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The importance of thematic informativeness in narrative discourse 

recovery in acute post-stroke aphasia 

 

Abstract 

Background: Discourse analysis allows the examination of functional and 

ecological language impairment in post-stroke aphasia. Given its complexity, 

various methods of analysis have been developed to measure the multiple 

components of discourse. Clinical assessment usually includes discourse analysis, 

but how clinicians should assess recovery of discourse, particularly in acute care 

settings, is still a matter of debate. 

Aims: This study aimed to measure improvements in discourse production in 

early post-stroke aphasia recovery.  

Methods & Procedure: Twenty-three persons with aphasia following a first left 

middle cerebral artery stroke were recruited in the stroke unit of Hôpital du 

Sacré-Coeur de Montréal (May 2015-July 2018). Patients treated with 

thrombolysis (n=10) and untreated patients underwent two aphasia assessments 

(0 to 72 hours, 7 to 14 days post-onset). Discourse assessment consisted of the 

picture description task from the Western Aphasia Battery (Kertesz, 2006). 

Changes in microlinguistic and thematic informativeness measures between the 

two assessment periods were analyzed.  

Outcomes & Results: In-depth microlinguistic analyses showed no significant 

difference between the initial and follow-up assessments. Conversely, some 

thematic informativeness variables improved significantly during the same time 

period. Patients treated with thrombolysis produced more thematic units than 

untreated patients at both assessments, but the change between the two groups 

was not significant.  

Conclusions & Implications: This study suggests that thematic informativeness 

variables are sensitive to language improvement in early post-stroke aphasia 

recovery whereas no microlinguistic variables improved significantly in the same 

period. In contrast to previous evidence, the difference between patients treated 

with thrombolysis and untreated patients was not evident over time. The results 

suggest that thematic informativeness constitutes an interesting path to explore as 
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a routine clinical assessment in acute-care settings because it is time-efficient, 

simple to conduct and reliable in assessing early changes in the discourse 

production of individuals with aphasia in the acute post-stroke phase. 

Keywords: aphasia, discourse, language recovery, acute stroke, informativeness 

Introduction 

Discourse assessment allows a detailed and relatively ecological assessment of language 

impairments in post-stroke aphasia. In fact, most clinicians who work with this 

population collect discourse samples. A minimum of 60% of speech-language 

pathologists working with people with aphasia (PWA) analyze discourse samples at 

least some of the time in their language assessment (Bryant, Spencer, & Ferguson, 

2017). Discourse productions vary in important ways depending on the nature of the 

elicitation task (Pritchard, Hilari, Cocks, & Dipper, 2017). Topic-directed interview 

does not provide obligatory contexts for production and offers a high ecological validity 

(Bryant et al., 2017). Conversely, story retell and picture description generate more 

constrained productions, are more predictable and thus allow an easier comparison over 

time and between individuals (Bryant, Ferguson, & Spencer, 2016; Linnik, Bastiaanse, 

& Höhle, 2016). The constrained methods are thus more frequently used in both 

research and clinical practice. Widely used language batteries (e.g. Western Aphasia 

Battery (Kertesz, 2006)) offer qualitative grids to score picture description, but 

normative data are not available in Canadian-French. Only the Montreal-Toulouse 

Language Battery (Nespoulous et al., 1992) offers a content information grid to guide 

scoring the picture description task that has been validated in Canadian-French (Béland, 

Lecours, Giroux, & Bois, 1993). In current practices in Quebec, the analysis of a 

description task remains mostly based on clinical judgement (Monetta, 2014), providing 

speech-language pathologists with few guidelines to determine the success of the task 
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and even less to appreciate changes over time. 

Although discourse assessment is an essential part of the clinical evaluation, 

little is known about how discourse impairment evolves over time (Bryant, Ferguson, & 

Spencer, 2016), particularly in the acute stage. Following natural recovery of language, 

discourse abilities recover spontaneously in the first weeks following a stroke, but this 

might be due to overall language recovery. Contemporary debates in aphasiology (Dietz 

& Boyle, 2018) confirm a clear need for researchers to develop a measure that captures 

meaningful outcomes, in order to target improvement seen in treatment and establish a 

better understanding of the recovery process. To date, it is still unclear if the acute 

assessment of discourse could have prognostic value for long-term aphasia outcomes. 

Analysis of discourse samples can inform two main dimensions of language: the 

microlinguistic dimension which includes within-sentence linguistic measures, and the 

macrolinguistic dimension which refers to between-sentence measures (Marini et al., 

2008). Microlinguistic abilities involve phonological, lexical, syntactic and semantic 

variables; whereas macrolinguistic abilities refer to discourse organization. Both of 

these levels of analysis  inform how much information a speaker can convey (e.g.: 

Armstrong, 2000). A brief overview of discourse variables that have been studied in the 

field, with a special interest on acute aphasia discourse, will be presented.  

Historically, microlinguistic analysis of speech samples has been able to inform 

how PWA’s language abilities differ from those of healthy individuals and much 

important work has been done in this area (e.g. reviews such as Armstrong, 2000; 

Bryant, Ferguson, & Spencer, 2016; Pritchard, Hilari, Cocks, & Dipper, 2017). Some 

variables seem to have a higher diagnostic sensitivity for patients with language 

impairment, such as speech rate, percentage of semantic and phonological errors, 

Moving Average Token-Type Ratio, and number of verbs per utterance (Andreetta, 
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Cantagallo, & Marini, 2012; Andreetta & Marini, 2015; Covington & McFall, 2010; 

Saffran, Berndt, & Schwartz, 1989; Wright, Capilouto, Wagovich, Cranfill, & Davis, 

2005). Research using these variables has indeed highlighted differences between 

healthy individuals and PWA. Refined linguistic analyses are critical to qualify the 

language performance of PWA; this is especially true when language impairment is 

mild (Dalton & Richardson, 2015; Fromm et al., 2017). Limited by lack of time, 

discourse analysis in clinical settings has been mostly based on a qualitative rather than 

a quantitative assessment. Many questions have arisen concerning the psychometric 

properties of these variables (Dietz & Boyle, 2018; Kintz & Wright, 2018): In the last 

decade, the desire to capture meaningful outcomes has led to an increasing number of 

metrics in discourse analysis that often lack reliability, validity and stability of data. 

