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Abstract
Background  Apraxia of speech (AOS) is a motor speech disorder defined by impaired planning and programming of move-
ments necessary for accurate speech production. Assessment of AOS is typically qualitative, with limited standardized tools 
available for comprehensive evaluation.
Objective  The Apraxia Battery for Adults – Second Edition (ABA-2) is a widely used English-language instrument that 
includes subtests assessing diadochokinetic rate, increasing word length, limb and oral apraxia, latency, and pronunciation 
time for polysyllabic words and repeated trials, as well as an articulation characteristics inventory. This study aimed to trans-
late and validate the ABA-2 for Italian-speaking individuals.
Methods  The test was translated and adapted into Italian. It was validated in healthy (N = 87) and neurological (N = 38) 
samples.
Results  The test showed excellent discriminant validity, inter-rater agreement, and test-retest reliability, supporting the use 
of the battery to identify the salient features required for a clinical evaluation of patients’ specific articulatory abilities.
Conclusion  This work provides a standardized tool in the Italian language for assessing apraxia of speech, facilitating reli-
able evaluations in both clinical practice and research.
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speech movements. AOS is characterized by an impaired 
ability to coordinate sequential articulatory movements 
required to produce speech sounds [1–4]. As with other 
forms of apraxia, the problem lies in programming the cor-
rect movement for proper articulation. Patients with AOS 
struggle with the programming of bucco-pharyngo-laryn-
geal articulatory movements, giving the impression that 
they are fighting to produce the desired sound sequences.

In the past, the disorder has been described with terms 
like “anarthria” and “phonetic disintegration”. The inci-
dence of the disorder is difficult to define; it rarely occurs in 
pure form and is more often associated with aphasia. AOS 
has been described in patients with lesions of Broca’s area 
[5, 6], the left frontal and temporo-parietal cortex [7, 8], the 
anterior superior regions of the left insula [9], and left sub-
cortical structures, especially the basal ganglia [10–12].

AOS often co-occurs with or overlaps bucco-facial 
apraxia, but may sometimes dissociate from it, in which 
the programming deficit involves the execution of 

Introduction

Apraxia of speech (AOS) is a motor speech disorder caused 
by a unilateral lesion, usually in the left hemisphere. The 
disorder is not due to paralysis of the muscles that control 
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non-articulatory movements in the bucco-facial region. 
AOS can also co-occur with neuromuscular deficits indica-
tive of dysarthria and with aphasia. Unlike dysarthria, AOS 
only affects the movements that enable the production of 
speech sounds, generally leaving intact non-articulatory ele-
mentary motor skills in the bucco-linguo-facial district (i.e., 
there is no paralysis of the muscles of the lips, tongue, or 
pharyngo-laryngeal area) and occasionally complex motor 
skills (the deficit from bucco-facial apraxia). AOS is, how-
ever, a distinct motor speech disorder.

The disorder is mainly a consequence of a vascular 
disease. Nevertheless, it may also result from tumors and 
trauma, and has also been identified as the first symptom of 
neurodegenerative diseases such as cortico-basal degenera-
tion or non-fluent progressive aphasia [13–16]. Its impor-
tance as an early indicator of possible neurodegenerative 
disease underscores the need for a sensitive and timely 
assessment of the disorder.

Test-based tools for assessing articulatory apraxia have 
always been limited. In Europe, in 2003, Liepold and col-
leagues [17] proposed a single-word repetition test devel-
oped for the diagnosis of patients with verbal apraxia 
(Hierarchische Wortlisten für die Sprechapraxiediagnostik); 
in 2012, Feiken and Jonkers [18] developed the Diagnostisch 
Instrument voor Apraxie van de Spraak (DIAS), a Dutch tool 
useful for the objective and standardized diagnosis of verbal 
apraxia and its symptoms, which has also been translated 
into German in recent years (DIAS-D) [19]. In 2014, Strand 
and coworkers [20] developed the Apraxia of Speech Rating 
Scale (ASRS) in the United States, a scale designed to quan-
tify the presence or absence of apraxia of speech. However, 
none of these instruments has been translated into Italian, 
and, to date, the AOS assessment in the Italian context has 
been limited to observation and qualitative assessment, as 
there is no validated tool for diagnosing this disorder.

