitatia is not easily explained within the dual-
route model of reading, where semantic paralexidstiae (in)ability to read pseudowords are
dependent on entirely different routes. It is nmsistent with the right hemisphere account of deep
alexia either. If the remaining reading skills efeg alexics is the result of right hemisphere
activation, but the reading pattern displayed byratogical alexics is dependent on remaining
skills in the left hemisphere, one would not expiep alexia to evolve into phonological alexia.

Another finding challenging the right-hemisphere@amt of deep alexia is that a patient displaying

19 As mentioned in the chapter on phonological alexidman (1996) suggested that the order in wifieterrors
occur is this: Impairment in non-word morphologic paralexias. relative deficit in reading functors compared with
nouns- a relative deficit in reading verbs compared withuns— a relative deficit in reading abstract comparethwi
concrete words.
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many symptoms of deep alexia lost the ability tdrafter a secontkft-hemispheretroke
(Roeltgen, 1987).

2.5. Dual-route model - reconsidered.

The dual-route model of reading contains two fuoreily independent processes for transforming
print into sound: The sublexical route translategpbgemes into phonemes directly, while lexical and
semantic knowledge is accessed via the lexicaerddfithin this framework, non-word reading does
not depend on, and is not influenced by lexicalaldes, but operates according to abstract rules fo
spelling to sound correspondence (Coltheart, 1980® notion of a sublexical procedure in reading
has been at the core of the criticism against dual models (e.g. Humphreys & Evett, 1985;
Glosser & Friedman, 1990) and attempts have beele miaconstructing models including only the

two lexical routeg?

A lexical model was presented by Glosser & Friedifi®®0) to account for the continuum of deep-
and phonological alexia (see Fig. 3). In this mpdglletter strings can be pronounced via the same
mechanism, through connections between the ortpbgréexicon (which corresponds to the visual

input lexicon) and the phonological lexicon (ilee speech output lexicon).

When a letter string is perceived, visually simgaings will be activated in the orthographic
lexicon, which in turn activates phonological regaetations. If the string is a known word, the
matching string will have the highest level of aation, and will activate the word's pronunciation.
This process may operate directly, or via the séimagstem. If the string is an unfamiliar
combination of letters, words with similar lettemabinations will be activated both in the
orthographic and in the phonological lexicon. Amrociation will be derived from all these

partially activated words.

Figure 3.

The two-route lexical model of reading
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(Glosser & Friedman, 1990).
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In the lexical model, the impairment in non-worddang observed in deep- and phonological alexia
can be conceptualised as a disturbance of the coutgecting the orthographic lexicon to the
phonological lexicon. If words similar to the pratsd non-words are not sufficiently activated in
the phonological lexicon, non-words cannot be pumed. Glosser & Friedman (1990) suggested
that this is the mechanism responsible for impaitsié non-word reading, and that a mild deficit

in accessing the phonological lexicon would beisigifit to produce this. A more severe disturbance
in the same route could result in a deficit in regavords with no independent semantic
representations, like function words and syntatiicphemes (affixes), since these cannot be read
via the semantic route. In this way an inabilityéad function words will always be accompanied

by a deficit in non-word reading, which, accordiogGlosser & Friedman (1990, Friedman, 1996),

" This model is referred to as the "Two-route lakimodel of reading", which is easily confused viith name "dual-
route”, and | will therefor refer to it simply athe lexical model”.
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is also the case. To account for the semanticemade by deep alexics, and the effect of
concreteness and imageability on their readingoperdnce, Glosser & Friedman (1990) suggest a
second, independent deficit in semantic procesgirggmantic deficit in itself cannot account for
the production of semantic paralexias, since gbgients with semantic disturbances (e.g. aphasic
patients) do not produce such errors, but whestartiance in the semantic system (or in accessing
it) occurs at the same time as a deficit in phogickl processing, semantic paralexias might occur
(Glosser & Friedman, 1990).

So: the continuum of deep and phonological alexghivbe accounted for in a purely lexical model
of word reading. A problem with this model, thouglhich is also valid for the dual-route model, is
that "partial" damage to one or more routes neeti® tpostulated to account for the different

alexias.

2.6. Connectionist models.

The dual-route model of reading, as well as theedmodel, rely on box-and-arrow schemas,
indicating independent functions and processespmoeptualise the normal reading process. A
completely different way of viewing cognitive pr@seng comes from connectionist modelling,
where knowledge is seen @istributedbetween nodes or units, apatternsof activation in the
model make up the representations. Usually, sudteta@re implemented in neural networks, and
simulations of the process in question are run. @rke clear advantages of creating these
networks, is that all computational assumptionsedictions must be made explicit to make the
model work in practice. The dual-route model, aaakther hand, is not so explicit regarding which

computational processes are involved.

Shallice & Plaut (1993) created a connectionisivoet that mapped orthography to sound via
semantics. By lesioning this network, they weredblsimulate a wide range of symptoms of deep
alexia, and their findings suggested that the reingireading skills in deep alexia are not products
of the right hemisphere, but the output of a degdatbrmal reading system. Their most important
point, though, might be that: "The approach camib&ed as an elaboration of, rather than an

alternative to, more traditional box and arrow tie&ng within cognitive neuropsychology." (p.383).
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2.6.1. A model of word recognition and reading.

McClelland & Rumelhart (1981) created a connectibnodel of the reading process, the
interactive activation model (IAM¥pecifying three levels in word perception, teattire level, the
letter level and the word leveln this model perceptual processing is seen astaractive parallel
process, where bottom-up (data-driven) and top-d@enceptually driven) processing between the
different levels take place at the same time. énrttodel several letters can also be identified
simultaneously, that is, in parallel. (The modei ba seen in figure 4.) According to the IAM, when
a word is perceived, the different features ofléteers are first detected (e.g. the bottom hotialon
line in the lettelE ), at the feature level. The nodes representingrietvith such a feature are then
activated on the letter level (el§andL), and words containing these letters will be ated on the

word level.

Figure 4.

The IAM model of words recognition
(McClelland & Rumelhart, 1981),
with excitatory and inhibitory

connections between levels.

T

VISUAL INPUT
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Nodes representing words and letters without gasure will be inhibited. The activation on the
letter level is passed on before all the letteesidentified, in this case activating or "warming' @ll
words with arkE in them. The letter level also encodes lettertposiso that all words witk in the
first position are activated, and all others intati In the model several letters can also be iiftksht
simultaneously, that is, in parallel.. As indicatgdthe name, the activation in this model is
interactive, and information is processed both wHys word level feeds back to the letter level,
which feeds back to the feature level inhibitingles not fitting the pattern (e.g. nodes for letters

never seen in words starting wHi.

The IAM can recognise words, but it cannot undegtiiem or pronounce them. Seidenberg &
McClelland (1989) expanded the model to includea®ins and phonology, and implemented the
link between orthography and phonology in a compsitaulation As can be seen in figure 5, the

model looks a bit like the lexical model suggesigdslosser & Friedman (1990).

Figure 5. Seidenberg & McClelland's (1989) lexical model @dding. Théold lines indicate the processes modelled in

their computer simulation.

Orthography Phonology

MAKE /mAk/
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What Seidenberg & McClelland (1989) tried to prowes that, only the lexical route from print to
sound is necessary to account for the differertepat of alexia, and that their lexical model would
be able to pronounce regular words, irregular warts non-words, relying on the same

computational processes.

They trained the network on 2897 words, and thstetkits reading performance on different classes
of words. The network performed well on reading @gtoth regular and irregular, while its
performance on non-words was at 50-65% correcst [Ba Seidenberg and McClelland (1989; 564)
to conclude that their model "offers an alternathva dispenses with this two-route view in favour

of a single system that also seems to do a bettesfjaccounting for the behavioural data.” This i
not quite the case, though. On the non-word Ifst$ the network was tested, normal readers usually
get about 90% correct, while the network only sdd&®% average, which is lower than most
surface alexics (Besner et al., 1990, cited inl&altt et al., 1993). This makes the model unable to
account for surface and phonological alexia, sma@word reading is an important parameter in
diagnosing both syndromes. In other words, the madales not account for the behavioural data of
neither normal or impaired readers concerning nordweading. In the model, non-word reading is
performed by analogy to real words, and since theuat of words the network was trained on was

very limited, this might account for its poor nomsd reading (Seidenberg & McClelland, 1990).

2.7. Dual-route - cascaded.

One of the assumptions underlying IAM, is thasitascaded and interactive, and Coltheart et al.
(1993) incorporated these computational principiebe dual-route model, creating theal-Route
CascadedDRC) model of reading (fig 6). All the main feets of dual-route model are maintained,
while the principles of the IAM are responsible feiter- and word- recognition. The main alteration
from the classical dual-route model, is that thievation between levels of lexical processing is

interactive and cascaded.
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Figure 6. The dual-route cascaded model suggested by Cdithieal. (1993). Note that all the main featuréthe
standard model (fig. 2) are maintained. The impaneew aspect in the model is the interactive atitvm (excitatory

and inhibitory) within and between levels.
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Coltheart et al. (1993) also implemented this madel neural network and trained it on the words
used by Seidenberg & McClelland (1989). The netweak then tested on the same lists of non-
words on which the Seidenberg/McClelland networkad only 50-65% correct. The DRC read
98% of these non-words correctly, indicating tinat tailure of the Seidenberg/McClelland network
to read these words was not due to the size dfdireng corpus as Seidenberg & McClelland
(1990) had suggested. Coltheart et al. (1993) calecl that separate lexical and sub-lexical routes
are important features in the normal reading systechmust therefore be included in models of

reading.

21



3. Pure Alexia.

Dejerine (1892, translated by Rosenfield, 1988) thadirst to describe alexia without agraphia. His
patient, Monsieur C, presented with a completeilitalo read words and musical notation, and he
could hardly recognise any letters. In trying tentify letters, Monsieur C would copy their shape
into the palm of his hand, and thereby "tactiletiéntify them, and with some difficulties he could
copy the letters - line by line - onto paper. Digjemoted that his patient was better at identifyin
numbers than letters, and could perform fairly clax@rithmetic operations, like adding two 8-
digit number& (Bub et al., 1993). Landolt, the ophthalmologist whilonsieur C first contacted,
observed that he did not read multidigit numbera/iasles, but spelled them out ("1-1-2 makes
112").

Monsieur C could still write, and although his hamiding might have been a bit clumsier than it
was premorbidly, he could write whole paragraphdittation or from memory. A few minutes later
he could not read what he had written. Monsieua@ & visual field defect on the right side,
although it was not a complete hemianopia. Dejefi892, in Rosenfield, 1988) noted that: "He
was, in reality, more hemiachromatop3ithan literally hemianopsic." Landolt also notedttiThe
(right) hemianopia is not absolute, (...) the otyeppear more obscure and less clear than in the
other half; furthermore we must add that the exé&réimits of the visual fields are normal.”
(Landolt, cited in Damasio & Damasio, 1986; 162).

Four years after his first injury Monsieur C lasétability to write, and could no longer speak, but

he could still understand spoken language, and riskself understood by gestures and mimicking.

3.1. The anatomy of pure alexia.

Dejerine (1892, in Rosenfield, 1988) found two eliéint lesions in Monsieur C's brain at autopsy
(see fig. 7). The more recent lesion had destréyeédngular gyrus, which Dejerine believed
contained "the visual centre for words", and thlusld explain Monsieur C's loss of the ability to

write ten days before his death. The older lesiolved the mesial occipital cortex and the

12 Note that to perform this operation, Monsieur € dot have to identify more that one digit at tineet
3 Hemiachromatopia: Loss of colour vision in onef békhe visual field.
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splenium of the corpus callosum. Dejerine belietred this lesion prevented visual information
about words and letters from reaching the visuatregfor words in the angular gyrus, thereby
leaving the patient unable to read, but sincedéidre itself was intact, the patient could stilite:
Although often cited differently, Dejerine did nalieve that the lesion of the splenium was of any
importance in Monsieur C's alexia, but that thélesn the white matter of the left occipital lolre
itself was enough to prevent visual informatiomirceaching the angular gyrus (Damasio &
Damasio, 1983).

Figure 7.
(From Bub et al., 1993) The old lesion, marked efed to disconnect the right and left occipitaldelfrom the visual
centre for words (Pc), which Dejerine suggested sasing pure alexia. The area Pc was destroyédiomjseur C's
second insult, leaving him unable to write as \aslread.

I
||{|il :
Il

i '!]‘li

11J

In 1965, Norman Geschwind reintroduced Dejeringtfiral observations in his overview of what

he termed "disconnexion syndromes" and speculatddhe visual centre for words in the angular
gyrus is a "region which turns written language isppoken language, and vice versa." He suggested
that this centre also stored the memory of "thegalf translation” between script and sound.

Geschwind, as opposed to Dejerine, believed tlasphenial lesion was important in causing pure

 This fact has been more or less ignored by remetihiors referring to Dejerine, causing quite abitonfusion.
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alexia, that this lesion acted "to disconnect thktrvisual region from the angular gyrus”. Because
of the hemianopia, the visual areas on the leftivat receive any visual information, and the
angular gyrus is left without any input. Because\tsual word centre itself is intact, patients can

still write.

There are some problems with Geschwind's (196Bjpnetation of Dejerine’s case though, which
also has consequences for his theory of pure alEiist of all, Geschwind failed to notice
Dejerine's note that Monsieur C did in fact notdavotal hemianopia preventing visual
information from reaching the left hemisphere. &ty Geschwind overlooked the fact that
Monsieur C's number reading was not at all norimalvrote: "(...) in Dejerine's case number
reading was perfect.” (Geschwind, 1965; 281). St#schwind's paper was important, in that he
reintroduced Dejerine's observations and capturea@ttention of neurologists and

neuropsychologists, who had ignored the syndronpeiad alexia for a long time.

Greenblatt (1973) presented a case of pure ald#@wt hemianopia or colour anomia. The patient
had a tumour affecting the inferomedial white nrattehe left occipital lobe and the splenium of
the corpus callosum. Intuitively one should thihkttthis would pose a problem for the
disconnection theory (Geschwind, 1965), where tmaianopia is believed to prevent visual
information from reaching the left angular gyrusit Breenblatt (1973) believed that the lesions in
this case disconnected the left angular gyrus flitsrbilateral visual input”, and was therefore an
example of a disconnection functionally similathe one described by Geschwind. It is worth

noting that this patient's reading of numbers agrdwritten arithmetic were reported to be intact.