With more than 500 measures identified in discourse analysis (Bryant et al., 2016), the 

gap between research and practice in discourse analysis has broadened. Refined 

phonological, syntactic and semantic analyses show evident impairments in early 

aphasia assessments, but these measures do not seem to evolve as much as expected in 

the first months of recovery, even when language therapy is provided (Carlomagno, 

Pandolfi, Labruna, Colombo, & Razzano, 2001; Larfeuil & Le Dorze, 1997; Marini, 

Caltagirone, Pasqualetti, & Carlomagno, 2007). 

Although the analysis of microlinguistic skills is important, informativeness is 

also crucial as it represents the ability of the patient to convey a message and thus 

captures a more complete picture of discursive abilities. The importance of 

informativeness variables is reflected by a large body of literature on the topic (as 

reviewed by Pritchard et al., 2017). Also, significant work has been done on 

informativeness at the lexical level. Among the measures developed to investigate the 

use of language, lexical informativeness has brought a functional scope to 
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microlinguistic analysis. This is a strong measure as it encompasses both the 

fundamental underpinnings of lexical processing and the functional aspect of language 

use, both involved in the communication process (Sherratt, 2007). In the early 90’s, 

Nicholas and Brookshire (1995) introduced the “Correct Information Unit” (CIU) 

measure which can be applied to a variety of speech samples. CIU is a standardized 

rule-based scoring system that was developed to assess informativeness and efficiency 

of connected speech in PWA in comparison to healthy participants. Indeed, CIUs have 

been shown to have great diagnostic sensitivity and their validity has been supported by 

high inter-rater reliability (Craig et al., 1993). More recently, Andreetta and Marini 

(2015) developed “Lexical Information Units”, which are well formed words, 

grammatically and pragmatically accurate. Using this lexical informativeness variable, 

they showed that people with fluent aphasia produced less informative discourse than 

healthy controls, even after intensive therapy, showing once more the diagnostic 

sensitivity of informativeness and the critical importance of measuring informativeness 

in connected speech.  

However, two main methodological barriers have been identified for the use of 

informativeness as standard analysis in clinical settings, at least in Quebec. Analyses are 

often based on subjective impressions due to the lack of standard measures for use with 

the Canadian-French population (Monetta, 2014). Second, informativeness assessment 

generally requires a detailed linguistic analysis, which is often impossible considering 

the lack of time (Bryant et al., 2017). The study of lexical information units is time 

consuming; thus, for ecological purposes, this has led researchers interested in language 

changes in acute aphasia to develop other instruments that use a broader scope to 

analyze discourse and explore informativeness at a macrolinguistic level. For instance, 

the Main Concept Analysis  assesses presence, completeness and accuracy of the main 
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information of PWA’s connected speech (Nicholas & Brookshire, 1995). These global 

measures can be classified as macrolinguistic variables as described by Armstrong 

(2000).  

 A growing body of literature focused on macrolinguistic abilities in the last few 

decades, has identified thematic (or global) informativeness as amongst the most 

promising measures, as it represents a fundamental aspect of successful communication. 

For the purpose of this paper, thematic informativeness will be defined as semantic 

elements (information, main events/ideas/concepts) conveyed that are relevant to the 

topic of a stimulus. There remains, however some controversy as to the promising value 

of thematic informativeness. Some studies do not report impairments of thematic 

informativeness in PWA (Albright & Purves, 2008; Doyle, Goda, & Spencer, 1995; 

Doyle et al., 2000); however many others do report differences in thematic 

informativeness between healthy individuals and PWA (Agis et al., 2016; Capilouto, 

Wright, & Wagovich, 2006; Nicholas & Brookshire, 1995; Ulatowska, Freedman-Stern, 

Doyel, Macaluso-Haynes, & North, 1983). Also, some report impairments with severe 

aphasia (Ulatowska et al., 1983); whereas no impairment has been identified in people 

with mild and moderate aphasia  (Yorkston & Beukelman, 1980).  

Yorskston and Beukelman (1980) were among the first to propose a measure of 

informativeness. “Content units” (CU) have been defined as relevant pieces of 

information mentioned by healthy speakers. They also can be described as general or 

thematic informativeness components. Recently, Agis et al. (2016) showed that the 

measure of CUs in the description of the Cookie Theft picture from the BDAE 

(Goodglass et al., 2001) provides valuable information about volume and lesion location 

in acute stroke. The use of CUs rather than the standard National Institute of Health 

Stroke Scale (NIHSS) scoring increased the NIHSS sensitivity without requiring much 
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more assessment time. More precisely, they (Agis et al., 2016) calculated total CU, 

syllables per CU, ratio of left:right CU, CU/minute and percent interpretive CU from 

the Cookie Theft discourse description obtained within 48 hours of stroke onset in 

patients with left and right hemisphere acute stroke. These informativeness measures 

were able to differentiate controls from brain-injured patients. Also, the left:right CU 

ratios (i.e.,CU visually located on the left side of the Cookie Theft picture compared to 

those located on the right side of the picture) were able to differentiate patients with 

left-hemisphere damage from right-hemisphere damage. These variables increased 

NIHSS sensitivity to communication impairments following right-hemisphere lesions 

by capturing other cognitive functions such as neglect, attention and topic maintenance. 

