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Abstract
Objective: To determine whether phonological multimodal therapy can improve naming and communication in a patient
showing a lexical phonological naming disorder. This study employed oral and written learning tasks, using an error
reduction procedure.
Methods: A single-case design computer-assisted treatment was used with a 52 year-old woman with fluent aphasia
consecutive to a cerebral infarction. The cognitive analysis of her word retrieval disorder exhibited a phonological encoding
dysfunction. Thus, a phonological procedure was designed addressing the output phonological lexicon using computer
analysis of spoken and written words. The effects were tested for trained words, generalization to untrained words,
maintenance and specificity. Transfer of improvement to daily life was also assessed.
Outcomes and results: After therapy, the verbal naming of both trained and untrained words was improved at p< 0.001. The
improvement was still maintained after 3 months without therapy. This treatment was specific since the word dictation task
did not change. Communication in daily life was improved at p< 0.05.
Conclusions: This study of a patient with word retrieval disorder due to phonological encoding dysfunction demonstrated the
effectiveness of a phonological and multimodal therapeutic treatment.
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Introduction

Naming comprises the ability of a speaker to
produce either verbally or in writing the name of
an object, a drawing, a picture or a sound. Naming is
commonly analysed through a computational model
of speech production within a two-step model of
lexical access [1, 2], a semantic step and a
phonological step. Naming requires an activation of
the target word’s semantic features from the mental
lexicon which enables word retrieval and, following
this step, the phonological form of the word is
retrieved by the process of phonological encoding,
with phonemes ordered in such a way that the word

may be articulated following a process of phonetic
encoding.

Patients with aphasia may have phonological
errors of speech production. Phonological errors
may be due to lexical retrieval difficulties due to a
failure of access to the phonological step. Omissions
of phonemes or substitutions by others in a word
may be due to phonological encoding disorders at
the phonological step and may appear as non-word
production in people with fluent aphasia.

Several therapeutic studies [3–5] have been
devoted to determine the most efficient facilitation
cues in naming therapy or to assess the maintenance
of the results over time. They have shown that it is
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possible to improve the overall output of words in
aphasic patients by using phonological tasks such as
repetition and rhyming or semantic tasks such as
picture naming, word and picture matching and
categorization [6–8]. Wisenburn and Mahoney [9]
performed a meta-analysis of 44 studies and
evaluated the efficacy of various approaches in
treatment of naming disorders, possible general-
ization of these treatments on untrained-unexposed
words and the maintenance of performance over
time. They concluded that semantic, phonological
and mixed therapies all showed benefits and that
semantic therapy seemed to obtain more general-
ization to unexposed words. Nickels [10] also
highlighted the advantage of semantic therapies for
generalization to untrained words in contrast with
phonological therapies for which this effect was less
marked or even absent. In addition, there is a direct
relationship between the nature of the word retrieval
difficulties and the nature of the efficient treatments
[11]. While semantic therapies are usually efficient
for patients suffering a semantic disorder, phonolo-
gical therapies are generally efficient for patients with
a phonological disorder. More precisely, semantic
and phonological therapies are effective for central
semantic deficits and phonological or mixed phono-
logical and semantic treatments are effective for
phonological encoding disorders [5, 6, 12–15].
However, the relationship between the nature of
impairment of word retrieval and its appropriate
treatment is widely debated [10, 16, 17].

Phonological therapies include phonological facil-
itation or tasks. Some studies [18, 19] have shown
that phonological facilitation has a short retention
time when used alone, from a few minutes to 24
hours. When used in combination with other tasks
(e.g. repetition, designation or any other semantic
processing), phonological facilitation may improve
naming for trained words with maintenance over
time and may allow generalization to untrained
words [20]. In a review of the various phonological
therapies [21], most studies are shown to have
involved patients with lexical retrieval difficulties,
mostly due to a failure of the access into the
phonological step.

These therapies differ depending on whether or
not they use cues and whether they use isolated or
combined cues. Phonological encoding disorders are
not very susceptible to spontaneous recovery [6] and
fairly resistant to facilitating cueing. Buttet-Sovilla
and Laganaro [6] claim that strategies used in the
treatment of phonological encoding disorders mostly
rely on the improvement of phonological encoding
(i.e. awareness of errors, knowledge of the phonolo-
gical composition of words, training of phonological
memory).

