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tic and cultural adaptation has been identified as a barrier to dis- 2824'5 ed online 12 Apri
course assessment. The main aim of this study is to document

inter-rater and test-retest reliability properties of the picnic scene KEYWORDS

of the Western Aphasia Battery — Revised (WAB-R), including the Discourse analysis;
cultural adaptation of an information content unit (ICU) list, and ~ reliability; picture
provide a normative reference for persons without brain injury ~ description; persons
(PWBI). Method: To do so, we also aimed to adapt an ICU checklist without brain injury
culturally and linguistically for Laurentian French speakers.

Discourse samples were collected from 66 PWBI using the picture

description task of the WAB-R. The ICU list was first adapted into

Laurentian French. Then, ICUs and thematic units (TUs) were

extracted manually, and microstructural variables were extracted

using CLAN. Inter-rater reliability and test-retest reliability were

determined. Results: Excellent inter-rater reliability was obtained

for ICUs and TUs, as well as for all microstructural variables, except

for mean length of utterance, which was found to be good.

Conversely, test-retest reliability ranged from poor to moderate for

all variables. Conclusion: The present study provides a validated

ICU checklist for clinicians and researchers working with Laurentian

French speakers when assessing discourse with the picnic scene of

the WAB-R. It also addresses the gap in available psychometric

data regarding inter-rater and test-retest reliability in PWBI.
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Introduction

Expressive discourse is fundamental for daily communication. Every day, we are called
upon to produce discourse to tell the story of our day, to share an opinion on dif-
ferent subjects or simply to converse with others. These discourse skills come naturally
and effortlessly to most of us. Although discourse production seems relatively easy,
it involves a complex interplay of multiple language, cognitive and socio-demographic
variables. Compared to single word production tasks, spoken discourse assessment
thus offers a more ecological assessment of language impairments (Bryant et al., 2016;
Stark et al., 2021). According to broad scientific consensus, discourse is defined as
larger than an utterance or a sentence (Kong, 2016). In fact, discourse is the most
elaborate manifestation of human expressive language (Ska et al., 2004). Discourse
effectively allows for the examination of multiple language characteristics in much
more natural contexts than other language tasks that have been more widely studied
to date, such as picture naming (Prins & Bastiaanse, 2004), which requires only the
production of single words. Therefore, a growing body of research has focused on
spoken discourse assessment and analysis in post-stroke aphasia (Stark et al., 2021),
and more recently in neurocognitive disorders such as Alzheimer’s disease (Filiou
et al,, 2020; Mueller et al., 2018; Slegers et al., 2018). Discourse analysis is especially
useful because it allows the simultaneous assessment of several functions, including
the different language levels and other cognitive functions such as executive functions,
in a more ecological way than tests targeting each function separately (Filiou
et al., 2020).

Importance of discourse assessment in clinical settings

In a recent survey, 86% of speech-language pathologists reported that they performed
discourse assessment in people with acquired communication impairment (Bryant
et al.,, 2017). Single-picture description is most widely used in both persons without
brain injury (PWBI) and in clinical populations (Bryant et al., 2016) and for both clinical
and research purposes because it captures a wide range of information about lan-
guage content, structure, and pragmatic skills in a relatively quick and easy task.
Moreover, picture description tasks provide good ecological validity compared to
single word elicitation tasks (Ahmed et al, 2013; Cooper, 1990; Doyle et al., 1995;
Giles et al., 1996; Slegers et al., 2018). Picture description reduces cognitive demands
on attention and executive functions (Giles et al.,, 1996; Slegers et al., 2018) as well
as episodic memory because the story is visually presented to the participant (Duong
et al., 2003). These tasks also offer a structured context with specific and restrained
content, which allows clinicians and researchers to compare between individuals at
different points in time (Boucher et al., 2022; Bryant et al., 2016; Chenery & Murdoch,
1994; Mackenzie et al., 2007).

Changes in discourse production can be observed in a variety of acquired neuro-
genic disorders such as traumatic brain injury, stroke, mild cognitive impairment (MCI),
Alzheimer disease (AD), and primary progressive aphasia (PPA). Some changes can
simply reflect the normal aging trajectory (Boschi et al., 2017; Capilouto et al., 2016;
Filiou et al., 2020; Hillis, 2007; Le Dorze & Bédard, 1998; Mueller et al., 2018). Studies
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examining discourse of individuals presenting language impairments associated with
cognitive decline (e.g. MCl, AD) also mostly use a single image for picture description
(Filiou et al., 2020). In their review of picture description tasks, Mueller et al. (2018)
reported that semantic content, which can be examined by using thematic units (TUs)
or relevant information content units (ICUs), have proven to be the most effective
measures in capturing language deterioration in MCl and AD. Their review points out
that robust observations about language impairment have been made in the latest
stage of AD but there are still many aspects to explore to detect subtle preclinical
changes in discourse in early cognitive decline.

More recently, a group of researchers has proposed the definition of subjective
cognitive decline (SCD). The SCD criteria include two main features: a) a self-reported
persistent cognitive decline without evidence of an acute event, and b) normal per-
formance using standardized objective tests (Jessen et al., 2020). Studies suggest that
SCD could foreshadow future deterioration of cognitive functions (Jessen et al., 2014;
Mitchell et al., 2014; Slot et al., 2019). Several cognitive domains can be affected in
SCD, including language. Verfaillie et al. (2019) reported that the use of specific words
produced in discourse was associated with high levels of amyloid burden in individuals
with SCD, whereas no conventional neuropsychological language tests nor other
discourse measure found such association. Profiling discourse feature trajectories
would be useful to capture subtle changes across cognitive decline and allow early
recognition of these individuals. Considering that SCD is usually not detected by
standard cognitive testing, its identification requires measures highly sensitive and
with robust psychometrical features (Jessen et al., 2014).

