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Abstract

The literature concerning reading in acquired phonological dyslexia is conflicted with regard to
performance with pseudohomophones (e.g SKOOL). While some cases are more accurate in
pronouncing non-words that sound like known words than those that do not, other cases show no
pseudohomophone advantage. Some cases are more successful when pseudohomophones are
orthographically similar to their base words (SKOOL versus KLOO); other cases show no visual
similarity effects. We collected data from two phonological dyslexics in order to examine whether
pseudohomophone reading was influenced by a) the presence of a generalised phonological
impairmentb) whether pseudohomophones appeared alone or intermixed with non-words and c)
whether the phonological dyslexic was told that pseudohomophones were included among the
stimuli. Results showed that patterns of reading accuracy were different in cases with and without
phonological impairment, and that altering the presentation context or providing explicitinstruction

affected the responses. The findings are discussed in relation to models of word reading.

1. Introduction

The normal reading system not only allows forthe pronunciation of known familiar words, butalso
enablesthe readerto generate pronunciations for unfamiliarand for non-words. However, insome
patients with brain damage and acquired dyslexia the reading system has been compromised such
that the processing of the lattertypes of written stimuli becomes inaccurate referred to as "acquired
phonological dyslexia (PD)". Forexample, Beauvois & Derouesne (1979) reported the case of RG,
who was able to read aloud nouns without error, but only generated appropriate pronunciations for
non-wordsin 10% of trials. Since this first published report, the neuropsychological literature has
documented anumberof other PD cases (see Tree, 2008 for a review) sometimes with co-occurring

deficits of function word reading (e.g. KT, Patterson, Suzuki & Wydell, 1996 versus WE, Berndt,



Haendiges, Mitchum & Wayland, 1996) and poornon-word repetition (e.g., (Friedman, 1995) with
this latter pattern beingarguedtoreflect the possibility that PDisin fact a symptom of a more
‘generalised’ phonological deficit (Harm & Seidenberg, 2001). However, despite many reports of PD
cases— few have takeninto account the fact that non-words can vary in their similarity to actual
words. The nature of the English language is such that the same phoneme can often be represented
by differentletter combinations. Itistherefore possible to create stimuli that may be pronouncedin
the same way as existingwords (e.g. BRANE sounds like BRAIN) but do not have any meaninginand

of themselves. These are referredto as pseudohomophones.

Pseudohomophones are particularly interestingin the context of acquired phonological
dyslexia as they combine characteristics of stimuli that patients fail to read (theirnon-word
orthography) with characteristics of stimulithat are preserved (their word-like phonology). Asa
consequence, itmight be expected that the familiar phonology linked to pseudohomophone items
might ‘boost’ performance with theseitems as compared to other nonwords with no such
familiarity, andindeed someearly reports of PD cases indicated that this was the case (see
Patterson, 1982, Derouesne & Beauvois, 1985), but not always (see Funnell, 1983). We conducteda
literature review and identified 24 cases of acquired phonological dyslexiain which
pseudohomophonereading was explicitly assessed. The findings are summarisedin Table 1 below.
Fifteen (62.5%) of the patients were significantly more accurate in pronouncing pseudohomophones
than non-words—suggesting that two thirds of this population show a pseudohomophone
advantage inreading, butinterestingly the presence of this advantage was not obviously linked to

degree of overall nonword (orword) reading impairment.

[Table 1 about here]



A furtherissue to consideristhe relationship between the pseudohomophoneand the base
word in terms of orthography, that is to say a pseudohomophonecanvaryin the degree towhichit
looks similartothe real word it sounds like (e.g, - SKOOL-School vs. KLOO-Clue) —and evidence
suggest that this visual similarity manipulation can have consequences on both pseudohomophone
readingaccuracy (McCann & Besner, 1987) andrecall (Tree, Longmore, Majerus and Evans, 2011) in
normal participants. Inthe case of PD cases, our review determined that only five studies have
examined thisissue —three patients showed an advantage for pseudohomophones that were
visually similarto their base word (AM (Patterson, 1982), LB (Derouesne & Beauvois, 1985) and NJ
(Nickels, Biederman, Coltheart, Saunders & Tree, 2008) whilsttwo did not (GSW, Nickels et al., 2008)

and RG (Derouesne & Beauvois, 1979).

The question arises as to which factors influence whether pseudohomophone effects manifest. The

majority of phonological dyslexics show non-word reading impairments coupled with adeficitin
other phonological tasks such as phoneme manipulation, segmentation or phonemeblending (e.g.
Patterson & Marcel, 1992) or impairmentsin phonological shortterm memory (e.g. RR, Bisiachi,
Cipolotti & Denes, 1989). Asa consequence, some researchers have argued that PD as a pattern of
impairment reflects nota reading specific deficit—but rathera symptom of a more generalised
deficitlinked to phonological processing (Plautetal. 1996). Harm and Seidenberg(2001) discussed
this potential account forthe PD pattern of impairment within the framework of a connectionist
“triangle” model (see Figure 1). Triangle models positthat asingle mechanism underpins reading for
all stimuliirrespective of theirlexicality. When presented with aletterstringapronunciationis
generated using direct mappings between orthography and phonology based on the spelling-sound
patternsthat have beenlearned through experience with the language. Itshould be notedthatthe
conceptof generalised phonological deficits in reading difficulty has been the subject of some
debate inthe developmental dyslexia literature, though a full consideration of thisissueis beyond

the scope of the current paper. Proponents of this phonological core deficit position (e.g. Manis,



