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Abstract 

Objective: Individuals with a stroke in either the left (LH) or right hemisphere (RH) often 

present macrostructural impairments in narrative abilities. Understanding the potential 

influence of low education and low socioeconomic status (SES) is critical to a more effective 

assessment of post-stroke language. The first aim was to investigate macrostructural 

processing in low education and low SES individuals with stroke in the LH or RH or without 

brain damage. The second aim was to verify the relationships between macrolinguistic, 

neuropsychological, and sociodemographic variables.  

Methods: Forty-seven adults with LH (n = 15) or RH (n = 16) chronic ischemic stroke and 16 

matched (age, education, and SES) healthy controls produced three oral picture-sequence 

narratives. The macrostructural aspects analyzed were cohesion, coherence, narrativity, 

macropropositions, and index of lexical informativeness and were compared among the 

three groups. Then, exploratory correlations were performed to assess associations between 

sociodemographic (such as SES), neuropsychological, and macrostructural variables.  

Results: Both LH and RH presented impairments in the local macrostructural aspect 

(cohesion), while RH also presented impairments in more global aspects (global coherence 

and macropropositions). All five macrostructural variables correlated with each other, with 

higher correlations with narrativity. Naming was correlated with all macrostructural variables, 

as well as pre-stroke reading and writing habits (RWH), showing that higher naming 

accuracy and higher RWH are associated with better macrostructural skills.  

Conclusion: The present results corroborate the role of the LH in more local processing and 

the RH in more global aspects of discourse. Moreover, the study highlights the importance of 

investigating discourse processing in healthy and clinical populations of understudied 

languages such as Brazilian Portuguese, with various levels of education, SES, and reading 

and writing habits. 

 

Keywords: discourse; narratives; chronic stroke; macrostructure; sociodemographic; 

socioeconomic status; right hemisphere; left hemisphere; reading habits.  
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Introduction 
Stroke is a cerebrovascular disease and a major cause of disabilities, with a direct 

impact on families’ organization and on public health and retirement systems. Specifically in 

Brazil, 70% of people who had a stroke do not return to their professional activities 

(Sociedade Brasileira de Doenças Cerebrovasculares, n.d.) and half of them lose autonomy 

and must receive support from family members or caregivers to accomplish their daily 

activities (Agência Brasil, 2020). Stroke also seems to be more prevalent in low-income and 

middle-income countries as compared to high-income ones (Avan et al., 2019; Bray et al., 

2018). Not only is the risk of having stroke higher in these countries but also stroke 

functional outcomes are lower due to the quality of stroke care in hospitals and rehabilitation 

centers in developing countries (Carlos et al., 2019; Marshall et al., 2015). Some 

sociodemographic aspects related to socioeconomic status (SES) may also impact the risk 

and prevalence of stroke, among them urban versus rural residence, occupational class, 

income level, and education (Zhou et al., 2020). In fact, studies have shown that lower 

education levels may predict the mortality rate associated with stroke (Ahacic et al., 2012).  

Although stroke seems to be more prevalent and disabling in low-income and middle-

income countries, very few studies have been conducted on post-stroke discourse 

production impairments in underdeveloped or developing countries. In fact, most studies 

conducted to date on post-stroke language impairments have been conducted on English-

speaking individuals (Beveridge & Bak, 2011). Very few studies have been conducted to 

date in developing countries, which have lower education according to the education index 

of the Human Development Reports (United Nations Development Programme, 2020), than 

the countries in which most studies on post-stroke language impairments have been 

conducted to date. For instance, among the rare studies conducted to date looking at the 

effect of education, the mean level of education of 12 years and patients with less than 10 

years of education were not tested with written stimuli (González-Fernández et al., 2011). 

Although low SES individuals represent the majority of people in developing countries, 

studies investigating the impact of low SES on oral narratives following a stroke are still 
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scarce. Among the few published studies, Song et al. (2017) reported that people with lower 

SES—measured by indexes such as the level of education, occupation, and income—

present poorer functional outcomes following an ischemic stroke.  

Current knowledge highlights the urgent need to investigate stroke outcomes, 

including communication abilities, in people with low SES. The capacity to produce and 

understand language in context is vital to properly engage in social activities (Dalemans et 

al., 2010) and communication in everyday life requires the recruitment of language and 

cognitive skills. Although most communication outputs are beyond the word level, spoken 

discourse has received less attention than single word tasks, as it requires more complex 

and time-consuming analyses and interpretation (Boles, 1998). Description of sequences of 

pictures, for example, is more congruent with everyday language use than are single picture 

description tasks. Despite still being very different from a conversation, spoken description of 

sequences of pictures offers a relatively ecological evaluation of language impairments as 

compared to single word production tasks (Boles, 1998; Bryant et al., 2016). In the last 

decade, a growing body of literature has emerged regarding spoken discourse, which is now 

considered one of the most ecologically valid assessments of language impairments 

(Brisebois et al., 2021). Discourse performance relates to social participation, which makes it 

a key language component according to the International Classification of Functioning, 

Disability, and Health (ICF) model (Armstrong et al., 2012).  

The ability to produce spoken discourse comes effortlessly and naturally to most 

individuals. Nevertheless, it involves a complex interplay of cognitive, linguistic, and 

sociodemographic variables. Age and education are amongst the most studied factors 

influencing spoken discourse in typical aging. Nonetheless, age-related features in spoken 

discourse production remain inconclusive. Conversely, the effect of education seems to 

differ depending on the measures analyzed in the different discourse genres. For example, 

level of education did not affect the macrostructural parameters evaluated in conversation, 

whereas individuals with lower education levels differed in microstructural variables as 

compared to higher education individuals (Mackenzie, 2000). More specifically, shorter and 
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less complete picture descriptions were produced by individuals with minimal levels of 

education. Reading and writing habits (RWH) are also closely linked to the level of 

education, but individuals with low levels of education can still have rich and frequent 

reading and writing activities. In a unique study conducted in Brazil, Pawlowski et al. (2012) 

demonstrated the association between the frequency of RWH and cognitive abilities. They 

reported that frequent reading and writing activities in individuals with low levels of formal 

education compensated for their performance in cognitive tasks. This highlights the 

importance of not only investigating the level of education but also including other variables 

which have an impact on cognitive performance. Moreover, the 14-year longitudinal study of 

Chang et al. (2021) showed that frequent reading habits were associated to a reduced risk of 

cognitive decline in a large group of older adults aged 64 and older at all educational levels. 