Methodological challenges in discourse analysis

There is a consensus that it is almost mandatory to diversify sampling methods and
carefully select analysis procedures to obtain a representative picture of discourse
skills (Bryant et al., 2016), but no consensus on which measures and tasks should be
used has yet arisen (Dietz & Boyle, 2018). Regarding the task itself, the selected task,
or set of tasks, can create disparities among two persons from different cultures. For
instance, some tasks, such as the Cookie Theft (Goodglass et al., 2001), were devel-
oped decades ago and depict a scene from the past century including cultural, lin-
guistic and socioeconomic bias (Steinberg et al., 2022). Other tasks tend to be more
inclusive of multicultural individuals, but few have investigated the multicultural
impact of the stimuli on performance until recently, with the precarious painter scene
(Stockbridge et al., 2024). Moreover, language performance, in terms of content and
length of productions, can vary depending on the task selected to elicit spoken
discourse (Boucher et al, 2022; Bryant et al., 2016). Several picture description tasks
are available, but the visual elements of the pictorial stimuli (e.g. number of elements,
spatial location of the elements, relationships between the elements) are highly vari-
able, which may in turn affect production. The choice of task is thus crucial because
it must be socially and culturally adapted to provide a representative sample of
discourse production.

The choice of the measures extracted can also affect results obtained in the dif-
ferent studies. The large methodological differences across studies with regards to
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the discourse measures constitute major challenges for researchers when comparing
results across studies (Dietz & Boyle, 2018), as well as for clinicians when selecting
outcome measure(s) (Azios et al.,, 2022). In a review of 165 studies focusing on lin-
guistic discourse analysis of people with aphasia, Bryant et al. (2016) reported a total
of 536 different linguistic measures for language analysis. To date, most studies that
have conducted discourse analysis have focused on the macrostructural and micro-
structural variables of discourse, which are composed of the two first stages (i.e.
conceptual preparation and linguistic formulation) of Frederiksen's model of discourse
(Frederiksen & Stemmer, 1993). Macrostructural measures refer to a higher-level con-
ceptual structure of discourse (Dijk, 2019), such as informativeness, coherence, and
cohesion. Among the most studied macrostructural variables, informativeness assesses
the ability of an individual to convey relevant information about a given stimulus
(Armstrong, 2000). A variety of measures have been used to examine informativeness,
such as content units (also called by others information content unit (ICU); Yorkston
& Beukelman, 1980), main concept analysis (MCA; Nicholas & Brookshire, 1995), and
more recently, thematic units (TUs; Marini et al., 2011). An ICU quantifies key elements
in a pictorial stimulus which can be divided into different categories (e.g. objects,
people, places, and actions). The TU checklist, on the other hand, is based on a finite
set of semantic or more general themes, which may arguably increase its reliability
(Brookshire & Nicholas, 1994). One of the main advantages of ICUs and TUs is that
they are easy and quick to score, which increases their applicability in clinical settings.
However, the reliability of these measures requires further investigation with larger
sample sizes.

On the other hand, microstructural measures refer to local or within-sentence
features involving phonological, lexical, semantic and grammatical processing. Mean
length of utterance (MLU), duration, number of words per minute (WPM) and moving
average token-type ratio (MATTR) have been shown to be the most sensitive to lan-
guage impairment. For instance, Brisebois et al. (2023) found that multilevel analysis
of discourse changes revealed a different evolution of variables at each discourse
level in people with acquired communication impairments (e.g. Brisebois et al., 2023;
Marini et al., 2011), which supports the importance of developing reliable discourse
measures at both the macrostructural and microstructural levels.

Moreover, a recent international survey identified that the scarcity of discourse
protocols and normative data, including psychometric properties, is a barrier to
discourse assessment (Stark et al.,, 2021). In addition, test-retest reliability and
inter-rater reliability have been reported for only a minority of measures (Pritchard
et al., 2017). Test-retest reliability evaluates the consistency and the stability of a
measure where participant behavior is tested with the same method, after a certain
time interval (Schiavetti et al., 2011). Various intraindividual factors (e.g. tiredness,
level of attention, etc.) have an impact on discourse production and impact day-to-
day performance (Spencer et al., 2020). Documentation about the reliability of a
measure throughout a certain period of time would guide individual clinical
decision-making in differentiating between natural variation and a therapeutic effect
(Brookshire & Nicholas, 1984). Also, exploring test-retest reliability of discourse mea-
sures could help make more informed assumptions about discourse trajectories in
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normal aging and in people presenting cognitive decline, such as in SCD (Mueller
et al., 2018). Therefore, natural intraindividual fluctuations found in discourse of the
elderly are important to document. To our knowledge, most studies that have
reported test-retest reliability of discourse metrics have done so using short intervals
(i.e. between one and two weeks) in order to obtain reliable measures in the context
of potential learning between two assessments (Bartels et al., 2010). However, a
longer period between testing sessions may better reflect changes associated with
typical aging (Mueller et al., 2018). Among the few studies focused on test-retest
reliability, Boyle (2015) reported poor test-retest reliability when multiple discourses
tasks were analyzed separately and showed an increase in stability over time of
selected measures when various narrative tasks were combined. Similarly, Brookshire
and Nicholas (1994) suggested that test-retest reliability can be improved by using
multiple stimuli, or by increasing the sample size. These results suggest that clinicians
and researchers should not draw conclusions based on a single picture description
task. However, Stark et al. (2023) reported that test-retest reliability varied among
the different tasks, which argues in favor of not combining different types of
discourse.

As mentioned above, inter-rater reliability, is another important psychometric prop-
erty to report. It evaluates the consistency of a score on the same samples by different
raters. The recent review of Pritchard et al. (2017) indicated that inter-rater reliability
was reported for approximately a third of discourse measures used. More importantly,
the studies reviewed did not employ appropriate statistical methods to test reliability.