Damasio & Damasio (1983) reviewed four major casdiss on pure alexia, and presented 16
patients of their own, with the intention of clgiifg the lesions in the different patients desatibe
All the patients had some form of a visual fielded#, either a complete right hemianopia or an
upper right quadrantanopia with hemiachromatoptéénlower right quadrant. The behavioural
findings included colour anomia in seven patietws, had verbal memory defects, six displayed

optic ataxia, and two had prosopagnosia. Thirtéeheopatients had damage involving the mesial

15 This patient was not tested very thoroughly, sk dix days after being admitted to hospitals laliso worth noting
that the pt. could not co-operate in a visual ftelsting , and that: "at times she seemed to ceckéad slightly to the
right, as if to place her visual target in her fedtd." (Greenblatt, 1973, p.308)
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occipital region, while seven had occipito-tempdesaions. The lateral occipital region was involved

in five patients. Surprisingly, lesions in the gpien itself were found in only two patients, but

eleven had damage to the forceps major, and thirtethe white matter of the paraventricular

region.

Damasio & Damasio (1983) concluded that lesione@ated with pure alexia include three major

types, with different accompanying symptoms. (Sdxet 1)

Table 1 Lesion sites and visual field defects associaiiil pure alexia, and accompanying cognitive defiddased on

Damasio & Damasio (1983).

Type 1 Type 2 Type 3a 3b
Lesion site -Mesial occipital -Optic radiations or | -Paraventricular -Occipito-temporal,
cortex calcarine region white matter involving
-White matter of the | - Paraventricular -Inferior visual paraventricular white
occipito-temporal matter (damaging association cortex | matter.
junction. (Including |interhemispheric - Inferior part of optig - May involve mesial
paraventricular area.) pathways within left | radiation and inferior visual
-Left half of splenium| hemisphere). association cortex.
and forceps major. - Splenium may be
affected
Visual field Right hemianopia Right hemianopia Upper right Full visual fields,
guadrantanopia. with or without
Achromatopia in hemiacromatopia.
lower quadrant.
Associated cognitive| -Colour anomia No colour anomia or| No colour anomia or| No colour anomia.
impairments -May have verbal verbal amnesia. verbal amnesia.
amnesia

Damasio & Damasio (1983) agree with Dejerine thiasan of the splenium proper is not necessary
in causing pure alexia, but stress the fact tratthite matter connecting the visual areas ofilee t

hemispheres must be damaged.

3.2. The cognitive neuropsychology of pure alexia.

The anatomical substrate being reasonably clearsbauld think that there would be a fair degree
of consensus about what cognitive impairments cpuse alexia. But, the area of research being
rediscovered not that long ago, major controvemsiesstill not resolved. This may in part be
because - while neurologists have focused on thre general aspects of the syndrome, and
"explaining"” it in terms of its anatomy - neuropkgtogists have been trying to pinpoint the
cognitive impairments causing pure alexia, and boege can be explained in a (theoretical) model

of reading. Another reason for this controvershat both the lesions involved and the symptoms
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observed differ between patients. This has led sauntgors (e.g. Price & Humphreys, 1992;
Chialant & Caramazza, 1998) to suggest that difitefienctional deficits may lead patients to adopt
a letter-by-letter strategy in reading. Othersévadithat there are different types of pure alexia,
resulting from different or co-occurring lesiona{férson & Kay, 1982; Hanley & Kay, 1996). Like
Arguin, Bub & Bowers (1998) and Behrmann Plaut &dda (1998) | believe thaneexplanation
for the similarities and the differences betweendtudied cases of pure alexia can be found, and

that will be the starting point in the followingalgsis.

The core symptom in pure alexia, apart from presgability to write, idetter-by-letter reading
(LBL). The patient literally spells out the wordefbre naming them. Sometimes patients spell the
word out loud, but LBL-reading can also be inferfemh a linear relationship between the number
of letters in a word and the time taken to rea8dame authors use the term LBL-reading
synonymously with pure alexia, but as Price and plurys (1992, 1996) point out, it is important
to keep the two apart. Pure alexia is the namheo§yndrome, LBL-reading a symptom or a

compensatory strategy adoptéd.

LBL-reading has been observed in surface alexi@qhran & Hadley, 1992), with surface agraphia,
(Rapp & Caramazza, 1991), and deep alexic phenoheareabeen observed in one LBL-reader
(Buxbaum & Coslett, 1996). In other words, LBL danassociated with different functional

deficits. Some authors (e.g. Kay & Hanley, 1991wBcs et al., 1996, 1998) have used letter-by-
letter reading as the sole criterion for selectiages and have included patients with agraphia or
other cognitive deficits. This makes a distinctiiween the symptom or strategy of reading letter-
by-letter, and the syndrome to which it is attaclee@n more important. Some of the confusion
could perhaps have been avoided if the use of pdme@ad the recruiting of patients were a bit more
stringent. If both the absence of agraphia andraibgnitive deficitandword-length effect in

reading were used as criteria for selecting patimtstudies of pure alexia, it might help to flar

matters.

Behrmann & Shallice (1995) defined what they cafleatotypical pure alexiaand using the

pureness of the deficit might help clearing up safde chaos. | will therefore try to considerynl

18| will use the terms pure alexia and alexia withegraphia interchangeably
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the cases of really pure alexia, that is, with@raphia or other major disturbances in language or
visual perception. Patients with verbal amnesid@mzblour anomia will be defined as pure alexics,

based on Damasio & Damasio's (1983) classification.

The different theories of pure alexia can rougldydivided into two groups, those favouring a
centralexplanation, and those presenting maeepheralviews, the peripheral ones being the most
favoured recently. The traditional disconnectiogdtty is an example of a central explanation,
claiming that the problem arises after visual pssgagy. Within the peripheral accounts, there is
some disparity. Some believe that the deficit sc€r to orthographic material (Reuter-Lorenz &
Brunn, 1990; Kay & Hanley, 1991; Arguin & Bub, 199®%hile others (Friedman & Alexander,
1984; Farah, 1990, 1994; Behrmann, Nelson & Sekli#38) argue that a more general visuo-

perceptual deficit causes patients to read leftéetter’’

3.2.1. A historical overview.

I modern neuropsychology, the first cases of LBadiag were described by Kinsbourne and
Warrington in 1962. They observed what they caligatlling dyslexia” in four patients who were
not impaired in identifying singly presented lester numbers. These patients had difficulties
perceiving simultaneously presented objects oupest, as well as letters, and Kinsbourne and

Warrington (1962) interpreted their reading problesiresulting from their simultanagnosia.

As mentioned in the chapter on localisation, Geseti{1965) reintroduced Dejerine's original
contribution, and reminded the world of neurologishd neuropsychologists that Monsieur C did
not have any impairments in object perception amding, even with complex objects. Instead he
argued that pure alexia was in fact pure, and dgneth Dejerine that the angular gyrus contains a
visual memory centre for words, which could explgionsieur C's ability to identify letters tactilely
as well as his preserved writing skills. Geschw(it@b5) theorised that this "visual word memory"
contained visual-auditory associations, which caxplain why patients with pure alexia retain the

ability to spell and to name words to oral spellimyile patients with alexia with agraphia do not.

| am purposely using the term LBL reading henegsisome of these authors do not believe thatglexéa is pure,
and include patients with other visuo-perceptuéicds in their studies.
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Even though visual information cannot reach theudrgyyrus for identification, the "word images”
are still accessible for oral output, allowing wetd be spelled out loud. The output channels are

also preserved, enabling pure alexics to spell srordlly and in writing.

In 1978 Levine & Calvanio, referring back to Kinsiooe & Warrington (1962) presented three
patients with alexia and simultanagnosia, of wiink had agraphia. Their patients did not have
problems in single letter identification tasksjrordentifying one of three simultaneously presdnte
letters, when they knew where in the string thgegtetter would bé® Inspired by Warrington &
Rabin's (1971) finding, that patients with leftsperior lesions were better at reporting letteosifr
letter-strings approximating words, than from narsgestrings, Levine & Calvanio (1978) tested
their patients' ability to report letters from werand non-words. They found that more letters
embedded in words than in random letter stringeweported by their patients, but only when they
knew in advance that a real word would be displajed task where the subjects were told that they
would only see non-words, one patient did not sttug/"word superiority effect” on letter

reporting.

Levine & Calvanio (1978) also noted that none eirtipatients were impaired in face recognition or
identification, which to them indicated that "(tasks requiring ID of a single, though complex,
visual pattern appear to have a different neurdpsggical basis from tasks requiring the ID of a
compoundarray consisting of multiple identifiable compotewhere misidentification of any
component will usually impair identification of tlaeray." (p.78, (ltalics original)). They concluded
that verbal alexia - simultanagnosia is a distuckan the perceptual analysis of compound arrays of

stimuli.

Warrington & Shallice (1980) challenged this viefapare alexia. They presented two patients
whose main symptom was pure alexia (in their tegpslling dyslexia), but who did not have
problems in perception and identification of conxgbéctures. They concluded that pure alexia was
dissociated from simultanagnosia, and that lowellperceptual problems were not responsible for
their patients' inability to read. Warrington & Jiwe (1980) suggested that the cause of pure alexi

lies at the level of the visual word form systenhjei they defined as the system "which parses

8 One of their patients, RT, was impaired in lettaming, and was allowed to draw a letter as a respin all tests.
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(multiply and in parallel) letter strings into ordd familiar units and categorises these units
visually." (p.109).

Warrington & Shallice (1980) also tried to encowaghole word reading in their patient, by
presenting them with script and by presenting weadbkistoscopically, and showed that their
patients were unable to read in this manner. Otiergavas also asked to match the words he failed
to read to one of four pictures, but did not perf@bove chance. This patient was also tested en set
of concrete and abstract high frequency wordsdading, but no significant difference between sets
was found.

To Warrington & Shallice (1980) this indicated thiais patients was not able to read via the right-
hemisphere, a mechanism suggested to accounef@réiserved reading in deep alexia, and they

found it unlikely that the right hemisphere has maapacity for comprehending written words.

Patterson & Kay (1982) reviewed the neurologica aauropsychological observations and
explanations of pure alexia, and stressed the foeexgnitive explanations of the syndrome.
Following the methods of Marshall & Newcombe (1978gy studied four patients who read letter-
by-letter, evaluated their abilities to comprehanmdten words and analysed their reading errors.
They observed three types of errors in their p&gidatter misidentification (men; h-e-n; hen),
misnaming a word when letter identification wasreot (head; h-e-a-d; heed), and "other" errors.
Patterson & Kay (1982) concluded that there aredistinct varieties of letter-by-letter reading.

Two of their patients made many errors becauserttisgamed or misidentified letters, and because
they would often read the first few letters of ardyaand then guess. If these patients got thedette
right, they pronounced the word correctly, anddtatin & Kay (1982) referred to them as
"classical” or "pure" letter-by-letter readers. Tdiker two patients would often misname a word,
even though they spelled the letters out right,thegt also made regularisation errors, which is a
defining feature of surfaces alexia.

Patterson & Kay (1982) also addressed the issudether or not pure alexias can access
information about words they cannot read, that the letter-by-letter strategy is only adopted in
order to name words out loud, not to understanchtt# the same time they wanted to test the
hypothesis of reading in the right hemisphere, satggl as the basis for the remaining reading skills
in deep alexics (Coltheart, 1980b). In their expents, Patterson & Kay (1982) failed to find any

evidence of preserved comprehension of words raat ketter-by-letter by their patients.
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Friedman & Alexander (1984) challenged the tradaicdisconnection view of pure alexia as it was
formulated by Geschwind (1965), namely that thedetipital lesion prevents visual stimuli to enter
the left hemisphere, and the lesion in the splermpoevents visual information from the right
hemisphere from reaching the language centres. Giestioned this theory partly on logical-
deductive grounds: "If all visual stimuli are prewed from reaching the language centres, then why
is only reading impaired ?" (Friedman & Alexande984;10). They presented a patient with pure
alexia, and showed that his performance in nanaststappeared normal in traditional paper and
pencil tests, but that his naming latency increagi#idl object complexity when pictures were
presented tachistoscopically. They concluded tiet patient's reading problem was a behavioural
manifestation of a general problem in the automdegatification of visual stimuli, not specific to

orthographic material.

3.3. Key questions in pure alexia.

As mentioned earlier, the defining symptoms of mlexia is the absence of agraphia and the so
called "word length effect": The time taken to rea@ord increases with the number of letters,
because the patients have to spell out (or silealg) each letter in the word. Still, there is

considerable variation in reading speed among atigith pure alexia.

Figure 8.

From Sekuler & Behrmann (1996). Reaction timesAfaBL-readers and controls, illustrating the lineglationship
between string length and reaction times (in msEw. figure also clearly illustrates the varia§ilit reading speed

between patients.
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Some use more than one second per letter, someeagipaead normally, but with computerised
testing it can be revealed that their naming laténcreases with word length, and there are patient
like Monsieur C who cannot even identify singledes. (See figure 8.)

The major question, then, is: how can we explam thriability, and even more important, what

causes the word length effect in the first place ?

3.3.1. Object perception in pure alexia.
A central issue in the study of pure alexia isdhestion of whether it is really the most striking
feature of a more basic impairment in object pafoa@and recognition, or if it is indeed a pure

deficit affecting the processing of alphanumeridemal, or even alphabetic characters only.

Farah, (1990, 1994) created a model within whielxial object agnosia and prosopagnosia are seen
in a continuum. As mentioned earlier, Levine & Gatio (1978) observed that their patients were
not impaired in recognition or identification ofcks, and suggested that different perceptual
mechanisms were responsible for reading and fasifitation. Farah's (1990,1994) model is built
on similar observations. She suggested that irepéon we make use of two types of structural

description¥, which are of variable importance for identifyifages, objects and words (See fig.9

19 Farah (1990; 127) explains the term "structuratdgtion” as "referring to visual representatiofishape that are
composed of parts and the spatial relations betteeparts.”
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below). One type involves decomposing the stirmith imany smaller and simpler parts, while the

second type is relying on the description of feut, domplex parts of an item.

Figure 9.
From Farah (1994). A graphical representation efrties of
the two suggested structural description systerfecier object-

and word perception.

faces objects words

Face perception will mostly rely on the structwtascription of few, but complex parts - faces are
perceived in a "holistic" manner. Word perceptiod aeading, on the other hand, are dependent on
decomposing the word into its constituent lettarg] maybe even letter parts. Object perception lies
between the two, and is partly dependent on bgbstyf structural description. In essence, this
model of perception implies that agnosia for olgeweitl occur with either prosopagnosia or pure
alexia. The latter two will never occur togetheatlass the patient also has agnosia for objects.