Also partly associated with education level, the impact of SES in linguistic and cognitive 

performance has been widely studied in preschool-aged (e.g., Attig & Weinert, 2020) and 

school-aged language learners (e.g., Alt et al., 2016), but has received very little attention in 

adults. Among the few studies conducted to date, SES has been associated with the quality 

of content and discourse productivity (Snow et al., 1997; Yorkston et al., 1993) as well as 

with cohesion (Coelho, 2002). Regarding the latter, professional and skilled workers had 

better scores on cohesion measures than unskilled workers, but no differences were found 

on sentence production measures and story grammar measures. Despite their clinical 

relevance, very few studies have been conducted on the discourse production abilities of 

stroke patients with low SES, low levels of education, and non-English speakers.  

For purposes of analyzing oral discourse production, two main approaches have 

been proposed: (1) structural and (2) functional (Pritchard et al., 2017). In the structural 

approach, the focus is on discrete variables, which include macrostructural and 

microstructural processes, whereas the functional approach complements the structural 

approach by analyzing the ability to convey relevant and meaningful information at the 

discourse level. Macrostructural processes, or between-sentence functions, generate the 
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conceptual structure of the message that will be delivered (Marini, Andreetta, et al., 2011), 

whereas microstructural processes, or within-sentence functions, refer to phonological, 

lexical, semantic, and grammatical processing. Quantitative analysis of spoken discourse 

samples can provide valuable information about both microstructural and macrostructural 

aspects of language. While the analysis of microstructural variables is important, assessing 

performance on macrostructural measures, such as cohesion, coherence, and 

macropropositions, is also crucial. Moreover, the microstructural aspects can more easily be 

compared from one language to another using databases and automated procedures such 

as natural language processing (e.g., Karakanta et al., 2018; Marzouk, 2021).  

The present article focuses on five variables of macrostructural processing, namely 

cohesion, coherence, macropropositions, narrativity, and index of lexical informativeness. 

From a structural perspective, we chose to investigate cohesion and coherence, two widely 

used measures of macrostructural processing, including studies with stroke populations 

(e.g., Barker et al., 2017; Davis et al., 1997; Stockbridge et al., 2021) as well as 

macropropositions, which have not yet been widely investigated. Cohesion refers to the 

structural and semantic connectivity between elements of speech which is accomplished by 

the use of cohesive devices (Halliday & Hasan, 1976). In other words, cohesion builds up a 

continuity of meaning, which is generally expressed by the relationship among reiteration, 

association, and connection (Antunes, 1996, 2005). Coherence refers to the ability to 

maintain the theme by producing propositions that have a harmonious progression (Barker 

et al., 2017). Macropropositions of narratives refer to the knowledge of the schematic 

structure of narrative stories, which includes hierarchically organized categories such as 

setting, complication, resolution, evaluation, and conclusion. This structure is well-known 

and used in everyday communication (Van Dijk, 1980). From a more functional perspective, 

the present study also targeted narrativity and lexical informativeness. On the one hand, 

narrativity is related to the manner by which narratives are orally produced. It consists of 

story structure, as well as skills crucial to creating a coherent narrative, such as the 
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predominance of narration (as opposite to a simple description of isolated scenes), the sole 

inclusion of pertinent aspects, which includes the recognition of the characters (Hübner et 

al., 2019). A successful storytelling relies on the recognition by the interlocutor of the 

sequence of the narrative structure, with its causal implications. The use of sequences of 

scenes allows the assessment of the individual’s ability to construct narrative ties between 

the scenes, as opposed to single pictures, which tend to elicit descriptions instead (Davis et 

al., 1997).  Our previous study (Schneider et al., 2021) was among the first to investigate 

narrativity in stroke patients. On the other hand, lexical informativeness has been 

investigated using different measures (Pritchard et al., 2017). Among them are lexical 

information units (LIUs), which are content and function words phonologically well-formed 

and appropriate from a grammatical and pragmatic point of view (Andreetta & Marini, 2015; 

Marini, Boewe, et al., 2005; Marini, Carlomagno, et al., 2005; Marini, Galetto, et al., 2011).   

 

There is a consensus about the fact that the left hemisphere (LH) is dominant for 

language processing in the large majority of right-handed individuals (Knecht et al., 2000). 

However, an increasing body of evidence has shown that language processing not only is 

supported by the LH but, rather, subserved by a bilateral language network (e.g., Gainotti, 

2016; Lindell, 2006; Sollmann et al., 2014). As a result, the role of the RH has gained 

increased attention in the last three decades, especially regarding the macrostructural 

variables in discourse production. According to the higher levels of discourse production 

representations (Barker et al., 2017), macrostructural processes have traditionally been 

associated with RH regions (Myers, 1999), whereas microstructural processes have been 

associated with the LH. Accordingly, converging evidence suggests that individuals with RH 

damage present difficulties in cohesion, coherence, and, consequently, discourse 

organization (see Brownell & Martino, 1998; Hough, 1990; Kempler, 1990; Molloy et al., 

1990; Myers, 1999). More recently, Marini (2012) reported that participants with an RH 

lesion produced descriptions with normal levels of microstructural elements, whereas the 

levels of conveyed information were reduced compared to healthy participants’ performance. 



 8 

Although deficits in cohesion have been more consistently observed in a stroke located in 

the RH (Marini, Carlomagno, et al., 2005; Sherratt & Bryan, 2019; Stockbridge et al., 2019), 

cohesion impairments have also been reported in patients with a LH stroke (Andreetta et al., 

2012; Barker et al., 2017; Davis et al., 1997; Ellis et al., 2005; Geranmayeh et al., 2017; 

Marini, 2012; Stockbridge et al., 2019; Uryase et al., 1991). In our preliminary study, we 

reported that patients with a stroke in the LH or RH produced a lower proportion of cohesive 

ties than controls, but the difference was significant only for the LH group (Schneider et al., 

2021). Barker et al. (2017) hypothesized that impairments observed in cohesion in LH 

individuals might be caused by linguistic impairments rather than by macrostructural 

impairments per se. Our results did not support this hypothesis, but a moderate and positive 

correlation between these aspects has recently been reported in a group of older adults 

(Sherratt & Bryan, 2019). Therefore, the relationship between verbal fluency and cohesion 

requires further attention. 