These results combined support the importance of studying the quality of mea-
surements in terms of psychometric properties (Bryant et al., 2016; Dietz & Boyle,
2018; Linnik et al.,, 2016; Mueller et al., 2018; Pritchard et al., 2017, 2018; Simmons-Mackie
& Lynch, 2013; Stark et al., 2021; Stark et al., 2022) for each group of participants,
for each elicited task and for longer intervals considering that test-retest data currently
available are not adapted for longitudinal studies (Mueller et al., 2018). The investi-
gation of reliability of various discourse measures will help identify discourse measures
with the best psychometrics properties for both research and clinical purposes.

The lack of linguistic and culturally adapted methods was an additional barrier
in non-dominant languages, according to the previously mentioned international
survey (Stark et al., 2021). Language(s) spoken by an individual can also impact
language production profiles (Filiou et al., 2020; Mehler, 1994). Currently, we observe
an over-representation of English-speakers in data available on language. This lack
of language diversity in the languages investigated constitutes a barrier toward the
development of globally equitable measures of connected speech and early identi-
fication of neurocognitive disorders such as AD (Garcia et al., 2023). Research samples
collected to date are not always representative of linguistic and cultural differences
that constitute language diversity on a larger scale. Compared to the English-speaking
population, the scope of assessments is more limited for French speakers, especially
from the province of Quebec. French is not only a non-dominant language in Canada,
but across North America. Many linguistic challenges are present considering that
Quebec abounds in a unique linguistic richness because of its regional variants of
the French language (i.e. dialects) and the presence of multilingualism. Over the
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last few years, our team has focused on the standardization of discourse assessment
in Laurentian (also known as Canadian or Quebec) French (Boucher et al., 2022;
Brisebois et al., 2023; Marcotte et al., 2022). The present study is an extension of
this work.

Aims of the study

The current study is an extension of our previous study (Boucher et al., 2022) that
aimed to provide reference data for picture description of the picnic scene of the
WAB-R (Kertesz, 2006) for adults over 50years old. The main aim of the present study
is to investigate the reliability of discourse measures at the micro- and macro-structural
levels of discourse for the WAB-R picture description task, especially test-retest reli-
ability, which was not tested in our previous study (Boucher et al., 2022). To do so,
we also needed to develop a culturally and linguistically adapted list of ICUs. As
recently reported by others (Stark et al., 2023) and our team (Brisebois et al., 2023),
we expect good inter-rater reliability (IRR), but lower test-retest reliability in PWBI.
Secondly, this study will provide reference data for the picnic scene of the WAB-R for
Laurentian French PWBI.

Methods and materials

All necessary and recommended standards for reporting spoken discourse are reported
in the manuscript. For more details, the best practice guidelines checklist from Stark
et al. (2022) is provided in Supplementary Material 1.

Participants

The sample consisted of a subset of individuals from a previously published study
(Marcotte et al., 2022). Briefly, 66 PWBI were recruited in larger projects (approved
by the ethics committee at Centre de recherche du Centre intégré universitaire de santé
et de services sociaux du Nord-de-I'lle-de-Montréal) that aimed to investigate longitudinal
post-stroke aphasia recovery. Eighteen participants were recruited for a project which
sought to investigate longitudinal changes in post-stroke aphasia (CIUSSS-NIM; #
MP-32-2018-1478). Another 48 participants were recruited during the COVID-19 pan-
demic for a project which sought to investigate longitudinal spoken discourse changes
following a stroke (CIUSSS-NIM # 2020-1900). Written informed consent was obtained
from all participants. The inclusion criteria for this study were: 1) to be at least 50years
of age; 2) have Laurentian (Quebec) French as their primary language of use at the
time of the study. The exclusion criteria for this study were: 1) presenting a severe
mental illness; 2) presenting an acquired or developmental language impairment; 3)
suffering from a neurological impairment, including a neurocognitive impairment; 4)
having suffered from a traumatic brain injury; 5) self-reporting cognitive decline or
complaints; 6) uncorrected visual or auditory deficits. Exclusion criteria were assessed
using a self-reported questionnaire completed by each participant prior to the study.
Participant characteristics appear in Table 1. All participants were Caucasian.
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Table 1. Participants’ characteristics.

Variable

Age

Mean (SD) 64.53 (7.15)
Median [Min—-Max] 64 [52-82]
Gender

Female 37 (56.06%)
Male 29 (43.94%)
Handedness

Right 60 (93.94%)
Left 4 (6.06%)
Education

Mean (SD) 16.11 (2.86)
Median [Min-Max] 16 [11-25]
Time between sessions (days)

Mean (SD) 253.36 (67.45)
Median [Min—-Max] 252 [162-406]
Linguistic profile

Monolingual (French only) 25 (37.88%)
Bilingual (French and English) 35 (53.03%)
Multilingual (French, English and other language(s)) 6 (9.09%)

n=66; SD=Standard Deviation; Min =Minimum; Max =Maximum.

Adaptation of the information content unit (ICU) list in Laurentian French

An ICU list of the picnic scene of the WAB-R (Kertesz, 2006) was originally developed
for American English speakers (Jensen et al., 2006), and cultural adaptation requires
that the target population shares a similar cultural background with the initial sample.
Cultural and linguistically valid adaptations usually involve modifications, i.e. devel-
oping an entirely new task (Kong, 2009) or refining the scoring protocol (Brisebois
et al.,, 2023; Criel et al., 2021; Yazu et al,, 2022). Considering that Laurentian French
speakers share a similar cultural background with American English speakers regarding
the picnic scene, an adaptation was made by refining the scoring protocol. Thus,
the ICU checklist was translated and adapted from the original list of Jensen et al.
(2006). First, we used the online free version of DeepL Translator (Deepl Traduction—
Deepl Translate, 2022) to translate the first draft of the 36 ICUs in French. Second,
a research assistant (C.J.), who is a native Laurentian French speaker with advanced
knowledge of written English, reviewed the first draft to ensure that each element
was as semantically similar as possible to the original version as possible. Third, final
adjustments were made via discussion between the research assistant, the principal
investigator (K.M.) and a Ph.D. student (A.B.). Based on these discussions, two of the
ICUs were combined (“On the beach” and “In the sand”) because they are used
interchangeably in French. Then, we compared the list with the one used in other
studies (Boucher et al., 2022; Gallée et al.,, 2021). As a result, we added one ICU
(“run/is chasing”) to the action category considering the frequent production of this
element in these studies. The final integrated translation of the ICU list is reported
in the Results section.

