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Abstract. Spelling – a core language skill – is commonly affected in neurological diseases such as stroke and Primary Progressive
Aphasia (PPA). We present two case studies of the same spelling therapy (learning of phoneme-to-grapheme correspondences
with help from key words) in two participants: one who had a stroke and one with PPA (logopenic variant). Our study highlights
similarities and differences in the time course of each indivdual’s therapy. The study evaluates the effectiveness and generalization
of treatment in each case, i.e. whether the treatment affected the trained items and/or untrained items, and whether or not the
treatment gains were maintained after the end of therapy. Both participants were able to learn associations between phonemes
and graphemes as well as between phonemes and words. Reliable generalization to untrained words was shown only for the
participant with post-stroke aphasia, but we were not able to test generalization to untrained words in the individual with PPA.
The same spelling therapy followed a different time course in each case. The participant with post-stroke aphasia showed a
lasting effect of improved spelling, but we were unable to assess maintenance of improvement in the participant with PPA. We
discuss these differences in light of the underlying nature of each disease.

Keywords: Spelling, intervention, PPA, stroke, post-stroke aphasia

1. Introduction

Primary Progressive Aphasia (PPA) is a neurodegen-
erative disease characterized by language impairment
at its onset. Although other cognitive functions are af-
fected in the course of PPA, language deficits remain
the most characteristic and frequent symptom. Fur-
thermore, it has been shown that spelling is one of
the earliest affected language skills [1]. There is cur-
rently no available pharmacological treatment for these
patients; however, a few studies document behavioral
interventions, mostly of naming [2-5,5-12) and only
one of spelling [13]. Several variants of PPA have re-
cently been identified: logopenic, semantic, and non-
fluent/agrammatic [14]. These are associated with dis-
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tinct brain pathologies and different regions of brain
atrophy. Different variants of PPA show atrophy in
brain areas associated with performance in distinct lan-
guage tasks such as grammatical processing, semantic
processing, and fluency [15,16]. However, the unique
features (language characteristics and areas of atrophy)
that differentiate PPA variants at early-to-middle stages
tend to lose their distinctiveness later on [16]. Many pa-
tients become nonverbal, but may retain some ability to
write and type. Because they may depend on writing to
communicate, recognizable spelling is crucial for basic
communication. As for all people in today’s society,
use of e-mail, computers, and other texting that depends
on spelling is crucial for basic activities. Spelling is
not only one of the first language functions affected in
all three variants of PPA but also has prognostic value
for the evolution of the disease. Different variants of
PPA have distinct spelling deficits. A recent study from
our laboratory has identified early spelling patterns that
predict the variant of PPA into which the patient is like-
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ly to evolve, when only naming and spelling are affect-
ed (such that the patient does not yet meet criteria for
any one variant). Our study further determined which
cognitive processes underlying spelling are affected in
each of the PPA variants [1,17].

In brief, there are three main cognitive process-
es involved in spelling of familiar words to dicta-
tion: recognition of the spoken word (access to the
stored phonological representation of the word), ac-
cess to the meaning of the word (access to the lexical-
semantic representation of the word) and access to
the correct spelling of the word (the stored ortho-
graphic lexical representation). In the case of unfa-
miliar words or pseudowords (non-existing, word-like
utterances), the mechanism recruited is a sublexical
letter-to-sound conversion (phoneme-to-graphemecor-
respondence mechanism). Spelling of all words and
nonwords requires temporary storage of the sequence
of letters in working memory–a storage system called
the ‘graphemic buffer’ – while the individual letters are
being written or spelled out loud. All of these mech-
anisms have been described in a series of case studies
mainly of stroke patients [18–26].

In stroke and PPA any of these mechanisms (as
well as combinations of them) may be disrupted,
and therapeutic interventions have been shown to im-
prove patients’ communication. One of the most af-
fected spelling processes in stroke is the phoneme-to-
grapheme (PG) conversionmechanism: themechanism
that applies letter-sound associations during spelling
and provides a way to write unfamiliar words. Suc-
cessful remediation for this mechanism as described
in relevant cognitive neuropsychological models has
been shown to have beneficial effects for patients post-
stroke [27–29]. Few studies treat spelling disorders
and in particular treat the PG mechanism. Possible rea-
sons include; (a) most literate subjects write lexically
by directly accessing the orthographic lexicon, and (b)
the PG mechanism is more useful in languages with
transparent orthographies – one-to-one PG correspon-
dences, like Italian but not English. Luzzatti et al. [29]
include a comprehensive list of all studies treating the
sublexical level [27,30–32] in spelling, but the results
lack homogeneity, ranging from no effects to improve-
ment involving either treated-only or both treated and
untreated items. We review three studies using treat-
ment of the PG conversion mechanism with generaliz-
able and sustainable results [27–29]. Hillis [27] first
used this approach to remediate spelling in a stroke pa-
tient who was not able to spell unfamiliar words or syl-
lables to dictation. The patient was mute andwas taught