In 1979 [21], a test to assess AOS (Apraxia Battery 
for Adults - ABA) was published in the United States and 
revised in 2000 (ABA-2) [22]. The ABA was designed to 
provide clinicians with a measure for assessing articulatory 
apraxia, offer guidelines on the disorder’s severity, and guide 
therapeutic approaches to treating apraxia. It comprises six 
subtests: Diadochokinetic rate, Repetition of words with 
different lengths, Limb apraxia and oral apraxia, Naming, 
Repeated trials, and the Inventory of Articulatory Features 
of Apraxia. This comprehensive battery of tasks enables the 
collection of a representative sample of verbal output across 
a range of experimental conditions and difficulty levels. 
Such an approach ensures a systematic assessment of lan-
guage planning processes and allows for the identification 
of potential impairments in language programming across 
different task settings.

The goal of this study was to create an Italian version of 
the ABA-2 by adapting the original items to align with the 
phonetic and articulatory characteristics of the Italian lan-
guage. Additionally, the study validated the use of ABA-2 
with two groups: healthy individuals and patients with left-
hemisphere neurological damage.

Materials and methods

The study involved three Italian rehabilitation centers: 
Tuscany Rehabilitation Clinic (Montevarchi, Arezzo) (pro-
moting center), Department of Rehabilitation SABES-
ASDAA- Outpatient physical rehabilitation Service 
(Bolzano-Bozen), and Neuromotor Rehabilitation Unit 
SCRIN-Trevi (USL Umbria2).

The study was approved by the Local Ethics Committee 
of the regional health service in the Tuscany South-East area 
on 20 November 2023 (Protocol number: 25768) and was 
conducted in accordance with the Declaration of Helsinki. 
Patients and healthy subjects gave their written informed 
consent to participate in the study.

The study included two distinct phases. In the first phase 
(Phase A), the items for the Italian version were developed; 
in the second phase (Phase B), the test was administered to 
both healthy and clinical participants for validation.

Phase A: Italian items development

The original version comprises six subtests.

Subtest 1. Diadochokinesis

In this task, participants must repeat one-, two-, and three-
syllable sequences as quickly and accurately as possible 
within a fixed time limit. The repetition of monosylla-
bles (/pa/, /ta/, /ka/) is not included in the test score but 
serves as a practice to ensure the participant understands 
the instructions. This subtest aims to measure volitional 
control of the articulatory organs during the repetition 
of disyllables (/pata/, /taka/) and trisyllables (/pataka/, /
pakata/).

Subtest 2. Repetition of words with different lengths

The participant is required to repeat triplets of similar words 
with an increasing number of syllables. Present one word 
at a time, and the examiner must ensure the participant is 
attentive before proceeding to the next item. This task mea-
sures the ability to sequence the correct number of syllables 
in the correct order.
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Subtest 3. Limb apraxia and oral apraxia

This subtest assesses the ability to produce a voluntary 
movement in response to a verbal command and comprises 
two parts. In Part A, Limb Apraxia, the examiner demon-
strates 10 gestures involving the arms and hands and asks 
the examinee to reproduce them. In Part B, Oral Apraxia, 
the examiner demonstrates 10 oral movements requiring 
voluntary manipulation of the articulatory organs.

Subtest 4. Naming

The participant must name 10 images presented in the Pic-
ture Book. The examiner records each correct response, 
taking into account both lexical selection and articulatory 
accuracy.

Subtest 5. Repeated trials

In this task, the participant must repeat 10 polysyllabic 
words three times each (the same words corresponding to 
the 10 images used in Subtest 4). This subtest measures 
changes in word production to determine whether perfor-
mance improves or deteriorates across the three trials.

Subtest 6. Inventory of articulatory features of apraxia

The final subtest involves recording the participant’s speech 
during three language tasks: spontaneous speech elicited by 
having the participant describe a complex picture, reading 
aloud a passage, and automatic speech elicited by asking the 
participant to count from 1 to 30. This task allows observa-
tion of the participant’s linguistic behavior across different 
types of discourse. However, it is not included in the scor-
ing phase and serves a more qualitative evaluative purpose. 
Additionally, the presence of five or more checklist features 
across all three discourse types constitutes a strong indicator 
of apraxia.

