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We report B.R.B., a bilingual Turkish—English speaker with deep dysphasia. B.R.B. shows the typical
pattern of semantic errors in repetition with effects of lexicality and imageability on performance in
both languages. The question we asked is whether language type (Turkish or English) or language
status—that is, first acquired (L1) or second acquired (L2)—has a greater impact on performance.
Results showed that repetition in L1 (Turkish) was better than that in L2 (English). We also observed
effects of language status on oral reading, writing to dictation, and naming (spoken and written) with
greater impairment to repetition than other tasks in both languages. An additional finding was that
spoken-word translation in both directions was worse than written-word translation, and word class
had an effect on translation from L1 to L2. We argue that interactive activation models of deep dys-
phasia could explain deep dysphasia in bilingual speakers and interactions between task and language,
if the weighted connections that support language processing in L2 are assumed to be weaker, thus
causing rapid phonological decay to have more impact on task performance in L2. Implications of
the results for models of bilingual language processing are also considered.
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Deep dysphasia is a disorder of repetition defined
by semantic and phonological errors in word
repetition: better repetition of words than non-
words (i.c., a lexicality effect); better repetition of
high-imageability/concrete words than of low-
imageability/abstract words (i.e., an imageability
effect); and impaired auditory short-term
memory (Butterworth & Warrington, 1995;
Coslett, 1991; Franklin, Howard, & Patterson,
1994; Katz & Goodglass, 1990; Martin, Dell,
Saffran, & Schwartz, 1994; Martin & Saffran,
1992; Martin, Saffran, & Dell, 1996; Tree,

Perfect, Hirsh, & Copstick, 2001). Patients often
present with additional problems on a range of
tasks including naming to confrontation
(anomia), writing to dictation (dysgraphia), and
oral reading (dyslexia).

Deep dysphasia has been reported in French
and Italian (Cardebat, Puel, Démonet, &
Nespoulous, 1991; de Partz, 1995; Duhamel &
Poncet, 1986; Majerus, Lekeu, Van der
Linden, & Salmon, 2001; Metz-Lutz & Dahl,
1984; Michel, 1979; Michel & Andreewsky,
1983; Trojano, Stanzione, & Grossi, 1992;
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Valdois, Carbonnel, David, Rousset, & Pellat,
1995) and in a Turkish speaker B.R.B. (Raman
& Weekes, 2003). Here we report further on
the performance of B.R.B., who is a bilingual
speaker of English and Turkish. Patient B.R.B.
shows a pattern of semantic errors in repetition
with effects of lexicality and imageability on per-
formance across tasks in both languages. The
question we asked is whether language status—
that is, first acquired (L1) or second acquired
(L2)—has an impact on B.R.B.s performance.
We asked this question because in our view
studies of patients with bilingual aphasia can
inform the development of cognitive neuropsy-
chological models of language disorders (see
also Beaton & Davies, 2007; De Diego
Balaguer, Costa, Sebastidn-Galles, Juncadella,
& Caramazza, 2004; Ferrand & Humphreys,
1996; Gollan & Kroll, 2001; Herndndez,
Costa, Sebastidn-Gallés, Juncadella, & René,
2007; Kambanaros & van Steenbrugge, 2005).
Martin and colleagues (Martin et al., 1994,
1996; Martin &  Saffran, 1992) have
developed a computational account of deep
dysphasia (see Figure 1). Martin et al. (1994)
first showed that the characteristics of deep
dysphasia could be simulated in an interactive
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semantic—lexical —phonological network initially
developed by Dell (1986), using pathologically
rapid decay to the representations (nodes).
They proposed the phonological decay (PD)
hypothesis to explain deep dysphasia, which
assumes that impaired repetition results from
an abnormally rapid increase in decay of phono-
logical representations—that is, the speed with
which activation of any unit in the lexical
network returns to its resting level of activation
after performance. Martin et al. (1994) argued
that during normal repetition, phonological
units increase their activation and subsequently
feed activation forward to lexical and semantic
units. At the same time words sharing those
phonological units become active, resulting in
activation of semantic and lexical units corre-
sponding to those similar words. Martin et al.
(1994) further assumed that feedback from
semantic and lexical features to target represen-
tations supports activation of previously active
phonological units. Given the assumption that
activation feeds forward and backward, the
target receives most activation and is selected
for output. However if decay is abnormally
rapid, then semantically related repetition errors
occur. This is most likely for low-imageability

Output
System

-> -> -> rapid phonological decay -> -> ->

Figure 1. Martin et al. (1996) model of deep dysphasia. From ‘A Spreading-Activation Theory of Retrieval in Sentence Production’, by
G. 8. Dell, 1986, Psychological Review, 93, p. 00. Copyright 1986 by the Name of Copyright Holder. Adapted with permission.
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words and nonwords because weaker connections
allow underactivation to generate a word substi-
tution (lexicalization) or no response at all. The
PD hypothesis therefore assumes that effects of
imageability and lexicality arise due to low-ima-
geability words and nonwords receiving less feed-
back from semantic units. It also assumes that
reduced digit span and length effects on rep-
etition—that is, shorter words repeated better
than longer words—result from phonological
underactivation (Majerus et al., 2001).

It is not clear how the model in Figure 1 would
explain deep dysphasia in bilingual speakers.
However, the model does not exclude the possi-
bility that more than one language is represented
in the semantic—lexical-phonological network.
Indeed interactive models such as the bilingual
interactive activation model (BIA; Dijsktra &
Van Heuven, 2002) assume that two (or more)
languages can be instantiated with weighted con-
nections between units that code the specific fea-
tures of each language at a common level of
representation. The strength of the weightings
within that model is adjusted to reflect the ten-
dency for language processing to be less efficient
in L2 than L1 even for proficient speakers (Kroll
& Dijkstra, 2002). Given that the model of
Martin and colleagues (1994, 1996) is interactive
and assumes weighted connections in the
network, it is straightforward to allow phonologi-
cal underactivation to have an impact on repetition
in both languages of a bilingual speaker using the
framework that is shown in Figure 1. Specifically,
rapid phonological decay could have more impact
on repetition of words in L2 if it is assumed that
the strength of connections representing L2
items is weaker than L1, and the speed that
units in the lexical network return to their
resting level is more rapid for units with weaker
connections. This would simulate an effect of
language  status. An additional  possibility,
however, is that the linguistic properties of the
languages spoken by a bilingual also impact on
phonological decay—that is, there is an effect of
language type on performance. If language type
did have an effect on performance, then it would
not be sufficient to assume that language status

BILINGUAL DEEP DYSPHASIA

alone constrains the performance of patients with
bilingual deep dysphasia. All computational
models of deep dysphasia would then need to
accommodate effects of language type as well as
language status in order to explain the perform-
ance of these speakers. Our primary aim was to
examine these different possibilities with B.R.B.
who has deep dysphasia in English (L2) as well
as Turkish (LL1).

The PD hypothesis also explains effects of task
on performance in deep dysphasia whereby per-
formance in oral reading and confrontation
naming is better than repetition and writing to
dictation with the same items. This is because
underactivation of phonological—lexical—seman-
tic representations and their feedback connections
will have graded effects on tasks depending on
the direction of activation from presented
stimuli (Tree et al,, 2001). For example, tasks
that depend on bidirectional activation are more
difficult than tasks that are performed via feed-
forward connections alone, because greater pho-
nological activation is required. Tasks including
repetition, digit span, writing to dictation,
picture naming (spoken and written), and oral
reading all require feedforward phonological
activation from input to the lexical network.
Therefore rapid phonological decay will impact
on performance in each of these tasks.
However, repetition, digit span, and writing to
dictation also require feedback from phonological
units (from the lexical network to output)
whereas oral reading requires no feedback accord-
ing to most models (though see Van Orden,
Pennington, & Stone, 1990). Performance on
oral reading will therefore be better than rep-
etition or writing to dictation. Although this is
the pattern that is typically observed in French
(Majerus et al., 2001) and English (Tree et al.,
2001), no study has compared the effects of
task on performance across languages. In our
view, interactions between language type and
task would be informative to the PD hypothesis.
For example, repetition problems might be exag-
gerated relative to reading and writing difficulties
in agglutinative languages such as Turkish when
compared to English and French. This is
413
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because highly inflected words in Turkish tend to
be longer and thus phonologically more complex.
By contrast, printed Turkish words are easier to
read than printed English and French words
because Turkish contains transparent mappings
only between orthography and phonology
(Raman & Weekes, 2005a, 2005b).