Ducarne de Ribaucourt [22] has developed
empirical therapies in an attempt to reorganize the
access to the phonological representations through
multimodal procedures. All forms of transcoding
were able to contribute to the strengthening of the
phonological pattern; although the written modality
(e.g. grapho-phonemic conversions) was used pre-
ferentially. The effectiveness of orthographic and
phonological cueing on picture naming was con-
firmed in a recent study [21]. Orthographic cues
(giving the patient the first written CV syllable)
improved performance in word-finding for seven out
of eight patients and this improvement was main-
tained 1 week post-therapy. This effectiveness of
orthographic cueing might be linked to the effort
made by the patient in order to find the word: using a
spelling cue and not only word repetition or reading
the word aloud [23] would, thus, result in a more
thoroughgoing treatment. Other studies with multi-
modal procedural naming therapy have confirmed
that written naming has a positive impact on oral
naming [3, 24–26]. The links between oral and
written modalities in therapeutic programmes have
also been described in recent articles [27, 28]. Beeson
et al. [29] had noticed that, during therapy of written
naming, patients spontaneously repeated the target-
word several times when writing under dictation and
that this improved their performance in verbal
naming. Based on these clinical observations, they
incorporated the treatment of oral naming their Copy
and Recall Treatment (CART) Protocol, a written
naming therapy [27]. In the CART Protocol, the
patient is first asked to reconstitute the word using
mobile letters, to spell it, then to copy it and finally to
write it correctly three times. Beeson et al. modified
the CART procedure by adding verbal repetition of
trained words. This ‘CARTþRepetition’ procedure
constitutes a multimodal naming therapy which
incorporates a verbal modality (repetition) in a
protocol aimed at stimulating the written modality,
therefore combining stimulation of both written and
verbal modalities. Beeson et al. compared two
therapies: the ‘CARTþRepetition’ procedure and a
verbal repetition procedure, which did not include
any orthographic training. The ‘CARTþRepetition’
procedure induced a significant improvement in
written naming. A significant improvement in
verbal naming was also occasionally observed when
the patient had correct residual phonological abil-
ities. This demonstrated that there is a reinforcement
link between phonology and orthography. Wright
et al. [28] used the ‘CARTþRepetition’ [27], in
order to study the impact of cued written naming on
verbal naming in two patients. The treatment
involved a written cueing hierarchy procedure, with
verbal and written naming of a picture. The patient
was asked to produce the word and then to write it. If
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spoken naming was successful but written naming
was unsuccessful, the patient was asked first to copy
the target word 3-times, then to write and verbally
state the word from memory 3-times. If the verbal
production was incorrect or absent, the patient was
asked to write the word. Only when the word
was correctly written was the next word presented.
Although the two participants in this study demon-
strated an improvement in their verbal naming
abilities for the targeted items, they responded
differently to the treatment. The first patient main-
tained verbal naming gains 4 weeks after therapy and
improved naming to untrained items, while the other
patient did not maintain his performance and showed
no generalization to untrained items. Wright et al.
[28] hypothesizes that this difference can be partially
explained by the fact that, in the first and not in
the second participant, the graphemic output
link between the semantic system and the ortho-
graphic output lexicon was defective [28]. All these
results strongly suggest that treatment in one output
modality can improve performance in another.

According to Kiran et al. [30], training grapheme-
phoneme conversions could improve verbal and
written naming as well as writing to dictation,
while providing a generalization effect to untrained
items [30]. Training phoneme to grapheme conver-
sion by writing to dictation would improve perfor-
mance in verbal and written naming [31]. Based on
these results, Kiran et al. proposed a modified

version of a lexical model [32] (Figure 1) by
adding a bi-directional connection between the
phonological output lexicon and the orthographic
output lexicon. They hypothesized that training sub-
lexical conversions could efficiently improve written
and verbal naming and therefore proposed to treat
verbal and written output modalities simultaneously
rather than successively in naming therapies; the
method they developed was more efficient in
improving lexical deficits than the standard ther-
apeutic programmes, which only targeted one output
modality at a time.