Seidenberg, Doi, McBride-Chang & Peterson, 1996) suggest that dyslexiais commonly associated
with difficultiesin storing and representing phonological information, particularly affecting non-
word reading. They suggest, however, that developmental surface dyslexia (accurate non-word
readingaccompanied by a particular difficulty in pronouncing words with unusual spel ling to sound
correspondences such as colonel) is simply "normal" reading that has been delayed - such a pattern
can be accommodated by the triangle framework. The existence of "pure" developmental surface
dyslexiccases (e.g. Castles & Coltheart, 1993; McDougall, Borowsky, McKinnon & Hymel, 2005) isa

problem forthese kinds of models.

Returningto the current study, according to the triangle framework, word reading can be
complemented by activation from the semantic system or the phonological system —given
nonwords have no meaningtheirfateisintrinsicallylinked to the preservation (or otherwise) of the
phonological system. Pattersonetal (1996) suggested thatthe pseudohomophoneadvantageis
attributable to partial phonological activation from the stimulus (BRANE) causing activation in the
semanticsystem of the base word (BRAIN), whichin turn bolsters the activation of the phonological
output. In triangle models with the architecture shownin Figure 1the semanticsystem may be
accessedintwoways. One methodisto firstcompute phonology (O ->P ->S). The secondisvia
direct connection between orthography and semantics. The general assumption has beenthatnon-
words (and pseudohomophones) will not activate the semanticsysteminthis way asthey do not
have any meaningin and of themselves. Thusthe only way for non-word readingto receive support
fromthe semanticsystemisviaphonology. Harm and Seidenberg's (2001) simulations
demonstrated that by damaging the phonological attractor networkin their modelit was possible to
produce pseudohomophone and nonword performance that was qualitatively similarto that
observedin phonological dyslexia (specificallyin MJ, a developmental phonological dyslexic
described by Howard & Best, 1996). They argued that degradingthe phonological representations

made the conversion from printto pronunciation more difficult, and that this was particularly



detrimental when the phonological representation was unstable to begin with (asitis fornon-

words).

[FIGURE 1 HERE]

Although PD cases have been reported with ageneralised phonological impairment, and are
therefore consistent with the above theoretical account, these concurrent deficits in phonological
processing are by no means universal,and anincreasing number of reports of phonological dyslexics
without phonological impairmentare emerging (e.g. MO and IB, Caccappolo-van Vliet, Miozzo &
Stern, 2004a; RG, Caccappolo-van Vliet, Miozzo & Stern, 2004b; LB, Derouesne & Beauvois, 1985; FG,
Macoir, Fossard, Saint-Pierre & Auclair-Ouellet, 2012; JH, Tree & Kay, 2006). The evidence from
these reports suggests that PD as a pattern of impairmentis likely, atleastin some cases, toreflecta
reading specific deficitand istherefore suited to atheoretical account that couchestheir
impairmentin such a way. Such an alternative explanation of phonological dyslexiais offered by dual
route models of reading (e.g. Coltheart, Curtis, Atkins & Haller, 1993; Coltheart, Rastle, Perry,
Langdon & Ziegler, 2001). Dual route models propose thatthere are two methods forgenerating
pronunciations forwritten letterstrings (see Figure 2). The first route, the non-lexicalroute, usesa
setof rules that pairs letter patterns (graphemes) with commonly associated sounds (phonemes)
and assemblesthem serially to pronounce the stimulus. However, thereare anumber of wordsin
English that have pronunciations which deviate from these grapheme-phoneme conversion rules.
Theseirregularwords (e.g. YACHT or PINT) cannot be pronounced correctly using the non-lexical
route. Forthese wordsthe lexical route is required. Reading by this route accesses a store of whole
word representations containing all known words and retrieves the appropriate pronunciation. In

circumstances where the letterstring does not match a representation in the lexicon, either because
6



itisa newword thatthe reader has not encountered previously orbecauseitisa non-word, lexical

readingis not possible.

