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ABSTRACT

The Arabic Discourse Assessment Tool (ADAT) is a newly developed, standardised, and norm-
referenced tool comprising three discourse tasks, eight high-quality discourse measures, and
two transcription-less assessment approaches. ADAT can accurately differentiate discourse
responses produced by people with aphasia (PwA) from those of neurotypical adults. In this
study, we examined the diagnostic accuracy of ADAT in patients with brain damage. We
addressed key methodological limitations in the existing literature by: (a) using ADAT to
distinguish brain damaged PwA from those without aphasia; (b) diagnosing fluency status
among PwA using ADAT; (c) testing the predictive validity of the tool in out-of-sample data; and
(d) assessing whether transcription-less discourse assessment approaches can produce similar
diagnostic accuracy to traditional, time-consuming discourse sampling. We examined 100
patients with brain damage using ADAT; 50 of whom were diagnosed with aphasia (28 fluent
and 22 non-fluent aphasia). Using random-permutation nested cross-validation and boot-
strapping, the study demonstrates that the combination of eight ADAT discourse measures can
predict aphasia status in brain damaged patients with 90% accuracy, and the two transcription-
less, clinically-friendly discourse assessment approaches can predict aphasia status with 88%
accuracy. Furthermore, ADAT's discourse measures can diagnose fluency status in PwA with
81% accuracy, and the two transcription-less approaches can diagnose fluency status with 88%
accuracy. The findings provide evidence that ADAT, including its discourse measures and
transcription-less approaches, can be used to diagnose aphasia in brain damaged individuals
and fluency status in PwA with very high accuracy, thus offering clinical applications for early
identification and targeted interventions.
© 2026 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Acquired language impairments following brain damage or
neurological disorders (i.e., aphasia) impact the person's
ability to comprehend, formulate, and produce language.
These deficits can limit communication, social participation,
quality of life and the well-being of people with aphasia (PwA).
Aphasia affects up to 42% of stroke survivors (Lee et al., 2020).
Clinical assessments of aphasia should provide a diagnosis of
language impairment, identify communicative strengths and
weaknesses, and guide intervention planning. The initial
classification of aphasia is an important factor in determining
the prognosis for PwA (Plowman et al., 2012). Thus, accurate
diagnosis of the presence of aphasia and fluency status is
crucial to ensure the patient is receiving the required reha-
bilitation services.

Language functions are evaluated through a range of clin-
ical tests. Standardised clinical tests of language impairments
examine a range of language skills within the main language
domains of comprehension, spontaneous speech, naming,
repetition, and general aphasia severity. However, a system-
atic review of 56 commercial and non-commercial aphasia
assessments identified a critical problem in the existing
literature in that none of these tests reported diagnostic data
for identifying aphasia in stroke populations (Rohde et al.,
2018). Instead, they tended to report data for differentiating
aphasic stroke patients from neurotypical controls, which is
not what these tests are used for in clinical practice. The re-
view also found that the psychometric properties of these
tests are often reported within the purchased test manuals,
rather than in the peer-reviewed publications, and thereby,
the diagnostic aptitudes of these tests have not been sys-
tematically evaluated (Rohde et al., 2018). The review high-
lighted the need for diagnostically validated aphasia tests.
Furthermore, some published aphasia assessment tests have
low ecological validity, and scores on these tools do not reflect
naturalistic language, and they may not predict real-time
performance (Fergadiotis & Wright, 2015; Marini et al., 2011).
Moreover, clinical aphasia tests do not optimally assess
spoken discourse and naturalistic language, despite the
remarkable impact of aphasia on discourse production
(Alyahya et al., 2021, 2022a; Fromm et al., 2017; Martinez-
Ferreiro et al., 2017). Assessing spoken discourse is critical
because it can detect higher-level expressive language deficits
that might be overlooked by frequently used tests (e.g., picture
naming), and thus, might contribute to more accurate diag-
nosis and patient-centred interventions. Moreover, discourse
information provides insight into overall communicative
performance, as it reflects the person's ability to exchange
information, convey ideas, and participate in social in-
teractions (Bryant et al., 2016; Dipper and Pritchard, 2017;
Pritchard et al., 2017).

The Arabic Discourse Assessment Tool (ADAT) (Alyahya,
2024, 2025) was recently developed to address several limita-
tions in existing clinical assessment tools. Firstly, published
standardised aphasia assessment tools tend to be biased to-
wards English and European languages, and the Western cul-
ture. Due to the lack of comprehensive aphasia assessment tools
that are appropriate for Arabic speakers, Speech-Language