Besides addressing different aspects of lexical
processing, different learning approaches are also
used in therapies for anomia. Learning approaches
can be thought of as involving two factors: (i) the
error rate that is the scope left to the patient to
produce errors and (ii) the effort required of the
patient to produce the correct answer. As far as error
rate is concerned, the various learning approaches
are classified as follows: errorless learning, error
reduction learning and errorful learning. Errorless
learning is an approach using descending cueing
hierarchies in a task to prevent errors. Errorful
learning uses ascending cueing hierarchies in tasks in
which errors are allowed and error-reducing learn-
ing, as an intermediate approach between errorless
learning and errorful learning to reduce the potential
for error. The principle of error reduction learning is
to provide sufficient cues to inhibit errors. This is

Figure 1. Lexical model according to Kiran [31] adapted from Ellis and Young [32]. Graphemic representations for written words are
predicted to be available during written naming tasks. Kiran claimed a bidirectional connection between written and oral naming to
facilitate improved oral naming of items.

622 A. Weill-Chounlamountry et al.



supposed to avoid the patient learning his own
mistakes. Cues are then provided according to the
vanishing cues technique in order to make the task
less artificial and introduce effort [33]. The efficacy
of errorless learning was first described in amnesic
patients [34] and more recently several studies have
endeavoured to compare different learning
approaches in aphasic patients [35, 36], in anomia
and in central auditory deficits [37, 38].

Most studies have reported positive outcomes
using errorless learning for word finding treatments
[35, 36, 39, 40]. They show equivalent improvement
for errorless and errorful strategies [40, 41] and also
equivalent maintenance for errorless and errorful
learning [36].

In the present study a patient with fluent aphasia
was used in a single-subject experimental therapeutic
procedure using a word retrieval therapy computer
program for aphasic adults, ‘Au Fil Des Mots’ [42].
This software suite offers three multimodal (oral and
written) procedures, each of them being specifically
designed for the rehabilitation of one of the following
word-finding difficulties: lexical semantic impair-
ments, anomia or lexical phonological impairments.
The learning approach relies on error reduction, the
software forbidding the visualization of errors in
written naming. It includes a library of 560 pictures,
which have been selected such that their character-
istics enable manipulation of word frequency and
length. The software is part of a complete aphasia
rehabilitation programme. It requires the presence of
a therapist, who must select and validate the
procedure to be used in the treatment of lexical
impairments, in particular the items on which to be
trained and the rate at which item difficulty
increases.

The objective was to determine whether a
phonological multimodal computerized therapy
involving both oral and written tasks, using error
reduction learning, may improve naming and com-
munication in a patient showing a lexical phonolo-
gical naming disorder. A single case design was used
in the context of clinical rehabilitation for a case of
aphasia. Effects were tested for trained words,
generalization to untrained words, maintenance,
transfer to daily life and specificity.

Patient and method

Clinical report

The patient, HA, is a 52 year old right-handed
French-speaking woman. She had received a low
level of education and worked as a cleaner. She had
suffered a cerebral infarct (Figure 2), which caused
fluent aphasia. An aphasia test [43] administered in
July 2007, 1 month after the stroke, showed that
HA’s spontaneous oral language was fluent but poor
in content. Her errors were primarily phonological;
phonological paraphasias (lavabo¼ /lavamo/) and
non-words (dent¼ /skaR/; vache¼ /froHi/;
marguerite¼ /kaRafUt/), with repeated attempts
(conduite d’approche) and these phonological errors
were across all modalities of naming, reading aloud
and repetition. There was a word length effect. Oral
comprehension was impaired with a marked length
effect. Written language was also an impaired
jargonagraphia with graphemic errors and neolo-
gisms. Reading was disturbed and the patient was
unable to read any sentence. Written comprehension
was relatively preserved. Her performance in audi-
tory comprehension tasks on single words (15/15)
and in written comprehension tasks (word picture

Figure 2. MRI: T2-weighted axial images revealed hyperintense signal and demonstrated an ischemic event located in the left temporo-
parietal lobes and insular region.
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matching) (25/25) was preserved, whereas her
performance in oral tasks such as picture naming
(1/20), word repetition (11/25) and oral reading
(7/25) revealed phonological errors. This preserva-
tion of comprehension (spoken and written) showed
retention of the conceptual knowledge in the mental
lexicon while spoken output was impaired, phono-
logical errors occurred on all output tasks and an
impairment was revealed of the phonological output
lexicon.