As mentioned previously, spoken discourse is considered a complex task (Ska et al., 

2004), and its complexity varies across eliciting task typologies (Stark, 2019). More 

structured tasks, such as single-picture description, are easier to perform because 

performance relies less on memory and attention as compared to less structured tasks, such 

as having a conversation (Sherratt & Bryan, 2019). In line with Barker et al.’s (2017) 

representation of discourse, macrostructural processing involves the construction of a 

preverbal message, i.e., the generation of ideas and their organization, which is highly 

supported by executive functions. Indeed, non-linguistic cognitive mechanisms such as 

executive processes and attention, but also more affective aspects like social cognition and 

emotion, are implicated in the conceptual preparation. Evidence has also shown that story 

grammar (Mozeiko et al., 2011) and global coherence (Barker et al., 2017; Wright et al., 

2014) are associated with measures of executive functions. The number of lexical cohesive 

ties was also moderately positively correlated with verbal fluency in a group of 32 older men 

(Sherratt & Bryan, 2019). Similarly, correlations between verbal fluency and global and local 

connectedness have also been reported in clinical populations such as individuals with the 
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behavioral variant of frontotemporal dementia (Ash et al., 2006) and individuals with 

amyotrophic lateral sclerosis (Ash et al., 2014). The most consistent correlations have been 

found between naming accuracy (in a naming task) and discourse variables, including 

macrostructural variables. Namely, correlations have been reported between naming 

accuracy and informativeness in the acute (Boucher et al., 2020) and chronic phases 

(Fergadiotis & Wright, 2016) of post-stroke aphasia. Correlations have also been reported 

with main concept analysis in chronic post-stroke aphasia (Richardson et al., 2018). More 

recently, Alyahya et al. (2020) proposed a very interesting unified model of discourse 

processing but their study compared only patients with post-stroke aphasia (following a 

stroke in the LH) and controls. Using a principal component analysis, they showed that 

discourse production was composed of three main components, namely, verbal quantity, 

verbal quality (i.e., the component related to macrostructural processing), and motor speech. 

Using voxel-wise lesion-symptom mapping, they showed that verbal quality, which refers to 

informativeness in the present study, was associated with widespread frontal regions and 

superior temporal lobule. These regions have previously been associated with working 

memory (Boisgueheneuc et al., 2006) and executive functions (Humphreys & Lambon 

Ralph, 2015) and are consistent with the model of Barker et al. (2017), which suggests that 

the conceptual preparation level is supported by non-linguistic cognitive factors. Moreover, 

positive correlations between story grammar, a variable similar to the macropropositions 

measure used in the present study, and measures of executive functions have been 

reported (Mozeiko et al., 2011).  

 

Another important consideration is that cognitive decline has been reported in normal 

aging (Drag & Bieliauskas, 2010). Most studies exploring the relationship between discourse 

processing in aging and cognitive functioning have used written discourse comprehension 

tasks (Ska et al., 2009). Among the studies conducted to date, it has been proposed that 

changes in narrative complexity and cohesion are associated with age-related decline in 

working memory (Kemper & Kemtes, 2012). In a more recent study, increased cohesive 
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errors and decreased referential ties have been shown with aging, which co-occurred with 

declining memory and attention (Sherratt & Bryan, 2019). Also interested in the effect of 

aging, Cannizzaro and Coelho (2013) examined the relationship between executive 

functions and story grammar in 46 neurotypical adults (18-98 years old). They reported that 

the number of story grammar elements was negatively correlated with age as well as with 

linguistic and non-linguistic measures of executive functions.  

   

The purpose of the current study was to extend the findings of our recent study 

(Schneider et al., 2021), which sought to investigate the neural correlates of macrostructural 

measures in middle-low to low SES adults with a stroke in the LH or in the RH as well as in 

individuals with no brain damage. The aims of the present study were twofold. The first aim 

was to determine whether patients with a stroke in the LH or in the RH without major 

persistent language impairments differ from participants with no brain damage for 

macrostructural processes in oral narrative discourse production. Based on Barker et al. 

(2017), it was expected that: 1) patients with an LH stroke would have a lower performance 

in the more “local” macrostructural variable, or within-sentence processes, namely, the index 

of lexical informativeness (%) as compared to the other two groups and 2) individuals who 

suffer from a stroke in the RH would have a lower performance in the more “global” 

macrostructural variables, such as global coherence, macropropositions, and narrativity as 

compared to the other two groups. Based on previous studies (e.g., Andreetta et al., 2012; 

Barker et al., 2017; Marini, Carlomagno, et al., 2005; Sherratt & Bryan, 2019; Stockbridge et 

al., 2019), we also expected that lower performance in terms of cohesion would be observed 

in both LH and RH as compared to the control group. The second aim was to determine 

whether there was a relationship between the macrostructural measures and cognitive and 

sociodemographic measures. Based on a large body of evidence (e.g., Boucher et al., 2020; 

Fergadiotis & Wright, 2016; Herbert et al., 2008; Richardson et al., 2018), we expected to 

find correlations between macrostructural variables (and more specifically with 

informativeness) and naming accuracy. We also expected that correlations would be found 
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between macrostructural measures (and more specifically coherence and narrativity) and 

executive functions in story grammar (Barker et al., 2017; Mozeiko et al., 2011; Wright et al., 

2014). Finally, we expected an effect of RWH in measures of oral discourse production as 

reported with word-level tasks (Pawlowski et al., 2012). Finally, we expected that SES would 

be associated with macrostructural measures of discourse production as reported with the 

quality of content and discourse productivity (Snow et al., 1997; Yorkston et al., 1993) and 

with cohesion (Coelho, 2002). 