PG conversion in order to use to text-to-speech synthe-
sizer. She learned correspondence between phonemes
and graphemes using a cuing hierarchy involving key
words and maintained this system 12 months after the
end of treatment. She could successfully spell mono-
syllabic words, but for longer words or sentences she
relied on her impaired systemof orthographic access re-
sulting in frequent semantic errors. Luzzatti et al. [29]
described the rehabilitation of dysgraphia in two Italian
patients after stroke. Emphasis was given to phonolog-
ical analysis of the auditory string to be written. After
treatment, patients could spell at normal levels on most
subsets of therapy items as well as in spontaneous writ-
ing andwritten naming tasks. Therapy gainsweremain-
tained 6-18 months post-treatment. Greenwald [28]
documented treatment of severe global agraphia after
stroke. Spelling performance on both regular and ir-
regular words improved after treatment of sublexical
spelling (PG conversion rules); however, regular words
improved more than irregular words. With treatment,
the patient’s global agraphia evolved to surface dys-
graphia but follow-up results were not mentioned.

There are few treatment studies in PPA [33] and
these studies have focused on treatment of word re-
trieval with encouraging results for trained items, pri-
marily in the semantic variant of PPA [4–7,11]. There
are also a few studies of word retrieval treatment in
non-fluent/agrammatic variant PPA [7–10], with no
evidence of lasting effects. The logopenic variant of
PPA (lvPPA) has received minimal attention. Only a
few studies have documented treatment of language
functions in lvPPA: two studies with naming interven-
tions [2,3] and one with a spelling intervention [13]. In
PPA, any of the aforementioned spelling mechanisms
may be disrupted [1]. Phoneme-to-grapheme conver-
sion (PGC), for example, has been shown to be disrupt-
ed mostly in patients with the logopenic variant PPA
and nonfluent variant PPA, and spared in patients with
semantic variant PPA. In general, there is a remark-
able paucity of studies of spelling and even more so of
treatment of spelling deficits in PPA.

We are aware of only one study of a spelling interven-
tion in PPA. Rapp and Glucroft [13] documented a lex-
ical (word-level) spelling intervention for a PPA patient
(logopenic variant, although not mentioned explicitly),
which examined the effectiveness of a non-intensive
spelling therapy using a spell-study-spell procedure.
They found that a spelling intervention can provide im-
mediate and short-term benefits for dysgraphia in PPA,
without, however, generalization to untrained items.
Also, at 12 month follow-up, all word sets (trained,
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repeated, homework, and control) had declined even in
comparison to pre-intervention baseline.

In our study we provided spelling therapy to an in-
dividual with logopenic variant PPA and compared re-
sults to results of the same therapy provided to an indi-
vidual with post-stroke aphasia. Both participants ex-
perienced difficulties with spelling (dysgraphia) and in
particular with PGC. Consistent with the severity of his
initial aphasia, the one who had post-stroke aphasia had
extensive left hemisphere damage. As far as we know,
this is thefirst time such a therapy has been used in PPA.
The aims of the present study were to: (1) report on the
effectiveness of spelling therapy using letter-to-sound
associations (PGC) in PPA; (2) directly compare the
effectiveness of the spelling therapy used between PPA
and severe damage from chronic stroke; (3) consider
the similarities and differences in the course and pat-
tern of spelling therapy results between the two types
of dysgraphias (acquired, recoveringvs. progressive) to
evaluate possible compensatorymechanisms that could
be recruited in each case.

2. Methods

2.1. Participants

WCR, was a 62-year-old right-handed man, with an
MA in history who presented with a large, left-sided,
middle-cerebral artery stroke 3 years before testing.
The stroke affected most of left hemisphere, sparing
only occipito-temporal and medial frontal areas but not
sparing their connections to lateral frontal and parietal
areas. Initial MRI revealed a large, left middle cere-
bral artery stroke and an incidental finding of a com-
pletely occluded right carotid artery. Initially, he was
globally aphasic, but had improved mainly through re-
habilitation and probably physiological reinstitution at
least in the first year. Three years post-stroke, WCR
lived independently, taking care of his own bills, and
all of his own needs. His aphasia type was unclassifi-
able; he was classified by the Western Aphasia Battery
(WAB) as anomic [34], but he had “asyntactic” audi-
tory comprehension on sentence comprehension tasks.
He was administered the WAB and supplemental tests
of sentence comprehension and working memory (see
Table 1). His scores in a sentence-picture matching
task were at 85% correct for active sentences, 80% for
passive, 65% for cleft subject (e.g., “It was the man
that kicked the girl.”), 55% for cleft object (e.g.,“It was
the niece that the father kicked.), 48% for semantically

reversible (e.g., “The dog chased the boy.”), and 95%
for irreversible sentences (e.g., “The girl kicked the
ball.”). In an enactment task (in which he had to enact
the sentence with paper dolls), he was 100% correct
with active sentences, 35% with passive, 95%with cleft
subject, 50% with cleft object, 55% with reversible and
90% with irreversible sentences. Notable sub-scores
on the WAB (see Table 1 for a summary of results)
are: 90% correct in sentence repetition, 100% correct
in object naming, 100% correct in sentence comple-
tion and 100% correct in responsive speech (naming to
definition). His spontaneous speech was generally flu-
ent and well articulated, but he had hesitations for word
finding and frequent circumlocutions. He followed and
participated in conversations without difficulty.