Finally, they showed that lesion volume of the stroke was best explained by a model 

including CU measures for right and left hemisphere stroke. This study demonstrates 

that a brief picture description analysis, in other words variables including CUs, 

complement the original NIHSS score and supports prediction of brain damage volume 

and location. This close relationship between informativeness and neural damage 

reinforces the special interest accorded to thematic informativeness in acute stroke. 

More recently, Furlanis et al. (2018) investigated the early recovery of the 

discourse abilities of 40 Italian speaking patients with ischemic stroke, 18 of whom 

were treated with thrombolysis. They used a rapid screening test, which included a 

discursive task. They investigated the impact of thrombolysis on language recovery in 

acute stroke. Briefly, intravenous thrombolysis is a treatment currently in use to 

facilitate reperfusion in patients with acute ischemic stroke. It has been demonstrated to 

significantly improve short and long term general outcome (e.g. Emberson et al., 2014; 

Rohde, Worrall, O. Halloran, Godecke, & Farrell, 2017; Röther et al., 2002; Seitz & 

Donnan, 2015; Seitz, Sukiennik, & Siebler, 2012; Wardlaw, Murray, Berge, & del 
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Zoppo, 2014).  In their study, Furlanis et al. (2018) recruited forty Italian patients who 

underwent a language screening test at baseline, 24 hours and 72 hours post-stroke. 

They showed that “spontaneous speech” was the only variable that significantly 

improved, amongst other language variables, between baseline and 72 hours post-stroke 

and between 24 and 72-hours post-stroke. “Spontaneous speech” was calculated in 

terms of the number of semantic units named during the 1-minute description of the 

Cookie Theft picture of the Boston Diagnostic Aphasia Examination (Goodglass et al., 

2001). These information units (n=16) were previously identified (Allibrio, Gori, 

Signorini, & Luzzatti, 2009) and participants were given 1 point for each named 

element. The scoring of the ‘spontaneous speech’ measure also included a maximum of 

3 additional points for relevant elements that were named, but not listed among the 16 

elements.  As well, a maximum of 2 points was deducted each for syntactic and 

phonemic errors. The last two scores reflect a general impression of language 

impairment (see Appendix B). Because of this general scope, the ‘spontaneous speech’ 

measure of Furlanis et al. (2018) may be considered similar to the Content Units 

identified by Yorkston and Beukelman (1980). However, the “Spontaneous speech” 

score was mainly composed of thematic informativeness (i.e. macrolinguistic measure), 

though not solely as it includes a general appreciation of microlinguistic features. An 

overall impression of impairment of phonology and syntax was given by the assessor, 

which is different from microlinguistic analyses (Allibrio et al., 2009) and a  maximum 

of two points for each domain could be subtracted from the thematic unit score. 

Interestingly, Furlanis et al’s (2018) findings provide new insights regarding 

informativeness since they demonstrated that ‘spontaneous speech’ was related to the 

first 72 hours of the recovery process in stroke.   
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Despite an increasing number of studies on discourse abilities in PWA, little is 

known about how discourse evolves in the early phase (i.e. ten days) of post-stroke 

aphasia and less is known about patients treated with thrombolysis as compared to 

untreated patients.  The aim of the present study is thus to measure discourse production 

changes in early post-stroke aphasia recovery by analyzing microlinguistic variables 

and thematic informativeness. Microlinguistic variables were chosen according to 

recent findings in aphasia, based on the criteria of sensitivity to language impairment 

(Andreetta, Cantagallo, & Marini, 2012; Andreetta & Marini, 2015; Fergadiotis & 

Wright, 2016; Fromm et al., 2016). It is hypothesized  that thematic informativeness 

will provide a sensitive measure of discourse recovery in the early phase, based on the 

results of Furlanis et al. (2018). It is also hypothesized that patients treated with 

thrombolysis will have greater improvement than untreated patients.  

Material and Methods 

Participants 

This study was part of a larger project directed by S.M.B. and K.M. which sought to 

investigate the longitudinal recovery of white matter structural connections that mediate 

early and late post-stroke aphasia recovery. Twenty-three native Canadian-French 

speakers with various forms of post-stroke aphasia, nine women; mean age: 70.2 ± 12.6 

years; mean education: 11.7 ± 4.0 years, were recruited in the present study. Two were 

monolinguals (Canadian-French only), seventeen were bilinguals (Canadian-French and 

another language) and four spoke three languages or more. However, they all used 

Canadian-French as their first language. Among these patients, those who were eligible 

for thrombolysis received this treatment as recommended by the Canadian Stroke 

Guidelines (Boulanger et al., 2018). The decision to give this treatment was made by the 
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on-call neurologist and was made before the study was presented to the participant. Ten 

patients were treated with thrombolysis. Individual clinical and sociodemographic 

information of all participants is presented in Table 1. Participants were recruited from 

the stroke unit at Hôpital du Sacré-Coeur de Montréal (Centre intégré universitaire de 

santé et de services sociaux du Nord-de-l’île-de-Montréal, Québec) between May 2015 

and July 2018. All participants were diagnosed with aphasia following an ischemic 

stroke by a neurologist and screened for eligibility by a member of the research team. 
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Table 1. Demographic and clinical variables of all participants. 

Partici

pant 
Sex Age Educ. 