Therapists/Pathologists (SLTs) in Arabic countries tend to rely
on informal assessments or the use of non-adapted Western
English assessment batteries (Khoja, 2019). Informal assess-
ments should not be used for diagnosis or planning in-
terventions. Furthermore, the use of Western English aphasia
assessment tools to examine language impairment in Arabic
speakers is problematic because these tests are not sensitive to
the Arab culture and the linguistic features of the Arabic lan-
guage. Secondly, the gold standard approach to assessing
spoken discourse and naturalistic language is discourse sam-
pling. Discourse samples provide rich data on language use and
insights into various linguistic elements of spoken discourse
(Bryant et al., 2016; Dipper and Pritchard, 2017). However, there
is a lack of consensus on which discourse measures to use
(Bryant et al., 2016). A comprehensive review of studies that
assessed expressive language using discourse analysis in
aphasia found 536 different discourse measures (Bryant et al,,
2016). The authors argued that choosing a particular discourse
measure for clinical use is highly challenging due to the lack of
evidence on which measures might be most beneficial in
aphasia clinical practice (Bryant et al., 2016). Moreover, there is
limited evidence on the psychometric properties of most pub-
lished discourse measures, and thereby the quality of these
measures and their appropriateness for clinical use as diag-
nostic measures is doubtful (Pritchard et al., 2017). A discourse
measure must be robust, and its psychometric properties of
validity and reliability must be high for the measure to be
considered by clinicians for use to detect deficits and charac-
terise the features of spoken discourse in PwA. Third, discourse
sampling involves the laborious process of collecting, tran-
scribing, and analysing discourse samples. This is effortful and
time-consuming, making the utilisation of discourse samples
impractical in clinical settings. A survey of SLPs revealed that
only 6% of clinicians always use discourse analysis as part of
their clinical examination (Cruice et al., 2020). Lack of resources
(tasks and norms) and time constraints were reported to be the
main barriers (Bryant et al., 2017; Cruice et al., 2020).

ADAT is the first discourse assessment tool that is cultur-
ally and linguistically appropriate for use by Arabic speakers
(Alyahya, 2024). The tool consists of three discourse tasks to
assess descriptive, narrative, and procedural discourses using
eight high-quality discourse measures that were shown to
attain significantly high reliability and validity in both neu-
rotypical controls and PwA (Alyahya, 2024). This includes
word-per-minute (WPM) and sample duration to assess language
productivity/fluency, Lexical Information Unites (LIU-both
counts and percentages) to assess lexical-semantics, number of
different words (NDW) to assess lexical diversity, Correct Infor-
mation Unit (CIU-both counts and percentages) to assess
discourse informativeness, proportion of open and closed word
classes to assess grammatical structure, and number of complete
sentences to assess syntactic complexity. ADAT has been
further developed to incorporate two validated, clinically-
friendly, transcription-less approaches that provide efficient
yet accurate assessments of content word fluency, informa-
tiveness, and concepts of spoken discourse in aphasia, uti-
lising Content Word Fluency (CWF) and Main Concept
Analysis (MCA) (Alyahya, 2025). These two approaches do not
require time-consuming and labour-heavy transcription or
coding of discourse samples, and they can be applied in real-
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time while the patient is speaking to assess discourse per-
formance during clinical examination (Alyahya, 2025). Spe-
cifically, CWF is an efficient and clinically applicable approach
used to quantify the fluency of content words during spoken
discourse without the need to collect, transcribe or analyse
discourse responses (Alyahya et al., 2022b) CWF consists of
checklists of target items that have been developed from the
discourse responses of neurotypical controls (Alyahya, 2025;
Alyahya et al., 2022b). A recent neuroimaging study found
lesion correlates in the left frontal and parietal regions, as well
as the anterior dorsal white matter pathways in association
with impaired CWF among PwA (Alyahya et al.,, 2026). MCA is
also a discourse analysis approach used to measure the ability
to produce essential information in a given discourse, accu-
rately and completely, using a multilevel coding system of a
predetermined list of key concepts (Nicholas and Brookshire,
1993, 1995).

ADAT provides an invaluable clinical resource for Arabic
speakers with language impairments. Arabic is the fourth
most spoken language worldwide, with over 330 million
native Arabic speakers (Saad & Ashour, 2010). This highlights
the importance of developing assessment tools that are
linguistically and culturally suitable for use by Arabic
speakers. ADAT is norm-referenced, and it can differentiate
discourse performance between PwA and neurotypical con-
trols across different discourse tasks (Alyahya, 2024). Thus,
the tool has the potential to be used clinically to assess deficits
in spoken discourse and help guide the development of per-
sonalised therapy objectives and strategies to improve verbal
communication in PwA. However, to examine the diagnostic
sensitivity of assessment tools, the tool should be tested with
a representative sample of the population under study (Rohde
et al., 2018), i.e., another control group of people who have
suffered brain damage but without language impairments.

The present study aims to examine the diagnostic accuracy
of ADAT and to determine whether its discourse measures
can predict and differentiate discourse performance between
people with and without aphasia in a large cohort of in-
dividuals who have sustained brain damage. We further
examined the accuracy of ADAT in diagnosing fluency status
in PwA following brain damage. Critically, this study per-
formed predictive modelling analyses to test whether ADAT
have predictive value in ‘out-of-sample’ data (i.e. internal
cross-validation splits), thus overcoming a key limitation in
the field (which has tended to identify statistical associations
but not measure predictive value in ‘out-of-sample’ data). We
additionally assessed whether transcription-less discourse
approaches can produce similar diagnostic accuracy to the
traditional, time-consuming discourse sampling.