FSE, was a 62-year-old right-handed woman with a
BA degree who was an elementary teacher but retired
10 years before testing. Six years before treatment
she started having difficulties forming sentences and
finding words. She was first diagnosed with logopenic
variant PPA three years prior to therapy on the basis of
history, neurological examination, imaging, and neu-
rocognitive assessment completed at Johns Hopkins.
When she first presented, her speech was fluent and
well-articulated but with frequent hesitations for word
finding and many circumlocutions. MRI showed left
greater than right temporoparietal atrophy. During the
course of the disease her speech became full of stereo-
typic phrases and hesitations for word finding. She
had difficulty formulating and repeating sentences. She
could repeat the partial meaning of sentences but not
the exact words. She made phonemic and semantic
paraphasias. Her performance on the WAB and other
neuropsychological tests is summarized in Table 1.

2.1.1. Spelling impairments of the two participants
WCR: The participant was tested before intervention

on Johns Hopkins Dysgraphia Battery when he pre-
sented to the clinic, 3 years post-stroke. As shown in
Table 2, his performance on words and pseudowords
was very impaired (11% accurate on words and 0%
on nonwords). The following information refers to his
performance on words: Nouns were somewhat better
preserved than verbs, but the difference was not signif-
icant (21% vs. 7% accurate). There was not a signifi-
cant concreteness effect, although abstract words were
slightly less accurate than concrete words (5% vs. 19%
accuracy on abstract vs. concrete words). He did not
show any frequency or regularity effect either (22%
and 19% accurate on high vs. low frequency words
and 33% vs. 36% on high vs. low regularity words).
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Table 1
Performance of patients WCR and FSE in the Western Aphasia Battery (WAB) and other
neuropsychological tests

Tests from the WAB WCR
(8/14/2009)

FSE
(6/10/2009)

Overall aphasia quotient: 85 68
Aphasia type: anomic (but asyntactic) conduction
Spontaneous speech total: 15/20, 75% Correct 15/20, 75% Correct
– Information content: 10/10, 100% Correct 10/10, 100% Correct
– Fluency, grammatical competence: 5/10, 50% Correct 5/10, 50% Correct
Auditory verbal comprehension 86% correct 88% correct
– Yes/no questions: 54/60, 90% Correct 51/60, 85% Correct
– Auditory word recognition: 55/60, 92% correct 60/60, 100% correct
– Sequential commands: 60/80, 75% correct 64/80, 80% correct
Repetition total: 90/100, 90% correct 56/100, 56% correct
Naming and word finding
– Object naming: 60/60, 100% correct 27/60, 45% correct
– Word fluency: 8/20, 40th percentile 3/20, 15th percentile
– Sentence completion: 10/10, 100% correct 8/10, 80% correct
Responsive speech: 10/10, 100% correct 8/10, 80% correct
Trail Making Test Part A: 128 sec

Part B: not completed
Part A: 42,
Part B: 16

Digit Span Forward: 4
Backward: 3

Forward: 3
Backward: 2

Word Span Forward: 3
Backward: 2

Forward: 2
Backward: 2

He only showed a significant word-length effect (43%
correct on 4-letter vs. 7% on 5-letter vs. 14% on 6-
letter vs. 7% on 7-letter and 0% on 8-letter words cor-
rect). His errors were mostly phonologically implau-
sible nonwords (e,g., child -> chies; strange -> stag-
ing; happen -> happist; brother -> browets). WCR had
a pronounced length effect that characterizes patients
with impairment at the level of graphemic buffer, a
working memory system that temporarily holds infor-
mation about identity and sequence of letters while the
word and nonword is written. In combination with his
0% accuracy on nonwords, his pattern of performance
was congruent with impairments both at the level of the
graphemic buffer and at the level of sublexical mecha-
nisms for phoneme-grapheme conversion. We decided
to treat his sublexical route – the phoneme-grapheme
conversion mechanism – as a first step, to give him
some rules he could rely on to transcribe from the au-
ditory to the written word. Treatment of the graphemic
buffer impairment was planned at a later stage.