Data collection

All participants completed a variety of tasks evaluating different language compo-
nents, including the picnic scene of the WAB-R (Kertesz, 2006), which was the sole
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discourse task. Tasks were completed twice, with the mean number of days between
sessions equaling 253.36 +67.45days and a range of 162-406 days. Audio recordings
were collected for 18 participants who completed the task in person using a Sony
IC recorder icd-px312 for 27 participants and a Sony HDR-PJ540 camera (9.2
megapixels). Discourse samples from the picnic scene were collected by video
recording using the Zoom platform (https://zoom.us) for 48 participants. For the
in-person group, the picnic scene stimulus was placed on the desk in front of the
participant. For the videoconference group, further details regarding the procedure
can be found in the Supplemental Material S1 of Marcotte et al. (2022). No signif-
icant difference has been found between in-person and videoconference adminis-
tration of this task (Marcotte et al., 2022), which supports combining both groups
in the present study.

Briefly, the task was administered by either trained research assistants or trained
certified speech-language pathologists. Participants were asked to describe what they
saw in the picture, using complete sentences (« Décrivez en détail tout ce qui se passe
sur cette image en utilisant des phrases complétes. »). No time limit was given. If par-
ticipants remained silent for more than 10s, the examiner asked them once if they
had anything else to add before ending the recording.

Transcription

The procedure for transcription was previously reported in Brisebois et al. (2020).
Participants’ discourse was transcribed verbatim. The Code for the Human Analysis
of Transcripts (CHAT) manual (MacWhinney, 2000) was used for the phonemic tran-
scription, utterance segmentation, transcription and scoring, with additional guidance
for French speakers (Colin & Le Meur, 2016) and from the phonological, syntactic
and semantic criteria proposed by Marini et al. (2011). Video recordings were
imported and transcribed in the EUDICO Language Annotator (ELAN; Sloetjes &
Wittenburg, 2008) by a trained research assistant or by an experienced
speech-language pathologist. Once the transcription was completed, the morpho-
logical and grammatical information coding was conducted using the CLAN program
called mor (MacWhinney, 2000), which tags morphemes and words under each
utterance in the transcripts. Microstructural measures (described in Table 2) were
extracted automatically from each sample at each time point using the EVAL pro-
gram of CLAN software (MacWhinney, 2000 version of January 5, 2021, updated
September 30, 2021).

Dependent variables

Discourse measures were selected based on previously reported research into discourse
impairment associated with cognitive decline in people with neurocognitive disorders
(Filiou et al., 2020; Slegers et al., 2018). Both macrostructural and microstructural
variables are described in Table 2. All microstructural variables were extracted for
each sample using the program EVAL of CLAN. Specific CLAN commands for each
variable are provided in Table S1 of Supplementary Material 2.
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Table 2. Definition of the discourse variables.
Measure Definition Language dimension

Macrostructural variables

ICU, o Total number of ICUs produced General informativeness

ICUs per minute (ICUs/  Total number of ICUs divided by the duration (converted General informativeness
min) from seconds to minute)

ICUs per utterance Total number of ClUs divided by the number of utterances  General informativeness

1CUypjects Total number of ICUs from the subject category produced  General informativeness
places Total number of ICUs from the places category produced General informativeness
entities Total number of ICUs from the entities category produced  General informativeness
- ctions Total number of ICUs from the action category produced General informativeness
rotal Total number of TUs produced Thematic informativeness
TUs per minute (TUs/ Total number of TUs divided by the duration (converted Thematic informativeness
min) from seconds to minute)
TUs per utterance (TUs/ Total number of TUs divided by the number of utterances  Thematic informativeness
utterance)
Microstructural variables
Duration Duration of the sample in seconds Corpus size
Tokens Total number of words produced Corpus size
Mean length of Average number of words per utterance Productivity
utterance (MLU)
Propositional density Number of verbs, adjectives, adverbs, prepositions and Content richness
conjunctions divided by the total number of words
Words per minute Total number of tokens divided by the duration (converted Fluency
(WPM) from seconds to minute)
Verbs per utterance Average number of verbs (verbs, copulas, auxiliaries Syntactic complexity
followed by past or present participles) per utterance.
Open/closed class ratio  Ratio of open class words (all nouns, verbs, copulas, Syntactic complexity
adjectives and adverbs) divided by closed class words
(all other words)
Noun/verb ratio Ratio of nouns to verbs, excluding auxiliaries and modals Syntactic complexity
Moving Average Average of estimated Token-Type Ratios for successive Lexical diversity
Token-Type Ratio nonoverlapping successive windows of flixed length
(MATTR)
% Correct information ~ Total number of words relevant to the stimulus and Lexical informativeness
units (ClUs) informative (CIUs) divided by the total number of words

ClUs per minute (CIUs/  Total number of ClUs divided by the duration (converted Lexical informativeness
min) from seconds to minute)

Note. Data derived from the CLAN software (MacWhinney et al., 2011).

Data analysis

Analysis of ICU frequency

Previous test adaptation in Laurentian French has demonstrated cultural differences
in performance on specific task items (e.g. Brisebois et al., 2023; Callahan et al., 2010).
Hence, the frequency of each ICU was computed at test and retest. Only the ICUs
which were produced by a minimum of 20% of the sample, as in Jensen et al. (2006),
were kept in the final adaptation of the ICU checklist.