2. Methods and materials

This study was approved by King Fahad Medical City's Insti-
tutional Review Board (IRB No. 20—763).

2.1. Participants

100 participants took part in this study. The inclusion criteria
involved adult (above the age of 18 years), native Arabic

speakers, who had previously sustained brain damage, and
had self-reported normal and/or corrected-to-normal hear-
ing/vision. All participants were medically and neurologically
stable at the time of participation (i.e., at least one month post
onset of brain damage). Participants were excluded from the
study if they had a history of developmental speech or lan-
guage difficulties before the onset of brain damage, dementia,
neurodegenerative diseases, or major psychological disorders.
Neurological and medical histories were obtained from pa-
tients’ medical records as documented by their neurologists.

Participants were categorised into an aphasia group and a
non-aphasia group, and the aphasia group were further sub-
categorised into fluent or non-fluent aphasia, based on their
performance on language tests (see below). In order to sample
across the whole aphasia spectrum (from mild to severe
aphasia), recruitment was not restricted based on aphasia
severity or type. This resulted in diversity of performance
within the aphasia cohort. Each group consisted of 50 partic-
ipants (38 males and 18 females in each group). Among the
aphasia group, 28 had fluent aphasia, and 22 had non-fluent
aphasia. Both groups and sub-groups were matched on
gender, age, education, and time post onset of brain damage
(p > .05). Demographic information for both groups is reported
in Table 1. All participants were recruited from King Fahad
Medical City in Riyadh, Saudi Arabia, and provided written
informed consent before voluntarily participating in this
study according to the Declaration of Helsinki under the
approval of the local research ethics committee.

2.2. Language assessments

Participants’ language abilities were assessed using the Short
Aphasia Test for Gulf-Speakers (SATG) (Altaib et al., 2021), and
the Arabic Object and Action Naming Battery (AOANB)
(Alyahya & Druks, 2016). In order to be able to provide a
discourse sample, non-verbal participants (i.e., who could not
produce any spoken words on the SATG) were excluded from
this study. Language information is reported in Table 1.

2.3. Discourse elicitation, transcription and coding

ADAT (Alyahya, 2024) was used to elicit discourse responses.
The tool includes three tasks. The first task elicits descriptive
discourse using a picture-supported stimulus called the
‘lounge composite picture description’, which involves a
scene of multiple characters and events. The second task
elicits narrative storytelling discourse using a picture-
supported stimulus called the ‘kitchen storyboard’. The third
task elicited procedural discourse by asking participants ‘how
they prepare a cup of tea’. The three discourse tasks were
administered in a randomised order. Picture-supported stim-
uli were displayed, and participants were instructed to
describe what was going on in these pictures in as much detail
as possible. They were allowed to look through the picture
before describing it. In order for ADAT to be used in clinical
practice, it was important to sample across the whole aphasia
spectrum and include a range of severity levels, including
severe cases, as this would reflect the standard clinical pro-
files of PwA. Therefore, there was no minimum number of
elicited words required, and no time limit was imposed during
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Table 1 — Demographic and background information for participants with brain damage.

Variables Aphasia group Non-aphasia groups Mann—Whitney
(N=50) (N =50) U test statistics
Median IQR Range Median IQR Range U value P value
Demographics Age (years) 48.0 23.0 18—86 46.5 20.5 18—66 1482.0 A1
Education (years) 12.0 5.0 0-22 12.0 4.0 0-18 1048.5 .15
Medical history Months post onset 6.9 16.0 1-105 10.2 215 1-121 1078 31
Medical diagnosis Stroke = 42 Stroke = 42
TBI=5 TBI=5
Tumour resection = 2 Tumour resection = 2
Others =1 Others =1
Language AOANB (max = 100) 52.0 57.0 0-95 97.0 4.0 91-100 13.0 <.0001
assessments SATG (max = 117) 83.5 35.3 17-111 113.5 4.8 103-117 315 <.0001

TBI = Traumatic Brain Injury, AOANB = Arabic Object and Action Naming Battery (Alyahya & Druks, 2016), SATG = Short Aphasia Test for Gulf

Arabic Speakers (Altaib et al., 2021).

responses for the three discourse samples. No prompts were
provided by the examiner throughout testing. Responses were
continuously audio-recorded for offline transcription and
analysis. Each discourse sample was transcribed verbatim
(orthographically) by trained assistants.

2.4. Statistical analyses

Data analyses were performed using Python v3.10.12, with
data handling using pandas v2.1.4 and numpy v1.26.4 and
statistical analyses using statsmodels v0.14.2 and sklearn
v1.3.2. Mann—Whitney U tests were used to determine
whether continuous demographic variables (gender, age and
years of education) or discourse measures were statistically
significantly different between brain damaged individuals
with aphasia versus those without aphasia. Statistical signif-
icance was defined as two-sided p < .05. Bonferroni correction
was applied to the significance threshold if multiple uni-
factorial tests were performed on the same dataset (i.e., re-
ported p-values have been left as uncorrected).