Turkish belongs to the Turkic language
cluster and is a submember of the Altaic family.
It is the westernmost of the Turkic languages
that are spoken across Central Asia and is classi-
fied as a member of the Oguz group. Modern
Turkish is based on the Istanbul dialect of
Anatolian (Campbell, 1991). Turkish is an
agglutinative language—that is, words are com-
posed in a linear sequence of morphemes with
each component of meaning represented by its
own morpheme (e.g., gilmek, #0 /laugh, and
gilme, /Jaughing). Turkish words are highly
inflected.! Old Turkish was written in the
Ottoman script. Modern written Turkish uses a
Roman-based system that was adopted in the
writing reform of 1928 (Comrie, 1990) and con-
tains 29 letters with 8 vowels and 21 consonants.
The script symbolizes sounds that are specific to
Turkish by adapting phonetic symbols. Turkish
orthography was designed to retain the sounds
of the spoken language in a maximally transpar-
ent way so that grapheme to phoneme and
phoneme to grapheme mappings are completely
regular and consistent. Written Turkish is thus
a pure example of a transparent orthography
(Katz & Frost, 1992).

We know that the linguistic properties of
Turkish have an impact on the symptoms of

aphasia (Gtirel, 1999). For example, unlike

nonfluent cases in English, Turkish speakers pre-
serve grammatical morphemes, especially noun
and pronoun inflections that are acquired early in
development (Aksu-Ko¢ & Slobin, 1985; Slobin
& Bever, 1982). Slobin (1991) argued that preser-
vation of grammatical morphemes in Turkish
nonfluent speakers reflects a high informational
value for these features in Turkish. Therefore,
differences in symptom patterns are informative
for understanding aphasia across languages
(Nilipour & Paradis, 1995; Yiu & Worrall,
1996). In our view this cross-linguistic approach
to understanding aphasia has the potential to
inform cognitive models (see Coltheart, 1984;
Weekes, 2005), including models of oral reading
in deep dysphasia (e.g., see Valdois et al., 1995).

Our primary motivation for studying B.R.B.
was to test predictions derived from the PD
hypothesis as in previous case reports of patients
who have deep dysphasia (Majerus et al., 2001,
Tree et al.,, 2001). However, studies of bilingual
speakers with aphasia show that brain damage
often leads to selective language problems—that
is, dissociations in processing one language and
not the other (Fabbro, 1999; Kambanaros & van
Steenbrugge, 2005; Paradis & Goldblum, 1989).
In these patients, L1 is typically better preserved
than L2 although the reverse pattern is reported
(Agliotti & Fabbro, 1993; Beaton & Davies,
2007). We therefore hypothesized that language
status (L1 versus L2) would impact on B.R.B.’s
performance across a range of tasks, including
translation, a repetition task familiar to bilingual
speakers.

According to the PD hypothesis, rapid phono-

logical decay in the lexical network will cause a

! Turkish is cited as an example of an agglutinating language that approximates to the ideal type (Cromer, 1991). Grammatical
function in Turkish is given by adding suffixes to a stem. Separate suffixes on nouns indicate both gender and number, but there is no

grammatical gender in Turkish. Nouns are declined in three declensions with six case endings: nominative, genitive, dative, accusa-
tive, locative, and ablative; number is marked by a plural suffix. Verbs agree with their subjects in case and number, and, as in nouns,

separate identifiable suffixes perform these functions. The order of elements in a verb form is: verb stem + tense aspect marker +
subject affix. There is no definite article, although the number “one” may be used as an indefinite article. Subject—object—verb word
order in Turkish is typical, but other orders are possible under certain discourse situations. As a subject—object—verb language where
objects precede the verb, Turkish has postpositions rather than prepositions and relative clauses that precede the verb. Modern
Turkish also has Turkic vowel harmony in which the vowels of suffixes must harmonize with the vowels of noun and verb stems.
Thus, for example, if the stem has a round vowel then the vowel of the suffix must be round. Stress assignment on words pronounced
in isolation is on the final syllable but stress assignment in discourse can be complicated in the verb (Campbell, 1991; Comrie, 1990).
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patient with deep dysphasia to have problems
repeating words and, because more phonological
activation is required, will have a greater impact
on tasks that depend on bidirectional activation
from presented stimuli. Two predictions that can
be derived from the PD hypothesis are that (a)
phonological underactivation will result in poor
repetition in Turkish and English, and (b) rep-
etition will be worse than oral reading of the
same lexical items in Turkish and English. In
addition, because we hypothesize that language
status will impact on B.R.B.s performance, we
expect performance across tasks to be worse in
English (L2) than Turkish (L1). If we do
observe effects of language status on B.R.B.’s per-
formance, this will have implications for the PD
hypothesis as well as cognitive neuropsychological
theories of deep dysphasia including compu-
tational models. Specifically, an effect of language
status—although not incompatible with the
Martin et al. (1994) model—would suggest that
modifications to that model are necessary in
order to explain deep dysphasia in bilingual
speakers.

CASE DESCRIPTION

B.R.B. is aright-handed male, and he was 67 years
of age at the time of testing. B.R.B.s native
language is Turkish (L.1); however, he was edu-
cated in English (L2) from an early age to tertiary
level (14 years) in Cyprus, where he worked as a
senior civil servant using both languages. Turkish
is a co-official language in Cyprus and is spoken
as a first language by approximately 19% of the
population. Prior to brain injury B.R.B. resided
in London for 20 years where he used English
and Turkish daily for speaking, reading, and
writing. B.R.B. was hospitalized following an
acute cerebrovascular accident (CVA) in 2001.
Computed tomography (CT; see Figure 2)
revealed a medium-sized infarct in the left parie-

tal-occipital region. B.R.B.’s premorbid 1Q_was
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assessed in English using the National Adult
Reading Test (NART; Nelson, 1982) and was
estimated to be in the high-average range. As
the NART is a measure of the ability to read irre-
gularly spelled words in English, his performance
also reflects an above-average ability to use
English proficiently. We had no reference group
to compare performance in English and Turkish.
However, reports from family members, all of
whom are bilingual in English and Turkish, as
well as extracts taken from a diary (written in
English premorbidly) suggested to us that premor-
bid language skills in both Turkish and English
were proficient.

B.R.B’s speech was severely reduced following
his stroke. He presented with fluent but semanti-
cally empty speech in Turkish and English, and
he tended to produce semantic errors in spon-
taneous speech and circumlocutory errors on infor-
mal tests of confrontation naming in both
languages. Case notes suggested that his volitional
speech and writing were better preserved than his
naming and writing to command, and anecdotal
reports of cross-linguistic errors suggested an
alternating recovery pattern—that is, L2 substi-
tutes were produced when speaking in L1 (and
L1 for L2). However, these effects were not for-
mally assessed.

Language assessments in Turkish

B.R.B. displays all features of deep dysphasia in
Turkish. Raman and Weekes (2003) reported (a)
semantic paraphasias in repetition (e.g., ayak/
foot — parmak/finger); (b) better repetition of
words (57%) than nonwords (0%); (c) better rep-
etition of high-imageability words (e.g., yatak/
bed, 55%) than low-imageability words (e.g.,
yorum/interpretation, 2%); and (d) an effect of
word class on repetition with nouns (e.g., agag/
tree, 61%) repeated better than verbs (e.g.,
agmak/to open, 23%) and verbal nouns (e.g.,
giilme/laughing, 0%).2 Digit span forward and
digit span backward were 1 each. These effects

2 A verbal noun is a noun formed directly as an inflexion of a verb or a verb stem.
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Figure 2. Computed tomography (CT) scan showing damage fo the left hemisphere.

are assumed to arise from rapid phonological decay
with word class effects arising from the relatively
longer word length of verbs and verbal nouns
(Raman & Weekes, 2003).