[FIGURE 2 HERE]

Acquired phonological dyslexia has been argued to be the result of selective damage to the non-
lexical reading route (Coltheart, 1996). The lexical route, however, remains largely undamaged. This
allowsforthe phonological representation of the base word to be activated by the
pseudohomophone, such that readingaccuracy improves. Nickels etal.(2008) performed
systematiclesions of acomputationallyimplemented version of Coltheartetal.’s (2001) dual route
cascaded model (DRC) in orderto examine the impact of a) impairment of the grapheme-phoneme
correspondence system and b) damage to phonological representations and the phoneme system on
readingaccuracy for words, pseudohomophones and non-words. They reported thatincreasingthe
time taken by the model to move fromone letterin a sequence to the next (a parametercalled
inter-letter interval) could significantly decrease the accuracy of non-word reading without creating a
word reading deficit. This parameterhasthe effect of weakeningthe activationin the grapheme -
phoneme correspondencesystem. If random noise wasadded intothe phoneme system beforethe
output was generated, non-word reading was adversely affected. Greaterlevels of noise also
reduced the model's reading accuracy for words. Nickels etal (2008) wenton to simulate the
pattern of performance that was shown by three phonological dyslexics by damaging the grapheme -
phoneme correspondence system and adding noiseinthe phoneme systemto different degrees.
Damagingthe grapheme-phoneme correspondence systeminthe DRCsimulation created adeficitin
non-word reading, but no pseudohomophone advantage. Thisreplicated the performance of JH

(Tree & Kay, 2006), a case of acquired phonological dyslexia without generalised phonological



impairment. The performance of the othertwo cases was approximated by damaging the
grapheme-phoneme correspondence systeminthe DRC and increasing the phonemenoise

parameter. Thiscreated a non-word reading deficitand a pseudohomophone advantage.

At the time that Harm and Seidenberg (2001) performed theirsimulations, only one case of
PD without phonological impairment had been reported (LB, Derouesne & Beauvois, 1985). Harm
and Seidenbergargued thatthe evidence for LB's preserved phonological ability was not convincing,
and neitherwasthe conclusion that he had a selective impairment of non-word reading.
Consequently they did not attempt to model pseudohomohonereadingin PD withoutageneral
impairmentto the phonological system. Since thenanumber of cases of selective non-word reading
impairment have been observed in patients that have had their phonological ability carefully
assessed, and clearly show that these skills are preserved (most notably JH, Tree & Kay, 2006). The
guestion arises as to how these cases might be handled by triangle models. Insuch modelsthe
pseudohomophoneadvantage is a consequence of support from the semanticsystem which assists
inactivatingthe phonological representation - support which is particularly useful if the phonological
representations themselves are damaged. If the phonological representations are not damaged
thenthe pseudohomophone advantage is dramatically reduced and all non-word readingis highly
accurate, as itis innormal readers (Harm & Seidenberg, 2001). Thus the existence of anon-word
reading deficit without general phonological impairmentis potentially problematicforthe triangle

account.

One explanation that could be offered for PD without phonological impairment within a
triangle frameworkis to suggest thatin such cases the phonological representations are intact, but
that the connectionsinthe orthography - phonology pathway are in some way damaged. Thiswould

increase reliance on the orthography - semantics - phonology pathway. As non-words do not



activate the semanticsystem strongly (seePlautetal., 1996) accuracy with these items would
decrease considerably. Word readingwould be largely unaffected. When usingthe orthography -
semantic- phonology pathway accuracy in pseudohomophone reading would become strongly
dependent onthe visual similarity between the pseudohomophoneandits base word. Indeed, in
theirdiscussion, Harm and Seidenberg (2001) noted that severing the direct orthography -
phonology pathway resulted in the model reading only 12 of 120 pseudohomophones correctly, all
of which were orthographically similar to the base words. Simply put, triangle models would predict
large visual similarity effects in pseudohomophone readingin cases of PD without pervasive

phonological deficits?.

As we have outlined, the issue of reading non-words and pseudohomophonesin
phonological dyslexiais complex and performanceis highly variable. It has also beenrecognised that
there may be different types of PD which may reflect damage to different reading processes. In this
paper, we aimed to undertake a systematic examination of pseudohomophone effects (and the
visual similarity effect) in phonological dyslexia with and without a generalised phonological
impairment. Atthe same time, ourreview of the literature suggests that pseudohomophone effects
may be influenced by the contextin which they are presented (e.g. pseudohomophones presented
eitherasa single block or mixed with other nonwords), or by explicit instruction, neither of which
have so far been considered systematically in cases of PD — each of these issues will be discussed

below.

1 This is the most extreme circumstanceinwhichthe O - P pathway is not availableatall. Less severe damage
may allow for some non-words to be pronounced correctly without requiring prior semantic access.