FSE: Before treatment, on the Johns Hopkins Dys-
graphia Battery, FSE spelled words and pseudowords
with approximately equal accuracy (65.5 vs. 61.8% ac-
curacy). The following information refers to her per-
formance on words: There was no effect of grammati-
cal class (68% correct in nouns and verbs, 61% in ad-
jectives and 65% in function words). She did, however,
show a concreteness effect (90.5% correct for concrete

and 52% for abstract words). There was also a signif-
icant frequency effect (88% correct for high frequency
words and 72% for low frequency ones). There was
no significant difference between high/low regularity
words (80.0 vs. 83.8% correct). There was no signifi-
cant effect of word length; she correctly spelled 85.7%
of 4-letter vs. 92.9% of 8-letter words (ns different by
chi square). Only 15.2% of her errors were phono-
logically plausible errors (rooster-> rouster; pigeon-
> picheon). Most of her errors were phonological-
ly similar word errors (bright-> bride, brick; chain->
chant) or mixed phonologically and semantically sim-
ilar words including morphological errors (absence->
absent; speak-> speech; begin-> begun; jury-> juror).
These types of errors have been proposed to occur as
a result of an interaction between information from the
semantic system and partial information from the im-
paired phoneme-to-graphemeconversion (PGC) mech-
anism, which each access lexical representations se-
mantically or phonologically related to the target. Ac-
cording to this “summation hypothesis”, lexical rep-
resentations that are both semantically and phonolog-
ically related to the target will be activated nearly as
much as the target is activated. When the target lexical
orthographic representation is unavailable (due to dam-
age at that level), the semantically and phonologically
related representation might be activated for output in-
stead [35]. Thus, we hypothesized that FSE was im-
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paired both (1) in accessing orthographic lexical repre-
sentations for output, and (2) in phoneme-to-grapheme
conversion (PGC). We decided to treat the latter mech-
anism, as improvement might also improve access to
orthographic lexical representations.

2.2. Treatment

For the spelling therapy, 30 English sounds were se-
lected representing most common word-initial English
phonemes (speech sounds) and were divided into 3 sets
using a counterbalanced design with respect to the fre-
quency of the initial phoneme. Then a set of 30 English
words starting with these sounds were selected to be
used as prompts to help the patients relate each sound
to a grapheme (abstract letter identity or sequence of
letter identities). The sequence of events in the therapy
sessions was as follows: The participant was asked to
write the letter or combination of letters corresponding
to a particular phoneme,e.g., ‘sh’. If the participantwas
correct, then s/he was reinforced, and asked to write a
word that starts with this sound. However, if the partic-
ipant could not write the correct letter, s/he was asked
to think of a word that starts with this sound or, if need-
ed, was provided with such a word (prompt); then s/he
was asked to write the word and then instructed explic-
itly to associate that particular phoneme to the particu-
lar word and initial grapheme. Each session consisted
of teaching the correct phoneme-grapheme correspon-
dence of 10 initial word phonemes using 10 common
English words. When the patient reached criterion for
two consecutive sessions and a minimum of 3 sessions
per set (80% correct, i.e., 8/10 of phoneme-grapheme
or phoneme-word correspondences) for each set, s/he
would continue to the second set and then to the third
set. For each set, trial accuracy and response times for
the letter and the word responses were recorded. The
3 sets were matched for several linguistic variables so
that they were equivalent in difficulty. Baseline evalu-
ation before each therapy session required that the par-
ticipant would choose – from a series of possible initial
letters or letter sequences of English (30 choices) writ-
ten in front of him or her – the letter, or letter sequence,
that corresponded to the phoneme the examiner pro-
vided each time. The same measurement was used as
an independent evaluation of the therapeutic outcome
after therapy. Participants received approximately one
therapy session per week, with the duration of one to
two hours each. Both liked to talk quite a bit during the
session, accounting for the variability in the duration
of the sessions.

2.3. Assessment

Follow-up assessment probed all three sets of train-
ed phoneme-grapheme and phoneme-word correspon-
dences to identify whether or not the participant had
retained knowledge of the trained items. We also
looked at generalization effects, that is, effects of train-
ing to untrained items. We trained all possible ini-
tial phoneme-grapheme correspondences of English in
3 sets (30 items), and compared trainedto untrained
items directly. Differences in baseline measures in pre-
and post-therapy accuracy for phoneme-grapheme cor-
respondences for each participant were evaluated using
chi-square or Fisher’s exact tests. We also compared the
improvement of each participant in trained items using
a chi-square test to evaluate whether either of them im-
proved more than the other. Additionally, we evaluated
pre- and post-therapy accuracy for graphemes and for
words for the trained items for each participant using
Fisher’s exact tests. Finally, we did follow-up assess-
ments when possible (for WCR only).

3. Results

Both participants completed all three sets of 10
phoneme-grapheme correspondences that comprised
the spelling therapy; that is, they were able to learn
the new associations and benefit from the intervention.
However, each of them showed a different pattern of
performance in the course of training. First, they com-
pleted the training in different lengths of time. WCR,
the one with post-stroke aphasia, completed the train-
ing in 25 sessions; FSE, the one with PPA completed
the training in 11 sessions. Furthermore, they showed
a different pattern in learning of phoneme-grapheme
and phoneme-word associations. Results are presented
below in detail.