Raman and Weekes (2003) compared B.R.B.’s
performance across tasks in Turkish using the
same lexical items and found that repetition per-
formance and spelling to dictation were signifi-
cantly worse than oral reading—a pattern
compatible with the PD hypothesis and similar
to reports of English and French speakers
(Majerus et al, 2001; Tree et al., 2001).
However, they also found spelling to dictation
was worse than repetition—a pattern that to date
appears to be unique to deep dysphasia in
Turkish (Raman & Weekes, 2003).

Raman and Weekes (2005a) reported that
B.R.Bs oral reading in Turkish was better for
high-imageability nouns (95%) than for low-ima-
geability nouns (70%) with intact reading of non-
words (100%), concrete nouns (100%), abstract
verbs (95%), and abstract verbal nouns (100%).
Raman and Weekes (2005b) reported that
B.R.B. was deep dysgraphic in Turkish, producing
416
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semantic writing errors (e.g., agag/tree, written as
bahge/garden; and giines/sun, as giindiiz/day),
poor spelling of nonwords (0% correct), and
effects of word class on writing to dictation (i.e.,
nouns, 64%, better than verbs, 0%, and verbal
nouns, 0%).

Language assessment in English

For the purposes of the present study we examined
B.R.B’s language skills in English using the
Psycholinguistic =~ Assessment of  Language
Processing and Aphasia (PALPA) Battery (Kay,
Lesser, & Coltheart, 1992). Our rationale for
choosing this battery was to use established pro-
cedures and norms (following Tree et al., 2001)
assuming that B.R.B. had at least average premor-
bid ability in English. Results are in Table 1.
B.R.B. produced frequent semantic paraphasias
in repetition (e.g., battle — “conquer”; spider —
“fly”), although phonological errors were noted
(e.g., iron — “irony”; plea — “we”). We observed
effects of lexicality and imageability (PALPA 8
and 9): better repetition of words 52/80 (65%)
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Table 1. Summary of tests and findings used in the assessment of B.R.B.’s English language

Test Date Summary findings

PALPA 5 6.8.01 Intact auditory lexical decision: Words (97%) and nonwords (97%) equally
preserved

PALPA 8 10.8.01 Lexicality effect on repetition: Better repetition of words (65%) than nonwords
(0%)

PALPA 9 2.8.02 Imageability effect on repetition: Better repetition of high-imageability words
(65%) than low-imageability words (0%)

PALPA 10 9.7.02 Word class effect on repetition: Better repetition of nouns (55%) than verbs (0%)
and function words (0%).

PALPA 36 8.8.01 Intact visual lexical decision: Words (99%) and nonwords (99%) equally well
preserved

PALPA 38 17.7.01 Poor homophone definition (33%)

PALPA 40/41 18.7.01 Impaired irregular-word reading: Accuracy for irregular-word reading poor (45%)
compared to regular-word (100%) and nonword reading (100%)

PALPA 46 27.7.02 Impaired spelling of homophones to dictation in a sentence (55%)

PALPA 47/48 23.7.01/30.7.01 Preserved comprehension of high-imageability nouns on word—picture matching

tests in spoken (100%) and written modalities (95%)

Imageability effect on synonym judgement: In spoken modality high-imageability

words (100%) more accurate than low-imageability words (77%); in written
modality a similar pattern with high-imageability (100%) versus low-
imageability (87%) words

Imageability effect in spoken-word semantic association with high-imageability

words (100%) correct versus low-imageability words (46%)

Imageability effect in spoken-word—written-word matching with high-

imageability words (100%) correct versus low-imageability words (73%)

PALPA 49/50 7.8.01
PALPA 51 9.8.01
PALPA 52 9.8.01
Words from diary 30.8.01
(oral reading,
repetition, spelling)
Digit Span 1.5.02

Discrepancy between pre- and post-CVA: Reading (82% correct) followed by
repetition (12%) and writing to dictation (10%)

Impaired forward and backward digit span (1 each)

Note: PALPA = Psycholinguistic Assessment of Language Processing and Aphasia Battery. CVA = cerebrovascular accident.

than nonwords 0/80 (0%) with lexicalization
errors (e.g., sprool — “school”); better repetition
of high-imageability (e.g., window, 65%) than of
low-imageability words (e.g., concept, 0%); and a
word class effect on repetition (PALPA 10; i.e.,
nouns repeated better, 55%, than verbs, 0%, and
function words, 0%). Digit span forward and back-
ward was 1.

Testing revealed no impairment to compre-
hension of high-imageability nouns on word—
picture matching tests (PALPA 47/48) using
spoken words (40/40 correct) and written words
(38/40 correct; controls = 38/40). However,
there were problems with comprehension of
low-imageability words (nouns, verbs, preposi-
tions, and adjectives). For example, there were
effects of imageability on the following:
synonym judgement with spoken  words

(PALPA 49; high imageability = 30/30 correct;
low imageability = 23/30 correct; controls =
29/30) and written words (PALPA 50; high ima-
geability = 30/30 correct; low imageability = 26/
30 correct; controls = 29/30); spoken-word
semantic association (PALPA 51; high image-
ability = 15/15 correct; low imageability = 7/
15 correct; controls = 15/15); and spoken-
word—written-word matching (PALPA 52; high
imageability = 15/15 correct; low imageability

= 11/15 correct; controls = 15/15). Word recog-
nition in English was mostly intact, reflecting our
contention that B.R.B. was proficient premor-
bidly. Auditory lexical decision was preserved
(PALPA 5; words = 78/80 correct; nonwords

= 78/80 correct; controls = 79/80), as was his
visual lexical decision (PALPA 36; words = 29/
30 correct, controls = 30/30; nonwords = 29/30
417
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correct, controls = 29/30). On tests of oral
reading (PALPA 40/41), B.R.B. displayed
characteristics of surface dyslexia. He was
impaired with irregular-word (exception-word)
reading (18/40 correct; controls = 39/40) but
not regular-word reading (40/40 correct) or
nonword reading (40/40 correct). He was
unable to define homophones (PALPA 38),
scoring near to chance (7/20 correct; controls =
19/20). B.R.B. produced frequent regularization
errors when reading irregular words and homo-
phone substitutions (e.g., pail — “yellow”),
although he was able to produce cross-linguistic
definitions in Turkish (2 = 13) that were
judged to be acceptable by a native speaker.
This suggests that he understood the meaning
of written words in L2 and that this task gener-
ated response competition between L1 and L2
for spoken-word output. Although
linguistic semantic reading errors are a feature of
impaired oral reading in bilingual speakers
(Beaton & Davies, 2007; Byng, Coltheart,
Masterson, Prior, & Riddoch, 1984; Eng &
Obler, 2002; Karanth, 2002; Masterson,
Coltheart, & Meara, 1985), it is notable that
B.R.B. did not produce cross-linguistic semantic
errors in single-word reading at all. B.R.B.
could read function words (40/40). However,
imageability had an effect on his oral reading
(PALPA 9): high-imageability nouns = 80/80
correct; low-imageability nouns = 60/80 correct
(controls = 79/80). On tests of writing to dicta-
tion including homophones that were defined in a
sentence context (PALPA 46), B.R.B. was
impaired (11/20 correct; controls = 19/20). He
was deep dysgraphic producing frequent semantic
errors (e.g., “pain” — wound), and he was com-
pletely unable to write nonwords (0/20).

To ensure that B.R.B.’s language problems in .2
were acquired and not due to lack of familiarity with
English, we selected 40 words from his diary
(written premorbidly in English). Words were
mostly abstract in meaning and included function
words, adjectives, verbs, and nouns. He performed
below criterion on tasks containing these words
including: repetition = 5/40 correct; writing to dic-
tation = 4/40 correct; and oral reading = 34/40

418

Cross-

COGNITIVE NEUROPSYCHOLOGY, 2008, 25 (3)

correct. Therefore, we can conclude that B.R.B. sus-
tained acquired language impairments in English.

