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Dear Editor,

Stroke is the Trst cause of acquired disability. While mortality has de-
creased because of urgent intervention such as thrombolysis or
thrombectomy, the morbidity remains high [1]. Aphasia is one of the
most severe symptoms in stroke patients and affects about 40% of acute
stroke patients [2]. After spontaneous recovery, speech performance
stabilizes but frequently remains below the normal threshold [2].
Chronic aphasia hinders cognitive rehabilitation efforts, limits social in-
teraction and professional perspectives, and is associated with substan-
tial daily life difTculties [3].

However, with appropriate therapies, recovering from aphasia is
possible even at a chronic stage: intensive rehabilitation focused on the
impaired language component is more effective than unfocused rehabil-
itation, which highlights the importance of deTcit-based therapy [4,5].
The limitation is that identifying the impaired language component re-
quires expertise and is complex and time-consuming.

To solve this issue of identifying the impaired component, Jacque-
mot et al. [6] developed and validated a short and easy-to-use battery,
the Core Assessment of Language Processing (CALAP), for a model-
driven evaluation of the several language components (see Supplemen-
tary material). The CALAP enables rapid identiTcation of the impaired
component in people with aphasia, thereby allowing for a deTcit-based
rehabilitation. The short duration (< 15 min) of the CALAP allows for
testing individuals with fatigue and concentration difTculties who are
unable to complete longer scales: only one session is needed to identify
the impaired component of language.

Here, we aimed to assess whether deTcit-based rehabilitation based
on CALAP scores for people with chronic aphasia can improve language
rehabilitation outcomes. We evaluated 7 individuals (2 females, mean
[SD] age 67.3 [11.4] years, range 53–82; mean years of education 12.7
[3.9], range 8–17; mean years from stroke 7.85 [3.44], range 3–13)

with the CALAP at 1 week before they were enrolled in the rehabilita-
tion program. The model-driven evaluation with the CALAP allowed for
determining the speciTc impairment for each individual according to
the model of language processing shown in Fig. 1 [6,7]. During this
study, the participants had no other formal language treatment. The lo-
cal ethics committee approved the study and participants provided in-
formed consent in accordance with the Declaration of Helsinki.

Two types of personalized and intensive rehabilitation were used
with each participant: focused rehabilitation that focused on the indi-
vidual's speciTc impairment and aimed to rehabilitate the most im-
paired component, and unfocused rehabilitation that did not focus on
the impaired component. Each rehabilitation program (focused and un-
focused) lasted 2 weeks (1-hr sessions 5 days per week). The adminis-
tration order of the 2 programs was randomly set. Finally, to evaluate
the long-term effect of the rehabilitation, participants were assessed at
4 weeks after their last rehabilitation session (Fig. 2).

We evaluated the effect of focused and unfocused rehabilitation on
speech comprehension, production and repetition with pseudoword,
and word and sentence stimuli (n = 200 items). To reduce an eventual
retest effect, each participant was evaluated twice before rehabilitation
began; the second evaluation was used as baseline [8]. Focused and un-
focused rehabilitation were personalized and adapted to each individu-
al's capacities with progressively increasing difTculty. For instance, for
a participant with a word production deTcit, such as participant JPR,
the focused rehabilitation aimed to activate the most impaired compo-
nent, which was the lexicon in production (Fig. 1). The rehabilitation
started Trst with naming tasks of high frequency, high imageability,
and short words and then proceeded with naming tasks of low fre-
quency, low imageability, and long words. The unfocused rehabilita-
tion always activated a spared component of language. With JPR, this
rehabilitation targeted morphology in comprehension. It started with
tasks involving morphological intruder detection in a list, then detec-
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Fig. 1. Psycholinguistic model of oral language processing (upper left) with Core Assessment of Language Processing (CALAP). The model distinguishes the com-
prehension, production, and repetition modality and within each modality, the different components: phonology (set of speech sounds), morphology (how the
sounds combine to form words), lexicon (words), syntax (how words combine to form sentences) and concept (semantic knowledge) that can be selectively im-
paired. The CALAP allows for evaluating each component of this model. For each participant, we reported the CALAP outcome in the model of speech process-
ing. The score of the different components was normalized according to each participant's performance, so the component best score was attributed a value of 1
and the lowest score a value of 0. This allows for identifying the components the most impaired for each participant with the lowest value. The color of the
component represents the normalized score, the darker color for the lowest value (i.e., the impaired components). In this graph, digits “1″ and “2″ are for the
Trst and second program of rehabilitation, respectively. The focused rehabilitation is the one that activates the components at the lowest value (with the darker
color) and the unfocused therapy the one that activates the components at highest value (with the lightest color).
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Fig. 2. Time course of the rehabilitation program.