Thus, naming errors were mostly phonological,
such as phoneme omission or substitution in words
and non-words, this kind of error could be explained
by the impairment of phonological encoding dis-
orders at the phonological level. HA also exhibited a
repetition conduction aphasia, as described by
Shallice and Warrington [44] with a phonological
short-term memory deficit. Under the hypothesis
that word retrieval disorder might be explained by
the phonological encoding deficit resulting from a
disturbance of the output phonological lexicon, it
was decided to set up word retrieval therapy with
phonological analysis.

The experimental nature of the therapy was
explained to the patient who gave her informed
consent to participate.

Description of the therapy

A computer-assisted technique ‘Au fil des mots’ was
employed, with a phonological procedure addressing
the output phonological lexicon. This technique is
highly constrained, such that the patient is trained to
correctly verbalize through the written modality
using error reduction learning (Figure 3). The
patient writes the words on the computer keyboard.
During training, the target picture appears on the
screen, following which:

(1) The name of the picture appears under the
picture as a non-word, with jumbled letters.
The patient is then required to arrange the
letters in the correct order. This must be done
silently.

(2) When the graphemes are correctly ordered, the
computer emits each grapheme, each syllable
and eventually the whole word. The patient
must repeat each grapheme and syllable pro-
duced by the computer, and then verbalize the
whole word. (for example: /b//a/-/ba/-/l//"/-/
l"/-/bal"/)

(3) The patient is asked to copy the word and
simultaneously pronounce each letter, syllable
and then the whole word.

Figure 3. ‘Au fil des mots’ screen shots and instructions for each step of verbal naming training. (a) Place the letters of the target word in the
correct order while silent. (b) Spell the word while speaking out loud each letter, each syllable and then repeat the whole word. (c) Copy the
word while simultaneously spelling each letter aloud. (d) Copy the word after it has faded away and read it aloud. (e) Write the word.
(f) Speak the word.
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(4) The picture now appears on the screen in the
absence of the associated word. The patient is
then asked to type the word (delayed copy), to
simultaneously pronounce each letter, syllable
and then eventually to repeat the word.

(5) The patient is asked to write the name of the
picture as described above.

(6) Finally, the patient is asked to pronounce the
word.

HA failed to name 90 of 359 no-trained pictures
from ‘Au fil des mots’. The corresponding 90 words
were used in the baseline naming task. They were
divided into three sets for each treatment step (26
R1, 31 R2 and 33 R3).

A difficulty hierarchy was chosen based on a word
length criterion. The length of the trained words was
increased at each step of the rehabilitation pro-
gramme: initially, 26 disyllabic words were trained
(R1), then 31 trisyllabic words (R2) and eventually
words having over three syllables and compound
words were trained during R3 (33 multisyllabic
words). Each level of difficulty was attempted only
after the preceding one had been mastered.

Five words were trained in each session. In the
following training session, the therapist checked that
the patient could name the five trained pictures both
orally and writing. Successfully trained items were
then listed as acquired words and were not trained
anymore. The failed words were trained again. New
words were added such that the patient has always to
process a set of five words.

The experimental design consisted of four phases:
three treatment phases, followed by a break of
2 months, during which no therapy or assessment
was carried out.

To assess the effect and the specificity of the
multimodal therapy, five assessments were per-
formed. A first assessment (FA) was performed
before the beginning of the therapy. Two assess-
ments took place during the therapy, after R1 (A1)
and after R2 (A2). Another assessment (A3) was
performed just after R3 at the end of therapy. Two
months later, a last assessment (LA) was performed
in order to assess the maintenance of the perfor-
mance level after therapy.

The main criterion was the number of successfully
named pictures. During the FA and the LA
assessments periods, selections of sub-tests or
cognitive assessments (see Table I) were adminis-
tered. Only the specific assessment of the 90 trained
words was conducted 5-times.