1. We first addressed the question of whether the par-
ticipants showed generalization of treatment by com-
paring the percentage of trained vs. untrained items be-
fore and after thefirst set of the therapeutic intervention.
Given that there are only 30 initial phoneme-grapheme
correspondences in English and we trained 10 of them
in each set we looked for generalization to untrained
items before and after the first set. We used chi-square
or Fisher’s exact test to evaluate whether there was
significant improvement in phoneme-grapheme corre-
spondence (see Figs 1a and 1b for results in each set).
We also evaluated generalization of treatment to other
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Fig. 1a. Effect of training in trained and untrained items of all 3 sets for patient FSE. Each dot corresponds to correct items per session for letter-
phoneme correspondences. Horizontal axis corresponds to the number of therapy sessions and vertical axis corresponds to the level of success
(out of 10 items per set). Vertical bars show when training began for each set.

spelling tasks before and after treatment (spelling to
dictation, pointing to named letters) for WCR.

For FSE, we found that there was not a signifi-
cant difference in the trained or untrained phoneme-
grapheme correspondences between the beginning and
the end of set 1 because she was not severely im-
paired at baseline: (Fisher’s exact for trained: p =
0.3; Fisher’s exact for untrained: p = 1). How-
ever, she improved with each set as it was trained
(Fig. 1a). Also, there was an almost significant dif-
ference between the trained phoneme-word associa-
tions (Fisher’s exact: p = 0.057, see Fig. 2). There-
fore, in the first set she showed no significant improve-
ment in trained items nor generalization to untrained
items in phoneme-grapheme correspondences but she
did show an improvement in her phoneme-word corre-
spondences. Furthermore she reached criterion more

quickly for the consecutive training sets indicating that
there had been at least some overall generalization to
untrained phonemes. Unfortunately it was not possible
to test her thoroughly post-intervention in spelling of
unpracticed words and nonwords – such as the ones
included in the JHU Dysgraphia battery – in order to
demonstrate functional generalization. Generalization
to other untrained tasks such as pointing to named let-
ters, was, however, demonstrated by a significant im-
provement in her performance before and after inter-
vention (Fisher’s exact p = 0.021).

For stroke patientWCR therewas a significant differ-
ence in trained but not in untrained phoneme-grapheme
correspondences after the first set (Fisher’s exact for
trained: p = 0.0007; Fisher’s exact for untrained: p =
0.65). Therefore, in the first set he showed no gener-
alization to untrained phonemes. There was also no
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Fig. 1b. Effect of training in trained and untrained items of all 3 sets for patient WCR. Each dot corresponds to correct items per session for letter-
phoneme correspondences. Horizontal axis corresponds to the number of therapy sessions and vertical axis corresponds to the level of success
(out of 10 items per set). Vertical bars show when training began for each set.

difference between the trained phoneme-word associa-
tions before and after the first set (Fisher’s exact: p =
0.17). WCR, like FSE, also reached criterion more
quickly for each successive test suggesting that he gen-
eralized his new skill to untrained items (Figure 1b).
However, generalization to untrained items and tasks
was demonstrated by dramatically increased accuracy
of spelling words to dictation in the JHU Dysgraphia
battery (see Table 2) as well as pointing to named let-
ters (chi-square (1, N = 60) = 7, p < 0.001). For
example, WCR’s performance in open class words im-
proved significantly from 11 to 27% (chi-square (1,
N = 168) = 6.5, p < 0.01). Pertinent to the therapy,
his spelling of high probability words (words with reg-

ular phoneme-to-grapheme correspondence) improved
significantly from33 to 73% (chi-square (1, N = 60)=
8.1, p < 0.001); whereas his spelling of low probabil-
ity (words with irregular phoneme-to-grapheme corre-
spondence) improved, but not significantly (from 36 to
49%, chi-square (1, N = 80) = 2.1, p < 0.1, ns).
His performance in nonwords included in the JHU bat-
tery did not improve significantly. A possible reason
is that these nonwords are more than 4-letter, usually
2-syllable pronounceable nonwords that can be spelled
with a minimum of 5–7 letters. This presented a further
problem for WCR who also had a graphemic buffer im-
pairment as manifested in the difference of his perfor-
mance between 4-letter and longer words (see Table 2);
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Table 2
WCR’s performance in the JHU battery before and after spelling
intervention

JHU Dysgraphia Battery Before treatment After treatment

Part of speech
Open class words 9/84, 11% 23/84, 27%
Nouns 6/28, 21% 12/28, 43%
Verbs 2/28, 7% 5/28, 18%
Adjectives 1/28, 4% 6/28, 21%
Function words 1/20, 5% 1/20, 5%
Nonwords 0/34, 0% 1/34, 3%

Concreteness
Concrete words 1/21, 5% 8/21, 38%
Abstract words 4/21, 19% 5/21, 24%

Word length
4-letter 6/14, 43% 10/14, 71%
5-letter 1/14, 7% 3/14, 21%
6-letter 2/14, 14% 4/14, 29%
7-letter 1/14, 7% 1/14, 7%
8-letter 0/14, 0% 0/14, 0%

Probability (PG regularity)
High probability 10/30, 33% 22/30, 73%
Low probability 29/80, 36% 39/80, 49%

Frequency
High frequency 32/146, 22% 65/146, 45%
Low frequency 27/146, 19% 46/146, 32%

a difference maintained in the post-treatment evalua-
tion as well. Overall, WCR showed clear indications
of generalization of treatment to untrained items.