Development of the Italian version

The creation of the Italian items involved several stages.
After obtaining the Authors’ permission to translate 

and validate the tool into Italian, items corresponding in 
phonetic-articulatory characteristics were created under 
the supervision of a linguist. This professional analyzed 
the phonetic-articulatory attributes of the two languages 
and identified a set of items that shared features with the 
original version. A committee of experts, which included 
one medical doctor, three speech therapists, and two neu-
ropsychologists, evaluated the scale. They adapted it to the 
phonetic and articulatory characteristics of Italian and made 

decisions to ensure that the Italian translation was equiva-
lent to the original language version.

The test was administered to a small sample of healthy 
individuals at the promoting center to identify any problem-
atic items. The sample included 10 volunteers aged 20–80 
years with no history of neurological disease and scores > 23 
on the Mini-Mental State Examination (MMSE) [23, 24], a 
widely used test for quickly assessing cognitive function-
ing. If any problematic items had emerged, they would have 
been returned to the initial process until a standardized pro-
tocol was defined. However, none of the items were deemed 
problematic in the pilot sample. Therefore, the initial ver-
sion developed was retained for the subsequent phases of 
the study.

As in the original version, the resulting test comprises 
six subtests.

Phase B: Validation process

Procedure

a) Administration of the test to a sample of healthy 
individuals

The test was administered to a sample of healthy individuals 
(N = 87). To ensure greater representativeness, the sample 
included individuals of different ages and sexes. Given the 
extreme dialectal variability in Italy, we also stratified the 
sample by geographical origin (central-north and central-
south). In addition to the test used in this study, the MMSE 
was administered to healthy subjects to exclude cognitive 
impairment. Table 1 summarizes the characteristics of the 
sample.

b) Administration of the test to a sample of individuals 
with neurological disorders

In parallel, the test was administered to a sample of right-
handed individuals with known left-hemisphere neurologi-
cal disorders (N = 38). In the three participating rehabilitation 
centers, consecutive patients were included if they met the 
following inclusion criteria:

	– age between 18 and 80,
	– neuroradiologically documented left-brain lesion from 

different etiologies.

Each patient was classified as aphasic or non-aphasic and as 
presenting or not presenting articulatory difficulties. Clini-
cal judgment of aphasia was based on the Therapy Outcome 
Measure (TOM) [25], which served as standard reference. 
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Patients were classified as aphasic if they scored between 0 
and 4 on a 0–5 scale, indicating both mild and severe forms 
of aphasia.

For articulatory impairment, no standardized measures 
were available. Therefore, the classification relied exclu-
sively on the clinical judgment of clinicians with substan-
tial expertise in evaluating language and communication 
disorders.

Table 1 summarizes the demographic and etiology char-
acteristics of the pathological sample.

For the validity analysis, two operators blindly assigned 
scores to the same patient from a small number of patho-
logical subjects (N = 10). Additionally, a smaller group of 
patients (N = 9) performed the test twice, with a 24-hour 
interval between the two administrations.

Statistical analyses

All statistical analyses were conducted using R software 
(R Foundation for Statistical Computing, Vienna, Austria) 
or Jamovi (Version 2.6) [Computer Software] (The jamovi 
project (2025) - https://www.jamovi.org). The various ​a​n​a​l​
y​s​e​s conducted for the different phases of the study are pre-
sented below.

Validity and reliability tests

We performed the following validity and reliability tests.

Discriminant validity

To assess the discriminant validity of the test battery, we 
compared the performance of healthy controls and patients 
across all subtests. For each subtest, we calculated the 
Welch’s t-test for independent samples. We evaluated dis-
criminant validity based on significant group differences 
(p < 0.05) and directionally appropriate impairments in the 
pathological group.

Inter-operator reliability

To assess test reliability independently of the operator, we 
compared the scores of two blinded operators who rated 
the same patient in a small group of pathological subjects 
(N = 10). Because all variables were numerical and continu-
ous, reliability was quantified using the Intraclass Correlation 
Coefficient (ICC). Specifically, we computed the ICC (1,1) 
and a one-way random-effects model for absolute agreement 
between two raters. ICC values were interpreted according to 
established guidelines as follows: < 0.50 → Poor reliability; 
0.50–0.75 → Moderate reliability; 0.75–0.90 → Good reli-
ability; > 0.90 → Excellent reliability (Koo et al., 2016).