The rationale for suggesting such shared mecharf@nfigce-, object- and word perception, is that
it leaves it unnecessary to infer separate neueaghanisms for reading, which is a phylogenetically
young ability, and, according to Farah (1990, 1984herefore less likely to rely on a separate

"new" systent?

When Farah (1990) suggested this model, casetmserhe idea had not yet been observed, but
Ruminati et al.(1994; Ruminati & Humphreys, 199)arted a patient with agnosia for objects
without alexia or prosopagnosia which cannot bdampd within Farah's model. This patient had
problems in accessing semantics from vision, makisgal naming errors, and was impaired in
object decision, which according to Ruminati andripireys (1994) is an indication of problems in

creating a structural description. The patientraitthave problems in reading or in naming or

% This issue will be more thoroughly discussed irt Ra
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remembering faces. Defending her model, Farah @9B997b) argued that problems in accessing
semantics from vision is not a perceptual deftbit the patient described might even have
problems within the semantic system, and that ratehwould still be valid for patients with actual
perceptual problems. More threatening to Farah@eiis a case recently presented by De Renzi &
Di Pellegrino (1998). They reported a patient (Anwéh prosopagnosia and alexia, with intact
recognition of object drawings. Anna was able &niify overlapping figures and performed well in
Street completion test, both considered perceptdalinanding tests. A similar case has also been
reported by Buxbaum, Glosser & Coslett (1999). Thatient (WB) was unable to recognise faces
and words, but performed relatively well on objesttognition tests. This pattern of deficits is not
possible within Farah's model, at least not witrsmrhe (major) modifications to the framework of

interpretatiorf:

So let us accept for now that word reading carglectvely damaged, object perception and

naming being intact, and turn to the other maidifigs in the study of pure alexia.

In an extensive literature review on the subjeefiftnann, Plaut & Nelson (1998) pinpoint two
major empirical findings that needs to be explaibg@ theory of pure alexia, and which have posed
problems for several theories: "One finding is thase patients [LBL-readers] are impaired atiette
processing. A second important finding is that sainihese patients have available to them lexical
and semantic information about the stimulus, adewed by their above chance performance on

lexical decision and semantic categorisation taggs8).

3.3.2. Impaired letter processing

Behrmann & Shallice (1995) suggested that impde#dr processing should constitute the default
explanation for pure alexia, since normal lettemiafication has not been proven in any LBL-
reader&. In an extensive review of LBL-cases BehrmannyPgaNelson (1998) found evidence
for impaired letter processing in 50 of the 57 saswiewed, and no convincing contra-evidence in
the remaining caseStill the question of what causes this deficit retado be answered. Even

though the core deficit does not seem to affectalyrocessing, at least not in the way Farah (1990

21 Even if Farah should be defeated, and her modptalied, she still deserves credit for making hedehso explicit
that it can be empirically falsified, an attribubefortunately not characterising all cognitive tties.
22\Whether or not they are pure alexics.
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1994) suggested, there are still multiple levelstath the problem could arise. As pointed out by
Behrmann & Shallice (1995) impaired letter activattanresult from a basic impairment in
perceptual processing. It could also reflect a lemokin feature encoding or feature integration,
leading to incomplete or degraded structural dpsons of letters, or a problem in matching these

descriptions to stored letter representations.

Arguin & Bub (1993) tested these possibilities ipuaie alexic patient (DM), and found that his
performance on tests of feature encoding and feattegration was normal. They concluded that
the deficit (at least in this case) was in matchirggstructural descriptions to stored letter
representations, that is, intact perceptual infolonailed to activate representations on theetett
level. In an interactive system, like the 1AM, tisuld make the information from the letter level
insufficient to activate the correct word-represdion, because too many alternative words will be
activated simultaneously. Arguin & Bub (1993, 1994ygested that the LBL-strategy is adopted
because the neighbourhood-size is greater for wbatsfor letters.

The concept of “neighbourhood size” refers to themher of confusable or very similar words or
exemplars. This will be limited for letters, sinte number of structurally similar letters is rathe
small. For words, this neighbourhood density camieh greater, and will lead to competing
activation between two or more words. The ratiofi@ateadopting a letter-by-letter strategy is that
there is a greater chance for identifying singteets correctly, than for whole words (Arguin & Bub
1993, 1994).

Behrmann & Shallice (1995) reported a patient (Drsjyhom slowed letter identification led to a
word length-effect in reading, and suggested thiatrhight be due to a more general deficit in
perceptual processing. Sekuler & Behrmann (193¢ tkethis hypothesis in their study of DS and
four other patients who read LBL, and found evidefor impaired visual processing in all of
them?® Compared to controls, the patients showed defititsree tests of perceptual fluency, one
with letters, one with numbers and one using dffiéishapes as stimuli. Their patients were also
impaired in a test requiring the processing ofgaftobjects. These objects varied in configural

goodness (how much they looked like a unity), aldtive to controls, the patients showed a greater

% One of these patients had surface agraphia, ossuitering from ensuing depression, and one hachanfor fruit
and vegetables. They were all slowed in namingaligyresented pictures.
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increase in response time for the poor configunatibjects. Sekuler & Behrmann (1996) concluded
that letter-by-letter reading is caused by a gdraficit in the visual processing of "perceptually
demanding stimuli”. They did not find any evidettloat the number of parts of an object affected
the time taken to process it, which would be predidy Farah's (1990, 1994) model.

Sekuler & Behrmann (1996) suggest that in readimgye are no external cues (like configural
goodness or symmetry) to rely on, and that thieeseason why the major deficit observed in these

patients is LBL-reading.

3.3.3. Covert reading in pure alexia.

Even though pure alexics are unable to read owt\athout resorting to the LBL-strateghey can
sometimes make accurate judgements about wordsitheot able to read letter-by-letter. The first
report of this kind ofmplicit readingor covert lexical activatioryvas made by Shallice & Saffran
(1986). They demonstrated that ML, an LBL-readexsable to make semantic and lexical
decisions about briefly presented words with amueszy level above chance, even though the
exposure durations were too short to allow letietelter reading? This finding has later been
replicated in other pure alexics, and the respansaracy in these tests has been shown to be
independent of word length (Coslett & Saffran, 1,988b & Arguin, 1995).

Another source of evidence for covert reading cofrea observations that some pure alexics show
a word-superiority effect in letter reporting. #r&l letter-by-letter processing was the only way
these patients could process written material stioelld expect them to report as many letters from
random letter strings as from words. Some patieat® been shown to report more letters from
briefly presented words than from random lettangs (Levine & Calvanio, 1978; Reuter-Lorenz &
Brunn, 1990), indicating that some information abwards presented too briefly to be read LBL is

available to them.

Although some studies have failed to demonstratertoeading in pure alexics (Warrington &
Shallice, 1980; Patterson & Kay, 1982; BehrmanacBI& Bub, 1990; Behrmann & Shallice, 1995;

4 This pt. also had optic aphasia and anomia faralig presented objects. Hence an LBL-reader(metessarily) a
pure alexic.
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Price & Humphreys, 1992, 1995), a theory of puexial should be able to explain both the fact that

it is sometimes observed, and that sometimeaqibtis

There are two major hypothesises concerned with ednzses covert lexical activation in pure
alexia. Some authors (Arguin et al., 1998; Behrm#&taut & Nelson, 1998; Shallice & Saffran,
1986) believe that implicit reading reflects resitlaperations in a damaged normal reading system.
Arguin et al. (1998) interpret pure alexia withirettAM and argue that pure alexics "have access to
a lexical access procedure that operates (.. dlsgpnd in parallel, but which cannot reliably sopp
explicit word recognition on its own". This argumiénpartly built on Howard's (1991) observation
that his pure alexic subjects made "fast resportsesime words, indicating that they are able to
process letters in parallel, and that they onlpme® serial letter-by-letter processing when para
processing failé®> The activation this parallel processing createg beaenough to make semantic or
lexical judgements, but not to support overt regdArguin et al.(1998, Arguin & Bub, 1993)

believe that this is partly because the neighbauatkgize (the amount of very similar items) is
greater for words than for letters. On the issuelof implicit reading is only evident in some
patients, Bub & Arguin (1995) argue that the extenwhich processes of activation and inhibition
on the word and letter level are impaired may \matyveen subjects, allowing lexical/semantic

judgements to be based on information processpdraillel in some but not in othefs.

Another explanation suggested to account for thipraance of pure alexics in tests of covert
reading is that it reflects activity in a separststem, not part of the normal reading systém.
Coslett and colleges (Coslett & Saffran, 1989; €€ Saffran, 1994; Coslett et al., 1993; Saffran
& Coslett, 1998) argue that letter-by-letter regdma compensatory strategy adopted because the

damaged left hemisphere can no longer procesewmtiaterial, and therefore words and letters are

5 Absolute RT's are rarely reported in the literafamd it is therefor not clear if Howard's (199abjects were special,
or if fast responsesan be demonstrated in other pure alexics.

26 Again we run into problems of definition. Althougbvert reading has been documented in some pexiEsl
(Shallice & Saffran, 1986, Bub & Arguin, 1995, Geatsl& Saffran, 1989), some of the cases descrilbeod belong in
this group. For instance Arguin, Bub & Bowers (19B8wers, Arguin & Bub, 1996; Bowers, Bub & Arguit996)
base their conclusions mainly on their studiesatifegmt IH who, besides using a letter-by-letteategy in reading,
shows no signs of pure alexia. On the contraryasesnirface agraphia, shows signs of surface adlex@ading and is
anomic. The exact site of the lesion in IH is Hetc either, which suggest to me he should be heithas evidence",
since the only contribution of this case is to cmef matters further. (Note that the same patieefésred to as a pure
alexic in one paper (Bowers, Arguin & Bub 1996) anldBL-surface alexic in the other (Bowers, Bub &Ain,
1996).)

" The authors claim that this system does not dmutiito normal reading, but this is not a necesassymption.
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perceptually processed in the right hemispheres iHfiormation must then be transferred to the left
to be articulated. Because the right hemispherehlgdimited word-reading abilities, the
constituent letters must be identified seriallyj ane then transferred to the language areas on the
left. According to this view, implicit reading refits activation in the visual input lexicon and the
semantic system in the right hemisphere, whiclvigsed toward high-frequency, concrete words"
(Saffran & Coslett, 1998), and more importarmttes not have access to phonology.

On the question of why covert reading is only obsdrin some pure alexics, Coslett et al. (1993)
suggest that the strategy adopted by patients mayortant® We know, from blindsight patients
amongst others, that patients may be reluctamgdagge in implicit tasks. Still, Coslett et al. 989
35) "acknowledge that at least some of the appamneanhsistency between pure alexics may be

attributed to individual differences in patientdqessing abilities."”

3.4. An attempt at integration.

Behrmann, Plaut & Nelson (1998) attempted to irgegthese views on pure alexia. They tried to
accommodate the experimental findings of both ingpldetter processing and covert reading,
claiming that other theories focus only on subeéthe empirical findings. They suggest that letter
by-letter reading is the result of the remainingazaty in the normal reading system, which is
bilaterally distributed, cascaded and interactinea cascaded system, partial information about a
stimulus can be passed on to higher levels inyss1, and since the system is also interactive,
activation on the superior level will feed backpteceding levels. Behrmann, Plaut & Nelson (1998)
use the Interactive Activation Model (McClellandRumelhart, 1981) as a starting point in their
analysis, and suggest that the deficit in pureial@key call it LBL-reading) lies either at theatare
level, or between the feature level and the lé¢tezl. This results in weak activation on the lette
level, not sufficient for explicit word identificain, and letters must be processed sequentially
(letter-by-letter) to enhance activation and allv word to identified. The initial weak informatio
on the letter-level may be passed on in the sy#ftenngh, partially activating representations in the
lexicon and the semantic system. The IAM doesmdude connections to the semantic system, but
Behrmann, Plaut & Nelson (1998) assume that theaitin of semantic and lexical knowledge will

operate in the same manner as the rest of thawsyBi@tial word information will be passed on to

28 Coslett et al. (1993) suggest that instructioke: I Try to derive a feeling for the word, do nadeit letter-by-letter.
Do not try to name the words. " might encouragelicitpeading. They also encourage their patieotguess in these
tasks.
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the lexical or semantic level, and this informatioight be sufficient to allow the patient to make
lexical or semantic judgements about stimuli thayrot explicitly identify. The variability between
patients on tests of covert reading can then baagal by individual differences in the amount of

information or activation being passed on in thetey.

According to Behrmann, Plaut & Nelson (1998), teading system is bilaterally distributed, and
letter-by-letter reading reflects the combined pssing of both hemispheres, which both make use
of cascaded, interactive processing. This is addiol Yor covert reading, which is assumed to be the
result of dynamic processing within and betweer bh@mispheres, operating on degraded input. An
example of how this bilaterally distributed systeould work is also provided by Behrmann, Plaut

& Nelson (1998). Unlike deep alexics, who someéywadiare reading via right hemisphere systems
(e.g. Coltheart, 1980b), pure alexics almost nevake semantic errors in reading. This could be
because, even with short exposure durations, pbgpdbr the first letter in the word can be
accessed via the left hemisphere system, preveatiiation of words not starting with that letter.

In this way, both hemispheres contribute to thalfautput®

3.5. Pure alexia - concluding comments.

Even though the lesions causing pure alexia hage tescribed in detail and the cognitive deficits
studied intensively, no unitary account of the sgnae has yet been reached. This may in part be
because, while neurologists have identified thealeaubstrate for pure alexia, cognitive

neuropsychologists have attempted to pinpoint tgmitive deficit causing letter-by-letter reading.