2.4.1. Linguistic analysis

Linguistic analysis was conducted on each transcript to code
for eight high quality discourse measures that were shown to
attain consistently strong psychometric properties of validity
and reliability across different discourse tasks in controls and
PwA (Alyahya, 2024). The discourse measures were WPM,
sample duration %LIU, #CIU, NDW, proportion of open and
closed word classes, and number of complete sentences.
Moreover, discourse responses were further analysed to
obtain scores on two transcription-less approaches: CWF, and
MCA using the scoring guidelines provided by Alyahya (2025).

2.4.2. Reliability analysis

To determine the degree of transcription accuracy, the tran-
scription agreement coefficient using point-by-point percent
agreement was calculated on 25% of the transcripts that were
randomly selected and transcribed by two independent tran-
scribers. To examine inter-rater reliability for each discourse
measure, 25% of the data was coded by another independent
rater, and Intraclass Correlation Coefficient (ICC) using two-
way mixed effects model and absolute agreement was

computed. To estimate variance due to differences between
raters, the mean square between raters was used.

2.4.3. Predictive modelling

Statistical associations do not necessarily imply predictive
value in ‘out-of-sample’ data. This is a major limitation of
many of the existing assessment tools in this field, which have
tended to look at whether models are statistically significant
but not proceed to test whether such models have predictive
value in ‘out-of-sample’ data. This study, therefore, per-
formed an additional set of predictive modelling analyses,
which tested whether demographic data or discourse mea-
sures can be used to train logistic regression models to predict
patient group (aphasia vs non-aphasia following brain dam-
age) in out-of-sample individuals, significantly better than
chance. ‘Out-of-sample’ is used to refer to internal cross-
validation splits rather than an independent external valida-
tion cohort. Therefore, the reported performance reflects in-
ternal validation only.

Random-permutation nested cross-validation was used to
provide an unbiased estimate of the mean Balanced Accuracy
Score in ‘out-of-sample’ data (i.e. the generalisation error, or
predictive accuracy) from logistic regression models trained
on either (i) demographic data, (ii) the combination of eight
discourse measures (WPM, duration, %LIU, #CIU, NDW,
number of complete sentences, and proportion of open and
closed class words); or (iii) the two transcription-less
discourse assessment approaches (CWF and MCA) com-
bined. The pipeline consisted of training the logistic regres-
sion model to predict patient group (aphasia vs non-aphasia
following brain damage) of the training dataset before calcu-
lating the Balanced Accuracy Score of the trained model on
‘out-of-sample’ brain-damaged patients from the testing
dataset. Similar analyses were conducted among the aphasia
subgroups to predict fluency status (fluent or non-fluent
aphasia). Random-permutation cross-validation was used to
produce five random training/testing splits of the entire
dataset (training split = 80% of the entire dataset, test
split = 20% of the entire dataset), as five ‘outer-loop’ training/
testing datasets. Within each ‘outer-loop’ training dataset
(which in turn was 80% of the entire dataset), random-
permutation cross-validation produced three random train/
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test splits as three ‘inner-loop’ train/test datasets (training
split = 66%, test split = 34%). Within the three ‘inner-loop’
training/testing datasets of each ‘outer-loop’ training dataset,
hyperparameters of the logistic regression modelling algo-
rithm (namely whether L1 or L2 regularisation was used, and
the regularisation strength ‘C’) were optimised for that ‘outer-
loop’ using ‘GridSearchCV’.

In addition, we empirically estimated the 95% Confidence
Intervals of the mean generalisation error (defined as the
mean Balanced Accuracy Score in ‘out-of-sample’ data) from
logistic regression models trained on either demographic data
or discourse data, using bootstrapping (1000 iterations).
Within each bootstrap iteration, the original dataset was
bootstrapped to produce a ‘training dataset pool’ the same
size as the original dataset; all samples not selected during
bootstrapping for the ‘training dataset pool’ were included in
the ‘testing dataset pool’. From each ‘training dataset pool’,
five ‘outer-loop’ training datasets were randomly sampled
(training dataset size = .8 of the original dataset). From each
‘testing dataset pool’, five ‘outer-loop’ testing datasets were
randomly sampled (testing dataset size = .2 of the original
dataset). Random-permutation nested cross-validation
occurred using these ‘outer-loops’ as above. This process
was repeated on each of the 1000 bootstrap iterations to yield
an empirical distribution of the mean Balanced Accuracy
Score.

3. Results

The transcription agreement coefficient analysis revealed
high agreement across the three discourse tasks: (i) 92%
agreement for descriptive discourse; (ii) 92% agreement for
narrative discourse; and (iii) 95% agreement for procedural
discourse. ICC findings revealed significant excellent reli-
ability at p < .001 for all discourse measures across the three
discourse tasks (descriptive discourse: ICC = .976 to 1; narra-
tive discourse: ICC = .970 to .999; procedural discourse:
ICC = .942 to 1).