Intra-operator test-retest reliability

We evaluated test–retest reliability to determine intra-opera-
tor agreement between two administrations performed 24 h 

Table 1  Socio-demographic characteristics of the healthy sample, and pathological characteristics of the pathological sample
Healthy Sample
Origin Age

20–39 40–59 60–80 Tot
M F M F M F
10 9 6 9 4 3 41
6 8 10 9 4 9 46

Tot 16 17 16 18 8 12 87
Pathological Sample
Etiology Sex Age Tot

M F Average SD
Ischemic stroke 14 7 73.4 13 21
Hemorrhagic stroke 10 4 67.5 8 14
Neoplastic 1 0 51 0 1
TBI 1 0 67 0 1
Encephalitis 1 0 72 0 1
Tot 27 11 - - 38

Functional characteristics
No aphasia, no articulatory difficulties 7
with aphasia only 18
with articulatory difficulties only 4
with aphasia & articulatory difficulties 9

https://www.jamovi.org
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apart in a small cohort of pathological subjects (N = 9). We 
calculated intraclass correlation coefficients (ICC, two-way 
mixed-effects model, single measures: ICC (3,1)) for all 
variables that included a subjective judgment.

Unfortunately, we could not establish concurrent valid-
ity due to the lack of an alternative test to assess apraxia of 
speech.

Responsiveness

We performed responsiveness analysis was performed in 
a small sample of pathological subjects (N = 8) to evaluate 
the test battery’s sensitivity in detecting clinical changes 
between admission and discharge. We calculated change 
scores (T2–T1) and standardized response means (SRM) 
were calculated for each variable.

Normative data

Effect of the socio-demographic variables and cut-offs

The inferential analyses aimed to investigate whether the 
demographic variables considered (gender, age, education, 
and geographical origin) influenced performance across the 
subtests. Preliminarily, we examined the distributions of 
scores across subtests using the Shapiro–Wilk test to assess 
the assumption of normality. Based on the outcome of the 
normality tests, we applied parametric analyses (ANCOVA) 
to normally distributed variables, and non-parametric anal-
yses (Generalized Linear Model – GLM) to non-Gaussian 
variables. All statistical analyses adopted a p < 0.05 signifi-
cance level.

Subtests lacking variability in scores — that is, those in 
which all participants obtained identical values — were not 
included in the inferential analyses, as the absence of vari-
ability does not allow for meaningful statistical evaluation.

Based on the results and evidence of the variable’s influ-
ence on performance, we stratified the data by that variable. 
For each subtest, normative cut-offs were also determined 
using a non-parametric approach, identifying for each task 
the value corresponding to the empirical 5th percentile of 
the healthy subjects’ group.

Results

Discriminant reliability

Across all subtests, patients performed significantly worse 
than healthy participants, demonstrating strong discrimi-
nant validity of the battery. Table 2 reports descriptive sta-
tistics and t-test results. As expected, Subtest 6 (reading task) 
showed a reversed direction (fewer seconds, greater rapidity).

Inter-rater reliability

Overall, the level of agreement between the two operators 
was excellent for nearly all tests. Most ICC values were 
above 0.90, indicating very high consistency (see Table 3).

Intra-operator test-retest reliability

Overall, most measures demonstrated excellent reliability, 
with ICC values exceeding 0.90 for diadochokinesis, limb 
apraxia, oral apraxia, naming, and Repeated Trials (see 
Table  3). There was no variability in the following sub-
tests: repetition RWDL, parts A and B, repeated Trials (total 
changes).