They are simply asking different questions. Newj@ts ask: Why is reading impaired and writing
spared ? In cognitive neuropsychology the main tiprefas been: What causes patients to read
letter-by-letter, and how can this be explained model of reading ? It is no easy matter to
superimpose cognitive models on brain structuned,l avill not attempt to do it here. Still, there
seems to be a need for integrating the differeptagrhes. The cognitive neuropsychological study
of LBL-reading has generated an enormous knowlédge, and it might soon be time to try to put
the pieces together. So far, the IAM framework se&mbe able to account for all the findings

concerning pure alexia, and Behrmann, Plaut & Ne$s(1998) interpretation of both the deficit in

% The authors do not postulate this as the mechamiswenting pure alexics from making semantic erioreading,
but use it merely as an illustration of how the twemmispheres could interact in reading.
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letter processing and covert reading seems todmtst convincing. The only difference from
Arguin & Bub's (1993, 1994) explanation seems tdheepostulation of right-hemisphere
contribution in normal reading, for which therens compelling evidence yet. In conclusion, the
major empirical findings in the study of pure akexan be explained within an interactive model of
word recognition and semantic access, but how thesgesses relate to other cognitive functions

like vision and language still needs to be cladifie

4. The third alexia.

As we have seen, Dejerine has been credited witimgpaefined alexia with agraphia and pure
alexia, but he also described a third variety eki, occurring in patients with Broca's aphasia.
Among seven patients with Broca's aphasia, Dej&iirallié (1895, in Henderson, 1984) found
different degrees of alexia: "Whereas most receghisolated words, especially common words,
none understood an entire sentence. One patiesgnised neither letters nor words." (p. 431). One
patient was able to read words, but totally unableentify their constituent letters. This led
Dejerine (cited in Henderson, 1984; 431) to progbsé "many Broca's aphasics identify words

holistically according to the overall gestalt indadent of the individual letters.”

4.1. Alexia in Broca's aphasia.

Benson, Brown & Tomlinson (1971) reviewed the "e&ids of alexia”, and presented three patients
with anterior alexia in the presence of Broca'saaph They noted that letter anomia is an important
feature of anterior alexia, and that patients whik syndrome usually read words "by gestalt” dr no
at all. They showed that their patients did notehproblems in matching, sorting or pointing to
letters, indicating that the problem was in nameeeal, not in perception. Benson et al. (197 %pal
presented three cases of pure alexia, and notethdse patents read letters better than wordde whi

the aphasic patients read words better than letters
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In 1977 Benson reviewed 61 cases with Broca's &phassearch of the third alexia. Generally,
Benson (1977) emphasised that in the evaluati@besda in aphasia, one must consider two
matters: Firstly, one cannot infer alexia from aahility to read out loud in aphasic patients. If a
patient is able to comprehend written materialstheuld not be considered alexic. Secondly, one
must be sure that the patient could in fact reaat po the brain insult.

Of the 61 cases with relatively pure Broca's aghestiewed by Benson (1977), 51 had some degree
of alexia. 17 of these were considered as beindlyrallexic, but still "almost invariably" denied
being able to read. When appropriately testedyited out that these (17) patients could carry out
simple written commands, and were able to compmipants of written paragraphs, although they
made some errors. The remaining 34 patients weleunable to read. Benson's (1977) aim was to
establish the third alexia as a clinical entitg show that it could be dissociated from pure alexi
and central alexia(s).He concluded that the symgptoinand the cerebral substrate for the third
alexia differs from the other alexias, and thatdbécit is severe enough "to deserve the term of
alexia" (p.331).

Kirshner & Webb (1982) studied four aphasic pasent whom two had global aphasia and two
Broca's aphasia. They found that although theserpatwere completely unable to identify or name
single letters they were able to read some wordslgnshort, concrete, highly imaginable high
frequency ones. None of them were able to readlsirepsily pronounceable pseudoword trigrams
(e.g. bab) - they were not able to transform grapeeinto phonemes. Kirshner & Webb (1982)
suggested that while "visual word form" percepii®a function of the left occipital lobe (...) lett

naming and grapheme to phoneme conversion seeesadunction of the left anterior hemisphere.

In sum, the symptoms of the third alexia includeraia for letters, but most patients understand
some written material - they can read some singlelsvholistically. Severe agraphia also
accompanies frontal alexia: copying is usually ppartly because patients usually have right
hemiparesis, and letters are often omitted. Patiarm@ also impaired in spelling out loud and in
comprehension of spelled words (Benson & Ardil&@)9 To this date, no cognitive
neuropsychological studies of the third alexia haeen conducted and no cognitive explanation has

been suggested for this breakdown in the readioggss. Kirshner & Webb (1982) suggested that
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grapheme-phoneme conversion might be a functigheo&nterior left hemisphere, a position that is

strengthened by the cases presented in the ndidrsec

4.2. Impaired numbers but not letters - The third dexia in pure form ?

Anderson, Damasio & Damasio (1990) presented auenqse of anterior alexia. Their patient, a
58-year old, right handed woman, developed alexibagraphia following a surgical lesion in the
left premotor cortex, in an area usually referedd$Exner's areaThis area is localised in

Brodmann's area 6, in front of the motor arealierhand.

Their patient was not aphasic, and was otherwiseohagically and cognitively intact.

She had severe problems with word reading. Ou06fgtesented words, she was only able to read
83 out loud, (mainly high imageability, concreterd®) identifying them immediately in a "gestalt"
manner. She did not comprehend any of the words$adled to read, and she was completely unable
to read pseudowords.

In a letter identification task, she correctly ittBad 54/112 large, typewritten letters, and hepes
were mainly visual (e.g. S-Z, B-D), still she wdneato describe the shape of letters from memory.
She scored 8/12 in a letter matching task. In ngrtororal spelling, she scored 7/11 correct, bat sh

was able to spell presented words out loud.

In contrast to her inability to read letters andd# she was perfectly able to read nhumbers ranging

from one to seven digits correctly, and she coldd alentify single digits within complex numbers.

Her writing of letters and words was slow and ladas, and she was not able to write one single
word in a legible form, either to dictation or framemory: "Graphemes were poorly formed, and
often not formed at all" (Anderson et al. 1990; )f3%Vhen she did get the letters right, she wrote
them on top of each other, leaving the words vilgyumreadable. This writing pattern included her
own name. She was also unable to copy letterdhimutmproved a bit between test-sessions. On the
other hand, she could write single- and multidigimbers correctly to dictation, and she was able to

perform written calculations with perfect ease. 8beld also copy written numbers correctly.
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Her impairment in letter identification, along wglbome whole word-reading and, of course, the site
of her lesion, would surely classify her as suffgrirom anterior alexia, possibly the first case of

“the third alexia in pure form" described.

4.3. The role of Exner's area in reading.
Exner (1881) has been credited with suggestingxistence of a cerebral centre for writing, located
at the foot of the second frontal gyrus: the afgar@motor cortex lying directly in front of the

primary motor area for the hand. (See fig 10.)

Nielsen (1946) also believed that this area wasngsd in writing, and suggested that it is
"especially trained from childhood through the fatran of engrams to function as a writing center"
(p. 41). Nielsen (1946) also noted that this wasamasolated centre. Associations to the angular

gyrus - to the mental images of letters - were s&aey to constitute a writing mechanism.

Figure 10.
Lateral view of the left hemisphere. The grey @nalarks the approximate position of Exner's area.
From Roeltgen (1993).

Andersen et al. (1990) attempted to explain whgs#oh in the "writing area" should also affect
reading, and suggested that the visual shapetefdetheir sounds, and the motor patterns needed t

write them become associated through learning."eral network" for letter knowledge will
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thereby contain both sensory and motor represensgtand Exner's area might play a role in

coactivating these representations.

Ritaccio et al. (1992) studied a patient with regdepilepsy, in whom seizures were provoked by
reading only when he was vocalising or subvocalis8peaking normally did not provoke seizures,
and neither did reading when subvocalisation wasegnted, leading the authors to suggest that
grapheme-phoneme conversion was the main predigitahe attacks. The patient had a lesion in
Exner's area, leading Rittacio et al. (1992) taeggthat Exner's area might be important in
grapheme-phoneme conversion. This fits neatly ®e&hson et al.'s (1971) finding that their patients
with the third alexia were impaired in letter namibut not in matching or sorting letters. The fact
that Anderson et al.'s (1990) patient was impaimetbn-word reading also supports this suggestion,
but their patient was impaired in reading all womrebscept some high-frequency, concrete words,

suggesting a deficit affecting more than just geapb-phoneme conversion.

Drawing any conclusions about the role of Exnaesén reading is difficult, considering the small
number of patients with circumscribed lesions is Hrea reported in the literature. Anderson et al.
(1990) reviewed their records, which contain mbant1200 cases, but found only four with
damage limited to the superior part of the lefinpoéor area. Three of these patients had agraphia,
and two had alexia in the acute phase. Most othigems with lesions involving this area have more
extensive damage, which makes pinpointing the heulsstrate responsible for the functional

deficits observed nearly impossible.

No cognitive explanations for the third alexia, wir without aphasia, have yet been suggested. The
findings in the neurological literature indicatieotigh, that Exner's area might be important not onl

in grapheme-phoneme conversion. Anderson et 49%0() patient failed to read most of the words
she was presented with. She not able to read nedsweading the authors to compare her deficit to
phonological alexia. But if the sublexical routesngelectively damaged, she should be able to read
all real words aloud. The fact that she was nocatds that her lexical route is also damaged, and
since she is severely impaired in both namingreted in letter matching tasks, there also seems t
be a problem at the letter level. How these medmasiwould fit into a model of reading, | dare not

speculate.
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5. Reading and the alexias - concluding comments.

"Twas brillig, and the slithy toves
Did gyre and gimble in the wabe:
All mimsy were the borogroves,

And the mome raths outgrabe."”

We have now come a little closer to understandiegtiechanisms at work in reading a text like
JabberwockyAccording to dual-route model, we are able to risde nonsense words using a
process called grapheme-phoneme conversion: weldtarthe printed words directly into sounds.
Real words on the other hand, are read via thedéxoute, allowing us to remember their
pronunciations and access their meanings. Whilacialexics might be able to read this poem,
neither deep nor phonological alexics would, sithegr ability to convert print to sound is
compromised. Pure alexics might succeed at readangoem, with very long reaction times, while

patients suffering from the third alexia would abtll be able to decipher this text into sound.

Critics of the dual-route model of reading havegasged that the normal reading process and the
different alexias might be accounted for withinistributed model. Still, Seidenberg &

McClelland's (1989) computational model would navé been able to reddbberwockysince it

does not read non-words very well. A lexical matiet can read non-words as well as regular and
irregular words might be designed, but so far th&-dloute model seems to do the best job in
accounting for the alexias. The cascaded, inter@etspect, added to the dual-route model by
Coltheart et al. (1993), seems to make it even mpoveerful as an explanatory framework. Coltheart
et al. (1993) also included the principles of th&lI(McClelland & Rumelhart, 1981) in the dual-

route cascaded model, suggesting that pure alegiat miso be interpreted within this framework.

The dual-route cascaded model is probably closdsting a unitary account of the alexias, but a lot
of questions are still to be answered. The rolhefright hemisphere in normal reading, if it has
any, is yet to be clarified. To clarify what roleet"writing centre” might have in reading, more

studies and cognitive explanations are desperagdged.
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Science is cumulative, and a scientific approadetian single case studies needs to accumulate
many studies before being able to generalise thédtse The case presented in the next part might be

a contribution to the rapidly growing databasehef tognitive neuropsychology of reading.
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Part |l:

A case study.
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1. Introduction.

A number of different patterns of breakdown in téading process subsequent to brain damage
have been reported, often as single case studid@sisisection a peculiar case of alexia will be
presented. The patient (JM) presented with a higbécific alexia affecting only letters and not
numbers. This pattern of performance has only begorted once before (Anderson et al., 1990),
the opposite has also been observed (Cipolott51 M is also impaired in writing letters, but
shows no deficit in spelling, and his other cogmitabilities seem intact. Two main topics will be
discussed in relation to the case study: the diason of writing and spelling in alexia with
agraphia and the dissociation of number and lettmiling. Both of these lead to the question of
whether learned abilities can be studied in theesamy as other, more basic cognitive functions, a

question that will also be considered.

2. Case report.®

The subject.

JM is an 18 year old man, who presented with caionsafter being in a car accident in April 199® Was discharged
from hospital after 24 hours, no post-trauma symgtavere noted. When he got home he realised ¢hadbid no
longer read. JM was then examined by an ophthalgigilovho found that JM had severe problems wittete
identification, but could still read numbers. Histimg was observed to be clumsily formed, but bakly intact. On June
8th, 1999, JM went totally blind for about ten ntiesy followed by sickness and headache. He wastiadinid hospital,
where binasal, peripheral visual field defects wWeted. Six months later his visual fields wererfduo be intact. No
other neurological symptoms were noted. JM is ftifiirt handed (+100 at the Edinburgh handednesntovy). Before

the accident, he was a student at a commerciagmknd his grades were on an average level.

JM has not been in school since the accident. toligc 1999, he got a part time job in a warehodgehas been seeing
a language therapist regularly since September,188Phas an extensive training programme on whegcpractises at
home. Since the summer of 1999 he has had dailjalcbas, and he tires very easily.

JM has a monozygothic twin brother (KM) who hasrbtsted as a control in some of the tests.

Brain-imaging:

CT- scan 10.06.99 showed no abnormalities.

% This study was conducted by the author in closeprration with Anders Gade, Hanne Udesen and @ii§erlach.
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MR-scan 16.06.99 showed no abnormalities. A hypengity was noted on MR-angiography in the midiparof the
basilar artery, but this might not be abnormal.

SPECT scan 17.11.99 showed no certain abnormalitfesre might be a small flow defect in the paretaipital area
of the right hemisphere, which may include posteiéoporal regions, but since this is at the liofithe resolution, this
is an uncertain finding.

MR-scan, 17.11.99 showed no abnormalities.

Summary: None of the various brain-scannings pevéar show any certain abnormalities.

Neuropsychological evaluation.
JM was mainly tested from 29.06.99-20.07.99. Hedtss been tested on two later occasions, at wioaft he was in a
language training programme, which may have intedavith the test-results. Results obtained affe®2.99 will be

marked in the following.

General abilities:

Neuropsychological assessment of JM revealed alipbbelow normal, and a performance 1Q in thearpmprmal
range. We also tested JM's twin brother (KM) witkea of tests of general abilities, and a comparisgtween the two
reveals an almost identical pattern. This indictttas JM's low scores on verbal subtests reflecphé-morbid abilities,
and are not a result of his injury.

(Note: KM was tested 23.11.99)

Table 1. Test results in standardised tests:
JM and KM (twin brother).