On theissue of explicitinstruction akey study is relevant - Patterson et al (1996) described a
Japanese phonological dyslexicnamed KT. KT’s non-word reading was completely abolished, but she
was able toread pseudohomophones correctly. The percentage of trialsin which KT provided the
correct pronunciation of apseudohomophonewas increased by telling her explicitly that the list
contained non-words thatsounded the same as words (43% versus 10%). KT’ssuccessin reading
pseudohomophones was also influenced by the way that the list of stimuli was constructed (what
we are referringto as presentation context). When pseudohomophones and non-words were
presented intermixed within asingle list, KT read 20% of pseudohomophones correctly. If the items
were presented intwo separate lists, one comprising non-words, the other pseudohomophones,
then her pseudohomophone accuracy increased to 73% (non-words remained incorrectin all trials).
It appears that KT’s success was influenced by strategicreading processes, whetherimplicitly or
explicitly encouraged to use them. Influences of presentation context have also beenreportedin
studies of pseudohomophone readingin non-impaired readers, though inthese studies the effects
are visible inreaction time measures ratherthanaccuracy. It has beenshown thatvariabilityinthe
patterns of pseudohomophone reading seems to related to the characteristics of the stimuli that the
participants have already been exposed to during the experiment. Forexample, participants are
generally fasterto read pseudohomophones thanthey are to read non-words when presentedin
mixed lists (McCann & Besner, 1987). When pseudohomophonesand non-words are presentedin
separate blocks, however, the pattern changes contingent on the overall order of presentation
(Borowsky, Owen, & Masson, 2002). Borowsky etal. indicated that when ablock of
pseudohomophonetrialsis presented first, participants are likely to respond less accurately to
pseudohomophones thanto non-words. Onthe otherhand, if non-words are presented first, this
effectis eradicated. Accordingto Reynolds and Besner(2005) this contexteffectisdue tothe
breadth of lexical knowledgethatis recruited to help to generate apronunciation. Readinga mixed

listusesa broad lexical scope totry and gatheras much helpful information as possible aboutthe
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itemto be read. This benefits pseudohomophones more thanitdoes non-words because thereisan
exactoverlap with the phonological lexicon entry forthe base word. In pure blocks, however,
pseudohomophonereading uses anarrow lexical scope, searching only for the overlapping
phonological representation. Thisissuccessfulin generatingapronunciation, butthe response takes
longertoreach criterion levels foroutput. Non-word reading always uses broad lexical activation, as
thereisno correspondinglexical entry to be found, and hence the necessary activation of the
patterninthe phoneme systemis accrued more quickly. Reynolds, Besnerand Coltheart (2011)
have successfully simulated this pattern of responses by varying several parameters of the DRC
model to broadenthe scope of the lexical activation (the DRC’s default parameters determinethat
the lexical activationis narrowinany case). Underthisassumption, the wayin which lists of stimuli
are presented implicitly cuesthe use of a particularstrategy. The mixed list context encourages
participants to employ every available source of lexical information to complete the reading task.
Pure blocks encourage participants to focus on one particularaspect of lexical knowledge, namely
phonology. Some of these strategic processes carry over from one listto the next (hence the
influence of presentation orderreported by Borowsky et al., 2002). Giventhe damage tonon-lexical
reading processes and/or phonological representationsin PD, we predictthat sucha changein
strategyislikely to have an even larger effect. Inasimilarway, itis likely thatinformingthe
participant that there are pseudohomophones presentin the stimulus list will also resultin afocus
on phonological information - this time viaan explicitcue. We know of no discussion of the precise
mechanismsinthe triangle framework that underpin differences between reading responsesasa
consequence of manipulations of presentation context or task instructions. However, Patterson et
al (1996) argued that pseudohomophone effectsin PD would be modulated by any manipulation
that mightincrease the degree of semanticinfluence on the generation of a phonological output. It
seems likely that telling the patientthatthere were to be pseudohomophones presented would

increase the probability that activation of the semanticsystem was deemed important for the task.
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Likewise, animplicit realisation that semantic activation was usefulin the generation of the
phonological code oughttoincrease the level of semanticinfluenceforthe task. In this paper, the
precise mechanism by which presentation context orexplicitinstruction influences the performance

of ourcases is of lesserimportance than determining whether strategiceffects might have been

implicatedinthe variability of pseudohomophone effectsinthe PD literature.

We considerthat whetherasimilar (possibly exaggerated) pattern of responding might be
seenin cases of PD remains an open question —and moreover, argue that such results might shed
lighton why some PD cases show pseudohomophone advantages in reading while others do not. It is
for these reasons we undertook the current study with two PD cases presented below and will

evaluate ourfindings with reference to theoretical accounts provided by the aforementioned work

with normal participants and the models of reading discussed earlier.

2. Method

2.1 Case descriptions

In this study we investigated the impaired nonword and pseudohomophone reading patternseenin

two phonological dyslexic cases, JHand CL. Basic neuropsychological datais presentedin Table 2.

[Table 2 about here]
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JHis male and was 62 years old at the time of testing. He had a stroke in December 2002 which
affected his speech and language and caused some limited mobility on hisright side. ACT scan
conductedinJuly 2005 determinedthe presence of amature leftanteriorcirculationinfarct. He
received speech and language therapy earlyin 2003. Atthe time of our testing, there was no
evidence of hearingloss, visual impairment orapraxia.JH’s speech is generally fluent, but he
occasionally had word finding difficulties. Afull description of his performance onanumber of
standardised tests and medical history has been described elsewhere (Tree & Kay, 2006), soonlya
summary of the important pointsisincluded here. The key features of JH’s profileare that he was
unimpaired at semantictesting, word reading (varying regularity, morphology and grammatical
class), lexical decision and spelling (see Table 3). Unlike many phonological dyslexiccases (see Tree,
2008) JH has normal phonological processing, being normal on word and nonword repetition,

auditory lexical decision and testing of segmentation and blending (see Table 3).