(1) The global effect of the therapy was assessed by
comparing LA to FA. Each step of difficulty was
also compared with every other. The therapeu-
tic improvement was assessed by comparing
each step of difficulty in word length.

(2) The long-term maintenance of the therapy on
the 90 trained words was assessed by comparing
LA to A3. The stability in naming performance
was assessed in DO 80. The set of the 69 words
from DO 80 contains 31 monosyllabic words,
26 disyllabic words, nine trisyllabic words and
three multisyllabic and compound words. To
assess the stability of performance in naming in
relation to length, a comparison was performed
at LA and FA for two sets: the first set contained
the 31 monosyllabic words and the second set
contained the other lengths which were trained
during the therapy.

(3) The generalization to untrained words was
assessed using the DO 80 [45] oral

Table I. Dictation task, ECVB and number of failed and successful picture naming with di, tri and multisyllabic words at each assessment.

FA A1 A2 A3 LA

Di Tri Multi Total Di Tri Multi Total Di Tri Multi Total Di Tri Multi Total Di Tri Multi Total

Naming task ‘Au fil des

mots’ 90 trained
words

26 31 33 90 26 31 33 90 26 31 33 90 26 31 33 90 26 31 33 90

Successful naming 0 0 0 0 24 14 9 47 22 27 16 65 24 27 22 73 23 28 24 75
Naming task (DO-80)

69 untrained words
successful naming

51 64

Dictation task 25
untrained words
successful writing

9 12

ECVB score (/102) 54 74

FA, first assessment, performed 1 month before the start of the therapy; A1, assessments after training for disyllabic words (R1); A2,
assessments after training for trisyllabic words (R2); A3, assessments after training for multisyllabic and compound words (R3); LA, last
assessment, 2 months later. The dictation task is taken from Ducarne de Ribaucourt’s [43] Aphasia Test; ECVB, Echelle de
communication verbale de Bordeaux [46]. Significant scores on the McNemar change test are shown in italics.
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picture-naming test which did not present
matched sets of nouns in terms of imageability
or frequencies. This test provides a set of 80
black and white pictures, out of which 11
corresponded to words already trained in the
computer therapy. The remaining 69 pictures
were used to test the generalization of naming
performance to untrained words.

(4) Communication in daily life was assessed using
the ‘Echelle de Communication Verbale de

Bordeaux’ (Bordeaux Verbal Communication
Scale) [46]. This scale is a communication
impairment evaluation scale which aims to
identify the daily-life situations in which apha-
sics suffer the most difficulty. It includes 34
items in a semi-directed interview. The topics
include expressing one’s needs, intents and
projects, talking with relatives and strangers
and functional communication.

(5) The specificity of the rehabilitation was assessed
by administering the word dictation test from
the Aphasia Examination [43]. The hypothesis

was that HA’s performance for this dictation
test should not improve.

(6) The specific assessment of the 90 trained words
was conducted 5-times. DO 80, dictation and
disability in daily life were only assessed before
(FA) and after (LA) therapy.

We compared the proportion of failed and trained
words at different stages of the therapy.

The McNemar change test was conducted to test
for significance. The significance level was set at
p< 0.05. The experimental therapy began 10
months after the neurological event and was carried
out 3-times a week.

Results (Tables I and II)

Effect of the therapy on the 90 trained picture naming

words (Figure 4)

The performance improvement in the 90 trained
words naming task immediately following the last

Figure 4. Picture-naming score for the 90 trained words for each assessment. FA, first assessment performed before the beginning of the
therapy; A1 & A2, assessments during the therapy, after R1 (A1) and after R2 (A2); A3, assessment just after R3 at the end of therapy; LA,
assessment 2 months after the end of therapy.

Table II. Statistical analysis (McNemar change test) of naming improvement for the 90 trained words (programme ‘Au fil des mots’)
between FA and LA. The rehabilitation programme contained three steps: 26 bisyllabic words were trained (R1), 31 trisyllabic words (R2)
and eventually words having over three syllables and compound words were trained during R3 (33 multisyllabic words). The assessments
after each step were A1 (R1), A2 (R2) and A3 (R3).