WAIS-subtests(raw scores)

IM KM
Vocabulan 30/80 30/8C
Information 14/29 14/29
Similarities 11/2¢  11/2¢

Picture arrangement  30/36  28/36
Digit symbo 36 -
Incomplete pictures  16/21  20/21

Raven

Advanced Progressive Matrices, Set I.
JM KM

Scoring firstanswe  4/12  5/1Z

Self correcting 3/12  2/12

Sum correct 7/12  7/12
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RH - Basic battery:

JM KM
Digit span forward 8 5
Digit span backwards 8 6
Sentence repetitic 16/2z 16/22
Mental Arithmetc 18/2C 12/20
Block design 12/12 Mean time: 12,7” 12/12 Mean112
Trails A 26" -

BORB:”

Picture naming (low frequency iter ~ 14/1%

Unusual views - recognition 13/15

Drawing from memor 9/9

VOSP:’

Shape detection (screeni  10/1(

Dot counting 10/10

BDAE:"

Naming, all items. 48/60

Cookie theft picture Described in fluent language,

including all details.

Rey’s:

Complex figur-copy 35/3¢

Complex figure-retention 32/36

Verbal Memory test Retention OK, except

for letters

Face perception and recognition:

Famous Faces, recognit 15/2C
Famous Faces, naming 14/15
Rivermead face-recognition  10/10

Others:

" BORB: Birmingham Object Recognition Battery.
" VOSP: The Visual Object and Space Perception Batte
" BDAE: Boston Diagnostic Aphasia Examination.
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Street 19/20

Poppelreute 15/15 in 35 sec”
Colour naming 10/10

Colour recognitio 10/1C

Stroof 47/5C

Copy of house 3/3

MMSE, copy of figur.  1/1

Visuoperceptual and language abilities:

The results on the visuoperceptual tests showltladoes not have difficulties in naming or recogrgobjects, faces
or colours. He shows no problems with integratiagfnented pictures (Street), separating simultssig@uesented
pictures (Poppelreuter), or mentally transformimgges (BORB: Unusual views). His visuo-construclabilities are

also intact, as evidenced by correct copying afrég and perfect drawings from memory. (See Fifjajeand b).)

Figure 1. a)JM's copy of a house (leff)) IM's drawing of a giraffe (from memory).
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Language:
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JM's speech was fluent and prosodic, although herg#ly spoke in a low voice and sometimes mumtitsdhad no
word-finding difficulties in conversational speeemd performance was normal on tests of confratataming (BDAE
and BORB). Sentence repetition and his score ivtlcabulary subtest of the WAIS were below norrbat, at the same

level as KM.

Reading.

Preliminary observations.

When presented with short (3-5 letters), high feeguy words, and asked to read them, JM spontanecagtred up all
letters but one, and tried to identify them oneohg. He volunteered that he had begun this stratbgy he first
realised he could not read. He frequently misidiectiletters, and often came up with several aftives or left letters
out if he could not identify them. For instance entpresented with the woedhkelhe readh - hor n -don't know e - |,

and then tried to guess what the word was. (Inghrticular case, he failed.)

Experimental investigations:

Single letter identification:

Stimulus material: The letters presented were @rith 48 point Times New Roman, and were presetedcy one.
Reaction times were measured using a hand-heldastth.

During the first test-session JM was able to idgritB/29 upper case letters correctly, with an agerreaction time of
6,3 seconds, and 18/29 lower case letters withanrtime of 10,7 sec's.

On a retest one month later, using the same mitékavas able to correctly identify 12/29 uppesedetters, the mean

time being 8,8 seconds.

JM is clearly impaired in letter identification wiéetters are presented visually. To investigatetivr his performance
would improve with multimodal stimulation, we presed him with large wooden letters (approximatedycin tall).

When allowed to feel their shape, as well as Iackem JM correctly identified 8/10, with a meaméi of 3,9 seconds.
Inspired by Monsieur C's superior ability to idéntetters by touch when they were drawn in hischame also tested
JM's ability to identify letters this way. Wheretbxperimenter outlined letters in JM's palm, heestly identified 4/7,
claiming he did not find this any easier than idfgimg them by sight.

Imagery.

To investigate JM's ability to imagine letters dhelir shapes, we asked him to decide whether achéetter had only

straight lines or included curved lines. JM scaB&lin this test.

In a letter decision task with letters and norelestt JM scored 9/12, classifying three lettersaaslatters.
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We constructed a letter decision task consistingoofnal letters, mirror reversed letters and lsttarned upside down.
JM could not classify any of the letters when theye presented simultaneously. When allowed to rcibvsm up, and

identify them feature-by-feature, he scored 8/18ssifying two letters presented upside down ale¢tars®"

Letter matching:
We presented JM with a letter matching task, withisame case and cross case matching. In halidle the target
letter was placed within a word, in the other litalfas part of a random letter string. There wetteee two or four

distractors. (An example can be seen in figure 2.)

Figure 2. Letter matching.
JM was asked to find the
letter corresponding to the

HUS

target presented on top.

As in reading, JM covered up all letters but omel @entified them serially. The results are foumthble 2.

Table 2.

Number of letters Word/non-word Same /-crosscase Score

3 letters word same case 2/3
3 letters word Cross case 2/3
5 letters word same case 3/3
5 letters word Cross case 2/3
5 letters non-word same case 3/3
5 letters non-word Cross case 2/3

Seeing that JM was impaired in this task, we presehim with a simpler matching task.

We presented JM with two 24 point, upper casertetiged side by side, and asked him if they wieeesame or
different.

Without covering up one letter, and identifyingrthene by one, JM could not answer this questiomdJthis strategy
he correctly matched 1/5 letter pairs.

JM also made a drawing of what he saw when he @a@drg at the letter pairs, which indicates thataenot separate

the letters from each other. The stimulus cardrasdirawing are shown in figure 3.

31 This test was administered 23.11.99, and the ffediy-feature identification strategy used by J\hiis case was
something he had learned from his language theraythough he had used a similar strategy befibofead not been on
a feature level, but on a letter level.
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Figure 3. A stimulus card from the simple letter matchingktéeft), and JM's drawing of what he is seeing whe

looking at it (right).

\% \Y%

Word reading:
When attempting to read words, JM covers up atbtetbut one with his fingers, thus serially idBstig the letters, and
sounds them out loud. He frequently misidentifigters and ends up with letter-strings having @aning. When this

happens, he guesses, and sometimes ends up witghtheord, still not really reading it.

Stimuli: All words presented for reading were vaittwith capital letters in 36 point Times New Roimaim separate
cards. Word frequency measures were found in Béten(1992), and concreteness ratings are bas&hivio et al.
(1968).

During the first test-session, JM was able to &&dhree-letter low frequency (less than 20 pélian), concrete words
correctly, with RT's at 12 and 15 seconds. He daikading any five letter words correctly. Misid&oation of letters

accounted for all his errors, and he always sulistita visually similar letter, e. ENGwas read-NC.

On a later occasidh JM was tested on a list of high-frequency, cotecveords. He correctly read 5/5 three-letter words
with an average time of 26 seconds, and 4/5 fittedevords at an average time of 38 seconds. Heratd 5/5 three-
letter non-words correctly. The non-words were tmiesed from changing one letter in words from hirgh-frequency,
concrete word list. Curiously, his average timerfmading non-words was 16 seconds, which is fasgar his reading of

words.

Whole word reading:

3223.11.99
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We presented JM with short "symbolic" words liké andWC, to see whether or not he was capable of readicly s
words in a "gestalt manner". When prevented froredag up letters he could not read these words,canld not

guess what they were. He could not read his owreriara glance.

We also attempted to test JIM's whole word readkiljusing a computerised lexical decision testwimch words and
non-words were presented too briefly to allow lebig-letter reading. JM was instructed to attentheowhole word,
and indicate whether it was a real word or a nondwble was encouraged to guess if he was unsurgadil up after
very few trials. He claimed that the test did natker any sense to him, and he had no idea whetilewoeds or non-

words were presented, as he could not read theentéBh was then discontinued.

Writing.

When writing to dictation or from memory, JM sumpepioses letters on each other, making the wordsaliyt
unreadable (see figure 4). He does this even whigimgvhis own name and address.

Figure 4. JM's attempt to write:

a) his own name

[deleted]

b) the wordshus, bilandkat.

When presented with a grid system, JM was abldamefdetters within the squares, and did not sogeose. He wrote

14/14 letters correctly to dictation, and couldtestiis name and address.
When asked to write the alphabet from memory, JMdaot remember the shape of two letter& (8. All other

letters were legible.

When instructed to move his hand between lettersyds able to write a simple sentence without sopersing letters,

on lined paper.

Copying:
When instructed to copy letters, JM first trieddentify them, and then write the letter. Usingsthirategy, he correctly
copied (or wrote) 10/14 letters. He only abandahésistrategy, when he could not identify the pried letter, and
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then tried to draw what he saw, the result beittgeeithe wrong letter, or (in one instance) argibiée shape. Three of

the errors in this test are based on misidentibioadf the stimulusg - R Y - V, a - 0).

Copying Greek letters:

As we have already seen, JM was not impaired iyingdigures, not even Rey's complex figure, buhatsame time,
he was impaired in copying letters. In letter cogyihe first tried to identify the letter, and therite it. To test the
specificity of his deficit, and to see what he wbdb when he could not identify the stimulus arehttarite it, we asked

him to copy ten Greek letters. JM did not recogaisg of the letters presented (includijgand only 1/10 letters was

copied correctly, the lette€", which (according to JM) looks like a mirror-reged "3".

Oral spelling:
10/10 high frequency words (4-8 letters) were ggktlorrectly. JM also spelled 3/3 seven-letterrabsivords, and 5/5

nine-letter abstract words correctly.

Naming to oral spelling:
When the examiner spelled words out loud, JM naB@80 correctly. The list consisted of 3-5 lettdgh frequency

nouns, both concrete and abstract.

Number reading:

Identification:

Stimuli: All numbers were written in 48 point TimBew Roman.

JM read 10/10 singly presented numerals corregiti, RT's below 1 second.

He read 15/15 multidigit numbers (3-5-7 digits)reatly, with RT's at or below 1 second.

Accessing semantics from numbers:
We constructed a set of well known numerals, ctingi®f famous historical dates, JM's birthdate hisdpostal code,
to assess whether he could access semantics frmimens. JM scored 4/7 in this test. We also testédold the same

numbers, and he obtained the same score, ansveeniregtly on the same items as JM.

Number writing:

JM is able to write single- and multidigit numbévgdictation, not superimposing as he does witielset
He wrote 5/5 single, and 21/21 multidigit (2-7 d&yicorrectly.

JM is also able to perform written calculatione€Sig 5.)

Figure 5. Example of JM's number writing and written arithimet
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Summary.

JM shows a selective impairment in reading anding;tother cognitive functions not being affected.
Neuropsychological evaluation of JM revealed a &kl below normal, and a performance 1Q in thearpmrmal
range. An identical pattern of performance was ntegkin JM's twin brother, indicating that thisatispancy is habitual,
and not a reduction of pre-morbid cognitive atgbtiJM's visuoperceptual and -constructional #&slire also intact, as
are his general language abilities.

JM is severely impaired in single letter identifioa, and because he uses a letter-by-letter giratereading, his
response-times in reading are extremely long. The taken to read a word seems to depend as muahioh letters
the words consist of, as on lexical variables (fiertpy and concreteness), since JM identifies setters more rapidly
than others. No whole word reading was observed.

In writing, JM superimposes letters on each otheaking the words virtually unreadable. We haveatiserved any
spelling errors, but some letters are poorly fornwtien presented with a grid, JM is able to sepdsters from each
other. JM's naming to oral spelling is good, asissspelling of dictated words.

JM was able to identify written numbers (1-7 dipisickly and correctly, and he has access to sgéolamwledge

from numbers. His number writing is flawless, akiswritten arithmetic.

There is a striking dissociation between JM's negudind writing of letters and numbers. While hedgerely impaired in

reading and writing words and letters, his numeadmng skills and written arithmetic are intact.

2.2. Impaired letters but not numbers.

JM's pattern of performance closely resemblesdisalayed by Anderson et al.'s (1990) patiént.
They are both severely impaired in letter recognitwhile their other visuo-perceptual abilities,
including number reading, are intact. Both patieit® show the same deficit in writing,

superimposing letters on each other, but canvatile numbers and perform written arithmetic.

% For convenience, this patient will be referre@$oADD in the following.

56



It seems that ADD is more impaired in writing thHvi, though. Her writing was extremely slow,

and in a letter dictation task, only 2/15 of hetdes were legible. JM, on the other hand, coulidenr
26/28 letters in the alphabet correctly. ADD wasampaired in naming to oral spelling, but her
ability to spell words named by the examiner waadh JM performed excellently in both these
tasks. Another interesting difference between weepgatients is that ADD was able to read some
words "holistically”, an ability we have not bedreato demonstrate in JM. On the other hand, ADD

was unable to read non-words. JM was able to readnords, using his letter-by-letter strategy.

But are the differences between these two patm@mi{sa matter of strategy ?

Since their patient could read some short, conevetes out loud, but were unable to read non-
words, Anderson et al. (1990) compares her debtqgithonological alexia. This does not hold for
JM, who, by using a letter-by-letter strategy,bteao read non-words. ADD was severely impaired

in letter naming, and would probably not be ablestad the way JM attempts to do.

Anderson et al. (1990) seem inclined to classi§rtpatient as agraphic. They do not specify the
type of agraphia, but note that "the predominaaiufies (...) was severely defective grapheme
formation"(p.761), and that her ability to writembers indicated that the repertoire of movements
necessary for writing were spared. JM's graphemmadtion was not as severely distorted as ADD's,

and one might speculate if his deficit in writingsvmainly a spatial one.

One major problem in the study of JM, is that reddas were identified on the various brain scans
performed. This might suggest that his symptoniscea psychogenic deficit. The similarity
between JM and ADD, and the specificity of the sionps indicate that they are the result of some

sort of cerebral injury, even though it cannot bendnstrated.

There are two major aspects of JM's alexia thagrdedurther discussion. His preserved ability to
spell and name words to oral spelling and the aiesefiwhole word reading does not fit with the
pattern of performance displayed by ADD or othdrguais suffering from the third alexia. The clear
dissociation of number and letter reading and mgitbbserved in JM and ADD also poses an

interesting question about the organisation ofréaeling process. A problem concerning both these
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questions is whether reading, a phylogeneticallyngoability which is learned via instruction, is
organised the same way as other cognitive abiktnescan be studied in the same manner. The
cognitive neuropsychological study of reading isdghon the (often implicit) assumption that the
organisation of the processes involved is shareddsn individuals, regardless of how they learned
to read, how often they engage in reading and wihdtof material they read. This assumption will
be discussed in section 3. A related question, anetcquired abilities can be selectively damaged

leaving related cognitive functions intact, wilkalbe addressed.