Table 2  Discriminant reliability for each subtest
Subtest Mean 

Healthy 
sample

Mean 
Patho-
logical 
sample

T p

Subtest 1 - Diadochokinesis 39.85 16.38 11.33 0.000000
Subtest 2 - Repetition RWDL 
– part A1

19.99 14.38 4.66 0.000042

Subtest 2 - Repetition RWDL 
– part A2

19.98 14.00 4.42 0.000086

Subtest 2 - Repetition RWDL 
– part B1

22.00 14.08 5.38 0.000005

Subtest 2 - Repetition RWDL 
– part B2

21.99 13.86 5.36 0.000005

Subtest 3 - Limb apraxia 19.93 15.65 4.86 0.000023
Subtest 3 - Oral apraxia 19.92 15.73 5.51 0.000003
Subtest 4 - Naming 10.00 5.59 6.17 0.000000
Subtest 5 - Repeated Trials 30.00 20.73 4.35 0.000108
Subtest 6 - Inventory of 
Articulatory Features

47.05 174.18 -2.23 0.049807

Legend: RWDL: Repetition of words with different lengths

Table 3  Results of inter-rater reliability and intra-operator agreement 
between the first and second assessment sessions
Outcome measure Inter-rater 

Reliability
(ICC (1,1))

Intra-
operator 
agreement
(ICC (3,1))

Subtest 1 – Diadochokinesis 0.996 0.975
Subtest 2 - Repetition RWDL part A 0.943 -
Subtest 2 – Repetition RWDL part B 0.999 -
Subtest 3 - Limb apraxia 0.999 0.929
Subtest 3 - Oral apraxia 0.993 0.980
Subtest 4 – Naming 1.000 0.941
Subtest 5 - Repeated Trials – accuracy 
score

1.000 0.955

Subtest 5 - Repeated Trials - total 
changes

0.818 -

Legend: RWDL: Repetition of words with different lengths
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Responsiveness

The results demonstrated substantial improvements in sev-
eral motor and praxis-related measures (see Table  4). In 
particular, diadochokinesis showed a large positive change 
(mean change = + 4.50; SRM = 1.51). Similarly, RWDL part 
B1 exhibited a large responsiveness (mean change = + 3.88; 
SRM = 1.01), suggesting that this task effectively captures 
clinically relevant progress following treatment. Moder-
ate responsiveness was observed for RWDL part A1, limb 
apraxia, and oral apraxia (SRM = 0.68–0.88), indicating 
meaningful yet less pronounced improvements across these 
domains. Naming and Repeated Trials accuracy showed 
only small responsiveness indices, whereas error-based 
measures demonstrated negligible or negative changes.

Normative data

Effect of age, sex, geographical origin, and education

Normality testing with the Shapiro–Wilk procedure indi-
cated that only Subtest 1 (Diadochokinetic task) exhibited 
a distribution consistent with normality (W = 0.99, p = 0.75). 
Most other subtests, including Subtest 2 (Part A and Part B), 
Subtest 3 (Limb and Oral Apraxia), and Subtest 6 (Read-
ing task), showed significant deviations from normality (p 
< 0.001). The remaining subtests (4, 5, and 6; total score) 
showed no variability in scores. Therefore, we excluded 
them from inferential analyses. Qualitative inspection fur-
ther revealed that in Subtest 2, only one participant scored 
above zero, while all others scored zero. This highly 
asymmetric distribution, characterized by a single outlier, 

necessitates a cautious interpretation. Consequently, were 
did not perform further statistical analyses on this test.

Analyses were therefore conducted to detect any effects 
of demographic variables, such as age, gender, geographi-
cal origin, and education, on performance in Subtests 1, 3, 
and 6 (Reading task), using parametric and nonparametric 
approaches depending on the data distribution.

ANCOVA performed on Subtest 1 revealed a significant 
effect only for age (F (1,81) = 7.06, p = 0.01). Instead, gender 
(F (1,81) = 0.001, p = 0.97), education (F (1,81) = 2.89, p = 0.09), 
and geographical origin (F (1,81) = 1.16, p = 0.28) did not 
show statistically significant effects, nor did any interac-
tion. For Subtest 3, the GLM analysis detected no effect 
for the subtest Limb Apraxia, whereas a significant effect 
of age was observed for the part Oral Apraxia (β = 0.0043, 
z = 2.17, p = 0.030). However, a qualitative inspection of the 
data indicated extremely low variability in scores across 
participants (with almost all scoring 20 and only a few scor-
ing 19 on a scale from 0 to 20). This pattern suggests that the 
observed effect may be an artifact of the small sample size 
rather than a genuine association.