Inter-rater reliability

To determine inter-rater reliability in transcription, 15 transcripts (representing 11%
of the transcripts) were randomly selected for a second transcription. Inter-rater reli-
ability was computed for 3 variables: tokens, total number of utterances and ClUs.
The total number of tokens represents the accuracy of the transcription. The number
of utterances is critical in CHAT format since it relies uniquely on the transcriber’s
competence to distinguish utterance boundaries. Reliability on this measure suggests
consistency in utterance segmentation throughout the samples. As for ClUs, they have
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been more extensively studied in English (Fergadiotis et al., 2019), but have only
been studied with the Cinderella story retell task in Laurentian French (Brisebois et al.,
2023). To determine inter-rater reliability for scoring, 30 transcripts per rater (repre-
senting 22% of the transcripts) were selected randomly for two raters as before. Both
raters scored the ICU and TU lists. A greater proportion of transcripts were selected
since these measures have been less extensively studied.

Two-way mixed intraclass correlation coefficients (ICCs) with absolute agreement
with a 95% confidence interval (Cl) were calculated on both transcription (i.e. number
of tokens, utterances and ClUs) and scoring variables (i.e. TUs and ICUs). Use of ICC
for this purpose is optimal since this analysis takes into account absolute agreement
and intra-group variability (Koo & Li, 2016). The interpretation of ICC values is based
on guidelines reported in Koo and Li (2016): poor (r<0.50), moderate (0.50<r<0.75),
good (0.75<r<0.90) and excellent (r>0.90).

Test-retest reliability

Data distribution was analysed using Kolmogorov-Smirnov test for all dependent
variables, for each session. Consistent with similar studies (Stark et al., 2023), more
than 70% of the data were not normally distributed. Consequently, we chose
non-parametrical statistical analyses for all variables to maintain consistency. The
Wilcoxon signed rank-test was used to determine if there was a difference between
the two sessions for each discourse variable. Twenty-two comparisons were made;
using the Bonferroni correction, alpha was set at .002. Spearman Rho correlations
were used to assess the association between test and retest, with significance set at
p<0.05. Two-way mixed effects intra-class correlation (ICC) based on single measure-
ment and absolute agreement with a 95% confidence interval (Cl) were computed
to evaluate test-retest reliability. As for inter-rater reliability, the interpretation of ICC
values is based on guidelines reported in Koo and Li (2016).

Regarding agreement, visual inspection of the data was completed by examining
the limits of agreement between testing points with Bland-Altman plots (Altman &
Bland, 1983). Bland-Altman plots are scatterplots with the Y axis representing the
difference between the results obtained at test and retest and the X axis representing
the mean of the test and retest results. Limits of agreement are represented with
horizontal dashed lines at £1.96 standard deviations of the mean of differences. If
95% of the data falls between these limits, the agreement between test and retest
is considered good (Bland & Altman, 1999). These plots were created for the variables
that obtained the best test-retest ICC.

As in Stark et al. (2023), minimal Detectable Change (MDC) was also computed
across all dependent variables using the standard error of measurement (SEM).
The SEM formula includes standard derivation of tests (SDx) and correlation coef-
ficient (rxy): SEM = SDV1-r. MDC is a well-known measure commonly used to
investigate the variability in a score that reflects “real” change, greater than the
measurement error. We also established a 90% confidence of prediction for MDC
to estimate the possible change related to therapeutic gains (Donoghue & Stokes,
2009) or pathological change in cases of PWBI. The formula to calculate MDC90
is MDC90 = SEM#1.65%/(2).
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Analysis software

All statistical analyses were performed using SPSS® v26.0. Bland-Altman plots were
computed using RStudio 2022.07.2.

Results
Development of the adapted ICU list

The frequency of each ICU was computed at test and retest and appears in Table 3.
All ICUs reached the 20% frequency threshold used by Jensen et al. (2006) at both
timepoints, except for one action (i.e. “le drapeau vole” [flag flies]) which reached 24%
at test but 17% at retest. The action was kept in the final list because its mean fre-
quency score was slightly above the 20% cut-off. The final list of ICUs adapted in
Laurentian French with the detailed scoring guide is available in an Excel sheet “Modéle
a copier” (i.e. template) in Supplementary Material 3.

Inter-rater reliability

Scoring reliability was excellent for both ICUs (ICC,,; = 0.973, 95% CI [0.944, 0.987])
and TUs (ICC,,; = 0.958, 95% CI [0.914, 0.991]). Transcription reliability was excellent
for tokens (ICCj,,;; = 0.959, 95% Cl [0.881, 0.986]) and the total number of CIU (ICC, ;,
= 0.988, 95% Cl [0.932, 0.997]), and good for utterances (ICCj,,, = 0.831, 95% Cl [0.559,
0.941]). Detailed results are reported in Table S2 of Supplementary Material 2.

Reference data

Table 4 reports descriptive statistics of each discourse variable (data distribution,
means, standard deviations, ranges and medians) for each session. In summary, no
significant differences between groups for each dependent variable were revealed.
No systematic differences were obtained for both macrostructural and microstructural
variables. The strengths of the relationship between test and retest ranged from weak
to moderate for all variables.

Test-retest reliability

Test-retest reliability results are presented in Table 5. In summary, ICCs between test
and retest ranged from poor to moderate for all variables. Among the macrostructural
measures, the highest strength of relationship was found for ICUs/min (ICC, ,, = 0.695)
and TUs/minute (ICC,,, = 0.631). For the microstructural variables, the highest strength
of relationship, based on Koo and Li (2016) was found for WPM, duration, tokens,
ClU,,,; and ClUs/minute.