tion of morphologically legal and illegal pseudowords, and Tnally de-
tection of morphological errors in sentences. Participants’ performance
was analysed by comparing performance before and after focused reha-
bilitation, before and after unfocused rehabilitation, and after 4 weeks
of rest by using McNemar tests [5]. Using Fisher's exact test, we tested
both the independence of the rehabilitation outcome and rehabilitation
type (focused or unfocused) and the independence of the rehabilitation
outcome and rehabilitation order (first or second program).

Participants’ impairment is reported on the model of speech pro-
cessing, as well as the components on which the 2 rehabilitation pro-
grams focused on. For 3 participants, CN, MS and PM, the focused reha-
bilitation was the Trst program and for 4, CD, CH, JG and JPR, it was
the second program (Fig. 1).

Accuracy performance at baseline, after the Trst program, after the
second program and 4 weeks after the last rehabilitation session is re-
ported in Fig. 3. Accuracy was analysed for each participant according
to the type of rehabilitation (focused and unfocused) regardless of the
administration order. After the focused rehabilitation, performance im-
proved in 6 of 7 participants (number of correct responses before and
after the focused rehabilitation, n = 200 in each case. Participant CD:
116 vs 135, McNemar χ2=7.9, df=1, p = 0.004; CH: 135 vs 149 cor-
rect, McNemar χ2=9.5, df=1, p = 0.002; CN: 156 vs 175 correct, Mc-
Nemar χ2=11.2, df=1, p<0.001; JG: 174 vs 189 correct, McNemar
χ2=7.3, df=1, p = 0.007; JPR: 153 vs 178 correct, McNemar
χ2=18.2, df=1, p<0.001; MS: 81 vs 96 correct, McNemar χ2=5.9,
df=1, p = 0.01; and PM: 168 vs 171 correct, McNemar χ2=0.4, df=1,
p = 0.5). In contrast, after the unfocused rehabilitation, which did not
activate the impaired components, accuracy did not significantly im-
prove (number of correct responses before and after the unfocused re-
habilitation, N = 200 in each case. Participant CD: 110 vs 116 correct,
McNemar χ2=0.4, df=1, p = 0.6; CH: 131 vs 135 correct, McNemar
χ2=0.2, df=1, p = 0.7; CN: 175 vs 179 correct, McNemar χ2=4.0,
df=1, p = 0.08; JG: 173 vs 174 correct, McNemar χ2=0, df=1, p = 1;
JPR: 157 vs 153 correct, McNemar χ2=0.09, df=1, p = 0.8; MS: 96 vs
100 correct, McNemar χ2=0.5, df=1, p = 0.5 PM: 171 vs 180 correct,
McNemar χ2=2.4, df=1, p = 0.1). Rehabilitation outcome was not in-
dependent of the rehabilitation type (two-sided Fischer's exact test,

p= 0.005), showing that focused and unfocused rehabilitations are not
associated with the same outcome. Rehabilitation outcome was inde-
pendent of the rehabilitation order (two-sided Fischer's exact test,
p = 0.6), thus showing no association between the administration or-
der and rehabilitation efTciency.