Predictive modelling using demographic data only as pre-
dictors was not able to predict patients within the two groups
(aphasia vs non-aphasia following brain damage) of out-of-
sample data, more accurately than chance (Table 2). This
was shown by logistic regression models using demographic
data having a mean (SD) cross-validation Balanced Accuracy
Score of .49 (.07), and the 95% confidence interval of the mean
cross-validation Balanced Accuracy Scores (.38—.63) over-
lapping with the ‘chance’ level of .5.

3.1.  The diagnostic accuracy of ADAT's discourse
measures

Predictive modelling using the discourse dataset was able to
predict patient group (aphasia vs non-aphasia following brain
damage) of out-of-sample data, significantly more accurately
than chance (Table 2). Indeed, logistic regression models using
the discourse dataset had a mean (SD) cross-validation
Balanced Accuracy Score of .90 (.10) for all eight discourse
measures (WPM, %LIU, #CIU, duration, NDW, number of
complete sentences, and proportion open and closed class

words), and the 95% confidence interval of the mean cross-
validation Balanced Accuracy Scores (.81—-.98) did not over-
lap with the ‘chance’ level of .5 (Table 2). This indicates that
discourse measures alone could predict whether an ‘out-of-
sample’ brain damaged individual had aphasia or not, with a
balanced accuracy of 90%.

Furthermore, predictive modelling using the ADAT's
discourse measures was able to predict fluency status (fluent
us non-fluent aphasia) of out-of-sample data significantly
more accurately than chance, as the logistic regression
models had a mean (SD) cross-validation Balanced Accuracy
Score of .81 (.10) for all eight discourse measures, and the 95%
confidence interval of the mean cross-validation Balanced
Accuracy Scores (.57—.91) did not overlap with the ‘chance’
level of .5 (Table 2). This indicates that discourse measures
alone can predict whether an ‘out-of-sample’ brain damaged
patient had fluent or non-fluent aphasia with a balanced ac-
curacy of 81%.

3.2.  The diagnostic accuracy of transcription-less
discourse assessment approaches

Predictive modelling using the two transcription-less
discourse assessment approaches (CWF and MCA) was able
to predict patient group (aphasia vs non-aphasia post brain
damage) of out-of-sample data, significantly more accurately
than chance (Table 2). Indeed, logistic regression models using
the two transcription-less discourse assessment approaches
(CWF, MCA) had a mean (SD) cross-validation Balanced Ac-
curacy Score of .88 (.05) for the transcription-less discourse
approaches (CWF and MCA), and the 95% confidence interval
of the mean cross-validation Balanced Accuracy Scores
(-75—.95) did not overlap with the ‘chance’ level of .5 (Table 2).
This indicates that transcription-less assessment approaches
(CWF and MCA) alone could predict whether an ‘out-of-sam-
ple’ brain damaged patient had aphasia or not, with a
balanced accuracy of 88%.

Furthermore, predictive modelling using the two
transcription-less discourse assessment approaches from
ADAT was able to predict fluency status (fluent vs non-fluent
aphasia) of out-of-sample data significantly more accurately
than chance, as the logistic regression models had a mean
(SD) cross-validation Balanced Accuracy Score of .88 (.14) for
all eight discourse measures, and the 95% confidence interval
of the mean cross-validation Balanced Accuracy Scores
(-70—.99) did not overlap with the ‘chance’ level of .5 (Table 2).
This indicates that the two transcription-less discourse ap-
proaches alone could predict whether an ‘out-of-sample’
brain damaged patient had fluent or non-fluent aphasia with a
balanced accuracy of 88%.

3.3. Differences in discourse performance between
people with and without aphasia following brain damage

The aphasia and non-aphasia groups of brain damaged pa-
tients differed significantly on their performance on multiple
discourse measures (Table 3, Fig. 1). Specifically, at the group
level, PwA produced significantly lower WPM, #CIU, %LIU,
NDW, open class words (p < .0001) and number of complete
sentences (p = .002) during spoken discourse with significantly
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Table 2 — Predictive modelling to predict the patient's group (with aphasia vs without aphasia post brain damage) and
patient's subgroup (fluent vs non-fluent aphasia) using demographic or discourse datasets.

Dependent variable Independent

variables

95% CI of Mean CV
Balanced Accuracy Score

Mean (SD) CV Balanced
Accuracy Score

Group (aphasia vs non-
aphasia)

Demographic data
Discourse measures
Transcription-less
discourse approaches
Demographic data
Discourse measures
Transcription-less
discourse approaches

Sub-group (fluent vs
non-fluent aphasia)

49 (.07) 3810 .63
.90 (.10) 810 .98
.88 (.05) 75 to .95
53 (.06) 31to .62
81 (.10) 57 to0 .91
88 (.14) 70 to .99

Demographic variables: gender, age, and years of education.

Discourse measures: WPM, sample duration, %LIU, #CIU, NDW, open class words, closed class words, and complete sentences.

Transcription-less discourse assessment approaches: CWF and MCA.

increased discourse duration (p < .0001) compared to the brain
damaged patients without aphasia (Table 3). Interestingly,
this difference was not found for one measure of grammatical
complexity, as the discourse responses of the aphasia group
did not have a significantly different proportion of closed-
class words (p = .67) compared to the group of non-aphasia
brain damaged patients (Table 3). Furthermore, the groups of
aphasia and non-aphasia following brain damage differed
significantly on their performance on both transcription-less
discourse assessment approaches: PwA produced signifi-
cantly lower content words (CWF) and main concepts (MCA)
during spoken discourse than the non-aphasia brain damaged
patients (p < .0001) (Table 3).