90 words Disyllabic Trisyllabic Multisyllabic

�2 p �2 p �2 p �2 p

FA/LA (Overall effect) 73.01 <0.001 21.04 <0.001 26.04 <0.001 22.04 <0.001
FA/A3 72.01 <0.001 23.04 <0.001 25.04 <0.001 20.05 <0.001
FA/A1 (R1) 45.02 <0.001 22.04 <0.001 12.07 <0.001 7.11 0.007
A1/A2 (R2) 11.17 <0.001 0.50 0.47 10.56 <0.001 3.27 0.07
A2/A3 (R3) 2.45 0.11 0 1 0 1 2.76 0.09
A3/LA (Maintenance) 0.05 0.83 0 1 0 1 0.07 0.78
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therapy (R3) was FA¼ 0% (0), A3¼ 81 % (73) (�2

(1, n¼ 90)¼ 72.01, p< 0.001). Furthermore, the
performance improvement was also significant 2
months after therapy, FA¼ 0 % (0), LA¼83 % (75)
(�2 (1, n¼ 90)¼ 73.3, p< 0.001). Improvement was
also significant when the first assessment before
therapy was compared to the second assessment at
the end of the first step of the therapy (R1), FA¼ 0%
(0), A1¼ 52% (47) (�2 (1, n¼ 90)¼45.02,
p< 0.001) and at the third assessment at the end
of the second step of therapy (R2), FA¼ 0% (0),
A2¼ 75% (65) (�2 (1, n¼90)¼ 63.02, p<0.001).

Improvement during picture naming with words of

increasing length (Figure 5)

HA’s performance for disyllabic and trisyllabic
words improved after the corresponding category
had been specifically trained. Comparing FA and A1
shows that results for disyllabic words improved
significantly at the end of the training of disyllabic
words (R1) (�2 (1, n¼ 26)¼ 22.04, p< 0.001). This
comparison also shows that results for trisyllabic
words significantly improved (�2 (1, n¼ 31)¼ 12.07,
p< 0.001). More trisyllabic words were retrieved
after specific training (R2) (A1–A2, �2 (1, n¼31)¼
10.56, p¼ 0.001). Again, it is noticeable that the
scores for multisyllabic and compound words also
increased significantly when comparing FA to A1
(�2 (1, n¼33)¼ 7.11, p¼ .007). Training multi-
syllabic and compound words did not significantly
increase the scores for these words (R3: A2–A3,
�2 (1, n¼33)¼ 2.76, p¼0.09).

Maintenance of the therapy

Improvement was maintained after 2 months with-
out therapy (A3-LA, �2 (1, n¼90)¼ 0.05, p¼ 0.83).

At FA, the patient scored 27/31 for the first set of
DO 80 (monosyllabic untrained words in the
therapy) and scored 29/31 at LA. The difference
was not statistically significant (�2 (1, n¼ 31)¼ 0.5,
p¼ 0.479) and revealed no modification in naming
performance. For the second set of DO 80 (other
lengths trained in therapy), HA scored 24/38 at FA
and scored 35/38 at LA. This improvement was
statistically significant (�2 (1, n¼ 38)¼ 7.69,
p< 0.005).

Generalization to untrained words

For the 69 words from DO 80 which had not
been trained, the improvement between FA and LA
was statistically significant (�2 (1, n¼ 69)¼ 9.6,
p¼ 0.005).

Transfer to communication in daily life

At FA, the patient scored at the ECVB 52%
(54/102) and at LA she scored 72% (74/102). This
20-point improvement is statistically significant
(�2 (1, n¼102)¼ 12.07, p< 0.05). In addition,
HA was said to be less embarrassed in expressing
her intentions and telephoning an unknown person.
She also initiated conversations with both her family
and with unknown people.

Specificity

Performance in the word dictation task which was
not addressed by the naming therapy was unmodi-
fied (�2 (1, n¼ 25)¼0.25, p¼ 0.617).