Summary

B.R.B. meets the criteria for deep dysphasia in both
Turkish and English including the following:
semantic and phonological errors in repetition;
better repetition of words than nonwords; better rep-
etition of high-imageability than low-imageability
words; reduced digit span; an effect of word class
on repetition; deep dysgraphia; and surface dyslexia
in English. These impairments were observed in
the context of largely preserved written- and
spoken-word recognition in both languages.
However, comprehension of low-imageability
English nouns was poor. In this respect B.R.B.
resembles other patients with deep dysphasia in
English (e.g., D.R.B. reported by Franklin et al.,
1994; Franklin, Howard, & Patterson, 1995).
Rapid phonological decay might explain poor per-
formance with low-imageability nouns on PALPA
comprehension tasks. This is because spoken-word
input requires the retention of auditory verbal
information while selecting a target from related
toils. However, for B.R.B., poor performance
with low-imageability nouns may reflect lack of
tamiliarity with the specific English words in this
task. This is a known problem in the assessment
of aphasia in bilingual speakers (Paradis, 1977). If
that is correct, then the theoretical significance of
B.R.B.’s performance in L2 for the PD hypothesis
would be severely limited. We therefore explore
this question in further detail below.

EXPERIMENTAL INVESTIGATIONS

The data from the case description suggest that
B.RB/s performance may be more impaired in L2
than in L1. However, as assessments were performed
using different tasks it is not yet clear whether
language status has an effect on B.R.B.’s perform-
ance. The following experiments were therefore
designed to compare his performance in Turkish
and English on tasks that are expected to be impaired
in both languages according to the PD hypothesis.



EXPERIMENT 1: EFFECTS OF
LANGUAGE ON REPETITION

Our aim here was to test the following predictions:
According to the PD hypothesis, low-imageability
and low-frequency words should be more difficult
for B.R.B. to repeat in both L1 and L2. However,
if language status also has an impact on perform-
ance in bilingual deep dysphasia, then B.R.B.’s
repetition of words in L1 should be better than
repetition in L2.

Method

Materials

To examine effects of word imageability and fre-
quency on B.R.B.s repetition, we used items
taken from standardized tests (PALPA 9) and
Turkish equivalents. A total of 80 monomorphemic
words were presented orally to B.R.B. in two
different testing sessions: once in English and, 8
weeks later, in Turkish. Stimuli were divided into
equal-sized groups: (a) high-imageability and
high-frequency words (e.g., letter/mektup); (b)
high-imageability and low-frequency words (e.g.,
axe/balta); (c) low-imageability and high-frequency
words (e.g., idea/fikir); and (d) low-imageability

and low-frequency words (e.g., woe/hiiziin).

Procedure

The following procedure was used: The examiner
presented a stimulus word once, and B.R.B. was
asked to repeat it. The response was transcribed,
and the next stimulus was then presented. Stimuli
were presented in random order. In both sessions
precautions were taken to prevent lip-reading by
having the examiner mask the lips during the pro-
nunciation of stimuli. The examiner was a native

Turkish speaker who was also fluent in English.

Results

Analysis of variance (ANOVA) was used to
analyse accuracy data. Three factors were analysed:
language (Turkish and English), imageability

BILINGUAL DEEP DYSPHASIA

Table 2. Effects of word imageability and frequency on B.R.B.’s

repetition performance

% correct

Imageability Frequency Turkish English
High High 70 25
High Low 40 15
Low High 5 0
Low Low 0 0

(high and low), and frequency (high and low).
Results are summarized in Table 2.

ANOVA found significant effects of language,
F(1,19) = 33.78, p < .01, as well as imageability,
F(1,19) = 44.33, p < .01, but no significant effect
of word frequency, ' < 1. There was a significant
interaction between language and imageability,
F(3, 19) = 30.0, p < .01, and an interaction
between language and frequency that approached
significance, F(3, 19) = 413, p = .06.
Additional higher order interactions between
language, imageability, and frequency were not
significant, /5 < 1. Analyses of simple main
effects found that performance was better in
Turkish than in English, and imageability had a
smaller effect on repetition in English (all ps <
.05). Word frequency had an effect on repetition
in Turkish for high-imageability words only.
These interactions may be due to floor effects as
shown by values in Table 2.

Comment

The results support our predictions because rep-
etition of words in L.1 was better than repetition
of words in L2, and low-imageability nouns were
more difficult for B.R.B. to repeat in both L1
and L2. The pattern of better performance
with high-imageability nouns than with low-
imageability nouns on lexical-processing tasks
has been reported in other cases of bilingual
aphasia (Beaton & Davies, 2007; Kiran &
Tuchtenhagen, 2005; Roberts, 1998). However,
ours is the first report of an imageability effect
on repetition in bilingual aphasia. Imageability
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had more impact on repetition in L1 than in L2.
However, these results are complicated as B.R.B.
was unable to repeat all low-imageability English
nouns, suggesting that he may be unfamiliar
with these words. There was no evidence of a
language type effect—that is, repetition was not
more impaired in the phonologically more
complex language (Turkish).

EXPERIMENT 2: EFFECTS OF
LANGUAGE ACROSS TASKS

Our aim here was to examine B.R.B.’s performance
using the same concepts across language and the
same lexical items across tasks. High-
imageability concrete nouns were used in all tasks
given the imageability effects on performance
reported above. We assumed that B.R.B. would be
familiar with these items in both Turkish and
English. According to the PD hypothesis, repetition
and writing to dictation should be more difficult
than oral reading in Turkish and English because
underactivation of representations in the lexical
network has a greater impact on tasks that require
bidirectional activation than tasks performed via
feed-forward connections alone. However, if
language status has an impact on performance in
bilingual deep dysphasia, then performance across
tasks should be better in L1 than in L2.

Method

Materials

B.R.B. was presented with 40 high-imageability
English nouns (e.g., shoe) and Turkish equivalents
(e.g., ayakkabs; note that all nouns were unam-
biguous for translation) in the following tasks: rep-
etition, writing from dictation, oral reading,
spoken picture naming, and written picture
naming. All stimuli were from PALPA Test 47.

Procedure

B.R.B. was first asked to perform the tasks in
English and then, 8 weeks later, to perform these
same tasks in Turkish. The following procedures
were used: For repetition the examiner presented
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a stimulus word once, and B.R.B. was asked to
repeat it; for writing to dictation the examiner pre-
sented a stimulus word once, and B.R.B. was asked
to write it on a blank sheet of paper; for oral
reading the printed word was presented on a
card, and B.R.B. was asked to read it aloud; for
spoken picture naming a pictorial stimulus was
presented, and B.R.B. was asked to name it; for
written picture naming a pictorial stimulus was
presented, and B.R.B. was asked to write the
name on a sheet of paper. Each response was tran-
scribed, and then the following stimulus was pre-
sented. Stimuli were presented in random order.
In both sessions precautions were taken to
prevent lip-reading by having the examiner mask
their lips during the pronunciation of stimuli.
The examiner was a native Turkish speaker who
was fluent in English.

Results
ANOVA was used to analyse accuracy data. Two

factors were analysed: language (Turkish and
English) and task (repetition, writing from dicta-
tion, oral reading, spoken picture naming, and
written picture naming). Results are summarized
in Table 3.

ANOVA found a significant effect of task, F(1,
39) = 253, p < .01, no significant effect of
language, F(1, 39) = 1.82, ns, and a significant
interaction between task and language, F(4, 156)
= 2.47, p < .01. Analyses of simple effects found
that repetition and writing to dictation were
better in Turkish than in English (all ps < .05)
with no significant differences for oral reading or
spoken and written naming. Performance on

Table 3. Effects of task on B.R.B.’s performance in Experiment 2

% correct
Task Turkish English
Repetition 82 65
Writing to dictation 77 57
Oral reading 100 85
Spoken picture naming 72 80
Written picture naming 77 82




repetition and writing to dictation was worse than
oral reading in both languages, and spoken and
written naming was worse than oral reading in
Turkish (all ps < .05) but not in English.
Repetition and writing to dictation was worse
than spoken and written naming in English (p <
.05) but not in Turkish. No other effects were
significant.’