The GLM analysis revealed a single significant effect 
of geographical origin (β = 0.0043, z = 2.17, p = 0.03) on 
Subtest 6 (Reading task), indicating that participants from 
different regions of Italy (Center-North vs. Center-South) 
exhibited small but detectable differences in reading speed. 
Specifically, participants from the Center-North scored 
higher (M = 49.26 ± 10.32) compared to those from the Cen-
ter-South (M = 44.79 ± 7.98). The effect size (η² = 0.00085) 
indicates that approximately 0.085% of the variance in 
reading performance was due to geographical provenance. 
Therefore, we considered this effect negligible.

The means, standard deviations, percentiles, and cut-off 
scores were calculated for each subtest (see Table 5). When 
all participants in the healthy cohort attained the maximum 
score on a specific subtest, that score was considered the 
cut-off value.

Comparison between the healthy sample and the 
sample of individuals with neurological disorders

We have previously described the composition of the groups 
above (see Table 1). Among healthy participants, the mean 
age was 46.1 ± 15.9 years (range: 21–81 years), and the 
mean years of education was 15.3 ± 3.34 years (range: 5–23 
years). In contrast, the individuals with neurological disor-
ders had a mean age of 70.3 ± 11.6 years (range: 46–89), and 
a mean of 10.4 ± 3.99 years of education (range: 5–18).

The comparison between groups showed significantly lower 
performance in the pathological group than in the healthy 
group on Subtests 1, 3, 4, and Subtest 5 (accuracy score). The 
pathological group, on the other hand, performed significantly 

Table 4  Responsiveness analysis
Measure Mean 

Change
SD 
Change

SRM

Subtest 1 - Diadochokinesis 4.50 2.98 1.51
Subtest 2 - Repetition RWDL, part A1 2.25 2.55 0.88
Subtest 2 - Repetition RWDL, part A2 0.50 4.84 0.10
Subtest 2 - Repetition RWDL, part B1 3.88 3.83 1.01
Subtest 2 - Repetition RWDL, part B2 1.00 4.24 0.24
Subtest 3 - Limb apraxia 1.63 2.26 0.72
Subtest 3 - Oral apraxia 2.25 3.33 0.68
Subtest 4 - Naming 1.38 3.11 0.44
Subtest 4 – Naming - Error type 1 0.00 1.60 0.00
Subtest 4 – Naming - Error type 2 -1.00 3.34 -0.30
Subtest 4 - Naming - Error type 3 -0.88 2.90 -0.30
Subtest 5 - Repeated Trials - accuracy 
score

2.25 11.04 0.20

Subtest 5 - Repeated Trials Error type 1 0.38 1.41 0.27
Subtest 5 - Repeated Trials Error type 2 -0.50 2.93 -0.17
Subtest 6 - Reading task 26.00 93.26 0.28
Legend: RWDL: Repetition of words with different lengths
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higher scores than the healthy group in subtest 6 (total score) 
and in the Reading task. The results are illustrated in Table 6.

Discussion

Apraxia of speech is a motor speech disorder frequently 
associated with acute neurological pathologies but remains 
relatively under-investigated. This study aimed to develop a 

specific assessment tool for the Italian population that would 
provide access to a broad sample of the patient’s verbal pro-
duction for the evaluation of articulatory abilities. Since 
the test includes naming, spontaneous speech, and reading 
tasks, the results, as expected, demonstrated excellent dis-
criminant validity between patients with left-hemisphere 
lesions—therefore likely presenting with aphasia—and 
healthy control subjects. Hence, the ABA-2 is sensitive to 
the cognitive-linguistic deficits typically associated with 
left-hemisphere damage.

The clinical sample was heterogeneous, comprising 
patients with aphasia alone, articulation difficulties alone, 
articulation difficulties associated with aphasia, and a sub-
group without communication disorders, thus reflecting the 
typical variability observed following a stroke in the left 
hemisphere. The available data and measurement instru-
ments did not permit a thorough evaluation of construct 
validity. In particular, neither convergent nor discriminant 
validity could be assessed, as no external measures of theo-
retically related or unrelated constructs were available. In 
addition, the sample size was too small to support explor-
atory or confirmatory factor analyses aimed at examining 
the instrument’s latent structure. Consequently, the present 
study could provide only limited evidence regarding con-
struct validity, while focusing on other key psychometric 
properties, including content validity, criterion-related 
validity, reliability, and responsiveness.