2. We also wanted to determine whether either of the
patients improved more than the other. We compared
the degree of improved performance (difference in cor-
rect phoneme-grapheme correspondences between the
beginning and the end of therapy) for each patient to
the utmost potential improvement for each patient: chi-
square (1, N = 51) = 0.003, p > 1, showing that there
was no difference in improvement between the two pa-
tients. Another indication that the patients were benefit-
ting from therapy is that both of them reached criterion
for the final set in fewer sessions than those of the first.
Patient FSE completed the first set in 5 sessions, the
second in 3 sessions and the third in 4 sessions. Patient
WCR completed the first set in 11 sessions, the second
in 9 sessions and the third in 5 sessions. (see Figs 2 and
3 for performance on letters and words in each set).

3. In order to evaluate whether either patient had
improved more in any domain, that is, the phoneme-
grapheme associations or phoneme-word associations,
we also compared the difference between their ini-
tial and final performances in phoneme-grapheme and
phoneme-word associations. WCR showed a dramatic
improvement in phoneme-grapheme associations from
10/30 to 24/30 (chi-square (1, N = 60) = 7, p < 0.001)
and a significant improvement in phoneme-word asso-

ciations (Fisher’s exact p = 0.02) (see Fig. 3). FSE
did show a significant difference in phoneme-grapheme
associations learned in therapy (Fisher’s exact p =
0.021): her performance improved from 20/30 to 28/30
correct. She also showed an improvement in phoneme-
word associations learned in therapy (chi-square (1,
N = 60) = 8.4, p < 0.01). (see Fig. 3). These re-
sults indicate that both participants were helped in both
domains.

4. We were able to perform a 6-month follow-up
session only for WCR who had post-stroke aphasia.
WCR showed good maintenance of learned phoneme-
grapheme conversion (see Table 3). Performance was
not significantly different from that at the end of train-
ing for any measurement; for phoneme-grapheme as-
sociations: chi-square (1, N = 60) = 0, p > 1; for
phoneme-word associations (Fisher’s exact p = 0.33).
Unfortunately, at the time of the scheduled follow-up
appointment FSE’s condition in other cognitive do-
mains (recognition memory, attention, executive func-
tions) had deteriorated to the point she had to be moved
to a nursing home facility for people with dementia and
could not be tested.

4. Discussion

We documented two case studies of spelling therapy
(training of the phoneme-to-grapheme conversion sys-
tem) in post-stroke aphasia and PPA. We compared the
course and outcomes of therapy in these two partici-
pants to determine whether treatment of phoneme-to-
grapheme conversion previously applied successfully
in post-stroke aphasia [27–29] can be applied in the
case of neurodegenerative diseases such as PPA. Only
one study in the literature [13] shows that individuals
with PPA may benefit from a spelling intervention at the
word-level without, however, generalization to unprac-
ticed items. Our study validates alternative approaches.
The therapy of these two participants showed similari-
ties but also differences. Both participants learned all
three training sets of phoneme-grapheme associations
and reached criterion in all of them in fewer sessions,
showing that even in a degenerative disease learning is
possible when the therapy is targeted. There were indi-
cations of possible generalization of treatment to oth-
er items and tasks for the PPA participant and reliable
generalization to untrained items and tasks for the par-
ticipantwith post-stroke aphasia as shown in spelling to
dictation on the JHUDysgraphia battery and pointing to
named letters. The participant with PPA required fewer
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Fig. 2. Effect of training on trained items in each session for letter- and word-sound correspondences for patient FSE. Each dot corresponds
to correct items per session for letter- and word- sound correspondences. Consecutive training sets are depicted in consecutive charts (set 1:
5 sessions, set 2: 3 sessions, set 3: 4 sessions).

sessions in consecutive sets and performed significantly
better in pointing to named letters at the end of the ther-
apy but functional generalization was not shown since
her health did not allow comprehensive evaluation of
untrained items at the end of treatment. There was no
generalization to untrained phonemes after the first set
of trained phonemes in either participant. Moreover,
there was no difference in the effectiveness of therapy
between the two participants, indicating that individu-
als with PPA are as trainable as those with stroke. This
is a very encouraging result for a degenerative disease
such as PPA, as decline can be rapid and dramatic.