 
Materials and Methods 
 
Participants 

Thirty-one (31) participants diagnosed with an ischemic stroke in the LH (n=15) or 

RH (n=16) took part in the study. Demographic and clinical variables of participants with a 

stroke are presented in Table 1. The study took place at least four months (LH mean = 14.6 

± 7.9; RH mean = 10.8 ± 5.4) after stroke onset. No criteria concerning lesion size were 

adopted. All participants were diagnosed by a neurologist and a radiologist at a hospital that 

treats patients from the public health system in a metropolitan area in a southern state in 

Brazil. All participants were native speakers of Brazilian Portuguese and completed their 

evaluation in their native language. Exclusion criteria included 1) moderate to severe 

language impairments, 2) history of major psychiatric disorders, 3) learning disabilities, 4) 

severe and uncorrected self-reported perceptual deficits, 5) additional neurological 

diagnoses, 6) left-handedness or ambidexterity which was assessed using the Edinburgh 

Handedness Inventory (Oldfield, 1971), 7) < 2 years or > 13 years of formal education, 

and/or 8) bilingualism. The participants of the present study include the subset of the 

participants who also underwent magnetic resonance imaging (Schneider et al., 2021). 

 

********************************** 

Insert Table 1 approximately here 

********************************** 
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Sixteen (16) age- and schooling-matched neurotypical controls were recruited in 

community centers. As reported in Table 1, the control group was unbalanced with both 

clinical groups regarding the sex variable because the recruitment of healthy men is more 

challenging in Brazil compared to that of women. Similarly, controls were native speakers of 

Brazilian Portuguese. In addition to the exclusion criteria used with the clinical patients, the 

exclusion criteria included: 1) previous stroke and 2) a score on the Mini-Mental State 

Examination (MMSE) lower than the age and educational specific cut-off score adapted for 

the Brazilian population (Brucki et al., 2003): illiterate = 20 points; 1-4 years of education = 

25 points; 5-8 years of education = 26.5 points; 9-11 years of education = 28 points; 

≥11years of education = 29 points). Full written consent was obtained from all subjects. The 

present study is an extension of a previous study (n=30 participants) that investigated the 

neuroanatomical correlates of macrostructural aspects in an unilateral stroke (Schneider et 

al., 2021). The study was approved by the Ethics Review Board of the Pontifical Catholic 

University of Rio Grande do Sul (Project # 51099415.6.0000.5336). 

 

Materials and procedures 

Neuropsychological assessment 

The participants underwent a short neuropsychological assessment using the Digit 

and Word span working memory tests (Instrumento de Avaliação Neuropsicológica Breve - 

NEUPSILIN, Fonseca et al., 2009), a short naming task (Montreal-Toulouse-Brasil [MTL-

BRASIL], Parente et al., 2016) consisting of 12 nouns and 3 verbs (maximum of 2 points per 

stimulus, for a total of 30) represented in black and white pictures, and a free verbal fluency 

task (Bateria Montreal de Avaliação da Comunicação Breve (MAC-Breve); Casarin et al., 

2014). The free verbal fluency task investigates the ability to freely explore lexical-semantic 

memory during the evocation of words without a semantic or orthographic restriction. 

Participants also completed a questionnaire developed by the Brazilian Market Research 

Association (ABEP - Associação Brasileira de Empresas de Pesquisa) to capture their 
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socioeconomic status (SES). This questionnaire allows for the calculation of an SES score 

based on the education level of the head of the household and other household 

characteristics including the number of certain consumer goods and amenities.  

Participants were further characterized by the administration of a questionnaire of 

RWH adapted from Pawlowski et al. (2012). The questionnaire evaluates the weekly 

frequency of reading different types of printed and digital material, such as magazines, 

newspapers, books, social media, and the weekly frequency of writing notes, text messages, 

literary and/or non-literary texts. Frequency ratings of both reading and writing habits were 

scored using a 4 point-scale: daily (4 points); a few days a week (3 points); once a week (2 

points); rarely (1 point), and never (0 points), with a maximum score of 16 points for each 

modality (reading and writing). For the patients we considered their reading and writing 

habits just before the stroke onset.  

 

Narrative discourse assessment 

All participants were asked to produce three oral narratives based on three picture-sequence 

stories supported by black and white pictures: (1) The dog story (Hübner et al., 2019), (2) 

The car accident (Joanette et al., 1995), and (3) The cat story (Ulatowska et al., 1981). The 

three stories present a sequence of six or seven scenes and have equivalent length and 

narrative structure (Adam, 2008) in terms of an introductory setting, a complication and a 

resolution. The stories were randomly presented to participants to balance the order of 

presentation. The examiner verbally provided these instructions (in Brazilian Portuguese, 

here translated into English) before the presentation of the first story: ‘I'm going to show you 

a story based on a series of pictures. Each picture represents a moment in the story, which 

has a beginning, a middle and an end. I will ask you to take a good look at the pictures and 

to try to understand the story. I'm going to ask you to tell me this story as if you were going 

to tell it to a friend. (Wait a few seconds). Are you ready? Can we start?’ Participants were 

allowed to look at the pictures during narration and were encouraged to pay attention to all 

aspects of the stories. 
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Transcriptions 

Sequential narratives were audio-recorded using a Sony Digital Flash Voice 

Recorder (ICD-PX312) and further transcribed. The procedures for transcription, inter-rater 

reliability, and analysis have been previously reported (Schneider et al., 2021). Briefly, 

audios of each discourse sample were imported and transcribed using the software 

Transcribe by an experienced linguist (FS) and a language student who were both blind to 

group assignment using the Norma Linguística Urbana Culta (Cultured Linguistic Urban 

Norm, NURC) standards (Castilho & Pretti, 1986). Utterance segmentation was conducted 

using a combination of acoustic, semantic, grammatical, and phonological criteria that 

demonstrated high reliability scores (Andreetta & Marini, 2014). For instance, according to 

the acoustic criterion, the segmentation of an utterance is made when a pause, empty or full, 

is clearly identified. For example, in the following sequence: It was a man with the … [silent 

pause of 5 seconds] with the little girl, a clear empty pause was perceived and it was thus 

segmented in two utterances. According to the phonological criterion, a segmentation is 

applied when a word is interrupted or incomplete. To be included in the count, the words had 

to be intelligible in the context but they did not have to be precise, relevant, or informative in 

relation to the stimulus. Phonological paraphasias, for instance, cannot be entered in the 

word count. The number of words was verified using the Transcribe software and revised 

using the statistics provided by Word (Version 2005/Microsoft 365). 