T1 

(number of 

days after 

onset) 

T2 

(number of 

days after 

onset) 

Initial 

NIHSS 

score 

Initial 

Aphasia 

type 

Initial 

Severity 

(BDAE Scale1) 

CS at T1 CS at T2 

Thrombolysis group (received rTPA)  

1 M 52 9 1 7 n/a 
Transcortical 

mixed 

Moderate to 

severe 
16.57 8.20 

2 M 74 6 3 8 9 Wernicke Severe 3.56 10.24 

12 M 65 11 3 14 6 Anomic Mild 0.35 28.53 

13 M 72 15 1 9 11 
Transcortical 

mixed 

Moderate to 

severe 
6.78 21.33 

 

1 The BDAE Severity was applied to the CS score, as the BDAE language battery is not standardized in French.  
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14 M 55 11 4 10 23 Global 
Moderate to 

severe 
9.90 10.63 

15 M 73 11 1 8 n/a Wernicke 
Moderate to 

severe 
14.79 14.79 

16 M 64 15 1 11 n/a Conduction Mild 28.90 27.46 

18 F 60 12 3 13 7 Anomic 
Mild to 

moderate 
21.73 23.60 

22 F 81 15 2 11 17 Anomic Mild 27.70 26.79 

23 F 68 12 3 12 n/a Anomic Mild 28.78 26.74 

r-TPA 

group 

Mean 

(SD) 

 
66.22 

(9.6) 

11.67 

(3.04) 

2.11 

(1.17) 
10.11(2.37) 12.17(6.59)   3.11 (5.29) 

19.62 

(8.22) 

Non-treated group (no rTPA)  
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3 M 78 10 3 10 n/a Global Severe 1.69 0.00 

4 F 75 9 2 9 23 Global Severe 0.00 0.00 

5 M 61 10 3 10 6 Broca 
Moderate to 

severe 
4.02 11.32 

6 M 49 9 2 11 6 Anomic 
Mild to 

moderate 
2.62 24.82 

7 M 73 19 3 10 18 Wernicke Severe 6.32 7.71 

8 F 70 14 3 12 16 Global Severe 1.69 1.87 

9 M 83 9 3 10 9 
Transcortical 

sensory 
Moderate 10.49 3.90 

10 F 47 18 0 10 26 Global Severe 0.00 0.00 

11 F 73 7 3 13 n/a 
Transcortical 

sensory 
Moderate 2.86 14.36 
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17 F 95 6 2 9 1 Broca 
Mild to 

moderate 
6.59 16.27 

19 M 91 19 3 15 7 Anomic 
Mild to 

moderate 
4.99 20.09 

20 F 85 16 2 8 n/a 
Transcortical 

mixed 
Moderate 10.08 12.30 

21 M 71 7 2 9 n/a 
Transcortical 

motor 
Moderate 3.24 18.59 

No-

rTPA  

group 

Mean 

(SD) 

 
72.79 

(13.91) 

11.79 

(4.59) 
2.43(0.85) 10.57(1.87) 12.44(8.62)   3.94 (3.71) 

10.15 

(8.44) 

NIHSS= National Institute of Health Stroke Scale, rTPA= Recombinant tissue plasmin activator/thrombolysis;  n/a= non-available in the medical 

chart; BDAE= Boston Diagnostic Aphasia Examination; CS= Composite score of language  



NARRATIVE DISCOURSE RECOVERY 

Aphasiology (accepted) 

 17 

 

Participants presented with language impairment due to a first stroke affecting the 

territory of the left middle cerebral artery. No criteria concerning aphasia severity in the 

acute phase or lesion size were applied. Only patients who had been fully fluent 

speakers of Canadian-French before the stroke were included. Patients with a history of 

major psychiatric disorders, learning disabilities or severe perceptual deficits were 

excluded. Left-handed patients and patients with additional neurological diagnoses were 

also excluded from the study. None of the patients presented with aphasia due to sub-

thalamic stroke or a pronounced subcortical arteriosclerosis. The study was approved by 

the ethics review board of the Centre intégré universitaire de santé et de services 

sociaux du Nord-de-l’Ile-de Montréal (Project #MP-32-2018-1478) and written 

informed consent was obtained from all participants. 

Assessments 

Initial assessment (T1) occurred within the first 72 hours, mean = 2.3 days; SD= 1.0, 

and the follow-up assessment (T2) took place approximately ten days, mean= 10.3 days, 

SD= 2.0, post-stroke. Specific timing for each assessment is specified in Table 1. As 

part of the larger project, all participants underwent a complete language assessment. 

Therefore, language impairments were carefully documented at T1, T2 and at a six-

month follow up. Based on Lazar et al. (2010) a composite score was developed and 

adapted for the Canadian-French speaking population. Although the WAB is one of the 

most widely used batteries, previous studies have shown that aphasia classification by 

the WAB matched the clinical impression of only half of the patients in acute 

assessment (Swindell, Holland, & Fromm, 1984), which puts into question the 

sensitivity of the tasks included in this composite score. Consequently, sections of 
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protocols that are widely used with Canadian-French speaking patients were used. This 

Composite Score (CS) consisted of three subscores: Comprehension, Repetition and 

Naming. For the Comprehension subscore, it combined the Word-Sentence 

Comprehension Task (max = 47 points) of the Montreal-Toulouse (Nespoulous, 

Lecours, & Lafond, 1986) and the revised (short) version of the Token Test (De Renzi 