CLis female and was tested at the age of 48. She suffered aleft middle cerebral artery CVAinJan
2001. CTscanin 2003 confirmed left CVA, showing hypodensity in the left fronto-parietal region,
including Broca’s area. She received speech and language therapyin 2002 and physiotherapyinthe
same year. Upon presentation for our research, CLhad moderate right hemiplegia, but no other
physical abnormalities orapraxia, and normal vision. Her speech was mildly non-fluent. Like JH, she
showed noimpairment at semantictesting, word reading, word spelling and lexical decision.
However CLwas impaired at nonword spelling and had a mild impairment of auditory verbalshort -
term memory. A main difference between these casesis that CL showed ageneralised impairment
of phonological processing —with impairments of nonword repetition, auditory lexical decision
(many false positives to nonword items) and a complete inability to do segmentation and blending

tasks (consistent with other phonological impaired PD cases —see Patterson & Marcel, 1992).
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[Table 3 about here]

2.2 Materials & Procedure

The study examined the reading of alarge set of 120 pseudohomophonesand 120 non-wordss
generated by the work of Howard & Best (1996; see Supplementary Material Online: Appendix A).
Itemswere tested across foursessions (3weeks apart) in the following order (1) amixed
presentation —all pseudohomophones and non-words presented together, (2) two separate blocks
of pseudohomophones and nonwords with the pseudohomophones presented as the first block, (3)
two separate blocks of pseudohomophones and nonwords with the nonwords presented as the first
block— all three of these sessionsincluded the instruction that the participant was goingtosee a set
of items that were not real words and to produce the response they felt was appropriate, (4) afinal
sessioninvolved blocked presentation of the pseudohomophone and non-word items, but this time
the participants were instructed before each block thatthey were to see a block of nonword items
that either(a) sound like real words when you say them (pseudohomophones) or (b) do not sound

like real words when you say them (nonwords).

3. Results

3.1 Presentation context

The first analysis examined whetherthe presence orabsence of a pseudohomophone naming
advantage was contingent on the stimuli presented forreading. The percentage accuracy foreach

case andin each presentation contextis showninFigure 3.

14



[Figure 3 about here]

There was little numerical difference in accuracy for JH in any presentation context, while CLshowed
substantially greateraccuracy for pseudohomophones thanfornon-words. To examine this pattern
further, chisquare analyses were carried out forboth cases. As predicted, JHdid notshowa
significant pseudohomophone advantage in any presentation context [mixed presentationx*(1) < 1;
pseudohomophones firstx? (1) < 1; non-words firstx? (1) = 2.200, p > .1]. In contrast, CL showed
significantly better reading accuracy for pseudohomophones than for non-wordsin all contexts
[mixed presentation x? (1) = 7.602, p < .01; pseudohomophonesfirstx? (1) = 25.104, p < .001; non-
wordsfirstx? (1) = 9.152, p < .005].Overall JHis clearly an example of a PD case who shows no
pseudohomophoneeffectinreading (like case WB (Funnell, 1983) ) whereas CLis an example of a
case who shows a pseudohomophone advantage (like case AM — Patterson, 1982). Importantly, our

investigations indicate this general patternis not sensitive to the manner of presentation.

3.2 Visualsimilarity

The second analysis examined whetherthe two phonological dyslexics were betterable to
pronounce pseudohomophones that were orthographically similartotheir base words. Further, we
examined whetherany visual similarity effects were contingent on the contextin which the
pseudohomophones were presented. The accuracy rates for each patientin each condition are

presentedinFigure 4.

[Figure 4 about here]
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JH showed nosignificant visual similarity effects in any context [mixed presentation x? (1) < 1;
pseudohomophones firstx? (1) = 1.805, p > .1; non-wordsfirst x> (1) < 1]. CLshowedamarked
advantage for naming pseudohomophones that were orthographically similar to their base wordsin
mixed list presentations [x? (1) = 12.255, p < .001] butthere was no significant visual similarity effect
in pure blocks [pseudohomophonesfirstx? (1) < 1; non-wordsfirst x> < 1]. These findings therefore
indicate that cases can show an orthographicsimilarity effect (consistent with three of five PD cases
we identified from our literaturereview) —but that the presence orabsence of the effectis sensitive

to the mannerin which items are presented.

3.3 Explicit instruction

Finally, we analysed whetherJHand CL were more accurate when they were informed that the
stimuli would include pseudohomophones —in this case a block of pseudohomophones were
presented first followed by ablock of non-words. Undersuch explicitinstructions, JH (consistent
with the earlierinvestigation) did not show a pseudohomophone advantage, although the difference
was approachingsignificance [x? (1) =3.605, p = .058]. For CL the pseudophomophoneadvantage
was clearly present underexplicitinstruction [x? (1) = 19.940, p <.001]. The percentage accuracy for
JHand CLin each conditionis presentedin Figure 5below. Overall, these results suggest thatin
neither case did we see a fundamental change in the pattern of pseudohomophoneversus nonword

readingthatwe see in ourearlier (non-explicitinstruction) investigations.