Unfortunately, we were not able to evaluate long-
term effects of treatment in the PPA patient. Follow-

up is often difficult in treatment studies of patients
with neurodegenerative diseases. Other patients with
logopenic variant PPA who had treatment of spelling
and naming [3,13] had serious cognitive decline that
did not allow follow-up investigations of therapy gains.
Nevertheless, there is one therapy study of a logopenic
PPA patient who received a naming/word retrieval in-
tervention and showed generalization as well as re-
tained therapy gains after 6 months [2]. Our stroke
participant (WCR) retained the therapy gains at a 6-
month follow-up, but during that time the PPA partic-
ipant (FSE) had a major decline in her cognitive con-
dition that did not allow further testing, indicating that
6-month follow-up may be a long time for some par-
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Table 3
Follow-up evaluation of WCR on letter- and word-sound associations in all 3 trained sets after 6 months

letters words
set Baseline End of therapy Follow-up Baseline End of therapy Follow-up

1 0/10 9/10 8/10 4/10 9/10 8/10
2 5/10 8/10 6/10 6/10 8/10 7/10
3 5/10 7/10 8/10 7/10 9/10 7/10

Fig. 3. Effect of training on trained items in each session for letter- and word-sound correspondences for patient WCR. Each dot corresponds
to correct items per session for letter- and word- sound correspondences. Consecutive training sets are depicted in consecutive charts (set 1:
11 sessions, set 2: 9 sessions, set 3: 5 sessions).

ticipants with PPA. Therefore, future studies of PPA
should consider shorter follow-up periods and perhaps
repetition of the therapeutic procedures to improve re-
tention.

The other difference between the two participants
was that the one with stroke actually required more
sessions to learn phoneme-grapheme associations than
the one with PPA. This difference likely had more to

do with differences in the underlying cognitive im-
pairment in spelling than the neurological etiology of
the dysgraphia. That is, when the PG mechanism is
partially preserved (as in the case of the participant
with PPA), training can occur in a shorter period of
time. Overall, the response to treatment in PPA was
good, despite the fact that she did not show generaliza-
tion of effects after training the first set of phoneme-
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grapheme and phoneme-word associations. However,
even at that early stage, her trained phoneme-word as-
sociations showed a trend toward significant improve-
ment, indicating that the therapeutic intervention im-
proved other functions that were deficient, that is, word
finding.

Even though WCR showed no statistically signifi-
cant improvement in phoneme-word associations, ex-
amination of the graphs in Figs 2 and 3 show par-
allel improvement in phoneme-grapheme association
and phoneme-word association indicating that he (like
FSE and previously reported patients [27–29]) was
also likely learning phoneme-grapheme associations
via phoneme-word associations. These results indicate
that the same therapeutic intervention may be equal-
ly effective for participants with different underlying
deficits and etiologies. Spelling therapy of phoneme-to-
grapheme conversion trainingwith word-probes helped
the participant with post-stroke aphasia strengthen and
improve his phoneme-grapheme associations – which
was a major weakness, along with a graphemic buffer
deficit. The same therapy seemed to help the PPA pa-
tient to strengthen phoneme-grapheme conversion and
improveaccess to orthographic representations– which
were her major weaknesses. Improved word spelling
with improvement in PGC can be expected on the basis
of the ‘summation hypothesis’ [35] according to which
lexical-semantic and sublexicalmechanisms may inter-
act in synergy and contribute together towards improve-
ment of performance. In the only study that has looked
at spelling patterns in different PPA variants, Sepelyak
et al. [1] found that half of the logopenic variant PPA
patients had a partially but not completely impaired
sublexical mechanism (phoneme-to-grapheme conver-
sionmechanism). Thus, strengthening this mechanism,
particularly through phoneme-word associations may
result in improved access to orthographic representa-
tions, perhaps via the frequent repetition of the words
or the frequent practice of the cognitive processes in-
volved in retrieving the spelling of taught words.

Improved word spelling by WCR despite his persis-
tent graphemic buffer deficit may be explained by re-
liance on improved PGC to self-correct phonologically
implausible errors in spelling. That is, even though
he showed no generalization of training from trained
phonemes to untrained phonemes in the first set when
learning PGC, at the end of therapy, he clearly showed
generalization of improvement in spelling to untrained
tasks (word spelling to dictation) by applying PGC to
untrained words. He maintained his ability to use PGC
to compensate for his graphemic buffer deficit to spell
short words six months later.

Although we were not able to follow the PPA par-
ticipant long-term, it was encouraging that she showed
improvement in spelling words despite having a con-
dition in which language is generally declining. The
long-term improvement in spelling by WCR, and his
ability to apply the learned skill to an untrained task
and untrained words, was also very encouraging.
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Mader et al., Model-oriented naming therapy in semantic de-
mentia: A single-case fMRI study, Aphasiology24(12) (2010),
1537–1558.

[13] B. Rapp and B. Glucroft, The benefits and protective effects
of behavioral treatment for dysgraphia in a case of primary
progressive aphasia, Aphasiology 23(2) (1 Feb 2009), 236–
265.

[14] M.L. Gorno-Tempini, A.E. Hillis, S. Weintraub, A. Kertesz,
M. Mendez, S.F. Cappa et al., Classification of primary pro-
gressive aphasia and its variants, Neurology 76(11) (15 Mar
2011), 1006–1014.