& Faglioni, 1978) (max = 36 points), which includes oral comprehension of words, 

sentences and sequential commands. Repetition was assessed with the repetition task of 

the Montreal-Toulouse (Nespoulous et al., 1986): (2 points for each word/nonword 

(n=30) and 5 points for each sentence (n=3), max = 75 points). Finally, Naming sub-

score was composed of the DO-80 (Test de dénomination orale d’images: Picture 

naming test) (Deloche & Hannequin, 1997) (max = 80 points) and the semantic fluency 

task (max = 25 points) of the Protocole Montréal de la Communication (Joanette, Ska, 

& Côté, 2004). Each of the three modalities was computed to a possible score of 10, 

with a maximum CS = 30. Initial impairment (CSinitial) and sub-acute impairment (CS10 

days) are reported in Table 1. A one-way ANOVA showed no significant difference 

between the group who received thrombolysis and the untreated group concerning 

CSinitial, F(1,21) = 0.197, p=.662, whereas a significant difference was observed for 

CS10days F(1,21) = 7.288, p=.013, with the participants who received thrombolysis 

showing better language performance. Severity scoring was based on results obtained 

on these tasks and rated on the BDAE severity scale (Goodglass et al., 2001).  

Among the language tasks, PWA were asked to describe what was happening in 

the Picnic picture of the Western Aphasia Battery (Kertesz, 2006) and to produce 

sentences. They were encouraged to pay attention to all aspects of the picture. Picture 

description samples were filmed using Sony HDR-PJ540 camera (9.2 mega pixels). The 

picnic picture from the WAB (Kertesz, 2006) was part of the protocol in the hospital 
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where data were collected; Furlanis et al. (2018) used the Cookie Theft picture 

(Goodglass et al., 2001).  

Microlinguistic discourse analysis 

Videos of each discourse sample were imported and transcribed in ELAN (Sloetjes & 

Wittenburg, 2008) by an experienced speech-language pathologist (A.B.) and a student 

in speech-language pathology (M.D.-B.) using CHAT conventions (MacWhinney, 

2000). Transcriptions underwent detailed linguistic and textual analysis focusing on 

microlinguistic measures known to be affected in aphasia (e.g. Andreetta, Cantagallo, & 

Marini, 2012). All microlinguistic variables were extracted using EVAL of CLAN 

(MacWhinney, 2000) for each sample, and a separate script on CLAN for the Moving 

Average Token-Type Ratio (MATTR) (Covington, 2007). MATTR allows comparisons 

of varying sample lengths and measures lexical diversity by calculating a token-type 

ratio for non-overlapping segments of a sample. Sample duration range, as calculated by 

the program EVAL of CLAN (Mac Whinney, 2000), was between 0 and 142 seconds 

(T1) for the first assessment and from 0 to 132 seconds for the second assessment (T2). 

Utterances segmentation, transcription and scoring for utterances and lexical errors were 

conducted following the CHAT manual (MacWhinney, 2000) with additional guidance 

for French users of this program (Colin & Le Meur, 2016). Productivity measures 

extracted were defined as the total number of completed words and number of words 

per minute. Grammatical/ syntactic complexity was measured by the number of verbs 

per utterance and density (Brown, Snodgrass, Kemper, Herman, & Covington, 2008). 

Also, percentages of phonological and semantic errors were computed. Phonological 

errors included phonemic and phonetic paraphasias, false starts, conduites d’approche 

and neologisms. Finally, the percentage of adequate utterances was calculated, based on 

the number of utterances produced without any errors. As in Andreetta and Marini 
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(2015), semantic errors included semantic paraphasias (i.e., replacement of a target 

word by a semantically related or unrelated word) and verbal paraphasias. Percentages 

were obtained by dividing the total number of errors by total number of content words 

and this obtained value was multiplied by 100.  

Thematic information units (TUs) 

TUs were selected based on the WAB picture description of forty-five healthy 

Canadian-French speakers that were recruited in other (as yet, unpublished) studies 

conducted by our research team. This group is composed of 15 males and 30 females, 

mean age: 70.96 ± 9.62 years, and mean education: 15.73 ± 4.68 years. Similar to 

Marini et al. (2011), sixteen TUs identified by at least 75% of these participants were 

included in the analysis grid and given a score of one point (see Appendix A for TU 

selection).  This variable includes the total number of specific units produced by the 

participants. In other words, for each participant a maximum of 16 thematic units could 

be obtained, irrespective of the length/elaboration of the description. Efficiency was 

also considered by calculating the number of TUs per minute and the number of TUs 

per utterance. This measure of TUs differs from the “spontaneous speech” measure used 

by Furlanis et al. (2018), as it does not include extra points for other relevant named 

elements that were named, yet not listed among the 16 elements, nor does it include an 

overall impression of syntactic and phonological errors. 

Global informativeness measure (GIM) 

A measure similar to the ‘spontaneous speech’ measure used by Furlanis et al. (2018) 

was developed and called the General Informativeness Measure (GIM).  One point was 

given for each of the 16 selected TUs and .5 extra points for each thematic unit 

produced that was relevant to the picture (no ceiling score was applied). A maximum of 
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2 points was subtracted for each of phonemic and syntactic errors. Efficiency 

calculations were also performed (GIM per minute and GIM per utterance). Appendix B 

describes the scoring rules used for the GIM in the present study.  

TUs and GIMs are closely related and one might argue that TU performance 

could potentially drive the GIM performance. However, TU has a ceiling score of 16 

and represents only the naming of the 16 predetermined themes. In contrast, the GIM 

does not have a ceiling, and also takes into account syntactic and phonological 

impairments. Therefore, the analysis of both variables is clinically relevant. 