Four of the participants were tested 4 weeks after the last rehabilita-
tion program. Their performance did not significantly change, which
suggests that the positive effect of the focused rehabilitation may last
several weeks (number of correct responses before and after 4 weeks,
n = 200 in each case. Participant CH: 149 vs 144 correct, McNemar
χ2=0, df=1, p = 0.8; CN: 179 vs 174 correct, McNemar χ2=0.2,
df=1, p = 0.7; JG: 189 vs 185 correct, McNemar χ2=0.4, df=1,
p = 0.5; MS: 100 vs 101 correct, McNemar χ2=1.5, df=1, p = 0.2).

Our results show that the CALAP efTciently guided rehabilitation
and could improve the outcome of rehabilitation for people with apha-
sia. We Trst evaluated participants’ language performance with the
CALAP to identify the speciTc impaired components. We then con-
trasted 3 types of intensive rehabilitation, focused and unfocused, on
the most impaired language components for each participant. The in-
tensive and personalized rehabilitation focused on the impaired compo-
nent identiTed by the CALAP was more efTcient than the unfocused re-
habilitation, which is consistent with previous studies [4,5,9]. There-
fore, the CALAP results are suitable for the design of effective rehabili-
tation programs for people with aphasia.

Because the CALAP assesses each component of language processing
and identiTes patient-specific impairment in <15 min without any ex-
pertise, it Tlls an unmet need. It allows 1) for any clinician (neuropsy-
chologist, speech therapist, nurse, physician, etc.) to assess a patient
without delay, thus allowing for patient care without wasting time; 2)
for specifying the language component(s) that are deTcient; and 3) for
efTciently guiding speech and language therapists in the development
of rehabilitation programs. Two weeks of rehabilitation focused on the
impaired component is more efTcient than 2 weeks of unfocused reha-
bilitation. However, because in addition to the frequency of rehabilita-
tion, the dose of rehabilitation (i.e., the total number of rehabilitation
hours) can affect the outcome of rehabilitation, we cannot exclude that
unfocused rehabilitation would also improve the participant's perfor-

Fig. 3. Participants’ accuracy rate at baseline, after the Trst and second program of rehabilitation and 4 weeks after their last rehabilitation program. Focused re-
habilitation (F, solid line) is focused on the impaired components, whereas unfocused rehabilitation (U, dot line) does not target the impaired components. McNe-
mar p-value is reported; ns, non-significant, * p<0.05, ** p<0.01, *** p<0.001.
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mance with longer programs [10]. We acknowledge that the good re-
sults here may also be driven by the intensive therapy with sessions
each day over 2 weeks [11]. Adherence to the rehabilitation program
and individuals’ motivation also affect the recovery, so even if model-
driven therapy is the most efTcient, individuals’ requests should also be
taken into account during the rehabilitation sessions [10]. The brevity
of a 2-week deTcit-based rehabilitation may also contribute to individu-
als’ motivation.

Here, we focused on individuals mainly impaired by speech produc-
tion. The successful programs of rehabilitation are the ones targeting
speech production components. However, the speciTc components var-
ied by participants’ deTcit: sentence, lexicon and/or phonological code.
To go further, including individuals with various proTles would be re-
quired to determine whether the CALAP can efTciently guide rehabili-
tation in all types of aphasia or whether additional tools are necessary
in speciTc patterns. For example, a similar protocol should be assessed
in individuals with major speech comprehension deTcits. Finally, fur-
ther evaluation after a longer period than 4 weeks of rehabilitation sus-
pension would determine whether and when additional a 2-week pro-
gram of focused rehabilitation should be proposed.

In contrast to current batteries assessing language capacity, the
CALAP was designed to guide rehabilitation relying on a functional
model of language processing. By reducing the time for the evaluation
of deTcits in people with aphasia, the CALAP can reduce the delay for
setting an efTcient deTcit-based rehabilitation and will beneTt from the
greatest potential for recovery early after stroke [12]. Its use, for de-
signing model-driven rehabilitation, is likely to improve clinical prac-
tice and care of people with aphasia, thereby reducing the burden
placed upon such individuals and caregivers.
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