Comment

The results partly support our predictions since
language status had an effect on repetition, oral
reading, and writing to dictation, and repetition
was more difficult than oral reading in both
Turkish and English. Some unexpected outcomes
were that language status had no effect on spoken
picture naming or written picture naming, and
B.R.B.s performance on repetition and writing
to dictation was worse than his spoken and
written picture naming in L2 but was no different
in L1. There was no evidence of a language type
effect.

EXPERIMENT 3: EFFECTS OF
PRESENTATION MODALITY AND
WORD CLASS ON TRANSLATION
FROM L2 — L1

Our motivation here was to see whether underac-
tivation of phonological—lexical-semantic rep-
resentations had graded effects on tasks
depending on the direction of activation from pre-
sented stimuli (Tree et al., 2001). This claim,
which is derived from the PD hypothesis, allows
repetition performance to vary according to the
modality of stimulus presentation.

BILINGUAL DEEP DYSPHASIA

All cognitive models assume that translation
between languages requires semantic support
although proficient speakers need less support
(Kroll & Dijkstra, 2002). Translation between
languages with spoken words also depends on
feedback in the network. However, translation
with written-word input, which is equivalent to
oral reading, should not require feedback. The
translation task therefore provides a test of the
PD hypothesis in patients with bilingual deep dys-
phasia.4 Given that tasks depending on bidirec-
tional activation receive less feedback from
semantic units in deep dysphasia because of pho-
nological underactivation, our prediction was
that spoken-word translation would be more diffi-
cult than written-word translation for B.R.B.
Raman and Weekes (2003) reported an effect of
word class on B.R.B.s repetition in Turkish.
They argued that this is because verbs and verbal
nouns are longer than nouns in Turkish.
However, verbs and verbal nouns also tend to be
relatively abstract in meaning compared with
nouns and may also be less frequent and low in
imageability. Since any of these variables would
make verbs and verbal nouns more vulnerable to
phonological decay within an interactive frame-
work, the PD hypothesis allows an effect of word
class on translation performance. We therefore
expected presentation modality to have larger
effects on the translation of verbs and verbal
nouns—that is, B.R.B.’s spoken-word translation
would be worse than his written-word translation
of verbs and verbal nouns.

Method

Materials
B.R.B. was presented with the lexical items used to
assess the effects of word class on repetition in

3 Within-language semantic errors were observed on all tasks except oral reading in English whereby errors were regularizations
(e.g., shoe — “show”). A small number (» = 3) of cross-linguistic errors were given in spoken naming tasks but in L1 only.

* Note that varying presentation modality in repetition can be done with monolingual speakers, though this is not ideal since
repetition of written words (oral reading) may be performed without semantic support in these speakers (Coltheart, Rastle, Perry,

Langdon, & Ziegler, 2001).
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Turkish reported in the case description. We pre-
sented three word types: nouns (e.g., aag/tree),
verbs (e.g., agmak/to open), and verbal nouns
(e.g., gl'ilm(:/laughing).5 All items and B.R.B.’s

responses are reported in Appendix A.

Procedure

The following procedure was used: The examiner
presented a stimulus word once in Turkish, and
B.R.B. was asked to repeat it in English. For the
spoken-word presentation the examiner presented
a spoken Turkish word, and B.R.B. was asked to
repeat it in English. For the written-word presen-
tation, the examiner presented a Turkish word
printed on a card, and B.R.B. was asked to repeat
it aloud in English. The response was transcribed,
and then the next stimulus was presented. Stimuli
were presented in random order. Precautions
were taken to prevent lip-reading. The examiner
was a native Turkish speaker fluent in English.

Results

ANOVA on accuracy data was used with two
factors: repetition modality (spoken and written)
and word type (nouns, verbs, and verbal nouns).
Results are shown in Table 4.

ANOVA found a significant effect of presen-
tation modality, (1, 33) = 12.80, p < .01, a signifi-
cant effect of word type, F(1, 33) = 11.65, p < .01,
and no significant interaction between modality and
word type. Analyses of simple effects found that
translation was better from written-word input
than from spoken-word input and better for nouns
than for verbs and verbal nouns (all ps < .05). As
in the repetition tasks described above, B.R.B. pro-
duced semantic translation errors (classified by a
Turkish—English speaker). However errors were
cross-linguistic—for example, DEFTER (exercise
book) was translated as “homework”, and
DELMEK (to drill) was translated as “hole”. A
paired # test found that the number of translation
errors was significantly greater in written-word

Table 4. Effects of modality and word class on translation from
Turkish to English

% correct
Spoken Written
Nouns 62 91
Verbs 3 53
Verbal nouns 0 0

translation (n = 37) than in spoken-word trans-

lation (n = 16; p < .05).

Comment

The results supported our predictions since
spoken-word translation was worse than written-
word translation of the same items. This finding
can be explained by assuming that underactivation
of phonological-lexical—semantic representations
has graded effects on tasks depending on the direc-
tion of activation from presented stimuli (Tree
et al., 2001). The effect of word class can be
explained by assuming that verbs and verbal
nouns are the most vulnerable to phonological
decay. However, we cannot determine whether
this vulnerability is due to the length, relatively
abstract meaning, frequency, or imageability of
the items. The dissociation between verb and
noun naming is compatible with reports of more
impairment to verb naming than noun naming in
bilingual aphasia (De Diego Balaguer et al.,
2004; Kambanaros & van Steenbrugge, 2005;
Poncelet, Majerus, Raman, Warginaire, &
Weekes, 2007), although note that Hernandez
et al. (2007) reported the reverse dissociation in a
bilingual patient with dementia.

EXPERIMENT 4: EFFECTS OF TASK
ON TRANSLATION FROM L2 — L1

We reported in the case description that B.R.B.’s
comprehension of low-imageability words was

> Ttems were not matched for concreteness, word frequency, or imageability as values are not available in Turkish. Therefore we
cannot exclude the possibility that word class effects result from uncontrolled differences in these variables.
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more impaired than his comprehension of high-
imageability words in English given spoken- and
written-word input. In addition we found that
repetition performance with nouns in PALPA 9
was relatively poor (at floor) for low-imageability
nouns in Experiment 1. This level of performance
is surprisingly low and is comparable to B.R.B.’s
repetition of nonwords that have no meaning
and have not been heard before. Although we
assumed that B.R.B. was a proficient English
speaker premorbidly, we cannot be certain that
he knew the meaning of the words presented in
Experiment 1 premorbidly. Thus, it is not clear
whether repetition impairments with the low-
imageability L2 words reported above result from
not knowing the words.

Our primary aim was to examine B.R.B.s
translation performance with words that he did
know premorbidly. Words were therefore selected
from his diary. His repetition of these items was
poor (see Table 1), suggesting that his repetition
does not depend on item familiarity. We also
knew that there were graded effects on perform-
ance in different tasks since he was able to read
these items better than he was able to repeat
them or write them to dictation. Experiment 3
showed that translation from L1 to L2 was
better for written words than for spoken words.
We therefore expected translation performance
with premorbidly known items to be better with
written-word than spoken-word input. However,
here we reversed the translation direction from
L2 to L1 to test B.R.B.s performance with L2
words that he knew premorbidly.

Method

Materials

B.R.B. was presented with the lexical items used to
assess his acquired language impairment in English.
We presented 40 words taken from his diary
written premorbidly in English. All items and
B.R.B.’s responses are reported in Appendix B.

Procedure
The following procedure was used: The examiner
presented a stimulus word once in English, and
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B.R.B. was asked to repeat it in Turkish. For the
spoken-word presentation the examiner presented
a spoken English word, and B.R.B. was asked to
repeat it in Turkish, and for the written-word
presentation the examiner presented an English
word printed on a card, and B.R.B. was asked to
repeat it aloud in Turkish. The response was tran-
scribed, and the next stimulus was presented.
Stimuli were presented in random order.
Precautions were taken to prevent lip-reading.
The examiner was a native Turkish speaker who
was fluent in English.