Inter-rater reliability 

All transcriptions were made by the first author (A.B.). Inter-rater reliability (IRR) was 

conducted on the transcriptions of 10 randomly selected participants at both time points 

(n=20 transcriptions) by a second rater (M.D.-B.). For all measures (microlinguistic, TU 

and GIM), discrepancies between raters were resolved through a discussion between the 

two raters until a consensus was reached. Two-way random effects intraclass correlation 

coefficients (ICC) were calculated on all microlinguistic variables to determine 

consistency between raters (as in Marcotte et al. 2017). 

The results of this analysis are reported in Table 2. Most variables met the 

threshold of high reliability ICC >.80  (Streiner & Norman, 2008). In particular, inter-

rater reliability was high for the number of utterances, total words, MLU, MATTR, 

verbs/utterance, density and % adequate utterances at both times of assessment. Inter-

rater reliability was also high for words/minute and % phonological errors (including 

phonemic and phonetic paraphasias, false starts, conduites d’approche and neologisms) 

at the first assessment, but not at the second assessment. Unexpectedly, inter-rater 

reliability for semantic paraphasias was poor at both timepoints.  
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[Table 2 should be inserted here] 

 

 The variables TU and GIM were independently scored by two of the authors (A.B. and 

M.D.-B.) for 100% of the discourse samples (at both time points).  Inter-rater reliability 

was high for both variables (TU: ICC = .997; GIM: ICC = .993) (Streiner & Norman, 

2008).  

For all measures (microlinguistic, TU and GIM), discrepancies between raters 

were resolved through a discussion between the two raters until a consensus was 

reached.  

Data analysis 

All statistical analyses were done using SPSS® v25.0. Two-factor mixed-design 

ANOVAs were conducted with group (treated with thrombolysis and untreated) as the 

between-subjects factor and time (T1 and T2) as the within-subjects factor for each 

microlinguistic variable, TUs and GIM. The significance level was set at p < .05 after 

Bonferroni correction for multiple comparisons. Test-retest reliability was assessed 

using Pearson correlations between TU and GIM results at both times.  

Results  

Participants 

Table 1 reports the mean scores of participant characteristics. A one-way ANOVA 

demonstrated no significant differences between the treated and the untreated groups 

concerning sex, F(1,21) = 1.576, p=.199, age, F(1,21) = 1.527, p=.230, education, 

F(1,21) = 0.005, p=0.946, timing of testing (T1 and T2), F(1,21) = 0.571, p=.458 and 

F(1,21) = 0.270, p=.609, initial NIHSS score, F(1,21) = 0.004, p=.948, and CS at T1 
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F(1,21) = 0.197, p=.662. A significant difference in language score between the treated 

group vs the untreated group was found at T2 only F(1,21) = 7.288, p=.013. As a group, 

patients treated with thrombolysis had higher language scores (i.e. milder aphasia) 7-10 

days post-stroke than the untreated group.  

Test-retest stability 

Test-retest stability of GIM was calculated using Pearson correlations, as in Capilouto et 

al. (2006), on a subset of thirteen healthy participants who participated in the larger 

project. It was composed of 7 males and 6 females, mean age: 62.77 ± 6.43 years, and 

mean education: 14.83 ± 2.17 years. The picture description task of the Western 

Aphasia Battery (A. Kertesz, 2006) was used and followed the same method and 

procedure as that described in the present study. The mean time between the two testing 

points was 272.23 ±71.22 days (as compared to 8.08 ± 1.83 days for PWA) A 

significant correlation between T1 and T2 measurements was found for GIM, r = .775, 

p < .001, indicating that GIM is stable. Test-retest stability for TUs was not calculated 

since this subset of participants was included in the initial selection of thematic units. 

Microlinguistic variables 

Table 3 reports the mean scores, collapsed across group, for each microlinguistic 

variable obtained at both T1 and T2, as well as the F value. None of the microlinguistic 

variables changed significantly.  

 

[Table 3 should be inserted here] 
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Informativeness 

Thematic Units 

Table 4 shows the mean values, collapsed across group, of TUs, TUs per minute and 

TUs per utterance both at T1 and T2 as well as the F values. The results revealed a main 

effect of time, with significant improvements in thematic informativeness at T2 in terms 

of TUs, F(1,21) = 7.731; p= 0.011, showing an average increase of 2.04 TUs, and also 

in terms of TUs per minute, F(1, 21) = 4.787; p= .040, showing an average increase of 

2.94 TUs/min. Overall, most patients, regardless of group, were able to express more 

thematic units at T2 compared to T1. However, change in terms of TUs per utterance, 

F(1, 21) = 1.995; p= .173 was not significant.  

 

[Table 4 should be inserted here] 

 

The results also revealed a significant main effect of group, F(1,21) = 8.048, p=.010, 

but there was no interaction between group and time. Namely, PWA treated with 

thrombolysis produced more TUs both at T1 and T2 than untreated PWA, and both 

groups showed a similar improvement between T1 and T2. Figure 1a) represents the 

number of TUs produced by each individual at both T1 and T2. When looking at the 

individual data, TU improved for 12 patients; other patients showed either stability (i.e. 

no change in the number of TUs between T1 and T2, n=11) or a slight deterioration (i.e. 

a decreased number of TUs produced at T2; n=2). GIM improved for 11 patients; other 

patients showed either stability (i.e. no change in GIM score between T1 and T2; n=7) 

or a slight deterioration (i.e. a decreased of GIM score at T2; n=5). GIM/utt improved 

for 11 patients; other patients showed either stability (i.e. no change in GIM/utt between 
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T1 and T2; n=7) or a slight deterioration (i.e. a lower GIM/utt at T2; n=5). When all 

these results are considered together, 14/23 individuals showed an improvement as 

reflected in an increased number of TUs, a higher GIM score or better GIM/utt at T2.  