Bland-Altman plots were created for the microstructural variable that obtained the
best and the worst test-retest ICCs. Figure 1 illustrates the limits of agreement for
the variables with the highest strengths of relationships, namely ICUs/minute (ICCp, ;,
= 0.695), TUs/minute (ICC,,,, = 0.631) and WPM (ICC,,; = 0.641). Mean difference of
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Table 5. Summary of test-retest results.&

Absolute Value Difference

Measure ICC Correlation Between Test and Retest MDC90
Koo and Li
(2016) 1CC
95% Cl Quality Spearman’
ICC  Low - High [Cl Quality] rho p value M (SD) Range
Macrostructural variables
1CU oo 0.535 0.338-0.687 Moderate 0.49 < 0.001 3.70 (2.74) 0.00-13.00 5.25
[Poor-Moderate]
ICUs per minute  0.695 0.546-0.801 Moderate 0.65 < 0.001 5.07 (3.88) 0.22-16.31 8.97
[Moderate-Good]
ICUs per 0.544 0.351-0.693 Moderate 0.53 < 0.001 5.07 (3.88) 0.22-16.31 0.53
utterance [Poor-Moderate]
1CUypjects 0.347 0.115-0.543 Poor 0.30 0.013 091 (0.84) 0-4 1.19
[Poor-Moderate]
1CU pjaces 0.446 0.229-0.621 Poor 0.39 0.001 0.77 (0.76) 0-3 1.14
[Poor-Moderate]
1CU,pities 0.504 0.303-0.663 Moderate 0.52 < 0.001 2.20 (1.77) 0-8 3.12
[Poor-Moderate]
1CU, ctions 0.316 0.080-0.518 Poor 0.23 0.061 1.39 (1.61) 0-5 1.71
[Poor-Moderate]
TU,oral 0.373 0.146-0.563 Poor 0.36 0.003  0.93 (1.09) 0-5 1.42
[Poor-Moderate]
TUs per minute  0.631 0.461-0.756 Moderate 0.58 < 0.001 3.85(3.15) 0.20-12.82 6.37
[Poor-Good]
TUs per 0.488 0.280-0.652 Poor 0.49 < 0.001 (0.21) 0.00-1.00 0.35
utterance [Poor-Moderate]
Microstructural variables
Duration 0.601 0.421-0.736 Moderate 0.62 < 0.001 27.79 (26.44) 0-124 47.32
(seconds) [Poor-Moderate]
Tokens 0.580 0.395-0.720 Moderate 0.64 < 0.001 78.09 (80.48) 0.06-1.88 134.81
[Poor-Moderate]
MLU (words) 0.393 0.166-0.579 Poor 0.40 < 0.001 1.88 (1.41) 0.06-6.48 2.36
[Poor-Moderate]
Propositionnal 0.452 0.237-0.625 Poor 0.41 0.001 0.04 (0.03) 0.00-0.14 0.05
density [Poor-Moderate]
Words per 0.641 0.473-0.764 Moderate 0.58 < 0.001 18.62 (14.43) 0.23-69.98 30.64
minute [Poor-Good]
Verbs per 0.408 0.187-0.590 Poor 0.38 0.002 0.19 (0.14)  0.01-0.75 0.24
utterance [Poor-Moderate]
Open/closed 0.393 0.174-0.577 Poor 0.43 < 0.001 0.12 (0.09) 0.00-0.45 0.15
ratio [Poor-Moderate]
Noun-to-verb 0.265 0.025-0.475 Poor 0.45 < 0.001 0.19 (0.14) 0.01-0.75 5.40
ratio [Poor]
MATTR 0.244 0.004-0.458 Poor 0.42 0.050 0.01 (0.01)  0.00-0.05 0.02
[Poor-Moderate]
ClU 10 0.575 0.389-0.716 Moderate 0.62 < 0.001 76.48 (77.24) 0-371 129.70
[Poor-Moderate]
Percentage of 0.420 0.204-0.599 Poor 0.31 0.012 3.03 (3.52) 0.02-9.40 4.02
ClUs [Poor-Moderate]
ClUs per minute 0.543 0.348-0.694 Moderate 0.63 < 0.001 22.13 (22.00) 0.13- 35.99
[Poor-Moderate] 128.16

n=66.

“not significant using the adjusted pvalue following the Bonferroni correction (p < .005).
Main Concept total score; AC=Accurate and Complete;
Al=Accurate and Incomplete; IC=Incorrect and Complete; ll=Incorrect and Incomplete; AB=Absent; MLU=Mean
Length of Utterances; CIU=Correct Information Units; MATTR=Moving-Average Type-Token Ratio; MDC90= Minimal
Detectable Change at 90% confidence.
Koo and Li (2016) gives the following suggestion for interpreting intraclass correlation coefficient (ICC). including
confidence intervals: below 0.50=poor; between 0.50 and 0.75=moderate; between 0.75 and 0.90=good; and
above 0.90 =excellent.

SD = Standard Deviation; Cl=Confidence Interval; MC,

total —
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Figure 1. Bland-Altman plots for the variables with the highest strengths of relationships. The
upper plot (a) represents the limits of agreement for ICUs/minute, the middle plot (b) represents

TUs/minute and the lower plot (c) represents WPM.
Legend: ICU =information content unit; TU = thematic unit; WPM =words per minute; SD = standard deviation
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agreement between test and retest was the closest to zero for TUs/minute, more
precisely at —0.67. However, only ICUs/minute and WPM demonstrated good agree-
ment according to the standards of Bland and Altman (1999), with 95% of the data
(i.e. 63 out of 66) within +=1.96 standard deviations of the mean of differences. TUs/
minute obtained 90% of the values (i.e. 62 out of 66) within limits of agreement of
+1.96 standard deviations.

Figure 2 represents the limits of agreement for the variables with the lowest
strengths of relationships, namely noun-to-verb ratio (ICCp4; = 0.265) and MATTR
(ICC,,; = 0.244). Although the strengths of the relationships were poor, both

Figure 2. Bland-Altman plots for the variables with the lowest strengths of relationships. The upper
plot (a) represents the limits of agreement for noun-to-verb ratio and the lower plot (b) represents

MATTR.
Legend: MATTR =moving average type/token ratio; SD =standard deviation



THE CLINICAL NEUROPSYCHOLOGIST (&) 1999

noun-to-verb ratio and MATTR demonstrated good agreement according to the stan-
dards of Bland and Altman (1999), with 95% of the data (i.e. respectively 64 and 63
out of 66) within +1.96 standard deviations of the mean of differences. The mean
difference of agreement between test and retest was of zero for MATTR and close to
zero for noun-to-verb ratio (0.58).