[Figure 5 about here]
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4. Discussion

We setout to investigate pseudohomophonereading performance in two cases of acquired
phonological dyslexia, specificallyexamining whether success was affected by a) the presence of a
generalised phonological impairmentand b) the list contextin which pseudohomophones were
presented. We furtherassessed the effect of reading strategy on visual similarity effectsin
pseudohomophone pronunciation. Ourfindings can be summarised as follows. A
pseudohomophoneadvantage was not observedinJH, aphonological dyslexicwithoutgeneral
phonological processing deficits, butin acase of phonological dyslexia with concurrent phonological
impairment, CL, pseudohomophones were read more accurately than non-words. Thisoverall
patternfor bothJH and CL was not affected by list context or explicitinstruction —JH never showed
a pseudohomophone advantage while in CLan advantage was ever-present. However, list context
did alterthe pattern of responses to pseudohomophones with regard to the visual similarity effect.
CL showed a visual similarity effect only when pseudohomophones and non-words were intermixed.
The literature concerning pseudohomophone reading in phonological dyslexia has not produced a
clearpicture to date. The influence of phonological impairment and presentation context we have

observedinthis study may go some way to explaining why.

Setting aside considerations of presentation context foramoment, we will first considerthe
success of triangle models to account for the pattern of responsesin our patients. The triangle
account holdsthat PD is a consequence of animpairment of the phonological system. Damage to
the phonological systemin computational models has resulted in significant advantagesin reading
pseudohomophones versus non-words, and advantages for pseudohomophones which are
orthographically similarto their base words (e.g. Harm & Seidenberg, 2001). This matchesthe

performance of CLin our currentinvestigation. However, triangle models have notyetbeenusedin
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an attempt to simulate PD without phonological impairment. Inthe introduction we offered a
potential mechanism by which triangle models could be lesioned to model these sorts of cases,
namelythatthe O - P pathway was damaged and that semanticreading was always required. Under
thisassumption the hypothesis would be that non-word reading was severely impaired and thatin
fact only visually similar pseudohomophones would be pronounceable. The performance of JHdoes
not fit this pattern. JH showed no pseudohomophone advantage versus non-words and no effects of

visual similarity.

Borowsky et al. (2002) reported that the speed with which normal readers pronounce
pseudohomophonesisinfluenced by the context thatthey are presentedin. Inmixed blocks a
pseudohomophoneadvantage inaccuracy iscommon, but pseudohomophonestake longerto name
in pure blocks than non-words do (solong as non-words have not previously been encounteredin
the course of the experiment). Reynolds and Besner (2005) argued that this pattern could be
accommodated by theorising that participants can vary the way that lexical knowledge is used to
reach a pronunciation. They suggested that general lexical knowledge is employed by default, and a
large number of lexical entries are activated by the presentation of anon-word. This suggeststhat
the computation of a readingresponse is aided by orthographicand phonological overlap with many
knownwords. Broad lexical activation of this type assists pseudohomophones more than nonwords
because the former have an advantage of familiar phonology —there is therefore a
pseudohomophonereading advantage. Moreover, when pseudohomophones are presented in
isolation, the participant can determine thatidentifyingthe base word will allow them to make an
appropriate pronunciation. Inthiscase lexical activation is constrained so that the matching
phonological representation is particularly influential in the reading response. This strategy will
allow fora correct response to be generated, butitis slowertoaccumulate the necessary activation
for output. Reynoldsand Besner(2005) proposed that presentation contextalters the wayin which
lexical informationis recruited to provide supportin pronouncing unfamiliar stimuli —lexical
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information boosts activation accruedinthe non-lexical route. The nature of PD issuch that the
non-lexical mechanisms proposed to allow pronunciation for novel and non-word items are
unavailable orinefficient. Underthese circumstances, certainly in the most extremescenario where
the GPC route is completely destroyed, every item needs to be read using the lexical route. The
consequence of this may be that contextual influences on reading are eliminated. The successful
reading of all itemsis reliant on sufficient activation of the output phonology being provided via
lexical activation, irrespective of presentation context orthe characteristics of the stimuli. Whether
the activationisachieved usingabroad or narrow lexical scope haslittle overalleffect. Afurther
related point concerns Borowsky etal.'s (2002) finding that the pseudohomophone disadvantage
only occurred when non-words had notyet been encounteredin any list. Inthe currentstudy both
of our patients read a mixed list of pseudohomophones and non-wordsinthe firstinstance. Even
though there was a gap of several weeks between the presentation of the mixed list and the blocked
lists we cannot be certainthatthere were no strategiceffects carried overfrom one sessionto the

next. Thisisan empirical question that meritsinvestigationin future workinthe area.