 

[Figure 1 should be inserted here] 

 

Figure 1 also shows that patients who received thrombolysis demonstrated overall better 

performance. Of all PWA treated with thrombolysis (10 patients), seven patients 

improved, two remained stable and one patient produced fewer TUs at T2. Among the 

untreated PWA, six out of 13 improved, five showed remained stable and one 

deteriorated. 

General Informativeness Measure 

Table 4 displays the mean values, collapsed across groups of GIM, GIM per minute and 

GIM per utterance both at 48-72 hours and 7-14 days post stroke. Improvement in 

thematic informativeness over time is represented by positive changes for all three 

variables at T2, but differences are only significant for GIM and GIM per minute. More 

precisely, an average increase of 2.83 GIM, F(1, 21) = 6.393; p= 0.020, was observed 

between T1 and T2. For GIM per minute, an average increase of 3.88 TUs per minute, 

F(1,21) = 7.972; p= 0.010, was observed between T1 and T2. Results for GIM per 

utterance did not reach statistical significance, F(1,21) = 3.290; p= .084. Figure 1b) 

represents the GIM for each individual at both T1 and T2. Regardless of the treatment 

group, individually, 12 PWA showed an improvement in GIM at T2, with the remaining 

patients demonstrating stability (n=6) or a slight deterioration (n=5).  
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A significant main effect of group was also found with the average GIM 

significantly higher in patients treated with thrombolysis than in the untreated patients, 

F(1,21) = 8.502, p=.008 (see Table 4). For the efficiency measures (GIM/minute and 

GIM/utterance), there were no significant differences between treated and untreated 

PWA.  There was also no interaction between group and time. Figure 1c) represents the 

GIM per utterance for each individual at both T1 and T2 and indicates that patients 

treated with thrombolysis produced a higher value of GIM/utterance than untreated 

PWA.  

Discussion 

The present study reports improvements on thematic informativeness during the picnic 

description of the WAB in 15 of 23 individuals with acute post-stroke aphasia between 

2 days and 10 days post-onset. Thematic informativeness improvements were observed 

by measuring the TUs, and also by using the GIM which combines the number of TUs 

and a global appreciation of phonological and syntactic impairments. Moreover, an 

improvement in the efficiency of thematic informativeness was found, as measured by 

the number of TUs and GIM per minute. No significant improvements were found on 

the microlinguistic measures known to reflect language impairment: total words, 

words/minute, verb/utterance, and density (e.g  Andreetta & Marini, 2015). Although 

informativeness has been shown to improve following specific therapies in case studies 

(Marini, Caltagirone, Pasqualetti, & Carlomagno, 2007) very few studies have revealed 

discourse changes in a group of patients with aphasia in the early phase of recovery. 

Consistent with that of others (Agis et al., 2016; Furlanis et al., 2018), the present 

findings support the critical importance of measuring thematic informativeness in 

connected speech of PWA in the acute stage of stroke.  
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Most in-depth studies on discourse analysis have examined improvements in 

discourse production in individuals with chronic post-stroke aphasia (Andreetta, 

Cantagallo, & Marini, 2012; Capilouto et al., 2006; Doyle et al., 1995; Marini et al., 

2007; Nicholas & Brookshire, 1993). However, it is widely acknowledged that the 

greatest degree of language recovery takes place within the first two weeks after stroke 

(Kertesz & Mccabe, 1977; Laska, Hellblom, Murray, Kahan, & Von Arbin, 2001; 

Pedersen et al., 1995; Wade, Hewer, David, & Enderby, 1986). The present study shows 

that thematic informativeness reveals early discourse recovery better than the 

microlinguistic measures used -- supporting the need for further investigation of this 

measure in clinical settings. Others have clearly demonstrated the clinical sensitivity of 

microlinguistic variables (e.g. Andreetta et al., 2012; Nicholas & Brookshire, 1993) and 

discourse changes following therapy (Larfeuil & Le Dorze, 1997; Marini et al., 2007). 

However, despite high inter-rater reliability for most measures, in the present 

investigation no significant changes on microlinguistic variables in the acute phase 

when no therapy was provided were observed. One reason for this difference in findings 

might be explained by the composition of the sample. Our study included patients with 

a wider variety of aphasia severities and types than previous studies on the subject.  

Although this diversity can be considered a strength of the study because it represents a 

clinical reality, error types and error coding may have been substantially different than 

in previous studies.  

All things considered, thematic informativeness, as measured here by TUs and 

GIM, constitutes an interesting outcome measure of discourse production with PWA in 

the early phase of recovery. This study included twenty-three PWA with varying types 

of language impairment and severity, reflecting well the clinical variations seen in 
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aphasia. The results suggest, therefore that these two measures may be suitable for the 

assessment of aphasia in the early stages.  

Thematic informativeness was chosen for three main reasons. First, there have 

been only two studies that have used measures of thematic informativeness in the acute 

phase. Furlanis et al. (2018) reported significant changes between the different 

timepoints using a measure similar to GIM. Also, Agis et al. (2016) reported that the 

inclusion of the measure of total CUs with NIHSS strengthened the prediction of lesion 

location and volume compared to NIHSS alone. In the present study, two measures of 

informativeness, the General Informativeness Measure (GIM) and Thematic Units 

(TUs), demonstrated that both measures seem to be sensitive to improvement in early 

post-stroke aphasia recovery. TUs alone are much simpler to score than GIM, which 

requires additional scoring. However, GIM includes both macro- and micro-linguistic 

measures of discourses (Andreetta et al., 2012; Marini et al., 2011), providing a 

multidimensional measure able to capture early improvements in descriptive discourse. 