Results

ANOVA was used to analyse accuracy data. As we
had previously collected data on B.R.B.s rep-
etition, writing to dictation, and oral reading
with the same lexical items, we included task
(spoken translation, written translation, repetition,
writing to dictation, and oral reading) as a factor in
the ANOVA. Results are summarized in Table 5.

ANOVA found a significant effect of task, (1,
39) = 35.97, p < .01. Analyses of simple effects
found that performance on the written-translation
and oral-reading tasks was better than perform-
ance on all other tasks (all ps < .05). No other

task effects were significant.

Comment

As predicted, B.R.B. was able to translate premor-
bidly known items better from written-word input
than from spoken-word input. These results are
compatible with the claim that the direction of
activation from the presented stimuli has an
impact on performance in deep dysphasia (Tree

Table 5. Effects of task on B.R.B.’s performance in Experiment 4

Task % correct
Repetition 12
Writing to dictation 10
Oral reading 85
Spoken translation 0
Wiritten translation 92
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et al., 2001). Another important finding was the
observation that although B.R.B. retrieved the
meaning of most premorbidly known L2 words
to translate them from written-word input, he
was completely unable to translate premorbidly
known words from spoken-word input. Thus we
contend that B.R.B.’s problems with the spoken-
word repetition of L2 words does not depend on
knowing the items—indeed it is remarkable that
he knew the meaning of these abstract items well
enough to translate them from written-word
input at all. Instead we believe that B.R.B.’s pro-
blems with the repetition of L2 words depends
on whether or not feedback from phonological
units is required, as is the case for translation
tasks that use spoken-word input but is not the
case for translation tasks using written-word
input. Also, because an effect of presentation
modality on repetition and also on translation in
bilingual deep dysphasic speakers is predicted by
the PD hypothesis, we submit that B.R.B.’s pro-
blems with the repetition of words in L2 results
from rapid phonological decay in the lexical
network and not from a lack of familiarity with
the words tested. By extension therefore we also
contend that his problems with the comprehen-
sion of low-imageability words reported in the
case description and summarized in Table 1 most
probably reflect a pattern of abnormally rapid pho-
nological decay in the lexical-semantic network.

GENERAL DISCUSSION

The results support several predictions derived
from the PD hypothesis. Repetition performance
was poor in both Turkish and English, and there
was an effect of imageability on repetition in
both languages. Repetition and writing to dicta-
tion was also worse than oral reading of the same
lexical items in both languages. In addition,
spoken-word translation was more impaired than
written-word translation in both languages.
However, we also found that B.R.B.’s repetition
and writing to dictation was better in Turkish
(L1) than in English (L2). These findings
support the hypothesis that phonological
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underactivation has more impact on performance
in L2 in patients with bilingual deep dysphasia.
As there was no effect of language type and no evi-
dence of interactions between language type and
task, we submit that language type has no signifi-
cant impact on performance in bilingual deep
dysphasia.

The computational account of deep dysphasia
(depicted in Figure 1) first proposed by Martin
and colleagues (Martin et al., 1994, 1996; Martin
& Saffran, 1992; see also Dell, Schwartz,
Martin, Saffran, & Gagnon, 1997) can account
for B.R.B’s symptoms in both English and
Turkish. This model assumes that phonological
activation from spoken-word input automatically
leads to lexical and semantic activation within an
interactive network representing words and pho-
nemes in a given language. However, because acti-
vation decays at an abnormally rapid rate, a
semantically related word may be produced in
error. B.R.B.’s semantic repetition errors in both
languages, as well as the effects of imageability,
word class, and lexicality on repetition and his
severely reduced digit span performance in
Turkish and English, can be explained as a conse-
quence of abnormally rapid phonological decay—
that is, the speed that activation of any unit in
the network returns to its resting level.

The Martin et al. (1994) account of deep dys-
phasia can also explain some of the effects that
we observed in the experimental investigations.
The PD hypothesis can explain imageability
effects on repetition in Experiment 1 because
low-imageability nouns receive less support than
high-imageability nouns as a consequence of
pathological phonological decay. Rapid phonolo-
gical decay also explains the effects of task in
Experiment 2 whereby oral reading in Turkish
and English was better than repetition and
writing to dictation with the same lexical items.
This is because both repetition and writing to dic-
tation require feedback from phonological units,
whereas oral reading requires no feedback,
instead affording direct activation of phonology
and thus compensating for rapid phonological
decay (Tree et al., 2001). Rapid phonological

decay can also explain the effects of presentation



modality and word class on B.R.B.’s translation in
both directions. This is because (a) translation from
spoken words requires feedback from phonological
units, whereas translation from print does not
require feedback from phonological units, and (b)
verbs and verbal nouns are longer than nouns and
hence are more vulnerable to phonological decay.

The Martin et al. (1994) account of deep dys-
phasia is based on an early variant of a two-step
theory of lexical access in speech production
(Dell, 1986; Dell, Martin, & Schwartz, 2007).
The key feature of this theory for explaining
lexical access in patients with aphasia (including
deep dysphasia) is the assumption that word
retrieval and phonological retrieval are distinct
steps that operate in a serial order but do not
depend on separate modules. In all models that
are based on this theory, word retrieval is achieved
through interactive and bidirectional spreading of
activation through the phonological—lexical—
semantic network. Therefore, information that is
relevant for word access—for example, imageabil-
ity, word class, and potentially language status—
can influence phonological retrieval.

Martin et al. (1994) made specific adaptations to
the two-step model to explain the performance of
their patient N.C. Their account assumes that the
first step in repetition is the activation of phoneme
units, which spreads throughout the model until
activated words are selected. Semantic errors occur
during the recognition step and are promoted by a
decay lesion—that is, rapid phonological decay
leads to semantic errors during that step. A decay
lesion promotes semantic errors in word recognition
because the initially activated units in the phoneme
and word layers have decayed relatively quickly and
more than the later activated semantic units. In
other words the model “remembers” the meaning
of a word it must repeat better than the form of
the word leading to semantic repetition errors
(Dell et al., 2007).

The assumption that rapid phonological decay
is necessary to explain performance in deep dys-
phasia has been questioned, however, by a
recent implementation of the two-step theory
reported by Dell et al. (2007) and depicted in

Figure 3. Their implementation of repetition
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allows lexical and semantic properties to impact
on performance. Activation in the network
spreads in all directions, allowing the semantic
properties of words to impact on phonological
retrieval with the most active phoneme units
selected to complete the process of word retrieval.
Word retrieval also depends on strength of con-
nections in the semantic weights whereas phono-
logical retrieval depends on the selected word
unit being given a jolt of activation via phonolo-
gical weights. These assumptions were supported
in tests of the model, against data from monolin-
gual aphasic patients reported by Dell et al
(2007). Of interest to our question about phono-
logical decay in bilingual deep dysphasia, simu-
lations with reductions to independent sets of
connection parameters (semantic and phonologi-
cal weights) explain more of the monolingual
data than do simulations using phonological
decay.

The modelling of Dell et al. (2007) contrasts
with that of Martin et al. (1994) in a number of
ways, making the assumption that semantic rep-
etition errors arise in the first step of the two-
step framework open to question. First, in the
modelling of repetition errors, Dell et al. (2007)
assumed that word retrieval in deep dysphasia is
intact—the perfect recognition assumption.
Second, repetition errors are assumed to occur
during phonological retrieval so making repetition
independent of word retrieval. Finally, phonologi-
cal decay, although it is possible, is not necessary to
explain repetition performance. The framework in
Figure 3 has the potential to explain B.R.B.’s per-
formance because he could recognize most words,
thus conforming to the perfect recognition
assumption. Also, his poor performance on
writing to dictation, picture naming, and trans-
lation could be due to phonological retrieval pro-
blems. The model explains the effects of
imageability on repetition because activation in
the model flows up to semantics and back down
to the phoneme level, thus allowing greater rep-
etition accuracy for concrete, high-imageability
words and effects of word class on repetition
because verbs and derived nouns are longer,
abstract, less frequent, or lower in imageability.
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Semantic features

Figure 3. Structure of the interactive two step model. From ‘A Case-Series Test of the Interactive Two-Step Model of Lexical Access:
Predicting Word Repetition from Picture Naming”, by G. 8. Dell, N. Martin, and M. F. Schwartz, 2007, Journal of Memory and
Language, 56. Copyright 2007 by the Name of Copyright Holder. Adapted with permission.