The ABA-2 also demonstrated excellent inter-rater reli-
ability. Independent evaluators produced highly consistent 
scores, indicating that the scoring criteria are clear, robust, 
and easily replicable across clinicians. High agreement 

Table 5  Mean, SD, Percentiles, and cut-off for each subtest
Range Mean SD Percentiles Cut Off

5° 15° 50° 85° 95°
Subtest 1 - Diadochokinesis
Total 0-∞ 39.85 7.47 28.3 31 40 48 51 ≤ 28
Age 20–39 0-∞ 37.8 7.27 27.6 30 36.5 46 49 < 28
Age 40–59 0-∞ 41.6 6.74 30.5 36 41 49.3 51 ≤ 30
Age 60–80 0-∞ 40.5 8.38 30 32 40 48 52 < 30
Subtest 2 - RWDL
Outcome part A -10/+10 0.01 0.107 0 0 0 0 0 > 0
Outcome part B -11/+11 0.01 0.107 0 0 0 0 0 > 0
Subtest 3
Limb apraxia 0–20 19.93 0.33 20 20 20 20 20 < 20
Oral apraxia 0–20 19.92 0.27 19 20 20 20 20 < 20
Subtest 4 - Naming

0–10 10 - 10 10 10 10 10 < 10
Subtest 5 - Repeated Trials
Accuracy score 0–30 30 - 30 30 30 30 30 < 30
Total changes - 0 - 0 0 0 0 0 > 0
Subtest 6 - Reading task (time)

0-∞ 47.1 9.45 35.6 38.4 46 55 62.4 > 62
Legend: RWDL: Repetition of words with different lengths

Table 6  Comparison between groups in performance on different sub-
tests
Subtest Healthy 

sample
Pathological 
sample

P

M DS M DS
Subtest 1 - Diadochokinesis

39.9 7.47 16 11.7 < 0.001
Subtest 2 - RWDL
Outcome part A 0.01 0.11 0.11 3.59 0.81
Outcome part B 0.01 0.11 0.37 1.91 0.083
Subtest 3
Limb apraxia 19.93 0.33 15.76 5.32 < 0.001
Oral apraxia 19.92 0.27 15.79 4.57 < 0.001
Subtest 4 - Naming

10 - 5.53 4.30 < 0.001
Subtest 5 - Repeated Trials
Accuracy score 30 - 20.32 13.05 < 0.001
Total changes 0 - 0.71 4.98 0.18
Subtest 6 - Inventory of Articulatory Features
Total Score 0.17 0.46 5.47 8.58 < 0.001
Reading task (time) 47.05 9.45 142.4 146.1 < 0.001
Legend: RWDL: Repetition of words with different lengths
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suggests that the administration and scoring procedures 
minimize subjective bias and ensure stable performance 
evaluations across examiners, supporting the test’s suitabil-
ity for both clinical and research contexts.

The intra-operator test-retest reliability was notable, 
as participants’ scores remained remarkably stable when 
assessed by the same examiner at two different time points. 
This consistency indicates that the instrument yields consis-
tent results over time in the absence of clinical change. This 
temporal stability highlights the precision and robustness of 
the ABA-2. Furthermore, it confirms its utility for longitu-
dinal patient monitoring, enabling detection of true clinical 
variations rather than measurement errors.

Regarding responsiveness, our findings indicate that 
the most sensitive indicators of rehabilitation progress in 
this test battery are the diadochokinesis and RWDL sub-
tests. The moderate responsiveness observed in limb and 
oral apraxia further supports their relevance in monitor-
ing clinical evolution, although with reduced discrimina-
tive power compared to better responsive tasks. Such tasks 
may be less sensitive to progressive improvements in the 
advanced stages of recovery, when performance approaches 
normative levels, and the opportunity to detect incremental 
changes is reduced. Consequently, although these subtests 
remain useful tools for a comprehensive assessment of the 
apraxic profile, they are more informative when interpreted 
together with measures that are more sensitive to change.