Therefore, bedside scoring of TUs and GIM should be explored and tested to be used 

eventually by clinicians. These methods would be simpler than any detailed method 

already in use, which would respond to the latest concerns raised concerning discourse 

studies (Dietz & Boyle, 2018). These measures can be easily adapted to other 

instruments, such as the picture description task of the BDAE (Kaplan, Goodglass, & 

Weintraub, 1983) and the MT-86 (Nespoulous et al., 1992) -- instruments that are also 

widely used in clinical settings with Canadian-French-speaking PWA. The results from 

Furlanis et al. (2018) were based on discourse samples obtained from Italian speakers 

and the participants in Agis et al. (2016) were English speakers. Our data are based on 

discourse samples obtained from Canadian-French speakers. These findings, therefore, 

suggest that the notion of informativeness might be a feature that transcends languages. 
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All together, these results suggest that thematic informativeness might be more related 

to global communication rather than to specific language features. In a future study, the 

comparison of thematic informativeness with  an overall language measure in the acute 

phase, as has been suggested by Wilson et al. (2019), could prove the effectiveness of 

TUs and GIM as a general language assessment tool.  

 The second reason for investigating thematic informativeness was that, as a 

measure, it is easier to implement in acute aphasia assessments. Lexical informativeness 

assessment and phonological analysis, in other words microlinguistic analyses, rely on 

transcriptions which are often too time consuming to be conducted in acute clinical 

settings (Bryant et al., 2017). TU scoring is based on a finite set of themes, which 

increases the reliability of its use (Brookshire & Nicholas, 1994). Early assessments of 

PWA are generally time constrained as many patients cannot tolerate lengthy protocols 

(Marshall & Wright, 2007) and, as a result, bedside assessments must be quick to 

administer. Picture description only requires a few minutes with the patient and is easy 

to carry out, which reconciles quantifiable measures with practical clinical 

requirements.  

Third, thematic informativeness seems to be more reliable than other 

informativeness measures. In the present study, IRR was excellent for both GIM and 

TUs  Although variables similar to thematic informativeness measures have already 

obtained very good inter-rater reliability (IRR) scores (e.g. content units in Agis et al., 

2016), the results of the present study serve as a basis to build an effective instrument 

with very good inter-rater reliability to assess discourse production in acute aphasia. 

It is generally accepted that thrombolysis has a positive effect on language 

recovery (Emberson et al., 2014; Rohde, Worrall, O. Halloran, Godecke, & Farrell, 

2017; Röther et al., 2002; Seitz & Donnan, 2015; Seitz, Sukiennik, & Siebler, 2012; 
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Wardlaw, Murray, Berge, & del Zoppo, 2014), but little is known about the specific 

language features influenced by this treatment. The present results extend previous 

findings and suggest that reperfusion therapies increase very early recovery on thematic 

informativeness, but the effects of thrombolysis attenuate in the following days. The 

above results demonstrated that patients treated with thrombolysis produced more TUs 

than untreated patients. However, in contrast to the results of a previous study that used 

a similar variable (Furlanis et al., 2018), there was no difference over time between 

PWA treated with thrombolysis and those who were not treated. One possible 

explanation could be the difference in the timings of the assessments. In Furlanis et al. 

(2018) testing first occurred in the very first hours following the stroke and the second 

assessment was 2 days post-onset. In contrast, in the present study, testing was first 

conducted two days post-onset. In other words, the last assessment in Furlanis et al. was 

conducted at the time of our first assessment. The present study did not capture the very 

early changes that Furlanis et al. (2018) were able to identify, when several neurological 

processes occur. 

 This study, showing early improvement of informativeness in PWA, is part of a 

larger on-going longitudinal study. Further analyses will be completed using the long-

term assessment data to determine whether thematic informativeness in the acute phase 

also predicts long-term (i.e. 6 months post-stroke) recovery. Although there was no 

difference between the two groups in the acute recovery phase, our results support 

previous evidence that GIM and TUs should be tested in clinical practice in the very 

early phase because they capture the longitudinal pattern of aphasia recovery. 

Given the multiple statistical analyses that were done, we acknowledge that 

these results must be considered preliminary and that the analysis of discourse from a 

larger sample of individuals with aphasia will be important to further support these 
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findings. Another potential limitation is that segmentation agreement was not 

calculated. However, inter-rater reliability was high for the variables that support the 

main purpose of this paper, including the number of thematic units and utterances, 

suggesting that segmentation agreement would also be high. Also, test-retest stability 

remains to be established for the variable TU, even though stability for GIM was good. 

In future studies, it would be interesting to analyze the discourse of PWA before 

thrombolysis administration to allow for the direct assessment of thrombolysis on 

discourse recovery. As well, considering that thematic units and not lexical units were 

studied, the present results are easily translatable to other French-speaking populations 

and likely other languages; however, the microlinguistic variables may not be as 

generalizable. Finally, while in the present study thematic informativeness was scored 

based on transcriptions, it will be interesting to investigate whether our measure could 

be scored online by clinicians such as has been demonstrated by Agis et al. (2016).  

Conclusion 

This study aimed at describing early improvements in the discourse production of PWA. 

Thematic informativeness improved significantly in a group of 23 acute post-stroke 

patients with various aphasia types and varying levels of severity during the first week 

post-onset, whereas the microlinguistic features studied did not show significant 

changes. These preliminary results suggest that the analysis of thematic informativeness 

may be a useful measure that reflects early discourse recovery. Consequently, a measure 

of thematic informativeness could be considered as a clinical instrument in acute care 

settings.  
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