As repetition errors are assumed to occur in pho-
nological retrieval, the model also explains why
B.R.B. was unable to repeat spoken words that
he knew premorbidly on translation tasks—that
is, knowing words has no effect on repetition per-
formance. It is not clear, however, how the two-
step model would explain semantic repetition
errors in both languages, effects of task (see also
patient P.W. reported by Tree et al., 2001), or
the effects of presentation modality on trans-
lation.® According to Dell et al. (2007) strong
semantic weights cause semantic errors if phonolo-
gical weights are low. Severe damage to phonolo-
gical units may impact more on tasks using
bidirectional phonological activation (spoken-
word repetition and translation). If that is correct
then the two-step framework could accommodate
B.R.B.s performance.”

The two-step theory makes no assumptions
about bilingual language processing, and so it
can offer no explanation of the effects of
language status. However, the two-step theory
does assume parameters that can be adapted to
simulate these effects. Interactive activation
models of bilingual language processing, such
as the BIA + model of Dijkstra and colleagues
(Dijkstra & van Heuven, 2002), assume an inte-
grated lexicon for L1 and L2 with a language
nonselective access mechanism in recognition.
At the word level, all words inhibit each other,
irrespective of their status. However, effects of
status on performance are simulated in the
model via differential weighted connections
between the units representing words in L1
and L2. This contrasts with a modular view of
L1 and L2 assumed in some other models of

©We note that the two-step model has not yet been tested against monolingual-patient data with tasks using written-word input,

and so this question is largely moot.

7 We cannot exclude the possibility that word recognition in English and Turkish was less than perfect, which would allow

semantic errors to arise in the first step of the model.
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bilingual language processing (for more detailed
discussion see Kroll & Dijkstra, 2002).8

The two-step theory assumes weighted connec-
tions between units in an interactive network. It
should therefore be straightforward to incorporate
lexical representations for L1 and L2 words with
weaker connection weights between L2 words
and phonological units. Given the results reported
here, a better alternative may be to assume greater
decay between phonological units, semantic units,
and L2 words. Either approach would locate
effects of language status on performance at the
level of phonological processing (retrieval or
decay). Some points to note from our results are
that if picture naming requires feedback in the
network (as assumed by Dell et al., 2007), then
effects of language status may be independent of
feedback. This is because we observed no effect
of language status on picture naming—in fact
the trend was towards the opposite direction.
Dell et al. (2007) assume that poor picture
naming but not repetition reflects impaired word
retrieval—that is, a process in which meaning is
mapped to a holistic lexical item. However, it is
not clear how computational models would
instantiate all these constraints in simulations of
performance in bilingual deep dysphasia.

The BIA + model assumes that written-word
input in either language automatically activates
words in each language, thus allowing the proper-
ties of one language to impact on the oral-reading
performance in the other (see Jared & Kroll,
2001). We found evidence of nonselective
language access from print. B.R.B. produced
cross-linguistic errors on written-word translation
and homophone definition in L.2. Cross-linguistic
errors could arise at many points in the model—
that is, orthographic input, semantics, mappings
between semantics and phonological output, or
output itself. We can exclude orthographic input
as the origin as we observed cross-linguistic
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errors in spoken-word translation. By contrast,
B.R.B. produced within-language regularization
errors in English, suggesting selectivity in L2
oral reading, and within-language semantic
errors in repetition and writing to dictation.’

A preference for within-language over cross-
linguistic errors in repetition could be simulated
in a two-step model by assuming selectivity in
phonological retrieval (see Costa, Miozzo, &
Caramazza, 1999). It is more challenging for the
model to explain B.R.B.s cross-linguistic errors
in L1 picture naming. In bilingual speakers,
picture naming requires word retrieval from
among competing responses whereas word rep-
etition does not. Translation and homophone defi-
nition in L2 also require target word retrieval.
B.R.B.s cross-linguistic errors were common to
tasks that require word retrieval. Therefore, these
errors could be located in the first step of a two-
step model. We note also that cross-linguistic
errors were common if target word retrieval was
difficult—for example, translation of verbs and
verbal nouns from L1 to L2 (where performance
was near to floor). Finally, given that the observed
effects of language status were limited to repetition
and writing to dictation, and were not observed in
picture naming, we would locate these effects in
the second step of the model, reflecting either
the failure to retrieve phonology or abnormally
rapid phonological decay.

Why is B.R.B’s oral reading of irregularly
spelled English words also impaired? B.R.B. pre-
sented with surface dyslexia in English and deep
dysgraphia in English and Turkish. One interpret-
ation of surface dyslexia comes from dual-route
models of reading (Coltheart et al., 2001). These
models assume that lexical routes for oral reading
are damaged in surface dyslexia causing impaired
oral reading of irregular words and poor homo-
phone definition. One puzzle is why deep dyspha-
sic patients are also deep dysgraphic and not

8 The revised hierarchical model of Kroll and Stewart (1994) is a developmental model of second-language acquisition although it
has been applied to explaining translation performance. We assumed that B.R.B. had developed language skills in English to a pro-

ficient level premorbidly. Therefore the model is not relevant to explaining B.R.B.’s normal or impaired performance.
¥ Within-language errors are reported in other cases of acquired dyslexia in bilingual speakers (Beaton & Davies, 2007; Weekes,
Su, Yin, & Zhang, 2007) and is evidence of language selectivity in oral reading.
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surface dysgraphic when writing (see also Majerus
et al., 2001; Tree et al., 2001). Dual-route models
can explain the coincidence of deep dysgraphia and
surface dyslexia because damage can exert effects of
regularity and lexicality at multiple loci (see also
patient B.B. reported by Gerhand, McCafter, &
Barry, 2000). B.R.B.’s poor oral reading of irregu-
lar words could therefore result from impairment
to lexical routes for oral reading in English and
impaired writing of words and nonwords from a
damaged nonlexical pathway for writing Turkish
and English words.

An alternative account of surface dyslexia
comes from interactive activation (IA) models
of lexical processing (Plaut, McClelland,
Seidenberg, & Patterson, 1996). Crucially, these
models assume that surface dyslexia/dysgraphia
results from damage to the semantic system
(Graham, Patterson, & Hodges, 1997, 2000;
Patterson & Hodges, 1992; Woollams, Lambon
Ralph, Plaut, & Patterson, 2007) or to an inability
to access phonological information from semantics
(Watt, Jokel, & Behrmann, 1997; Weekes &
Robinson, 1997). As B.R.B. has difficulty acces-
sing phonological information from meaning,
poor oral reading of irregular words may result
from lack of activation at this level. Errors may
be more likely in English because phonological
retrieval is more difficult in L2. We note here
that B.R.B. could access phonological information
in Turkish from printed English on written-word
translation tasks.

In our view IA models of reading do not easily
accommodate a correlation between surface dys-
lexia in L2 and preserved retrieval of phonology
from semantics in L1 or the coincidence of deep
dysgraphia and surface dyslexia. According to
these models, semantic paragraphias and impaired
nonword writing result from an inability to use
direct mappings between phonology and orthogra-
phy. As these mappings are impaired in deep
dysgraphia, writing proceeds via semantic
representations—generating semantic paragraphias.