 

 

Analyses 

Two raters blinded to group assignment (RH, LH group and controls) scored the 

participants’ narrative oral productions based on macrostructural measures included those 

pertaining to the quality of the narrative organization (i.e., cohesion, global coherence, 

macropropositions, and narrativity) and the level of informativeness (i.e., index of lexical 
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informativeness). Each macrostructural discourse measure is reported after combining the 

three stories together.  

Cohesion 

Cohesion refers to the lexico-grammatical and semantic links among continuous 

sentences that are crucial for the interpretation of the meaning. Cohesive ties were identified 

across the three categories proposed by Antunes (2005): reference (or “reiteration”, in the 

original), association, and connection. A referential tie links one word to another that is 

equivalent using grammatical substitution, repetition, lexical substitution, and ellipse. An 

association tie, also known as lexical cohesion, links the meaning between nouns, 

adjectives, and verbs by the selection of vocabulary. A connection tie, also known as 

conjunction, extends the meaning between the different parts of the text (i.e., between T-

units, sentences) using prepositions, conjunctions, and adverbs (please see Schneider et al., 

2021 for examples of the different cohesion relations). Cohesion was scored by counting the 

number of occurrences of cohesion ties. This number was divided by the number of 

utterances (parts of the narrative produced by the participant) and multiplied by 100.  

Global coherence 

Global coherence (Kintsch & van Dijk, 1978) refers to the speaker’s conceptual 

organization. Complete propositions related to the topic were given a score of 1.0, 

incomplete propositions related to the topic were scored .5 and propositions containing 

errors of global coherence, were score 0. We added an intermediate .5 point score for 

congruent but incomplete propositions in order to adjust the scoring to the characteristics of 

the age and low education level of our sample. The percentage of global coherence was 

calculated by dividing the sum of these scores by the total number of propositions produced 

and multiplying this value by 100 (adapted from Andreetta et al., 2012).  

Errors of global coherence included tangential propositions, incongruent propositions, 

propositional repetitions (Christiansen, 1995) or simple fillers (Andreetta et al., 2012). A 

tangential proposition derails in the flow of discourse with respect to the content of the 

previous propositions and can include personal comments. For instance, one participant 
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produced the following sequence during the description of the cat story: ‘oh, that happened 

to me once/ a Kitten climbed a pole/’ (ah isso aconteceu comigo uma vez/ um gatinho subiu 

num poste, in Portuguese). Here, the first proposition was scored as tangential, as the 

person added personal information to the story. Propositions were considered as 

incongruent when the person added information that was not present in the stimulus. For 

example, one participant produced the following sequence during the description of the dog 

story: [...] (they) are in a bed ([...] (“tão” numa cama, in Portuguese). Here, the proposition 

was scored as incongruent as the person added information that is not part of the story.  

 

Macropropositions 

Each narrative was also divided into a set of definite macropropositions identified by 

independent judges, including story setting, scenario, complication, and resolution (Van Dijk, 

1980; Van Dijk & Kintsch, 1983). The dog story contained a maximum of six 

macropropositions, while the car accident and the cat story each contained five (see 

Supplementary Material 1 of (see Supplementary Material 1 of Schneider et al., 2021 for the 

list of the macropropositions used in each story). The number of macropropositions 

produced by each participant was divided by the total number of narrative macropropositions 

and multiplied by 100.  

 

Narrativity 

Narrative organization assessment also included the narrativity measure, which 

evaluates how narratives are orally produced. In other words, the narrativity score 

encompasses the observance of the sequence of the facts occurring in the story. Narrativity 

was measured using based on BALE (Hübner et al., 2019) representing the sum of four 

items: presence or not of a narrative sequence, predominance of scene description, 

inclusion of intrusive/non-existent information in the story, character recognition., the 

predominance of narration (as opposed to scene descriptions), the non-inclusion of 

tangential or inexistent aspects, and the characters’ recognition (Hübner et al., 2019). One 
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point was attributed to each criterion, for a maximum of four points for each story. Thus, 

higher narrativity scores reflect better performance. 

 

Lexical informativeness 

Lexical informativeness refers to content and functional words that are appropriate 

from a phonological, grammatical, and pragmatic point of view (Andreetta & Marini, 2015). 

Informative nouns and verbs were extracted using AntConc 3.4.4w (Anthony, 2016), a 

freeware which has been adapted to Brazilian Portuguese. The index of lexical 

informativeness was calculated by dividing the number of informative nouns and verbs 

produced by each participant by the total number of words produced and multiplied by 100 

(Andreetta & Marini, 2015; Marini, Andreetta, et al., 2011; Marini, Carlomagno, et al., 2005). 

 

Our previous study (Schneider et al., 2021) which was conducted in a subset of the 

participants of the present study tested inter-rater reliability (IRR) using two-way random 

effects intraclass correlation coefficients (ICC), a statistical metric commonly used to assess 

inter-rater reliability. ICC values range from 0 to 1 and can be categorized into four levels of 

test-retest reliability: excellent (ICC > .75), good (ICC = .60 to .74), fair (ICC = .40 to .59), 

and poor (ICC > .40) (Fleiss et al., 2003). Based on this categorization, the degree of 

reliability between raters was excellent for cohesion (ICC = .907; 95% confidence interval 

(CI) = [.589, .979]) and macropropositions (ICC = .750; 95% CI = [-.108, .944]), good for 

narrativity (ICC = .608; 95% CI = [.231, .800], and fair for coherence (ICC = .497; 95% CI = [-

1.229, .887]). ICCs were not calculated for the index of lexical informativeness as the 

informative words were extracted by a freeware (Anthony, 2016). 

 
Statistical analyses 

Cohesion and the index of lexical informativeness showed a normal distribution 

according to the Shapiro–Wilk normality test (p > .05). Total number of words, total number 

of utterances, coherence, macropropositions, and narrativity showed a non-normal 
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distribution according to the Shapiro–Wilk normality test (p < .05). Analyses of variance 

(ANOVAs) were conducted for variables with a normal distribution, and a non-parametrical 

Kruskal–Wallis test with Bonferroni post-hoc comparisons was conducted for the variables 

with a non-normal distribution. 

In a smaller sample of participants, we reported significant correlations between 

narrativity and naming, digit span, and word span (Schneider et al., 2021). Few other studies 

explored the correlational relationship between macrostructural measures and socio-

demographic and cognitive measures. Among those, Rogalski et al. (2010) reported stronger 

correlations between cognitive functions and global coherence than with local coherence. 