[15] E. Rogalski, D. Cobia, T.M. Harrison, C. Wieneke, C.K.
Thompson, S. Weintraub et al., Anatomy of language impair-
ments in primary progressive aphasia, J Neurosci 31(9) (2 Mar
2011), 3344–3350.

[16] E. Rogalski, D. Cobia, T.M. Harrison, C. Wieneke, S. Wein-
traub andM.M. Mesulam, Progression of language decline and
cortical atrophy in subtypes of primary progressive aphasia,
Neurology 76(21) (24 May 2011), 1804–1810.

[17] A. Faria, J. Crinion, K. Tsapkini, M. Newhart, C. Davis, S.
Cooley et al., Patterns of Dysgraphia in Primary Progressive
Aphasia Compared to Post-Stroke Aphasia, Behavioral Neu-
rology (in press).

[18] A. Caramazza, G. Miceli, G. Villa and C. Romani, The role
of the Graphemic Buffer in spelling: evidence from a case of
acquired dysgraphia, Cognition 26(1) (Jun 1987), 59–85.

[19] A.E. Hillis and A. Caramazza, The graphemic buffer and at-
tentionalmechanisms, Brain Lang 36(2) (Feb 1989), 208–235.

[20] A.E. Hillis and A. Caramazza, Mechanisms for accessing lex-
ical representations for output: evidence from a category-
specific semantic deficit, Brain Lang 40(1) (Jan 1991), 106–
144.

[21] J.R. Folk, B. Rapp and M. Goldrick, The interaction of lexi-
cal and sublexical information in spelling: What’s the point?
Cogn Neuropsychol 19(7) (1 Oct 2002), 653–671.

[22] B. Rapp and A. Caramazza, Selective difficulties with spoken
nouns and written verbs: A single case study, Journal of
Neurolinguistics 15(3) (05//May-Sep 2002), 373–402.

[23] G. Miceli, R. Capasso and A. Caramazza, The interaction
of lexical and sublexical processes in reading, writing and
repetition, Neuropsychologia 32(3) (Mar 1994), 317–333.

[24] A.E. Hillis and A. Caramazza, Converging evidence for the
interaction of semantic and sublexical phonological informa-

tion in accessing lexical representations for spoken output,
Cognitive Neuropsychology 12(2) (1995), 187–227.

[25] K. Patterson, N. Graham and J.R. Hodges, The impact of se-
mantic memory loss on phonological representations, J Cogn
Neurosci 6(1) (1994), 57–69.

[26] L. Posteraro, P. Zinelli and A. Mazzucchi, Selective impair-
ment of the graphemic buffer in acquired dysgraphia: A case
study, Brain and Language 35 (1988), 274–286.

[27] A. Hillis Trupe, Effectiveness of retraining phoneme-to-
grapheme conversion, in: Clinical Aphasiology Conference
1986 Minneapolis: BRK Publishers, R. Brookshire, ed., 1986,
pp. 163–171.

[28] M. Greenwald, Blocking Lexical Competitors in Severe Glob-
al Agraphia: A Treatment of Reading and Spelling, Neurocase
10(2) (2004), 156–174.

[29] C. Luzzatti, C. Colombo, M. Frustaci and F. Vitolo, Rehabili-
tation of spelling along the sub-word-level routine, Neuropsy-
chological Rehab 10(3) (2000), 249–278.

[30] S. Carlomagno and V. Parlato, Writing rehabilitation in brain
damaged adult patients: A cognitive approach, Cognitive Ap-
proaches in Neuropsychological Rehabilitation (1989), 175–
209.

[31] S. Carlomagno, A. Iavarone and A. Colombo, Cognitive ap-
proaches to writing rehabilitation: From single case to group
studies, Cognitive Neuropsychology and Cognitive Rehabili-
tation (1994), 485–502.

[32] A. Caramazza, A. Hillis, E.C. Leek and M. Miozzo, The or-
ganization of lexical knowledge in the brain: Evidence from
category-and modality-specific deficits, Mapping the Mind:
Domain Specificity in Cognition and Culture (1994), 68–84.

[33] M.M. Mesulam, Primary progressive aphasia: a 25-year retro-
spective, Alzheimer Dis Assoc Disord 21(4) (Oct–Dec 2007),
S8–S11.

[34] A. Kertesz, Western aphasia battery test manual, Psychologi-
cal Corp, 1982.

[35] A.E. Hillis, B.C. Rapp and A. Caramazza, When a rose is a
rose in speech but a tulip in writing, Cortex 35(3) (Jun 1999),
337–356.

[36] Edmonds LA, Kiran S. Effect of semantic naming treatment
on crosslinguistic generalization in bilingual aphasia. Journal
of Speech, Language, and Hearing Research 2006; 49(4): 729.

[37] Thompson C, Shapiro L. Treating agrammatic aphasia with-
in a linguistic framework: Treatment of Underlying Forms.
Aphasiology 2005; 19(10–11): 1021-1036.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