Discussion

The present computer-assisted phonological
therapeutic procedure significantly improved

Figure 5. Picture naming scores depending on difficulty due to word length (R1, disyllabic words; R2, trisyllabic words; R3, multisyllabic
words) for each assessment.
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spoken naming. Comparing the scores for the
trained words showed a statistically significant
improvement of naming performance after therapy.
This improvement was not limited to the trained
words, but was also significant for untrained words.
Scores for tri, multisyllabic and compound words
showed significant improvement after the training of
disyllabic words. This improvement was also found
in verbal communication during daily life activities.
The improvement of trained words, the general-
ization to untrained words, the maintenance of the
improvement and transfer to daily life activity
demonstrates the effect of this therapy and its
relevance for patients with phonological encoding
disorder in spoken naming.

It is very unlikely that these improvements could
be explained by spontaneous recovery, since therapy
began 10 months after the initial stroke. Moreover,
the dictation task used as a control task did not show
any improvement.

The literature provides evidence that phonological
encoding naming disorders may be improved
by phonological procedures. Most of these
therapies were based on Beeson and Egnor’s
CARTþRepetition therapy. Similarly to the present
study, the studies by Beeson and Egnor’s [27],
Wright et al. [28] and Buttet-Sovilla and Laganaro
[15] included patients with cerebrovascular disease,
all of whom showed fluent aphasia. The severity of
aphasia and the severity of spoken naming impair-
ment are similar in these studies and in the present
study. If one considers the five patients included in
these three studies, it is noticeable that, while the
therapies proved efficient for trained words in all five
patients, only three of the patients described
exhibited generalization to untrained words and
maintenance and that none of these studies
addressed the patients’ performance in daily life.

This therapy is close to those of Beeson and Egnor
[27] and Wright et al. [28] (Table III), insofar as all of
them used both spoken and written treatment to

improve spoken naming. Beeson and Egnor [27]
performed a single-case study, the aim of which was
to improve naming by combining treatments for
written and spoken naming: ‘CARTþRepetition’
protocol. They postulate that strengthened ortho-
graphic representation provided additional support to
access phonology, which was the intended effect of
treatment. However, the therapy described in the
present paper differs in several aspects from Beeson &
Egnor and Wright et al.’s therapies. These differences
might explain why we, and not Beeson and Egnor,
were able to find a generalization to untrained words.
In fact, the training and the learning approaches were
different on three points: (1) The timing of oral or
written production; (2) Length hierarchy; and (3)
Error-full or error-less learning.

(1) The timing of oral or written production

In Beeson and Egnor’s [27] therapy, the repetition of
the whole word is the very first step of the therapy. In
this therapy, in a first written step, the patient is
asked to silently arrange the letters of the target word
in the correct order and, in a second verbal step, the
patient is asked to repeat letters, syllables and
eventually the whole word after they have been
generated by the computer using written cueing.
During all the steps of the computer assisted-therapy
‘Au fil des mots’, the patient is requested to verbally
produce the target word only during the written step.
By presenting a written model, one expects to avoid,
as far as possible, the patient making errors when
producing spoken words. In addition, it is consid-
ered that presenting both the written and verbal
forms of the word could channel the process needed
to perform the right answer. This is in accordance
with Buttet-Sovilla and Laganaro [15], who claim
that metaphonological tasks may improve phonolo-
gical encoding disorder. These authors report that
naming therapies which require the patient to carry
out phonological tasks have a fairly good

Table III. Comparison of this study with those of Beeson and Egnor [27] and Wright et al. [28].

Beeson and Egnor [27]
Wright et al. [28]

HA
NEM P1 P2

Age 60 76 76 52
Delay post-onset 20 months 14 months 12 months 10 months
Aphasia Fluent/conduction Fluent Fluent Fluent/conduction
Duration of therapy 10 weeks unknown unknown 16 weeks
Number of sessions unknown unknown unknown 21
Number of trained words 40 30 30 90
Effect on trained words þ þ þ þ

Generalization to untrained words � � � þ

Maintenance � 6 weeks �4 weeks �4 weeks þ8 weeks
Daily life improvement NA NA NA þ
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generalization effect, whereas classical isolated pho-
nological tasks, which do not require the patient to
carry out other tasks on the target word, do not.
Like Buttet-Sovilla and Laganaro’s [15] patient
LM, HA benefitted from a phonological procedural
therapy pairing various types of processing of
the target word. However, this procedure is not
comparable to that of Buttet-Sovilla and Laganaro,
insofar as these authors did not specifically train
naming.