2.2. Alexia and agraphia with spared spelling andamprehension of spelled words.

One of the interesting aspects of JM's alexia (as$ible agraphia) is his preserved ability tolspel
words out loud and name to oral spelling. In puegia, spelling is usually preserved, an ability
which patients with this syndrome actively make ofm their (compensating strategy of) letter-by-
letter reading. These patients can also write,ghpprobably because their angular gyrus is intact
(Geschwind, 1965; Damasio & Damasio, 1983). Intkivel alexia (in aphasia), on the other hand,
both spelling and naming to oral spelling are imgai(Benson 1979). ADD's spelling was intact,
but her comprehension of spelled words was impd#ederson et al., 1990). We did not observe
any spelling errors in JM's writing, and his wrgirmpairment may be mainly spatial. The general
question addressed in this section is whether wentar that JM's written spelling is intact on the
basis of his performance on tests of oral spelligre specifically, the question is: Has preserved

oral spelling been observed with impaired writtpelkng and alexia ?

Some cases have been described in which intadingpleas been associated with agraphia and
alexia, and once again we turn to Dejerine forscdption of the first case.

Dejerine & André-Thomas (1989 described a patient with alexia and agraphiatht intact
spelling and naming to oral spelling. They hypotbed that this pattern of breakdown was caused
by two separate lesions, one in the posteriorgfatie left hemisphere causing pure alexia, and a
separate lesion disconnecting motor control ole¢fihand from the language areas at the left
(hemiplegia prevented the patient from writing whik right hand). The first lesion prevented visual

information from reaching the angular gyrus while second disrupted graphic information from

% Dejerine & André-Thomas (1904) are cited in: Kiosrne & Rosenfield (1974) and Rothi & Heilman (198
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reaching the motor areas in the right hemispheme.l&ft angular gyrus was spared, leaving spelling
and naming to spelling intact (Dejerine & André-Ties, 1904).
The patient later died of a massive haemorrhageeofight hemisphere, and only the first lesion

was confirmed at autopsy. The angular gyrus wasdaoutact.

Albert et al. (1973) reported a patient with mifgthasia, alexia and agraphia, whose oral spelling
abilities were relatively preserved, compared tovaiitten spelling and reading. A Technetium-scan
showed an area of increased uptake in the lefpiiogparietal region.

The patient could only read 10-20% of short, comnmvonds presented to him, and his identification
of singly presented letters was roughly on the skewe. On the other hand he successfully read
90% of singly presented numerals correctly. Hidlsgeand naming to oral spelling was far better
than his reading and written spelling, but his perfance deteriorated with word length and
complexity. One aspect of this patients' perforneamorth noting is that he could access semantic
information from words he failed to read. For imste, he made no errors in an "odd man out"-test
with written words. He could also readily detegsspellings in words and indicate if a letter sirin
represented a real word or a pseudoword. This lbdrAet al. (1973) to conclude that the patient
had lost his phonemic reading ability, and theygested that this was caused by "a functional
disconnexion between visual, auditory and mototesys involved in the understanding of written

language"(p.328).

Kinsbourne & Rosenfield (1974) reported a pati€@} with left posterior parieto-temporal
ischemia, who presented with mild aphasia and séggmptoms associated with Gerstmann's
syndrome (finger agnosia, left-right disorientataord impairments in mental arithmetic).
Furthermore, CM had mild constructional apraxia amid right-sided neglect.

They observed that CM was far better at spellingda@rally than in writing (100% vs. 53%
correct), and also better at naming words to grellimg than writing spelled out words (100% vs.
57% correct). They found no difference in numbeadieg or writing (e.g. 56 spelled "five-six" or
"fifty-six"). Kinsbourne & Rosenfield (1974; 2249oncluded that "CM's ability to implement letter
choice using visual shapes rather than sounds elestisely impaired”. They suggested that the

deficit seemed "to involve a posteriorly-locatedilisy which transforms letter sounds or letter
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names into visual representation [on the basishothy the efferent systems are (...) programmed to
write."

They also pointed out that their observations raledDejerine and André Thomas' (1904)
hypothesis as a possible explanation, since CMwriisig with his right hand.

Mohr (1976) reported a patient with alexia ancapfia, whose ability to spell and name to oral
spelling was superior to his reading and writinghaf same words. A brain scan of this patient

showed an area of high uptake in the left postgrémietal region near the midline.

Rothi & Heilman (1981) presented a patient who,l&vbeing alexic and agraphic, showed
preserved ability to spell words out loud and nameral spelling® In reading words, their patient
would sound out each letter and then produce thd,vemd he could not be persuaded to (try to) use
any other reading strategy. He was not able tgptieciwhole sentences using this strategy. The
patient also spelled out loud when trying to writet often produced a letter (grapheme) not
corresponding to the sound. His copying of words ®alao impaired, as was his writing with
anagram letters, although this was better thawhtten spelling. Number reading was not tested.
The patient was able to perform simple calculatidms it is not clear whether they were presented
orally or in writing. The patient was able to spakgular words out loud, indicating that his \asu
images of words were intact, but that the patiéghhadt have visual access to it. Rothi & Heilman
(1981) suggested that his impairment was located'graphemic area”, which is "responsible for
distinguishing the features of a grapheme anddiatigg motor programming in grapheme
production” (p.8). To compensate for this defittig patient utilised a more general purpose visual
system, seeing letters as objects, and then nameeddut loud. Unfortunately, a CT-scan of this
patient showed no focal abnormalities, and EEG ehtwed mild diffuse slowing, leaving the

lesion causing the impairment unknown.

An important point made by Rothi & Heilman (1984 )hat the reading strategy adopted after a
brain insult causing reading difficulties is likdly be related to strategies used premorbidly.rThei

argument is that skilled readers may have more eharreading strategy available to them, and

% The authors claim his letter recognition abilitresre intact, still reading a word took him fromi@-seconds, which is
slower than many LBL-readers.

60



some of these strategies or reading routes mighbetavailable subsequent to brain damage.
People who can read, but are not particularly gaat or have not engaged much in reading, might
not have alternative strategies available to thestrporbidly. Put another way: people that do not
read much are not likely to have many entries enisual input lexicon, and must therefore rely on
grapheme-phoneme conversion for many words. Ifghteway is disrupted by brain damage,
reading ability will be more severely affected tianpeople with an extensive "sight vocabulary".
Price & Humphreys (1995) made a similar point, siggng that "patients [might] adopt contrasting

reading strategies because they are differentilly to utilise a back-up system” (p.593).

This poses an interesting problem for the cogniiearopsychological study of reading though. If
premorbid skills are likely to affect the strategaopted by alexics, diagnosing patients and
reaching conclusions about the normal reading systethe basis of errors and strategies used
postmorbidly will be extremely difficult. Patientsight display different symptoms subsequent to
brain damage, depending on how they were readitftgifirst place: Reading might be differently
organised in our brains, depending how we learhethd how (much) we have been reading since.

This problem will be discussed more thoroughlyentsn 3.

It is evident from the cases reviewed in this sectthat we cannot conclude that JM's written
spelling is preserved based on his oral spellingsskhe explanation for the dissociation between
oral and written spelling suggested by Rothi andriBn (1982) seems to be able to account for
JM's deficit in reading and writing. A deficit affing an area responsible for both perception of
letter features and motor programming for graphproduction could explain JM's impairments.
Rothi & Heilman (1982) also suggested that thetrgpad relied on a general purpose structural
description system for letter identification, ahgstcould also be valid for IM. Interestingly Albet
al's (1973) patient was better at identifying nursliban letters, like JM is, and Kinsbourne &
Rosenfield's (1974) patient did not show the défee in writing and spelling of numbers as he did

with letters and words.
2.3. The dissociation of number and letter reading.
In cognitive neuropsychology, two functions, praessor systems are said to be independent, if one

can be disrupted without affecting the other, dmsl is often referred to as a simple dissociation.
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The evidence becomes more compelling of one camdsimate a double dissociation, i.e. that one
function (e.g. letter reading) is selectively immedi in one patient, while another function (e.qg.

number reading) is selectively impaired in anotbegrent.

A selective deficit in reading letters comparedtonbers is evident both in Anderson et al.'s
patient, and in JM, and the reversed pattern lsaskaen described (Cipolotti, 1995), creating a
double dissociation. SF, a patient suffering fraiwbable dementia of Alzheimer's type, had a
severe impairment in reading Arabic numerals alebde his ability to read letters and words was
spared (Cipolotti, 1995). Since there were no féesibns in this case, one can only speculate ®n th

neural areas involved.

As we have seen, letter processing is impairedira plexia, even though most patients can identify
singly presented letters quite well. Number readiiag not been studied as intensively as word
reading in alexic patients. It is generally assuiad number reading can be spared in pure alexia.
For instance, Geschwind (1965) stated that "Theingeof numbers is also frequently preserved in
these casesin Dejerine's case number reading was perféaty'italics). In fact, Monsieur C was

not at all perfect at reading numbers, althougmbisber reading was far better than his ability to
identify letters. As mentioned in Part |, he readltidigit numbers digit-by-digit (1-1-2 spelling

112), the same way most pure alexics read words.

It is curious, that while peripheral accounts ofepalexia often claim that it is caused by a gdnera
perceptual deficit, this is usually based on stsidieobject processing in pure alexic patients
(Kinsbourne & Warrington, 1962; Friedman & AlexandE984; Farah, 1990, 1994), even though a

comparison between number and letter reading nhigt¢ been more informative.

Cohen & Dehane (1995) studied the number processiflg of two patients with pure alexia. Their
major finding was that accuracy in number readenask dependent. Their patients were more
accurate in reading two digits “digit-by-digit” ¢g.2-4) than as one number (e.g. 24). Their main
conclusion was that numbegadingis impaired in pure alexia, even though it is etiéel to a lesser

degree than letter reading.

62



They interpreted this as an impairment in makimgcstiral descriptions of numbers, or what they
call avisual number forpwhich can be compared to Warrington & Shalli¢g380) word form
system. Cohen & Dehane (1995) noted that lettenttifieation is usually more impaired than single
number reading in pure alexia, indicating that ¢hiesfunctions are not dependent on the same

processing system.

3. Dissociations and acquired abilities.

Even though numbers and letters are similar in farseems that they are processed differently in
the brain. Where might this dissociation occur 2dRé¢ publications, mainly in the field of
connectionist modelling, have emphasised that boald be careful in suggesting independent
systems in the brain on the basis of dissociatisinse similar dissociations can be modelled in
distributed networks (Plaut, 1995; Nobre & Plunk&g97). But if we could find studies indicating
that processing of letters and of numbers occdiffarent brain areas we would have a stronger

case for localisation.

3.1. Numbers and letters.

Polk & Farah (1998) refer to an unpublished fMRidsttesting whether or not the neural substrates
for letter and digit recognition are segregateceyltound that "at least in some literate subjects,
certain extrastriate areas respond significantlyento letters than digits" (Polk & Farah, 1998; 849
Still, the fact that pure alexics are usually immpdiin both letter and number reading, although to
different degree, imply that the neural substrategpkrception and reading of letters and numbers is

partially shared.

One of the important questions asked by Polk & F4t894, 1998) is whether learned abilities can
be localised in the brain, and if so, which mechias could be responsible for this. Reading
numbers and letters are phylogenetically recetitiabi so if different cerebral areas respond
significantly more to letters than to numbers, ttds not be explained genetically. Letters and
numbers are also structurally similar, indicatihgttin perception they would rely on the same

mechanisms. How then, do these spatially segregagas for letter reading come to be ?

63



Polk & Farah's (1994; 1995; 1998) answer is thataldearning is correlation based (i.e. based on
Hebbian learning), so that stimuli that occur tbgetin the environment will create associations
between neurones responding to these stimuli. Pheaaance of letters in our environment is both
spatially and temporally correlated (letters anaally presented together in time and space), and
according to Polk & Farah (1998; 849) this "coulteract with the brain's correlation based learning

mechanisms (...) to lead to the segregation adrlegcognition”.

Polk & Farah (1995) modelled this process in a aleoetwork. Given a set of stimuli consisting of
clusters of letters and clusters of numbers, dpaltcalised areas for both letters and digits
developed in the network. But in the real world fens and letters also occur together, and letters
generally occur more frequently than numbers. tlzer study (unpublished, referred by Polk &
Farah, 1998), the network was trained on inputisetgich numbers and letters occurred together,
and letters occurred more frequently than num@drs.network then self-organised to produce a
segregated letter area, but digits were not grotgegether. This fits neatly with the findings ireth
imaging studies, where no segregated digit-areafovasl (Polk & Farah, 1998).

So, neurones that respond to stimuli that occuetteey will be tightly connected in the brain, and
since letters are usually accompanied by othesrketa special, self-organised, brain area will
respond more to letters than to other kinds of @iim\ccording to this hypothesis, people that are
used to seeing letters and digits together, shoale less specialised brain areas for letters and
digits than the rest of us. Polk & Farah (1994)diarted a behavioural study of number and letter
reading to check this assumption. Their startingtpwas the so-called "pop-out effect”, the facttth
targets in an array of visually dissimilar dista@stcan be detected instantly, without the useonéls
search. Letter targets among number distractofshwas be detected more rapidly and efficiently
than letters among letters. The subjects in thidystvere (Canadian) postal workers who were used
to sorting mail by codes consisting of both numiaerd letters. A comparison group consisted of
other (US) postal workers and college studenthefypothesis of co-occurrence is correct, the
mail sorters should show a smaller "pop-out effdétdih controls because they were used to seeing
letters and numbers together, and this was jugtdttern observed. On this basis, Polk & Farah
(1994; 649) suggested that "the alphanumeric cafegftect is modulated by environmental co-

occurrence; the effect is not just an artefacthyfspcal differences between letters and digits” and
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that "environmental statistics can influence the architez of vision, even in adulthoo¢hy

italics).