Previous studies have also shown that story grammar (Mozeiko et al., 2011) and global 

coherence (Barker et al., 2017; Wright et al., 2014) were correlated with measures of 

executive function, and that cohesive ties were positively correlated with verbal fluency 

(Sherratt & Bryan, 2019). Exploratory correlations were thus performed to assess the 

possible association between sociodemographic and neuropsychological variables and the 

macrostructural variables. Based on previous findings, correlations with macrostructural 

measures were performed between the macrostructural measures themselves as well as 

with two sociodemographic variables, SES and RWH, and three neuropsychological 

variables, naming, verbal fluency (i.e. executive functioning) and digitspan (i.e. working 

memory). Most correlations were conducted using Kendall’s tau correlation, as most 

variables showed a non-normal distribution according to the Shapiro–Wilk normality test (p < 

.05). Only six correlations were conducted using Pearson’s r correlation (cohesion and 

lexical informativeness; cohesion and SES; lexical informativeness and SES). A Bonferroni 

correction was made for multiple comparisons, resulting in an alpha level of .005 for each 

family of tests. 

 
 
Results      

Participants 
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 Table 2 presents mean sociodemographic descriptive data and neuropsychological 

results for participants with a LH stroke, participants with a RH stroke and age-matched 

healthy participants. One-way ANOVAs showed that there was no significant difference in 

age and SES among the three groups. Time of stroke onset was also comparable between 

the LH and RH groups. Non-parametrical Kruskal–Wallis tests showed that there were no 

significant differences in education and RWH among the three groups.  

Regarding the neuropsychological assessment, a significant effect of group on the 

MMSE (H(2) = 12.4, p = .002), naming (H(2) = 6.82, p = .033), and word span (H(2) = 10.10, 

p = .006) was found, for which the LH patients had a lower performance than healthy 

controls according to the post-hoc comparisons. A significant effect of group on free verbal 

fluency (H(2) = 6.63, p = .036) was found. Post-hoc comparisons showed that LH and RH 

patients had a lower performance than healthy controls. No group effect was found for the 

digit span. 

********************************** 

Insert Table 2 approximately here 

********************************** 

 

Behavioral Results 

Mean and standard deviations (mean ± SD) for each group are reported in Table 3 in 

addition to the statistical values of the tests. The distribution of the data is illustrated in Figure 

1. There was no significant effect of group in terms of total number of words (H (2) = 2.4, p = 

.326) and total number of utterances produced in the three stories combined (H (2) = 4.4, p = 

.110). A significant effect of group on the cohesion score was found (F (2,45) = 11.0, p = .001), 

for which the LH patients had a lower performance than healthy controls according to the post-

hoc comparisons.  

A significant effect of group on the global coherence score was found (H (2) = 10.5, p 

= .005) with post-hoc comparisons showing that patients with an RH stroke had a lower 

performance than healthy controls.  
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Similarly, a significant effect of group on the macropropositions score was found 

(H(2) = 6.4, p = .040) and post-hoc comparisons showed that patients with an RH stroke had 

a lower performance than healthy controls.  

A significant effect of group on the narrativity score was also found (H(2) = 6.2, p = 

.045), but none of the post-hoc comparisons were significant.  

No group effect for the index of lexical informativeness was found.  

 

********************************** 

Insert Table 3 approximately here 

********************************** 

********************************** 

Insert Figure 1 approximately here 

********************************** 

 

Exploratory correlations were performed to assess the possible association of the 

macrostructural variables and sociodemographic and cognitive variables. Correlations are 

reported in Table 4. Unsurprisingly, the most significant correlations were found between the 

macrostructural measures themselves. Moderate to strong correlations were found between 

all macrostructural variables. The strongest correlations were found with narrativity 

(cohesion, τ=.55, p <.001; coherence τ=.75, p <.001; macropropositions τ=.68, p <.001; 

lexical informativeness τ=.64, p <.001). Higher narrativity scores were associated with higher 

scores in the other macrostructural variables. In addition, higher scores in each 

macrostructural variable were associated with a higher score in the four other 

macrostructural variables. 

As hypothesized, regarding the neuropsychological tasks, the strongest correlations 

were found with naming. Moderate correlations were found with naming and 

macropropositions (τ=.43, p <.001), narrativity (τ=.46, p <.001), and lexical informativeness 

(τ=.50, p <.001), whereas weak correlations were found with cohesion (τ=.34, p =.002) and 
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coherence (τ=.39, p <.001). In other words, a better naming performance was associated 

with better macrostructural skills. Also as expected, weak to moderate correlations were 

found with pre-stroke reading and writing habits and all five macrostructural variables. That 

is, greater RWH were associated with better macrostructural skills, and more strongly with 

narrativity (respectively τ=.42, p <.001 and τ=.38, p =.001). Weak to moderate correlations 

have also been found with verbal fluency and digit span (working memory). Interestingly, a 

moderate correlation was found between lexical informativeness and verbal fluency (τ=.43, p 

<.001). 

 

Discussion 

 The present study extends the results of our preliminary study (Schneider et al., 

2021) in a larger group of participants with middle-low to low SES and low levels of 

education, in which we investigated macrostructural processes in oral narrative production. 

As expected, patients with a stroke in the LH presented lower scores for lexical 

informativeness, but the difference between the three groups was not significant. Individuals 

with a stroke in the RH presented a lower performance in terms of global coherence and 

macropropositions (the more “global” macrostructural variables) as compared to controls but 

not as compared to individuals with a stroke in the LH. Both groups of individuals with a 

stroke also presented lower performance in terms of cohesion as compared to the control 

group. The second aim was to determine whether there was a relationship between the 

macrostructural measures and cognitive and sociodemographic measures. As expected, 

similar to previous work but with different discourse measures (e.g., Barker et al., 2017; 

Fergadiotis & Wright, 2016; Mozeiko et al., 2011; Wright et al., 2011, 2014), we showed the 

relationship between cognitive processes and macrostructural processes, more importantly 

regarding naming and executive functions. Finally, weak associations were found between 

the macrostuctural measures and SES but stronger associations have been found with 

RWH. Taken together, our results highlight the importance of investigating discourse 

processing using a multifactorial approach and point to the engagement of both RH and LH 
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in macrostructural aspects in oral narratives, with the RH involved in more global aspects, 

including global coherence and macropropositions. 