An alternative explanation of presentation context effects warrants mention. Perry, Ziegler
and Zorzi's (2007) connectionist dual process (CDP+) model accounts for these effects by suggesting
that the nature of the material presented promptsthe readerto altertheirresponse criterion.
Essentially, Perry etal (2007) suggest that participants allow themselves more time torespondin
pure blocks of pseudohomophones, and hence there is agreater opportunity forlexicalactivationto
accrue. Theresponse criterionis somewhatlowerin mixed blocks such that lexical activation has
less time to build up, and therefore base word effects are not observed. Thus the differences
between the cases described in the current work could be attributed to the degree to which the
orthographicinformation was activated in each individual. However, following the logic of the CDP+

model, the characteristics of the base word would be more likelyto be a factor in pure blocks than in
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mixed blocks because the time allowed to reach a response is extended in pure blocks - thisisthe
reverse of the pattern we observedin CL. In relationtothe visual similarity manipulations, we note
thatitis possible toadjust the CDP+ model to alterthe effect of orthographicoverlap on
pseudohomophonereading. Specifically, itis possible to change the parameters such that
orthographicsimilarity with the baseword can be a significant factorin reading success (asin CL), or
not (asin JH). However, asfar as we are aware, the parametersets required to manipulatethe
influence of orthography as above will produce a pseudohomophone advantage whether or not

thereisalsoa visual similarity effect. JHshowed neither.

In contrast, relative successin reading pseudohomophones versus non-wordsis likely to be
influenced by the characteristics of the individual PD case. Withinthe framework of the DRC, and
informed by the simulations of Nickels etal. (2008), itis possible to hypothesise the circumstancesin
which a pseudohomophone advantage may arise in phonological dyslexia. When the patienthasa
problem with the phoneme system (phonological dyslexia with phonological impairment) it should
be difficultto pronounce any stimulus correctly unless it has been strongly activated in the lexicon
(i.e.the stimulusisaword). The overlap between pseudohomophones and the phonological lexicon
entry relatingtothe base word would be likely to help cases to pronounce pseudohomophones
more accurately than non-words. Underthese circumstances a pseudohomophone naming
advantage should be observed irrespective of presentation context —thisis precisely the patternwe
observedinCL, a PD case with a generalised phonological impairment. However,
pseudohomophoneadvantages would not be predicted in cases of phonological dyslexia without
concurrent phonological processing deficits. In Nickels etal’s (2008) simulations, weakeningthe
grapheme-phoneme correspondence system was sufficient toinduce a non-word reading deficitin
the DRC without affecting the pronunciation of othertypes of stimuli. Ifitisonly the grapheme -
phoneme correspondence system thatis compromised in such cases, then advantagesin the
accuracy of pseudohomophonereading should be absentirrespective of presentation context, and
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explicitinstruction should not alter reading performance? because the intact lexical route would
potentially allow for the correct pronunciation of any pseudohomophone. Thisis whatwe observed

inJH a case of PD without phonological impairment.

In additionto the above, we would like to highlight the patterns of ourtwo cases'
neurological damage. CLhas damage to the leftfronto-parietal lobes, whileJH suffered aninfarctin
the circulation feedingthe left frontal lobes. Damage to perisylvian areas are commonly reportedin
acquired phonological dyslexia (see Lambon Ralph & Graham, 2000, forexample), but within that
thereis considerable scope forvariability in both the location of the legion and the functional impact
of the damage. CL's stroke affected Broca's area - an areathat has beenshown to be activated
during phonological recoding (Fiez, Balota, Raichle & Petersen, 1999). If thisis the case, it might
make sense that CL's deficitis obviousin non-word reading, thatitgeneralises to other phonological
tasks, and that the presence of a pseudohomophone advantage was unaffected by presentation
context. Thisalso meshesneatly with the DRC model's suggestion that non-word reading problems
stem from damage to a rule system designed to allow forletters to be recoded into sounds. Onthe
otherhand, JH's stroke left this area of the brain relatively untouched. This can easily be related to
the difference between our casesina) theirgeneral phonological skillsand b) the presence or
absence of pseudohomophoneadvantagesinreading. However, onthe face of it, it would appear
that thislesion patternisincompatible with the DRC account of phonological dyslexia. Inresponse
to this point, we highlight the arguments raised by Jackson and Coltheart (2001). Theyindicated
that even giventhat phonological dyslexiais the result of impaired GPCroute function, the same

reading patterns could theoretically be caused by damage at multiple pointsalongthe processing

2 \We recognisethat pseudohomophones may be pronounced more quickly than non-words, and that this
difference in responselatency could be modulated by visual similarity or explicitly instructing the patient that
the list contains stimulithatsound exactly the same as words do. However, phonological dyslexia isdefinedin
relation to reading non-words correctly rather than quickly.
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route. Therefore thereis"noreason at all to expect...any consistencyinthe brainregionthatis

impaired" (Jackson & Coltheart, 2001, pp. 90).