3.4. Differences in discourse performance between fluent
and non-fluent aphasia

The discourse performance by the fluent and non-fluent
aphasia groups differed significantly on several discourse
measures. Specifically, the non-fluent aphasia group pro-
duced significantly fewer WPM, NDW, and open class words
(p < .0001) than the fluent aphasia group. Furthermore, the
non-fluent aphasia group produced fewer complete sentences
(p = .0004), #CIU (p = .003) and %LIU (p < .02) than the fluent
aphasia group. However, there were no differences between
the two groups in the duration of discourse responses (p = .06),
and the proportion of closed-class words (p = .3). Furthermore,
performance on the transcription-less discourse assessment
approaches differed significantly between the two groups: the
fluent aphasia group produced significantly more content
words (CWF) and main concepts (MCA) during spoken
discourse compared to the non-fluent aphasia group
(p < .0001).

4, Discussion

This is the first study to examine the diagnostic accuracy of a
standardised aphasia assessment test within a cohort of brain
damaged patients using predictive modelling. We determined
the accuracy of ADAT in predicting and diagnosing brain
damaged patients with and without aphasia, and in

classifying aphasia patients into fluent versus non-fluent
aphasia. ADAT is a recently developed novel, standardised,
norm-referenced discourse assessment tool, which has been
developed as a culturally and linguistically appropriate tool
for use by Arabic speakers (Alyahya, 2024). The tool has been
validated among neurotypical healthy controls and PwA, and
eight discourse measures were shown to have strong psy-
chometric properties and high accuracy in differentiating
discourse responses produced by PwA from those produced by
neurotypical healthy controls. These discourse measures
assess language productivity, fluency, informativeness, lexi-
cal diversity, lexical-semantics, grammatical structure, and
syntactic complexity. The present study validated ADAT
further by examining its diagnostic accuracy in differentiating
discourse responses produced by patients with versus without
aphasia following brain damage using robust predictive
modelling techniques. Three main findings were established
in this study. First, predictive modelling indicated that the
eight discourse measures combined can predict the patient
group (whether the patient has aphasia or not following brain
damage) with 90% accuracy, and can further diagnose fluency
status among PwA with 81% accuracy. Second, predictive
modelling also indicated that the two transcription-less
discourse assessment approaches from ADAT (CWF and
MCA) can predict the patient group with 88% accuracy, and
can diagnose fluency status among PwA with 88% accuracy.
Third, PwA produced significantly lower WPM, #CIU, %LIU,
NDW, #complete sentences, proportion of open class words,
content words, main concepts, and required more time to
complete their discourse compared to people who did not
develop aphasia after brain damage.

4.1. Diagnostic accuracy of ADAT

The current study provided evidence on the diagnostic accu-
racy of ADAT (Alyahya, 2024), and found the tool to attain very
high accuracy in differentiating brain damaged patients who
developed aphasia from those who did not develop aphasia
using the eight discourse measures that have strong psycho-
metric properties. Moreover, predictive modelling indicated
that the two transcription-less discourse assessment ap-
proaches (CWF and MCA) of ADAT can also accurately
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Table 3 — Spoken discourse performance by brain damaged patients with and without aphasia.

Mann—Whitney U test statistics

50)
Range

Non-aphasia groups (N

Median

Aphasia group (N = 5 0)

Median

Proxy

Discourse Measures

P value

U value

QR

I

Range

IQR

<.0001
<.0001
<.0001
<.0001
<.0001
.002

204

42.44-120.41
18.33—89.33
72.18—100

31.16

16.25

77.97
34.33

2.78-73.7

27.81
63.83
41.12

46.21

Fluency/speech rate

WPM

1929.0
149.5

22.67—260.67

6.44—100

54.0

66.92
81.32
17.17

6.17

Language productivity

Informativeness

Duration (seconds)

CIU
LIU

4.43
2.98

94.25

191.5

86.52—100

95.25

15.56—100

24.27

Lexical-semantics
Lexical diversity

490.5
800.5

14.0—-67.67
3.0—23.33

16.58
3.58
9.17

31.0
8.0

2.33-67.33
1.33—-28.33
3.67—54.0

9.83
4.83
8.67

NDW

Syntactic complexity

Grammatical
Category

Complete sentences
Open class words

<.0001

541.0

11.0-51.33

22.0

13.33

(proportion)
Closed class words

1311.5 .67

11.28 5.47—-48.21

16.48

2.44-86.2

10.97

16.95

Grammatical category

(proportion)

CWF

388.5 <.0001

15.75 20-81

37.5

22.0 16.5 0-78

Shortcut to
informativeness/

content word fluency
Discourse concepts

<.0001

138.5

19-33

4.75

27.0

10.0 0-31

14.5

MCA

Main Concept Analysis.