(2) Length hierarchy

The procedure used a difficulty hierarchy based on
a length effect of words, whereas Beeson and Egnor
and Wright et al. therapies did not. The target
words included in ‘Au fil des mots’ are sorted by
numbers of syllables (monosyllabic, disyllabic,
trisyllabic and multi-syllabic or compound words).
All series ordered by number of syllables improved
significantly after the first training (R1). HA
seemed to be receptive to the syllable length
effect, since after the second training (R2), trisyl-
labic series still improved significantly. This result
underlines the efficacy of a progressive rise of
words’ length in naming disorder treatments. This
efficacy has also been shown in a previous study on
specific rehabilitation of verbal working memory in
a case of conduction aphasia [47, 48].

(3) Errorful or errorless learning

The Beeson and Egnor [27] and Wright et al. [28]
therapies use an errorful learning procedure. In this
approach, the cue is proposed to facilitate the
patient’s production after he has failed the task,
while error reduction learning was used. At each
level of difficulty, cueing was first systematically
provided and then progressively faded out until, at
the end of the task, the subject was asked to perform
written and spoken naming without any cueing. This
protocol was purposely chosen in order to keep, as
far as possible, the patients from making errors. It is
true that there is currently no study able to conclude
which learning approach, errorful or errorless, would
be the most effective for the improvement of spoken
naming [49–52]. However, aphasics seem to prefer
errorless learning [36], at least in the acute phase of
their rehabilitation, i.e. during the first year after
stroke. This might be linked to the encouragement
brought by a correct response. However, over time,
opinions seem to differ depending on the severity of
anomia, with patients who suffer a persistent severe
aphasia maintaining their preference for errorless
learning However, patients showing good recovery
expect more improvement from errorful learning,
considering that making an effort to provide a name
might be positive and prompt them to continue the

therapy [21]. HA was no longer in the acute phase,
but her aphasia stayed severe and, therefore, error-
less learning seemed an appropriate technique.

The role of the quantitative aspects of therapy
should be considered. Indeed, Beeson and Egnor
[27] and Buttet-Sovilla and Laganaro [15] have
claimed that the treatment must be sufficiently
prolonged in order to obtain the generalization and
maintenance of naming improvement to untrained
words. Beeson and Egnor’s therapy was 16 weeks
long, while Buttet-Sovilla and Laganaro’s experi-
mental therapy lasted 6 months, as did this one.
However, in these two studies, nothing is known
about the number of sessions. The number of words
trained might be critical. The study by Snell et al.
[53] has shown that, when more words are given for
anomia therapy, more words are learned and this
appears to be true not only immediately after therapy
but also after a follow-up period. In this study, 90
words were trained, vs 30 and 50 words, respec-
tively, in the studies by Wright et al. [28] and Beeson
and Egnor [27].

The maintenance of performance between the
follow-up probes (2 months) was excellent. This
maintenance is in agreement with Miceli et al. [13]
and Hickin et al. [21] results. Hickin et al. [21], re-
evaluating the phonological facilitation in a group of
eight single cases, claimed that this facilitation could
create a stable improvement provided that the
patient was required to ‘actively manipulate infor-
mation/problem solve’. This was the case in this
study, whereas the maintenance was stable in only
three of five patients in previous studies.
Furthermore, no variability in naming performances
was found when comparing the different sets of DO
80 at FA and LA. Thus, improvements during
successive treatments may not be interpreted as an
improvement by chance, regardless of treatment.

The effect of the naming rehabilitation with ‘Au

Fil des Mots’ was specific, since the word dictation
test did not show any significant improvement
between the beginning and the end of the protocol.

In conclusion, this study describes a computer-
assisted therapy of phonological encoding disorders.
This treatment proved effective not only in improv-
ing naming in trained but also in untrained items and
to improve communication in daily life. The effect is
stable over time and the benefit is still present after a
2-month follow-up period. It is proposed that this
efficacy is mainly linked to two characteristics of the
procedure, i.e. its multimodal nature and the error-
reduction approach used for training. These results
will need to be confirmed in a forthcoming study
involving more patients. The role of intensity and
duration of rehabilitation and home-based training
work will be explored.
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