Discussion

This study aimed to document inter-rater and test-retest reliability of various dis-
course measures in Laurentian French, including the cultural adaptation of an ICU
list, and to provide reference data for the picture description task of the picnic
scene (Kertesz, 2006) in PWBI. Firstly, a cultural and linguistic adaptation of the ICU
list of Jensen et al. (2006) was developed to reflect speakers of Laurentian French.
Similar to our adaptation of the main concept analysis for the Cinderella story retell
task (Brisebois et al., 2023), our adaptation of the ICU list task led to modifications
from the original list. Regarding reliability, inter-rater reliability results ranged from
good to excellent for all variables. While there were no systematic differences
between test and retest for all variables, test-retest reliability was poor to moderate.
As a result, used alone, this discourse task does not meet the requirements to
conduct group research studies in PWBI (ICC >.70), and even less for clinical use
(ICC >.90) (Fitzpatrick et al., 1998).

Test-retest reliability

The results of the current study are complementary to the previous studies con-
ducted by members of our research team (Boucher et al.,, 2022; Brisebois et al.,
2023; Marcotte et al., 2022) that aimed to develop gold standard measures to
assess discourse production in PWBI who speak Laurentian French. These results
highlighted the continued need to investigate test-retest reliability of discourse
measures (Pritchard et al., 2017, 2018). The lack of valid and standardized discourse
measures compromises the early detection of pathological changes and does not
allow clinicians to fully capture the changes between two assessments. Not sur-
prisingly, the most reliable discourse measures were those of efficiency, namely
ICUs/min, TUs/min and WPM. This is consistent with previous findings (Boyle, 2015;
Brookshire & Nicholas, 1994; Stark et al., 2023), which reported that WPM and ClUs/
min are reliable measures to use for clinical decision making in people with aphasia
as well as for the detection of subtle or mild cognitive decline. Consistent with
previous evidence, this study suggests that WPM and ICUs/min are among the
most reliable measures in PWBI.

Nonetheless, in contrast to our recent work with the Cinderella story retell task
(Brisebois et al., 2023), no measures extracted from the picnic scene met the reliability
requirements as defined by Boyle (2014) and Fitzpatrick et al. (1998) for inclusion in
research studies and, even less, the criterion for clinical use. Considering the poor
test-retest reliability of this task, we recommend selecting the measures with the
highest test-retest reliability, and to use them with caution in both research and
clinical making decisions.
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We did not compare test-retest reliability between PWBI and people with aphasia,
but previous evidence suggests that it is generally lower in PWBI (Brookshire &
Nicholas, 1994; Stark et al., 2023). Therefore, the normative data presented here should
not be used to evaluate the recovery or the impact of therapy for people with aphasia.
Further research will be needed to establish the psychometric properties of this dis-
course task in a group of people with chronic aphasia, considering the differences
observed between the two groups by others (Stark et al,, 2023). Test-retest reliability
of discourse measures improves when looking at a set of tasks rather than when
evaluating for each task separately (Boyle, 2014; Brookshire & Nicholas, 1994; Stark
et al, 2023). As recently highlighted by Stark et al. (2023), it is crucial to evaluate
the test-retest reliability of each task or each set of tasks because of the variability
observed between the different tasks.

Inter-rater reliability

Inter-rater reliability (IRR) is also an important psychometric property to consider
when trying to identify outcome measures. As reported previously (Boucher et al.,
2022; Marcotte et al.,, 2022), the total number of TUs and total number of ICUs in
our study showed excellent IRR. Consistent with previous studies, including ours (e.g.
Brisebois et al., 2023; Stark et al., 2023), ClUs and tokens also produced excellent IRR.
The excellent reliability for the tokens suggests that the transcriptions were highly
reliable between our raters. In contrast, IRR for utterances (i.e. which refers to the
segmentation of the sample into utterances) was only considered good in the present
study, but excellent in previous studies including a recent study by our group (e.g.
Brisebois et al., 2023; Stark et al., 2023). Although IRR was found to be excellent with
utterances using the Cinderella story retell task in our recent study, it was lower than
in Stark et al. (2023), which may be explained by three main differences. First, the
prosody in French is very different than that in English. Briefly, French is characterized
by a succession of mostly rising contours for non-terminal constituents, and a greater
variability for the tonal contour of terminal constituents (Delais-Roussarie et al., 2020).
Thus, the lower regularity in prosody of the terminal constituents in French may
confound segmentation. Colin and Le Meur (2016) added supplementary rules to
reduce the difficulty associated with segmentation in French, but they still reported
that it was difficult to standardize the segmentation. Second, the length of this study’s
samples was shorter than in previous studies, which either combined the discourse
tasks (Stark et al., 2023) or had longer samples (Brisebois et al., 2023). The lower
number of utterances might have reduced the statistical power of the ICC. Samples
of a minimum of 300 to 400 are recommended to improve test-retest reliability
(Brookshire & Nicholas, 1994). In the current study, we collected samples with a mean
of 234 words at test and 250 words at retest, which is below the recommended
minimum length of samples that investigate test-retest reliability. Third, it is now well
documented that the instructions given and the pictorial stimulus used to elicit dis-
course generate differences in the style of production. For instance, picture description
tasks such as the picnic scene reduce the use of linguistic markers to connect the
different elements, which may complicate the segmentation compared to other types
of tasks (Marini et al., 2005).
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Clinical implications