This causes some problems for the cognitive neyobyedogical study of reading though. If the
processing of letters and digits is dependent eir@mmental factors, then one cannot expect to find
the exact same pattern of breakdown in patients iéntical lesions. Supposing one of the postal
workers from Polk & Farah's (1994) study sufferezbeebral insult, one could not expect his
cognitive deficits (in the area of reading) to deritical to those of others not used to processing
numbers and letters simultaneously. Rothi & Heiln(ilB®81) also suggested that (compensating)
strategies available to alexic patients are dep#r@epremorbid skills, and how much one has been
reading. Even if this does not imply that the regdgirocess is organised differently in each oftus,

is problematic for the study of "patterns of pax&l& where reading errors made by alexic patients
are used as a basis for creating models of nomadimg. These errors may be influenced by the
patients' premorbid reading patterns, and mighbnbt reflect the extent of impairment subsequent

to brain damage.

3.2. Acquired abilities.

If the neural substrate of our capacity to readkigendent on how, and under which circumstances,
we have been exposed to words and numbers, it yowaklimably also be dependent on how we
learned it in the first place. Castro-Caldas e(1#98) demonstrated that literate and illiterate
subjects showed different patterns of brain adtwadluring a pseudoword-repetition task, and that
illiterate subjects made more mistakes than teedlie subjects did in this task. They concludetl tha
“learning to read and write during childhood infhees the functional organisation of the adult

human brain” particularly affecting language rel@vareas (Castro-Caldas et al., 1998; 1060).

Throughout the history of the literate society réhkave been several different methods used for
teaching children to read and write, presumablglifeato individual patterns of organisation in the
brain. People also differ in how much they engageading. This could imply that reading can be
differently affected in each one of us followingbr damage, depending on how and when we
learned to read letters and numbers, and how we Ibeen doing it since. The worst-case scenario

would then be that it is impossible to say anythisgful about the functional organisation of the
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reading process, let alone the anatomical subgtrateading, based on evidence from brain-
damaged patients or brain-imaging studies. Stiltessimilar patterns of breakdown in the reading
process are consistently found following lesionthe same areas in different brains, there must be

some constraints on the way reading can be orghnise

Patterson & Ralph (1998) challenged the assumphiaithere are brain regions dedicated to
reading, arguing that "disorders of reading maglyaif ever, occur in isolation, that is, without
impairment to (...) ontogenetically earlier capiasitof language or visual processing”(p.235). Gn th
other hand, Polk & Farah (1994) claim that "latpexience alters vision", and suggest that
environmental factors do influence the functionglamisation of the brain, a position also held by
Castro-Caldas et al. (1998). At the core of thislddies the question: can reading be selectively

damaged ? Rephrased, the question could be: Isajexia really pure ?

Patterson & Ralph (1998) asked just this questaod,in answering claim that "there is considerable
and mounting evidence that L-by-L reading (..amgthing but pure, and is just one manifestation of
a visual-processing deficit " (p.237). And so we lback to square one - who ever claimed that
letter-by-letter reading was pure ? Of this "corsatble and mounting evidence”, Patterson & Ralph
only refer to_one study by Behrmann, Nelson & Sek(1998), showing that their LBL subjects’
naming latency for pictures increase with pictuseplexity, relative to control subjects. It is wort
noting, though, that two of the five "pure alexias'this study also had (surface) agraphia, while o

was suffering from ensuing depression.

Still, naming latency also increased with complgkitthe two subjects who presumably were pure
alexics. But this does not prove that all pure igleare impaired in object processing, or thatrbrai
regions important for reading are necessarily atssl for object processing. It is peculiar thatlevhi
impaired object processing keeps coming up as plaeation for pure alexia and has been studied
so extensively in alexic patients, number readiag lteen studied in so few cases. The structural and
perceptual similarity between letters and numbkesbvious, and yet they seem to be affected
differently in subjects like JM, ADD and Cipolo$ti{1995) patient.
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Going back to Polk & Farah's (1995, 1998) assumgtiat neural learning is correlation based,
could environmental statistics account for theifuigd of impaired object processing in some pure
alexics ? Do pictures not often occur in the presef letters ? Even though objects often appear
among other objects, line drawings, the stimuli niejuently used to assess object naming, are
usually accompanied by text. Could it be, thent tha pure alexics whose object processing is

impaired, are used to reading comics, childrentkbar furniture catalogues ?

It might be time to take a step back from the delbaid ask oneself what the fight is really all @bou
Can cognitive functions be dissociated from eatleiptand if so - what does that tell us ?

First of all, a double dissociation indicates ttine two functions in question can operate
independently of each other. That does not meangth that they cannot both rely on the same
more basic functions or that they do not interac normal brain. Both letter and number reading
depend on vision, so to some extent they rely erséime cognitive functions and processes.
Reading must also be tightly interconnected witieotanguage functions, both speech and
semantics. What a double dissociation does notssadgy imply, is that the cognitive functions in
qguestion rely on completely independent systemal([&, 1988, Plaut, 1995). So in our case, we do
not need to postulate a number system and a stegm to account for the different pattern of
performance on numbers and letters seen in JM, &Opolotti's (1995) patient. But even if we
do not postulate different, independent systemsvery dissociation found, the dissociations still

need to be explained.

4. Back to Exner.

None of the various brain-scannings of JM haveakdbany focal damage. Even though there are
some discrepancies, the case most similar is taeeported by Anderson et al. (1990) who had a
lesion in the left premotor cortex. Exner (1881ggested that the cortical area just in front of the
motor area for the hand might be important for wgt and Anderson et al.'s (1990) case strongly

supports this, but what role could this area haweading ?
Polk and colleagues (Polk, personal communicattongducted some of their fMRI letter vs. digit
studies using a head coil placed so they couldhee@/hole brain. With this experimental set-up

they replicated their earlier findings of differerdcipito-temporal activation for letters and dsgit
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but did not find any reliable activations anywhelge. There was no difference in activation of
Exner's area whether the subjects were lookingtetrs or numbers. Still, Anderson et al.'s (1990)
patient did not have any other known lesions tih@&noine in this area, indicating that it was
responsible for her impaired reading of lettersilevit left her reading or writing of numbers intac
Kirshner & Webb (1982) suggested that anteriorrbragions were important for the associations
between print and sound, and Ritaccio et al.'sgL8Adings suggest that Exner's area is important
in grapheme-phoneme conversion, both findings ptiegj that activation in these regions will only
be seen when words are read out loud. The sulifePlk et al.'s experiment were only passively

viewing the stimuli, not sounding them out, whiduld explain the lack of frontal activation.

Even though disturbed grapheme-phoneme converamaacount for an inability to name letters
and words, patients like the one described by Asateet al. (1990) should still be able to identify
them, for instance in matching tasks. ADD actutdlied 4/12 trials in a cross-case matching task,
and she could not access semantic information abords she failed to read out loud. Even if we
postulate that Exner’s area is important in assemglghonology, regardless of reading route, this

cannot account for all the findings.

Anderson et al. (1990) suggested that the visumdeslof letters, their sounds, and the motor pattern
needed to write them become associated throughihegrand that Exner's area might play a role in
coactivating these representations. Assuming bieatoactivation of these patterns is necessary both
in reading and writing, but are different for let@nd numbers, this could be an appealing cognitiv

explanation for the impairments of JM and ADD.

5. Case JM - summary.

As we have seen, JM's pattern of performance isaadlily classified as either pure alexia or the
third alexia, and with no lesion to give us a hinis not at all obvious which group he belongs in
The most similar case reported is Anderson et(@980) patient. She was able to read some words
using a whole-word strategy, while not being ablspell or name words to oral spelling, which,
according to Benson (1979; Benson & Ardila 199@) significant features of the third alexia. It is
possible that JM would be able to read some wdrdBstically” if properly motivated, but when

shown short "symbolic" words liKEV or WC and prevented from covering up letters, he claitmed
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could not see the words clearly and was unableatkerany sense of them. He could not even decide
whether or not his own name was written on a oatthout resorting to his laborious strategy, let

alone make lexical decisions about briefly presémierds.

On the other hand, JM was able to spell both reguid irregular words out loud, and name them to
oral spelling, abilities that, according to BengbArdila (1996) are only preserved in pure alexia.
Still, Rothi & Heilman's (1981) patient was alsdeato spell words, both regular and irregular, even
though he was impaired in written spelling (i.e wees not a pure alexic). JM's pattern of
performance could be accounted for by an impairnretite "graphemic area” (Rothi & Heilman,
1982), which is important both the identificatiohletter features, and in programming the

movements necessary for writing them.

JM preserved reading and writing of numbers poseesioteresting questions. Polk & Farah’s
(1994; 1995; 1998) findings indicate that a selecimpairment in letter identification is possible
after damage to extrastriate cortex, but how tbiddaffect writing is not clear. If Anderson ef'sl
(1990) coactivation hypothesis should be corréet pgattern of performance displayed by JM and

ADD might come about if these patterns of coactoraare different for letters and numbers.

Studying a patient with no localised lesion iskyicThe cognitive neuropsychological study of
reading has not yet come so far that one can rextlgssfer the neural substrate by analysing the
symptoms displayed. With a case like JM, whose $gmp do not map onto an existing type of

alexia, there are no definitive clues as to whésddsion might be.

6. Things are not always what they seem.

At this point in the experimental investigation, 3#s regularly seeing a clinical psychologist to
help him cope with the trauma of the accident.rie eession JM submitted to regressive hypnosis,
and the therapist found that, being "brought bacKirst grade,JM could readseveral pages in his
old ™ grade textbook. Still, he claimed (during hypnp#igt he did not understand what he was
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reading, and he could not answer simple questibastahe text® During the next session the

therapist also tested his writing, and found JMl@dowrite several simple sentences to dictation.

Needless to say, this took us all by surprise. At donsidered the possibility of a functional
reaction earlier on, and refuted the idea, mosikel on the fact that his pattern of performande ha

been observed before (Anderson et al., 1990).

6.1. Hypnosis and neuropsychology.

This observation brings about a lot of questionsg@nswered. First of all: What is hypnosis ?
What influence does hypnosis have on brain actwe®i What are we really observing when JM is
in trance? Could it be the remaining skills of i@naged reading system, or does it imply (beyond

reasonable doubt) that his alexia is psychogenmatare ?

There are reports of classical cases of "hystebigadiness”, functional amnesia and sensory
disturbances with no apparent physiological caliseto my knowledge, alexia, (at least in such a
pure form) has never been reported as the respiyahological factors or trauma. More than that,

we know nothing whatsoever about other alexicslirgpperformance under hypnosis.

Does the ability to read a 1st grade reading bpmsumably consisting mostly of short, highly
imaginable high frequency words which are acquakean early age and possibly "overlearned"),

prove that JM is not truly alexic ?

Improved performance in brain damaged patientsxdurypnosis is not an entirely unknown
phenomenon. McKeever et al. (1981) reported a temtuof tactile anomia in a callossotomy
patient (CZ) under hypnosis, both with and withage-regression suggestion. In a normal state CZ
was virtually unable to name objects palpated Wwehleft hand. She could sometimes write their
names with the same hand, though, indicating saghéhemisphere naming abilities. This lead the

authors to try hypnosis (with and without age-regren) to try to encourage right-hemisphere

% Having read the sentence: "Soren and Mette weliingan the wood.", JM could not answer the quastiWhere
were Soren and Mette ?"
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language skill$! Their results showed that age regression waseusssary to improve

performance. In fact CZ' naming abilities were é&eth the "no-regression” condition, but her scores
during hypnosis were overall better than her nosoales. Her performance also improved when a
hypnotic suggestion that she had difficulties spegakout that she would be able to name the objects
placed in her hand, was made. The authors suggistethis might be due to inhibition of the left
hemisphere, enabling the right hemisphere to spgmaldid not refute the possibility of information

being transferred via the intact anterior commissarthe language areas at the 1&ft.

Imagery training during hypnosis has also beenrteddo improve naming skills in some Broca's
aphasics (Thompson et al., 1986), and the activatimon-verbal, non-dominant hemispheric

processes was considered as a possible explafatitms finding.

One of the problems with these studies is thatftat at all clear in which way hypnosis contrilsute
to improving the damaged cognitive skills in thpatients, mainly because no one quite knows
what hypnosis really is or does. Hypnosis is uguggfined descriptively as " a social interaction i
which one person (...) acts on suggestions fronth@ngerson (...) for imaginative experiences
involving alterations in cognition and voluntarytiaa” (Kihlstrom, 1997). We know that

individuals differ in how susceptible they are ygphosis, and that there might be differences in
hemispheric specificity between high and low hymsadile subjects (Crawford & Gruzelier, 1992).
Reviewing the neuropsychological evidence concerhiypnosis, Crawford & Gruzelier (1992; 261)
concluded that "these studies suggest greaterhiginispheric involvement during hypnosis in high
hypnotisable subjects”, and that hypnosis prodefitéhemispheric activation (at least in temporal

regions) in low hypnotisable subjects.

Could it be then, that when JM is reading duringrtosis he is utilising a different reading process,

for example relying on the same mechanisms resplen®r covert reading in pure alexia ?

3" This was built on the assumption that languageradisation may be "less complete, i.e. more hitdteluring
childhood than adulthood" (p.179), and that hypsio®irease the use of right hemisphere processish wight
"minimise left hemisphere interference (guessirfg)180).

3 McKeever et al. (1981) reported quite a few protsiavith hypnosis, one of them being controlling degpth of the
trance induced, and how to keep it stable acras8®@®s. In one session, CZ did not seem to be deeg a trance as
"usual", and her performance was not significaimigroved. In another session, she probably "fatkbnto trance
after being awoken, increasing her scores in tloehypnosis" condition. The conclusions are basedvenaging the
numbers correct from two successful session, theratata being excluded from analysis.
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Supposing he is highly hypnotisable, could an iaseein right hemisphere activation account for his
ability to read the simple material he was presgatgh ? In light of McKeever et al.'s (1981)
findings, this is not entirely inconceivable, beatuires further investigation into what skills JM
actually shows under hypnosis. If he can only daamtt, concrete, highly imaginable words, this

could indicate right hemisphere involvement.

Looking at it another way, could JM's reading unagrnosis reflect the whole-word reading skills
often observed in the third alexia ? Accordin@enson (1979; Benson & Ardila, 1996), patients
with the third alexia are often reluctant to tryéad, and will only try (and succeed) with
appropriate motivation. With JM being so relianttos letter-by-letter strategy and covering up of
letters, he never gives himself a chance to readstholistically". Even though formal testing
failed to produce any evidence for whole word ragdive might not have tried hard enough. If this
is the case, JM should be impaired in letter nardumgng hypnosis, as patients with the third alexia
are (Benson et al. 1971; Benson, 1977).