  

Consistent with previous evidence (Andreetta et al., 2012; Barker et al., 2017; Davis 

et al., 1997; Ellis et al., 2005; Geranmayeh et al., 2017; Stockbridge et al., 2019), patients 

with an LH stroke showed lower performance in the more “local” macrostructural variables, 

responsible for cohesive ties within and among sentences, as compared to controls. Unlike 

in our previous study (Schneider et al., 2021), in which each group had 10 participants, the 

increase in the number of participants in the present study allowed us to reveal a significant 

difference in terms of cohesion between RH stroke patients and controls, although with a 

lower significance than between LH patients and controls. This result is in line with previous 

studies (Marini, Carlomagno, et al., 2005; Sherratt & Bryan, 2019; Stockbridge et al., 2019), 

which associated cohesion impairment to a stroke in the RH. Still, LH participants produced 

a lower proportion of cohesive ties per utterance than RH participants, as in the study of 

Uryase et al. (1991), though the difference between the clinical groups was not significant 

considering the large intragroup variability. One potential confound that could explain the 

differences from previous studies is the low level of SES and education of the participants in 

the present study. Low SES, which has an impact on stroke outcomes (Song et al., 2017), 

has been associated with reduced cohesive adequacy (Coelho, 2002) as well as reduced 

content and discourse productivity (Snow et al., 1997; Yorkston et al., 1993). Moreover, most 

studies reported on participants with a higher level of education. For instance, Coelho (2002) 

investigated the impact of SES in a group of participants who had between nine (9) and 14 

years of education, whereas the participants in the present study had between two (2) and 

13 years of education and had a low to middle-low SES. 

Still considering the more local processing, we also postulated that the index of 

lexical informativeness would be lower for the LH group. Although both clinical groups had 

lower scores as compared to controls, the intergroup differences did not reach significance. 

In contrast, Agis et al. (2016) reported a significant difference between both LH and RH, 
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assessed within 48 hours post-stroke onset, compared to a group of healthy controls with 

measures of content units (Yorkston & Beukelman, 1980) elicited by the Cookie Theft picture 

from the BDAE-3 (Goodglass et al., 2001). Yet, both clinical groups did not differ from each 

other. This contrasting result could be interpreted in three ways. The first and most probable 

interpretation is the difference in the timing of the assessment between the two studies: 48 

hours post onset (i.e., acute phase of recovery) in Agis et al. (2016) versus at least four 

months post onset (i.e., late sub-acute/chronic phase of recovery) in the present study. 

Important changes can occur between the acute phase and the late sub-acute/chronic 

phase. More specifically, participants from the clinical groups almost certainly presented 

language improvements between the acute phase and the time of data collection, which can 

explain the differences between the two studies. Second, the nature of the tasks (i.e., single-

picture description versus sequence-picture description) and variables (i.e., content units 

(CU) compared to a published list of CU produced by healthy controls versus the number of 

informative nouns and verbs produced by the participants) in the studies could also explain 

the differences. Third, the large variability in our clinical groups may have led to the lack of 

statistical differences in the groups’ comparisons. Finally, now considering the more “global” 

macrostructural variables, the patients in the RH group differed from the controls in global 

coherence and macropropositions, while the difference in narrativity did not survive post-hoc 

analyses. The important role of the RH in more global processing has been well established 

(Karaduman et al., 2017). To date, global coherence is one of the most studied variables in 

macrostructural processing in narratives (Ellis et al., 2016). Unsurprisingly, and consistent 

with previous evidence, global coherence was significantly affected in RH compared to 

healthy controls (Barker et al., 2017; Bartels-Tobin & Hinckley, 2005; Davis et al., 1997; 

Marini, 2012). Nonetheless, the present study adds evidence because relatively few studies 

have compared patients with unilateral LH and RH stroke individuals.  

The second and novel aim of the present study was to determine whether there 

would be a relationship between the macrostructural measures and cognitive and 
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sociodemographic measures. The correlational analyses showed the intrinsic relationship 

between the macrostructural variables in the present study that contribute to a successful 

oral narrative. More specifically, all macrostructural variables, including those more local 

(i.e., cohesion) and global (i.e., coherence and narrativity) ones, were correlated with each 

other, demonstrating the complexity of discourse processing and the interdependency of 

different levels of processing for successful discourse production. This result contrasts with 

Rogalski et al. (2010), who reported that local and global coherence did not correlate but 

probably due to a lack of statistical power, as suggested by the authors (n=13 participants 

with a stroke and n=12 controls, rs=.52, p = .07). In our study, narrativity, here encompassing 

the ability to maintain the connection between scenes while narrating a story (as opposed to 

describing it), to follow the main stream of the plot without including extraneous or tangential 

information, and to observe the characters’ roles, was the variable most strongly correlated 

to the other macrostructural variables (cohesion, coherence, macropropositions, and lexical 

informativity). Due to the novelty of this measure in picture-sequence descriptions, we 

suggested in our previous study (Schneider et al., 2021) that we should further investigate 

the association between narrativity and story planning and monitoring as executive tasks. As 

expected, narrativity was also the measure that most strongly correlated with measures of 

executive functions, naming, and RWH. The ability to detect the sequence of the narrative 

structure, with its causal implications, is crucial for successful storytelling, but may be difficult 

to assess by using single-picture description (Bryant et al., 2016). Thus, these results 

support the relevance of using a picture-sequence oral narrative to investigate oral discourse 

production. In fact, picture-sequence description has proven to be the best task for 

examining cohesion and its relation to other cognitive functions (i.e., attention and memory) 

(Sherratt & Bryan, 2019). This is not surprising considering the nature of widely used single-

picture description tasks, such as the Cookie Theft from the Boston Diagnostic Aphasia 

Examination (Goodglass et al., 2001) and the Picnic scene from the Western Aphasia 

Battery (Kertesz, 2006), as the different elements of the picture do not necessarily have to 

be linked, which reduces the use of linguistic markers to connect the different elements 

(Marini, Boewe, et al., 2005).  
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Consistent with previous findings (e.g., Boucher et al., 2020; Covatti Malcorra et al., 