One of the main applications of our study is the elaboration of a list of ICUs in
Laurentian French for the picnic scene from the WAB-R. In their review, Slegers et al.
(2018) showed that information units and efficiency were the most reported discrim-
inant variables in picture description tasks between individuals with AD and PWBI.
Documentation of macro-structural features in discourse in healthy adults over time
is interesting because studies suggest that changes in measures relating to the mac-
rostructure of discourse (i.e. informativeness, global and local coherence) may elicit
deficits associated with the decline of cognitive functions in neurocognitive disorders
(Pistono et al., 2019; Slegers et al., 2018; Taler & Phillips, 2008). Another important
reason for the adaptation of the ICU list for the picnic scene to Laurentian French is
that this measure is relatively easy and quick to implement in language assessments,
including for both PWBI and people with aphasia. Microstructural analyses typically
rely on long transcriptions which are used less frequently in clinical settings (Bryant
et al., 2017). Similar to our TU list (Brisebois et al., 2020), the ICU scoring list is based
on a finite set of content units that are more easily quantified and thus more suitable
for clinical settings.

Moreover, the present study provides reference data regarding the longitudinal
changes in discourse of PWBI. We reported variability and Minimal Detectable Change
(MDC90), which are essential in both clinical settings and future studies to identify
“real” changes and not only changes associated with normal test-retest variability,
especially in subclinical populations. For instance, considering that SCD is usually not
detected by standard cognitive testing, its identification requires measures highly
sensitive and with robust psychometrical features (Jessen et al., 2014). In literature
reviews of discourse measures in people with neurocognitive diseases (e.g. Filiou
et al.,, 2020; Slegers et al,, 2018), microstructural variables were identified to be dif-
ferent in people with mild cognitive impairment compared to PWBI in picture descrip-
tion tasks (Filiou et al., 2020; Slegers et al., 2018). However, limited data are available
regarding the normal variability observed between two testing sessions. The adaptation
and characterization of the reliability of discourse measures for Laurentian French
speakers is thus potentially important for clinicians to profile impairments associated
with neurocognitive conditions (Croisile et al., 1996; Gallée et al.,, 2021; Jensen et al.,
2006), or SCD. As mentioned previously, a large proportion of speech-language pathol-
ogists (Bryant et al., 2017), and probably neuropsychologists, only use one discourse
task in their assessments. The present results suggest that both researchers and cli-
nicians should be careful in their interpretation of change with the description of the
picnic scene of the WAB-R (Kertesz, 2006) when used alone.

The importance of increasing linguistic and cultural diversity

An urgent global call for action was recently made by the International Network for
Cross-Linguistic Research on Brain Health, better known as Include (https://
include-network.com), to increase linguistic and cultural diversity in the investigation
of neurocognitive disorders (Garcia et al., 2023). To date, the majority of studies have
been conducted with English speakers. The present study aims to help reduce the
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global inequities across minority languages, by collecting data in an under-represented
language such as Laurentian French. By doing so, we have contributed to the gen-
eration of linguistic features that are potentially able to differentiate between normal
aging, SCD and various neurocognitive diseases, by using cost-effective language
assessments and by developing rigorous and standardized discourse measures. An
increased number of studies on languages other than English is critical to reduce
global inequities concerning the assessment of neurocognitive diseases.

Limitations

This study is not without limitations. First, the sample size is relatively small, although
comparable to e.g. Richardson and Dalton (2016) or even higher than similar studies
(Stark et al., 2023). Considering that the population studied (i.e. French-speaking
persons living in Quebec) is less than 8 million people, the number of participants
is relatively high compared to similar studies. Second, the present results might not
be generalizable to other French dialects because some words and expressions in
Laurentian French are only used in this specific dialect. Third, our sample lacks rep-
resentation of individuals with lower levels of education. All participants had a min-
imum of 11years of education (i.e. high school completed in Quebec). Previous
evidence has demonstrated the impact of education on discourse abilities. For instance,
people with fewer years of education tend to produce shorter and incomplete descrip-
tions (Mackenzie, 2000). Similarly, Le Dorze and Bédard (1998) reported that Laurentian
French speakers with fewer years of education produced less informative discourse.
It will be important in the future to include individuals with lower levels of education.
Fourth, in contrast to previous studies (e.g. Stark et al., 2023), the time between
testing sessions was longer and ranged from 162 to 406days, to better reflect changes
associated with typical aging (Mueller et al., 2018) and the time between two assess-
ments when neurocognitive disease is suspected. This made comparison with other
studies difficult. Fifth, a cognitive screening was not administered to all our participants
(and has therefore not been reported). However, no participant self-reported any
cognitive impairments nor any impact on their daily functioning. Sixth, no vision nor
auditory screenings were conducted to ensure all participants had sufficient vision
and hearing abilities.

Conclusion

To conclude, we have developed a linguistically and culturally adapted ICU list and
documented poor to moderate test-retest reliability of discourse measures in speakers
of Laurentian French without brain injury for the picnic scene of the WAB-R (Kertesz,
2006). The present study contributes to the urgent need to increase linguistic and
cultural diversity in the investigation of spoken discourse and provide tools for early
detection of neurocognitive disorders (Garcia et al., 2023). It is also crucial to be able
to detect the presence of pathological changes in PWBI. The scarcity of psychomet-
rically robust normative data for Laurentian French, a non-dominant language in
North America, creates inequities for this minority population and is a barrier to
assessing discourse production for both researchers and clinicians.
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The picnic scene is used by several clinicians and researchers who work with
speakers of Laurentian French, just as it is to Canadian speakers of English, because
it illustrates a typical scene commonly experienced (or observed) in Quebec. Thus,
the cultural adaptation of the ICU list of the picnic scene is important. The overall
results provide insight into typical performance and variation, which is crucial to
differentiate language changes due to pathology (Boyle, 2014). Considering the
multitude of factors that can have an impact on intra-individual variability and
test-retest reliability, this study supports the refinement of the psychometric prop-
erties of measures available for discourse analysis for Laurentian French speakers
in Quebec.
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