= Number of Different Words, CWF = Content Word Fluency, MCA

Correct Information Units, LIU = Lexical Information Units, NDW
Statistically significant p values are highlighted in bold (Bonferroni-corrected significance threshold of p < .006 due to 8 multiple comparisons).

Words Per Minute, CIU =

‘WPM

differentiate brain damaged patients with aphasia from those
without aphasia with very high accuracy. Furthermore,
ADAT's discourse measures and transcription-less assess-
ment approaches can diagnose fluency status among PwA
with very high accuracy. The advantages of the two ap-
proaches over other discourse measures are their clinical
applicability, as they can be administered in real-time during
clinical examination without the need to record, transcribe or
analyse speech samples (Alyahya, 2025). These approaches
were developed to overcome challenges associated with the
lengthy administration and scoring of discourse responses
(Alyahya et al., 2022b; Nicholas & Brookshire, 1993). The CWF
approach assesses the fluent production of content words
during spoken discourse using pre-specified checklists of
target words (Alyahya et al., 2022b). MCA assesses the
speaker's ability to produce accurate and complete essential
information of a discourse using predetermined lists of key
concepts (Nicholas and Brookshire, 1993, 1995). Thus, the
utilisation of the two approaches provides efficient and ac-
curate assessment of the production of content words, con-
cepts, and informativeness during spoken discourse.

A critical strength of this study is the methodology used to
obtain these results. Specifically, rigorous predictive models
were validated on out-of-sample data to ensure general-
isability. The study addresses a common issue in the literature
where models are often deemed successful based on statisti-
cal significance without testing their predictive power on new,
unseen (i.e. out-of-sample) data. It has been shown that sta-
tistical significance in-sample does not guarantee that a
model will perform well in predicting new cases (Bzdok et al.,
2018). The predictive modelling method used in the current
study predicted whether ‘out-of-sample’ individuals belonged
to the aphasia or non-aphasia brain damage group based on
their performance on several discourse measures. Balanced
Accuracy Score was the chosen metric, as it accounts for class
imbalance and provides a more meaningful evaluation of
model performance in predicting group membership, and
random-permutation nested cross-validation was used to
ensure an unbiased estimate of the model's predictive accu-
racy (Varoquaux et al., 2017). Furthermore, the study utilised
bootstrapping (1000 iterations) to empirically estimate the 95%
confidence intervals of the mean generalisation error,
providing a robust assessment of model performance vari-
ability (Efron & Tibshirani, 1994). These methods allowed us to
ensure that ADAT has predictive utility in a way that is likely
to be generalisable to different patients in the real world.
Evaluating the performance of these models on out-of-sample
data using robust methods is crucial for assessing the real-
world applicability of any clinical tool.

4.2. Discourse performance of people with versus
without aphasia following brain damage

The findings provided evidence that brain damaged patients
with aphasia and those without aphasia have different per-
formances during spoken discourse, including language pro-
ductivity, fluency, informativeness, lexical-semantics, lexical
diversity, and syntactic complexity. The findings indicated
that PwA required more time to produce spoken discourse,
and they produced significantly fewer words per minute
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Fig. 1 — Discourse performance by brain damaged patients with and without aphasia. Density plots representing the

distribution of data. The peak of the density plot shows the maximum concentration of each discourse measure in the two

groups.

compared to brain damaged patients without aphasia. The
increased discourse duration by the aphasia group is likely
due to the presence of pauses, hesitations and self-corrections
(Bello-Lepe et al., 2024). The reduced number of words pro-
duced in a minute could be due to difficulties in word retrieval
(Alyahya et al., 2021). These findings suggest that fluency is
affected post brain damage only in people with aphasia. The

results also found that, compared to brain damaged patients
without aphasia, those with aphasia produced significantly
fewer units of speech that convey accurate and relevant in-
formation about the topic under discussion, and fewer
meaningful and semantically accurate words. These
discourse measures were even more affected among people
with non-fluent aphasia compared to those with fluent
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aphasia. These suggest that PwA have difficulty not only with
fluency but also with conveying accurate and meaningful
content in their discourse, highlighting issues with semantic
processing, word finding, and potentially executive function
(Alyahya et al., 2022a; Kong et al., 2018). Moreover, the current
study revealed that PwA used significantly fewer unique
words and open class words in their discourse than brain
damaged patients without aphasia, indicating reduced lexical
diversity and production of words that carry the bulk of se-
mantic content in language. Among the aphasia group, these
words were produced significantly less by people with non-
fluent aphasia. These highlight the challenges faced by PwaA,
especially those with non-fluent aphasia, in accessing a wide
range of vocabulary, and particularly content words that are
critical for conveying meaning during spoken discourse
(Alyahya et al., 2020a; Barde et al., 2006; Fergadiotis et al,,
2013). On the other hand, there were no significant differ-
ences in the use of closed class words (e.g., prepositions,
conjunctions, pronouns, and articles, which serve grammat-
ical functions in language) between brain damaged patients
with and without aphasia, and also between the two aphasia
groups. These interesting findings indicate that brain
damaged patients with and without aphasia used closed class
words at similar rates, suggesting that aphasia has a lesser
effect on words that serve grammatical rather than semantic
roles, possibly because these words are more automatic and
have frequent usage in language (Alyahya et al., 2020b; Zhang
& Hinzen, 2022). These findings also suggest that the propor-
tion of closed class words, as a discourse measure, is less
sensitive in diagnosing aphasia and fluency status post-brain
damage.