Overall, demographic variables had minimal influence on 
performance across the battery, likely due to the high scores 
and limited variability observed in most subtests. However, 
age exerted a slight effect in Test 1. Ceiling effects were par-
ticularly evident in tasks assessing oral and limb praxis, as 
well as naming and repetition, where uniform performance 
prevented statistical analyses.

An age effect appeared in Subtest 1, with younger par-
ticipants producing verbal diadochokinesis more quickly. 
This subtest also showed a trend for the effect of education, 
although it did not reach significance, possibly due to the 
small sample size.

Italian is characterized by marked regional variation in 
phonetic and prosodic features, including accent, segmental 
realization, and speech rhythm [26]. Such variability could, in 
principle, influence both articulatory accuracy and temporal 
parameters of speech production, particularly in tasks requir-
ing precise phonetic output, as is the case in assessments of 
articulatory apraxia. In the present study, the effect of the 
demographic variable geographical origin also emerged for 
the Reading task, although it accounted for a negligible por-
tion of the variance. This finding may reflect regional pro-
sodic differences that subtly affect reading performance. For 
instance, it has been anecdotally suggested that speakers from 
northern Italy may exhibit faster speech rates compared to 

those from southern regions; however, this aspect has not yet 
been systematically investigated in the literature (for initial 
contributions, see [27]). In the Reading task, participants were 
instructed to read a passage without any indication regarding 
speech rate. Therefore, each individual may have adopted a 
self-selected “comfortable” reading speed, which could have 
been influenced, at least partially, by habitual regional pro-
sodic patterns. Nevertheless, despite these considerations, no 
significant effects of regional origin were observed across the 
other subtests. This suggests that, although regional phonetic 
and prosodic variability may exert a subtle influence on tasks 
involving spontaneous pacing, the test as a whole appears to 
be robust against such variation. This is likely because it pri-
marily targets core speech motor planning processes rather 
than accent-dependent phonetic realizations.

Overall, the results indicate that the battery is robust pri-
marily to demographic influences, except for the age effect 
on diadochokinesis and a minor regional effect on reading 
performance. Further studies with larger and more diversi-
fied samples may help clarify whether this effect reflects 
broader sociolinguistic differences or sample variability.

The cut-off values derived from the healthy normative 
sample were at the upper end of the performance range. In 
all subtests where the task involved maximum values (Sub-
tests 2, 3, 4, and 5), the calculated thresholds corresponded 
to either the maximum score or to values only marginally 
below it, reflecting minimal variability within the healthy 
sample. For Subtests 1 and 6 (reading task), which did not 
have a maximum score, cut-off values were set at the 5th 
percentile of the healthy group. However, in light of these 
considerations, the added value of the present contribution 
may not reside in the proposed cut-off scores—potentially 
not specific to articulatory apraxia and possibly influenced 
by broader language impairment—but rather in the avail-
ability of structured materials for eliciting patient responses 
in settings specifically designed to bring out features of artic-
ulatory apraxia, such as the inclusion of items of increasing 
length and tasks requiring multiple repetitions.

The limitations of the present study include the small 
number of healthy subjects and the higher average age 
of individuals in the pathological group compared to the 
healthy group. It should also be noted that the group of 
pathological subjects consists of people who have suffered 
left brain damage due to a neurological disorder, rather than 
exclusively people with proven apraxia of speech.

In conclusion, the findings indicate that the ABA-2 test 
is a robust and reliable instrument for clinical use. Its strong 
psychometric properties—including high discriminant valid-
ity, excellent inter-rater consistency, and stable intra-operator 
test–retest performance—support its suitability for routine 
assessment in neurological settings. Importantly, the primary 
aim of the present instrument is not to provide a quantitative 
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tool for the categorical distinction between patients with and 
without apraxia of speech. Rather, it is intended as a struc-
tured set of tasks designed to elicit clinically relevant features 
of speech motor planning impairment. In line with this pur-
pose, the results support the validity of the individual sub-
tests in capturing these features, as the proposed tasks proved 
effective in highlighting the clinical manifestations associated 
with apraxia of speech. In this perspective, this study pro-
vides clinicians and researchers in Italy with a validated tool 
for evaluating articulatory apraxia in patients with left-hemi-
sphere lesions, thereby improving diagnostic precision and 
enhancing the resources available for the neuropsychological 
assessment of speech production disorders.
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