The fact that JM claims he does not understand tva&t reading under hypnosis also poses some
interesting questions. First of all, why does heuralerstand ? As mentioned, he has only read short
sentences consisting of words acquired at an agdywhich are mostly concrete and highly
imaginable. A dual-route interpretation would sugjglat he is reading via the sublexical route or
utilising the direct lexical route. Either way he&nnot access semantics. So far, JM has only been
asked questions about the meaning of whole sergewtéch is a more demanding task than
understanding single words and might rely on moraepex cognitive processes than single word

reading.

When reading outside hypnosis, in his letter-btetetashion, JM understands the words he is
reading, so using this strategy he clearly hassacmesemantics. Could it be, then, that he istable
read via the sublexical or direct lexical route wimet under hypnosis, but has adopted a LBL
strategy to access semantics. Could the "link" betwthe input lexicon and the semantic system be

damaged, so that he must rely on serial informgif@eessing to activate semantic representations ?

6.2. Further investigations.
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Fortunately, we got the chance to check some skthgpotheses by examining JM's reading skills

while he was under hypnosis.

A trance was induced in JM, and a regressive stiggethat he was back in his 7th year, his first
year of school, was given. He was then given higile textbook and asked to read (the procedure
usually adopted by his therapist). JM read verwblpand his therapist pointed to the words he
should read. In an earlier session, JM had triedad on his own and had had problems following
the lines in the book, which is why his therapisisypointing. JM was able to read this text, albeit
very slowly. He seemed to read the text word-byedytinough, without any connections between the

words making up the sentences.

Since he was reading the book he had actually wked he learned to read, the text might be
"overlearned”, and his reading it might reflect okmd of an automatic process. We therefore

presented JM with texts from two different 1st gréddoks, which he had never read before.

Text-reading.

The first text consisted of 95 words, and JM m@derors, 6 on words repeated in the text (Thergmee listed in
appendix A). When JM encountered words he coulderd, his therapist encouraged him to spell tiidvhspelled all
words correctly, and pronunciation-errors were maiftler spelling the words out loud.

The second text was at a more difficult level, $ilt from a 1st grade book, and consisted of 18¥ds. JM made 18
errors, 6 on the same words being repeated (Appli&)errors were either regularisatioksfimereadkomé) or
morphological errors (adding or ignoring suffixesy.sengerreadseng. Some words were not pronounced at all, even

though JM could spell them correctly.

Single word reading

JM was also presented with the list of concretgh+fiequency words used in a previous test-seskienmead all three-
letter words correctly without spelling them outgeage time was 2,4 seconds, measured with a Felddstop watch.
JM could not read the five-letter words in a glarimé spontaneously spelled them out loud. He ctyréentified one
word in 10 second$¥.

JM also read 5/5 three-letter non-words correcttian average time of 9 seconds. 1/5 was pronalidiectly,

without spelling (out loud).

%9 In this test, the therapist was getting worrieat tHtM had been in trance too long, and rushed shangjt, giving JM
only 20 seconds per. word to respond. It is posgitrt JM would have identified the other wordgivien more time.
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Comparing JM's reading of these words with hisgrenfince outside hypnosis, he is obviously bettemadmder

hypnosis. (See Table 3 for comparison.)

Table 3. Reaction time measures for JM's reading of wordisreon-words in a hormal condition and during hygisio

Stimulus RT - normal RT — hypnosis  Difference
3 letter words 26" 24" 23,6"

5 letter words* 32" 10" 22"

3 letter non-words 16" 9" 7"

* only one word from this list was read correctlyrithg hypnosis;
RT is for this word only. All other times are azged.

In a normal condition JM read 4/5 of the 5 letterds correctly

Letter identification:
JM was able to identify single letters during hygisoWhen he encountered words he did not recogmsantly, he

sounded out each letter before attempting a proatioi.

Reading comprehension:

JM's therapist had noted that JM cold not answepl& questions about the text he read under hypnd& wanted to
test JIM's comprehension of single words, and pteddrim with the word-picture matching test from BB We were
not able to persuade JM to read the words sileatlthe test-instructions recommend. He spelle tha loud, and
then tried to pronounce them. He only succeedeeaating one word out loud, and matched this tacthieesponding

picture with a great deal of hesitation.

Writing:

During this session, JM only wrote to copy, frofamiliar and one unfamiliar text.

When writing on lined paper, JM's writing is nedtlymed (See. fig. 6). He seems to be writing withnormal
handwriting. Writing on blank paper, the senteri¢at off" towards the end.

On an earlier occasion (12.01.2000) JM also wrigeame, and a comparison with his writing it cdeshypnosis
(27.06.99) can be seen below.

[Fig 6. JM's name written during hypnosis. d) Nammiten outside hypnosis.]
[deleted]
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Figure 6.
a) JM's copying from his 1st grade book. b) Copyinglank paper.

_._E,J,,EJ:..G A "3 /‘[ e e 4 ) '{f: er r¥3.
I n_4 &A ol & ko -ko-o Are /{9 bR T %n sen
,,J' LW.JE&_hmﬂ.L:ﬁ%_&__MQP-_Qf_ Hl" " oer ik ke
. Megel I, 9
: € L
O Ge axem _ fly ko-ko-u % “n  hay Fey ¢
Ay ma
_her _er Swrea_og Mette. h ‘93¢,
; ? ¢/, = d‘,‘? en, Ja ns 2&1

_d (. far ka-ka-o__mu.

Reading without hypnosis:

We presented JM with the 1st grade text after liebieeen awoken from trance. He looked at it andhirtt claimed he
could not read it, if not allowed to use his letbgrletter strategy. When asked to try anyway, tramented that the text
was written in lower case letters, which he hadgdificulties identifying. He could not be persigal to read any of the

text°

Summary of test-results:

JM was tested while being in hypnotic trance. Iswaggested to him that he was back in the 1segraschool.

In this state, JM could read his own old 1st grscké-book. He pronounced all words correctly withspelling them out
loud, but with severely slowed reaction times.

When presented with 1st grade material unfamiéidrin, JM made more errors, most of which were laigation-
errors and morphological errors. When he encoudtendamiliar words, he was encouraged to spell thatrioud.
Even with this strategy JM failed to pronounce seweds. Formal testing of reading comprehensidedai

JM is able to identify single letters when undepmgysis.

When presented with the same material for readingide hypnosis, JM could not read it.

Comparison of JM's RTs with and without hypnosisadist of concrete, high-frequency words and namels reveals
that he reads much faster during hypnosis. Hisingegpeed is far from normal, though. He takesvarage of 2,4
seconds to read three letter words, and 9 secondadl the corresponding non-words.

JM can write to copy when under hypnosis, and lasis able to write words and sentences to dictatiad from

memory. He seems to be using his regular handgritin
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6.3. Case JM - reconsidered.

JM's reading during hypnosis is very different frtm pattern we have observed under normal
conditions. He is able to read without coverindetfers, and he identifies most words without
spelling them out loud. He also writes normallydifect comparison between conditions on a list of
concrete, high frequency words and matched nonsyoeyealed that JM's reaction times were

much faster under hypnosis. The question is: Iselding in a normal manner during hypnosis ?

JM made quite a few errors when presented withmilita material under hypnosis, indicating that
he is not reading normally. His whole-word readivegs slow enough to permit letter-by-letter
reading. When JM encountered words he could nat teawould spell them out loud, and attempt
a pronunciation. In several instances this proratiti was incorrect. Most of his errors were

regularisations, and he also made some morpholagicas.

During hypnosis, JM was able to identify singledes, a pattern not consistent with the third aexi
where letter identification is severely impairedlavords are read in a gestalt manner or not at all
(Benson, 1977; Anderson et al., 1990). He also seatk verbs, adjectives and function words

correctly. This indicates that JM is not reading the right hemisphere systems, as this system is

believed to know short, concrete words only (Cathel 980b).

JM is also able to write when under hypnosis. Tlogeetvith reading with very long reaction times,
this is the pattern observed in pure alexia. Stipatients with pure alexia correctly identify al
letters in a word, they will also pronounce it emtty. JM on the other hand, mispronounced words

after having identified all the constituent lettarsa manner similar to surface alexics.

Regularisation errors are the hallmark featureudiase alexia, and letter-by-letter reading hasibee
observed in this syndrome (Friedman & Hadley, 19@2uld it be, then, that JM is not suffering
from neither pure alexia, nor the third alexia, Better-by-letter surface alexia" ? Patterson &Ka
(1982) reported two patients who read letter-bieletand made regularisation errors even when all

letters of a words were correctly identified (eiy - c-i-t-y - kitty). They suggested that there are

% Due to the time constraints, we were not ableigouss this further or persuade JM to try to rémdtext.
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actually two types of letter-by-letter reading, €/pand Type 2, and that regularisation errors are
common in Type 2. These letter-by-letter surfaexiak also showed signs of surface agraphia, that
is, they also made regularisation errors in writi@ge patient was also impaired in single letter
identification. The same pattern of performanceldieen reported in other LBL-readers (Friedman
& Hadley, 1992; Hanley & Kay, 1992, 1996).

JM's reading during hypnosis closely resemblesdhsaérved in Patterson & Kay's (1982) Type 2
letter-by-letter readers. Unfortunately, his wigtihas not been studied experimentally under

hypnosis, so we do not know if he would also shigusof surface agraphia.

Does JM's reading during hypnosis reflect his ramgireading skills, or are we simply observing
the reading pattern of a normal 7-year old ? Regpalion errors are common in children learning to
read, and because their sight-vocabulary is ybetdeveloped, they often resort to spelling words
out loud. Marcel (1980) compared children's readingrs to those of surface alexic patients, and
found that they were quite similar. He suggestatl while children have not developed
representations of many words in the input lexicumface alexics have lost many of these
representations. This leads both groups to attachdsto word fragments, which frequently results

in regularisation errors

JM's therapist has also tried hypnosis withoutesgjve suggestions in JM. When presented with a
newspaper in this state, he had severe problemesding the text. Unfortunately we have not been
able to formally test JM's performance in this doad, and do not know if his reading errors are

similar to the ones he makes when given a regressiggestion.

Drawing any conclusions about the deficit causivis Joroblems in reading on the basis of
performance during hypnosis seems premature. tBilie are two main factors of JM's reading
during hypnosis indicating that he is not simplyking the mistakes of a normal seven-year old.
First, he does not seem to understand what hadsng, and is not able to answer simple questions
about the text he is reading. Secondly, his hariohgrduring hypnosis does not seem to be that of a
seven-year old, suggesting that some capacitiasradgater is influencing his performance even

when he is given regressive suggestions. If thisascase, he should be able to read in a normal
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manner. Even though we were not able to forma#ly J& during hypnosis without regression, the

observations made by JM's therapist indicate tiasdot reading normally in this condition.

Even though the symptoms seem to differ, JM is ingdan reading when in a normal state and
during hypnosis. On this basis, it seems fair tachude that JM is truly alexic, and that his regdin

problems do not reflect a psychogenic deficit.

7. Patterns of paralexia.

Even in the light of models of normal reading, amel different alexias reviewed in Part |, it is not
quite clear what causes JM's impairment in readiimgmally he identifies the letters of a word one
by one before naming it. During hypnosis, his namatencies are extremely long, a pattern that
could be caused by serial identification of lett®® have not demonstrated a linear relationship
between the number of letters in a word and the teken by JM to read it, though, and his slowed
responses under hypnosis might be due to a deficitrring after letter processing. Or, his reading

during hypnosis might just reflect his reading @fyaas a seven year old.

Even though we were unable to investigate it thghty it seems that JM does not understand what
he is reading during hypnosis. He was not ablenswar simple questions about a text read during
hypnosis, which a normal 7-year old would probdi#yable to do. In a normal state, he is able to
understand a word insofar as he can read it. Tlghtindicate that mechanisms we do not quite
understand are at work during hypnosis, enablingalMad words out loud, but not automatically
access semantics. It would have been interestingeaf he would be able to match spoken words to

pictures, or if he, when give enough time, wouldabke to match written words to pictures.

His preserved reading and writing of numbers, geegd to letters, is very similar to the pattern of
impairment observed by Anderson et al. (1990), estigg that he might suffer from “the third
alexia in pure form". His oral spelling is intaag is his naming to oral spelling, which is not
consistent with the impairments observed in thelthlexia (Benson, 1977). His number reading
skills, on the other hand, are not easily explaing@rms of pure alexia, where number reading is

usually impaired (Cohen & Dehane, 1995).
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8. Concluding comments.

Even though we have studied JM's deficit in readjnige intensively, we have not been able to
classify his alexia. All the features of his impa@nts have been reported before, both his preserved
spelling abilities and impaired writing, and thegbciation between numbers and letters in reading
and writing. Still, the results of the experimentalestigation does not leave us with a coherent
picture matching a clinical entity. Even thougtstbase study has not produced many answers, it
may bring attention to some important questionset@sked in the cognitive neuropsychological
study of reading. More research is needed on nunelaeling in alexia, and on the connections
between reading and writing in normal and impairetividuals. Cognitive models of the processes

involved also needs to be developed.
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Appendix A.

Text 1. Pia og Peter for 1. klasse. Kund Hermansebenhavn: G.E.C.Gads Forlag; p1-4.
Text 2. Laesebog for 1. skolear. Kabenhavn: Gylderdd66; p.30.

Error-corpus:
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Word Frequency, pr. mill Word-class Pronounciation Error-type

Text 1.

siger (4) 1580 verb si-gér regularisation

mine 500 pronoun min morphological (ignoring suffix
biler (2) 100 noun, concrete *  bil-ér regularisatio

leget <10 verb - -

Pias - Name, genitive Pjas regularisation

Text 2.

ligger 370 verb li-gér regularisation

sengen (2) 130 noun, concrete seng morphologigabling suffix)
meget 1910 adjective mee-geet regularisation

ligge 90 verb li-gér regularisation

+ morphological (adding suffix)

dagen 190 noun - -
kommer 970 verb ko-mér regularisation
komme 790 verb ko-mér regularisation
+ morphological (adding suffix)
feber <10 noun - -
smitte (2) <10 verb - -
gade (2) <10 noun ga-dé regularisation
langt 440 adverb - -
forteelle 230 verb - -
hellere 120 adverb - -
skibet 20+ noun, concrete*  ski-bét regularisation
begynder 140 verb - -

Frequency ratings from Bergenholtz, (1992)
* - listed by Paivio et al. (1968)