Althoughitis possible to simulatethe pattern of findings we report with the parameters of
the DRC model (with respectto gross effects of pseudohomophoneversus nonword reading) our
findings relating to visual similarity effects are presently achallenge for this model (orany other) to
capture (Coltheart, personal communication). For example, we might expect thata visual similarity
advantage should be seenin cases of PD with a generalised phonological processing deficit —
however, as has been stressed earlier, previous reports of such an advantage have been mixed, and
the presentwork demonstrates that presentation context will have complicated this picture. In
particular, we would suggest that presenting non-words and pseudohomophones in a mixed block of
items might promote visual similarity effects for pseudohomophones. Thisisbecause itwould be
easiertoidentify the base word if the pseudohomophone was orthographically similar (making the
orthographiclexicon useful too), and thus bolster the activationin the phonological outputlexicon
relative tovisuallydissimilar pseudohomophones. In pure blocks of pseudohomophones, on the
otherhand, phonological lexical activation would be emphasised and the search fora base word
would continue until successful (Reynolds & Besner, 2005) such that all pseudohomophones
(regardless of visual similarity) would receive an equivalent ‘boost’ - washing out any subtle
orthographiceffects. Thisagainis preciselythe patternthatwe observedinCL—whoshoweda
visual similarity effect for pseudomophonesin the mixed block context but notinthe pure block
contexts. Insum, our findings demonstrate the critical impact that presentation context can have on
more subtle orthographiceffects being present orabsence in acquired phonological dyslexia, and act
as a note of caution for future researchers. We also highlight thatinskilled readers, thereis
evidence of aspeed-accuracy trade off which is not typically considered in neuropsychological

research, and that this may also be a confoundingfactor. Furthermoreitis possible, giventhe
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complexity of the pattern of pseudohomophonereadingthatis observedin normal readers with
regard to the influence of the items that have previously been encountered during the experiment
(Borowsky etal., 2002), that our cases may have beeninfluenced by seeingthe mixed presentation
first. We thinkthat thisis unlikely because a) the firstencounter with the stimulioccurred several
weeks before the pure block presentations and b) currenttheory does not provide a priori reasons
for expectingacarry-over effect across such a large gap. We acknowledge thatthisis perhapsan
empirical question forfuture exploration. Similarly, ourfindings regarding the complexity of
orthographicvisual similarity effects providea challenge forall curre ntand future computational
models of reading to capture. Although computational models of reading have been successfully
used to simulate pseudohomophone readingin phonological dyslexia cases (Nickels et al., 2008) and
contexteffectsin normal readers (Reynolds et al., 2011) a simulation of context effectsin
phonological dyslexiais not currently possible by any, and we urge modellers to capture findings like
ours inorderto have a complete picture of the differing patterns of impairment seeninacquired

phonological dyslexia.
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Supplementary Material Online: Appendix A

High similarity pseudohomophones Low similarity pseudohomophones
ake lanned borle phacked
artch lardge daw phar
bayce leace glarce pharme
bleek lood grede pharst
blud lorn jem pheal
charnce meak jurm philme
cheeze mowce kain phined
chiled mowth kaiv phlarsk
chirch munth kamp phocks
chork nighce kar phond
deel perce karf phrea
dett pigg kayr phrord
dich plarnt kene phyne
drabb rainge kepped rec
duk reech kirce rong
faice shaut klame roth
fawce skairce kleigh sarm
frend skawn kliph seej
frunt skowt kloo skwair
gerl streat klown strore
ghoast swomp knek toom
grean teath koak url
hed tence koan urth
hellth thwort korl wraik
highnd tipe kossed wrait
horlt tirm krool wredd
hownd virb kult wroap
inck waun kwak wrok
jooce whyte nyphe wrowned
kyned wiphe pessed wunce
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High similarity non-words

Low similarity non-words

beel
brabb
chaut
clarnt
dayce
derl
drean
enck
ghyte
gich
gleek
glud
guk
jirb
kence
kipe
kirm
miphe
nanned
neak
neech
nowth
nunth
ortch
pawce
peath
ped
porlt
prunt
rardge

raun
rett
rorn
rowce
saice
sellth
serce
sharnce
shirch
skiled
skreat
slomp
slowt
spairce
speeze
stawn
stend
strorth
thork
tigg
townd
tyned
uke
vooce
vood
wainge
weace
whoast
wighce
yighnd

arl
arth
blarce
blowned
broap
chilme
chyne
dorle
drede
drok
firce
gaw
gredd
grek
heej
kessed
knaik
knait
lunce
murm
myphe
nong
norl
pamp
pene
plame
pliph
ploo
plown
poan

poom
possed
prak
rem
sar
sayr
scrore
sharme
sheal
shrord
starsk
strair
streal
tain
taiv
tarf
tarm
tepped
thacked
thar
tharst
thined
thocks
thond
toak
trool
tult
tweigh
woth
yec
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Figure 1— The architecture of “triangle” models of reading (adapted from Seidenberg & McClelland,
1989).

Figure 2 — The Dual Route Cascaded model of reading (Coltheart etal., 2001)

Figure 3 — Percentage accuracyinreadingaloud non-words and pseudohomophonesforJHand CLin
each presentation context. * p <.01 ** p <.001

Figure 4 — Percentage accuracy in readingaloud non-words and pseudohomophones varyingin
orthographicsimilarity tothe base word forJH and CL in each presentation context. *p <.001

Figure 5— Percentage accuracy in readingaloud non-words and pseudohomophones for JHand CL
underexplicitinstruction about the nature of the items presented. *p <.001
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