4.3. Limitations and future directions

The study was conducted in Saudi Arabia, and thus, partici-
pants were Saudi Arabic speakers. Arabic is a diglossic lan-
guage with dialectal diversity across different Arabic
countries. Therefore, the Saudi dialect does not represent all
Arabic dialects (e.g., Egyptian, Levantine, and North African
dialects). A future direction is to adapt and validate ADAT into
other Arabic dialects and other languages. ADAT can also be
validated across other patient groups who might present with
deficits at the discourse level, such as dementia or right
hemisphere damage.

4.4. Clinical implications

ADAT, including its discourse measures and transcription-
less discourse assessment approaches, can be used to pre-
dict the presence of aphasia following brain damage and to
diagnose fluency status in PwA. This offers clinical applica-
tions for identifying at-risk patients post brain damage.
Furthermore, the use of this validated tool with high diag-
nostic accuracy can lead to accurate diagnosis of aphasia and
assessment of expressive language deficits at discourse levels,
which may also lead to better clinical management.

This study provides further validation of ADAT, which
benefits from strong psychometric properties, and normative
data that were previously tested not only on PwA but also on
an age and education matched groups of neurotypical

controls. The normative data offers benchmarks of an in-
dividual's performance compared to neurotypical people, and
the high predictive accuracy examined in this study provides
reference points for comparison to a representative sample of
people with brain damage. These comparisons allow clini-
cians and researchers to determine the extent to which a
person with brain damage deviates from what is considered
typical or expected, and whether aphasia is likely to be pre-
sent or not after brain damage. This contributes to the
robustness and reliability of ADAT as an assessment tool.
Establishing the diagnostic accuracy of ADAT has a substan-
tial impact on the quality of clinical management and
research for PwA post brain damage or neurological disorders
in Arabic countries, as well as Arabic speakers and bilingual
speakers (e.g., English-Arabic, and French-Arabic) immigrants
living in non-Arabic speaking countries. ADAT can replace the
current problematic practice of using non-adapted English
assessment tools or informal assessments with Arabic
speakers with aphasia, which can result in inaccurate diag-
nosis and management (Altaib et al., 2021; Khoja, 2019).
Critically, it is typically challenging to collect and tran-
scribe speech samples and then quantify discourse measures
in clinical settings, due to the time-consuming nature of the
traditional discourse sampling approach. It is therefore crucial
that the current study demonstrates that the transcription-
less discourse approaches of ADAT (CWF and MCA) offer
similar diagnostic accuracy to traditional, time-consuming
discourse sampling. The two transcription-less discourse
assessment approaches are time-efficient, clinic-friendly, and
easy to apply. Indeed, they do not require advanced linguistic
skills, and thus can be used by all healthcare professionals
(e.g., psychiatrists, neurologists, and nurses) in the acute
phase to detect the presence of aphasia following brain
damage. The current findings will therefore encourage SLTs to
incorporate discourse tasks as part of their routine clinical
examination, for an efficient and accurate diagnosis of apha-
sia, which can guide the development of personalised therapy
goals and strategies to improve communication in PWA.

5. Conclusion

For the first time, we examined the diagnostic accuracy of a
standardised aphasia assessment test within a cohort of brain
damaged patients using predictive modelling. We addressed
key gaps in the existing literature and clinical tests by: (1)
examining the diagnostic accuracy of ADAT in brain damaged
populations rather than differentiating PwA from neuro-
typical controls; and (2) testing the predictive accuracy of
ADAT on out-of-sample data using predictive modelling, and
moving beyond statistical significance. By employing rigorous
validation techniques such as random-permutation nested
cross-validation and bootstrapping, we provided robust evi-
dence that ADAT, including its discourse measures and
transcription-less discourse approaches (CWF and MCA), can
reliably predict aphasia status in new patients with brain
damage, thereby overcoming a common limitation in the
existing literature and clinical assessments. ADAT's discourse
measures can differentiate brain damage patients with
aphasia from those without aphasia with 90% accuracy, and
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can diagnose fluency status in PwA with >81% accuracy,
providing a valuable clinical assessment tool, and offering
practical clinical applications for early identification and tar-
geted interventions for individuals at risk of aphasia following
brain damage. This assessment tool holds promise for
improving diagnostic accuracy and tailoring rehabilitation
efforts to the specific needs of patients, ultimately enhancing
their communication abilities and quality of life. This study
also compared the performance of brain damaged individuals
who developed aphasia versus those who did not develop
aphasia on several discourse measures. PwA showed signifi-
cant deficits in several discourse areas, including fluency,
discourse informativeness, semantics, syntactic complexity,
and lexical diversity, compared to those with brain damage
but without aphasia.
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