However, use of the semantic pathway should pre-
clude surface dyslexia in IA models, as they assume
that the semantic pathway must be impaired for
surface dyslexic errors to occur. Therefore, the
oral reading and writing of patients with deep dys-
phasia, including monolingual English and French
speakers, are a challenge for IA models to
explalin.10

We argued above that B.R.B.’s problems with
spoken-word translation and the effects of word
class on translation (and repetition) result from
phonological decay. Phonological retrieval pro-
blems might also produce these effects, however.
Most verbs in English stress the final syllable,
and patients with monolingual dysphasia tend to
repeat stress-initial words (nouns) better than
stress-final words (Nickels, 1997). Although
stress is not instantiated in the two-step model,
final-stress words do require more processing
(Mattys & Samuel, 2000), making verbs poten-
tially more vulnerable to decay. Translation of
abstract words could be more difficult than con-
crete words because if the semantic features of
words are based on perceptual categories these
may be more similar across languages—at least
according to the distributed feature model of
translation proposed by De Groot (1992). As we
did not control items in Experiments 3 and 4 for
word frequency, imageability, or the number of
translation equivalents (see Tokowicz, Kroll, De
Groot, & Van Hell, 2002), we cannot draw any
firm conclusions about the locus of word class
effects on B.R.B.’s performance.

In sum our data show that lexical status has an
impact on language processing in deep dysphasia.
A two-step framework might simulate this effect
by assuming that connection strengths between
semantic representations and word forms are
weaker in L2 than in L1. Given the effects of
task and presentation modality on B.R.B.’s per-
formance, our preferred view is that rapid decay
of phonological representations has more impact

on L2 than on L1 in bilingual deep dysphasia.

19 Cross-linguistic errors during the oral reading of irregular words are not necessary if a lexical reading route for reading in
English is damaged but could follow damage to a semantic reading pathway in bilingual speakers (see Raman & Weekes, 2005a).
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The effect of language status that we have ident-
ified can only be explained in the two-step model
by simulating the effects reported. This approach
of fitting case data to computational models
enhances the explanatory power of the two-step
theory (see also Ruml, Caramazza, Shelton, &
Chialant, 2000). Our finding that language
status has an impact on performance in bilingual
aphasia has implications for the rehabilitation of
bilingual speakers with aphasia (Edmonds &
Kiran, 2006; Kiran & Edmonds, 2004; Roberts
& Deslauriers, 1999; Roberts & Le Dorze,
1998). Language type may constrain the pattern
of symptoms that are observed in bilingual
aphasia (Paradis, 1977, 2001). However, this
observation has limited utility in cognitive neurop-
sychology (for a similar conclusion see Beaton &

Davies, 2007).
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APPENDIX A

Stimuli used in Experiment 3

BILINGUAL DEEP DYSPHASIA

Note errors depicted in bold: nr = no response; sem = semantic error; phono = phonological; nw =

nonword; un = unrelated error.

Nouns with translations

Spoken translation

Written translation

aday candidate
anne mother
agag tree

ates fire

ayakkab1 shoe
ayna mirror
bahge garden
balik fish

balkon balcony
bardak g/ass
bebek baby/ doll
cocuk child

cigek flower
defter excercise book
deniz sea

doktor doctor
diinya earth/world
ekmek bread
erkek male/man
gazete newspaper
gece night

giysi clothes
glines sun

haber news
insan human
kitap book
kardes drother
okul school

para money
sabah morning
sigara cigarette
tarak comb
toplum community
yatak bed

nr
mother
tree

burn sem
shoe
mirror
garden
fish
balcony
Jug sem
baby
child
flower
homework sem
sea
doctor
globe
bread
male

nr

night

nr

sun

nr
men/human
nr

nr

nr
money
dawn sem
cigarette
brush sem
nr

bed

21/34 correct
nr = 8; Sem =5; un =0

candidate
mother
tree

burn sem
shoe
mirror
garden
fish
balcony
glass
baby
child
flower
copybook
sea
doctor
globe
bread
male
gazette
night
clothes
sun

new
human
book
brother
school
money
morning
cigarette
brush sem
people
bed
31/34 correct

nr=0;sem =2;un =1
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Verbs with translations

Spoken translation

Written translation

asmak fo hang

acmak to open

akmak to flow

atmak zo throw

aldatmak zo commit adultery/to cheat

anmak zo remember

bigmek zo reap

bolmek fo divide

basmak zo step/to print

bilmek #o know

bognak zo drown

carpmak to strike to | collide with |
to multiply

¢izmek fo draw

dévmek zo beat

dolmak ta fill

delmek zo pierce

dogmak 7o be born

ezmek to crash

esmek fo scratch the surface

geemek #o pass

gezmek to stroll

gitmek 7o go

giilmek 7o laugh

haglamak 7o boil

inmek fo decend

kirmak 7o break

kazmak to dig

olmak zo be

parlamak #o shine

satmak zo sell

sermek zo spread

tatmak fo faste

tasmak o overflow

yakmak 7o burn

hang
long
nr

nr
width
nr
harvest sem
nr

nr

nr

nr

nr

line sem
nr

Sfind

hole sem
nr

nr

equal phono
nr

nr

nr

smile sem
nr

nr

hard sem
nr

nr

bright sem
sale sem
nr

nr

nr

nr

1/34 correct

nr = 22; sem = 7; phono = 1; un = 3

hang

open
current sem
throw

lie sem
remember
harvest sem
separate
press

know
choke sem
multiply

line sem
beat

nr

hole sem
create sem
crash
equal phono
pass
picnic sem
go

smile sem
nr

inside
break
dug

be

shine

sale sem
nr

taste

carry
burn

18/34 correct

nr = 3; sem = 10; phono = 1; un = 2
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Derived nouns with translations

Spoken translation L1 > L2

Written translation L1 > L2

aslna hanging

agma opening

akma flowing

atma throwing
aldatma adultery
anma memorial
bigme reaping

bélme division
basma printed cloth
bilme 4nowing
bogma suffocating
carpma multiplication
gizme drawing, boots
dévme beating, tatoo
dolma filling, dolmades
delme piercing
dogma bireh

ezme crashing

esme digging

gecme passage, passing
gezme stoll

gitme going

glilme laughing
haglama boiled

inme c/imbing down,
kirma pleat, breaking
kazma digging, hoe
olma being

parlama shining
satma sale

serme spreading, hanging

tatma fasting
tagma overflow
yakma burning

hang sem
go

nr

nr

bad

in
inside
nr

nr

out

nr

nr

in

nr

nr

hole sem
nr

nr

nr

nr

nr

nr

smile sem
chance
nr
break sem
nr

nr

buy sem
nr

nr

nr

nr

sale

0/34 correct
nr =21; sem = 5; un =7

grape sem
open sem
current sem
throw sem
lie sem
memory/remember sem
scorriah trw
separate sem
nr

know sem
choke sem
multiply sem
line sem
beat sem

nr

nr

nr

crash sem
equal phono
pass sem
picnic sem
go sem
smile sem
inside

nr

break sem
dug sem

be sem
shine sem
buy sem

nr

taste sem
carry sem
burn sem

0/34 correct
nr = 6; sem = 25; phono =1
un = 1; nw =1
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APPENDIX B
B.R.B.’s translation performance with premorbidly available words

Note errors depicted in bold: nr = no response; sem = semantic error; un = unrelated error.

Item Written modality Spoken modality Irem Written modality Spoken modality
june haziran nr base temel nr
sir efendi nr hold tut nr
shall cek or with ile dar narrow
said soyledi diinya earth greek elen rumca
come gel nr well iy nr
your sen you sem nr chief bas yiiksek high
post posta nr that su bilmek 0 know
have dir sanmak fo guess it o uzun long
born dogmak nr has dir sapka hat
can cak will sem kum sand to e keza also/too
read okumak kainat universe until teki i¢in because
speak konugmak konusma speech sern am benim nr
last son nr very ¢ok takriben
years seneler kedi cat for i¢in nr
dear pahali nese joy of i nr
clerk katibe is work sem the — —yeni new
feel his fayda use at ile yiiz hundred
mayor reis posta post my ben nr
house evler arkadas friend also keza bazan sometimes sem
vouch makbuz nr from de postposition sem nr
please liitfen liitfen find bul nr
Written modality Spoken modality
39/42 correct 2/42 correct
nr = 0; sem = 3; un =0 nr = 18; sem = 3; mi = 19
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