2021; Fergadiotis & Wright, 2016; Herbert et al., 2008; Richardson et al., 2018), better 

naming ability was associated with better performance at the macrostructural discourse 

level. There were weak to moderate correlations between all macrolinguistic measures and 

verbal fluency and digit span, indicating the role that these neuropsychological variables play 

in discourse oral production. Contrarily, Wright et al. (2014) reported that none of the 

cognitive measures (i.e., episodic memory, working memory, and attention) were correlated 

with global coherence in picture-sequence descriptions in both the younger and the older 

groups of participants. These divergent results could have occurred because our participants 

had lower SES and education than their participants (mean of 15.6 years of education for the 

older group). The task may have posed higher demands on executive functions (measured 

by verbal fluency) and on working memory while mentally organizing the macrostructure of 

the narratives to be told. We postulate that the more reduced automated skills, necessary to 

deal with the discourse task, as a consequence of lower education and of the time that 

passed after leaving school, have an impact on the automatic recruitment of cognitive 

abilities, such as working memory and executive functions. Another possible explanation is 

how coherence was calculated in both studies. In the present study, global coherence was 

calculated by giving a score of 1 point to each complete proposition related to the topic and a 

score of .5 point for an incomplete proposition, whereas Wright et al. (2014) used a 4-point 

scale for each c-unit and averaged the coherence score of each discourse type. Although 

these findings are interesting and suggest future research directions, we have not identified 

a true relationship between naming (and any other cognitive abilities) and macrostructural 

abilities. Further studies with larger sample size are required to test how these abilities are 

associated. 

 

Finally, RWH were significantly correlated with all five macrostructural variables, but 

more importantly with narrativity. This result makes an interesting contribution to the field of 
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studies on the impact of sociodemographic variables on discourse production. Our sample 

was composed of low to middle-to-low SES—normally associated with low education and 

low reading and writing habits—which represents the majority of adults and older adults 

assisted by the public health service in underdeveloped and developing countries, as it is the 

case in Brazil, as well as in immigrant populations in developed countries. Groups were 

matched for years of formal education, and they all had relatively low levels of education. 

Yet, the present results suggest that RWH are associated with oral discourse production at 

the macrostructural level. A growing body of evidence recognizes the protective action of 

cognitively stimulating activities, including reading and writing habits (e.g. Chang et al., 2021; 

Gallucci et al., 2009; Wilson et al., 2002).  Reading engages several cognitive abilities, such 

as working memory, selective attention, semantic knowledge, and episodic memory, and 

therefore stimulates several brain areas (Sörman et al., 2018). Research with cognitively 

healthy adults and older adult participants has already shown that RWH may compensate for 

lower levels of education in cognitive and neuropsychological assessment, including 

language (Cotrena et al., 2016; Pawlowski et al., 2012). Earlier in life, reading abilities are 

strongly related to the level of education (Chang et al., 2021). However, the results obtained 

in students developing their reading and writing skills are probably not generalizable to 

adults (Locher & Pfost, 2020). Reading and writing skills have a lifetime development, which 

means that they can improve not only in younger age but also in adulthood. RWH may be 

related not only to the level of education, but also to the type of occupation, which may 

demand various levels of reading and writing engagement. Interesting findings from an 

intervention study also showed that the increase of cognitive abilities such as reading in 

older adults improved the speed of processing (Tesky et al., 2011).  Nonetheless, it is 

important to note that RWH have generally been associated with the level of education and  

to cognitive abilities (as measured with childhood IQ) (Sörman et al., 2018). The present 

study cannot distinguish the specific role of education, SES, and RWH as they most 

probably interact altogether to shape cerebral, cultural, social, linguistic, and cognitive 

development (Ardila et al., 2010; Huettig et al., 2018; Tessaro et al., 2020). Despite its 
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relevance, this is, to our knowledge, the first time that RWH, as well as SES, have been 

correlated with macrostructural aspects in oral discourse, more specifically in oral narrative 

production in stroke populations. Taken together, these results point to the need for taking 

RWH and SES as important variables to consider when studying stroke outcomes, in various 

types of language tasks, in various languages. Thus, it reinforces the need for further studies 

focusing on the impact of SES in both neurotypical and clinical populations with a wider 

range of SES and educational levels, and using multiple language tasks and including 

languages other than English. From a clinical point-of-view, RWH and SES are commonly 

considered as comparable to the level of education. In fact, the level of education is almost 

systematically considered when assessing a patient in speech-language pathology, as most 

language batteries have different normative data for lower and higher levels of education. 

The present results suggest that clinicians should also consider questioning their patients 

about their SES and RWH as it might also have an impact on their discursive abilities.  

Investigating the behavioral and neurobiological mechanisms in these populations makes 

important contributions to future research and clinical outcomes because they represent 

most of the people in the world who are living in mainly underdeveloped countries. 

 

It should be stated that the current study has several limitations. The first relates to 

the small sample size, which makes it difficult to generalize the present results to all patients 

who underwent LH or RH stroke with low levels of education and SES. Another aspect to 

consider is the gender differences among the three groups. In Brazil, recruitment of controls, 

especially men, is very challenging. Consequently, the control group is unbalanced with both 

clinical groups regarding the sex variable. We acknowledge that it would have been optimal 

to have matched groups on the sex variable, considering the potential impact of sex on 

cognition. For instance, Munro et al. (2012) reported a difference in cognitive test 

performance between genders in a large sample of elderly individuals, suggesting that the 

influence of gender on cognition persists in late life. However, a more recent review (Jäncke, 

2018) stated that most of the differences between genders are not large enough to support 
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the hypothesis of sexual dimorphism in terms of anatomy, brain function, cognition, and 

behavior. Instead, the author suggests that many brain and cognitive traits are modulated by 

the environment, culture, and practice, along with other influences.  

 

Conclusions 

This study contributes to the existing body of evidence regarding macrostructural 

aspects in discourse production by comparing LH and RH stroke populations to controls, 

corroborating the role of the LH in more local processing and the RH in more global aspects 

of discourse, and also corroborating the interplay between discourse and neuropsychological 

measures. Moreover, this study highlights the importance of taking into consideration 

sociodemographic profiles of participants, such as education (Ardila et al., 2010; Huettig et 

al., 2018; Tessaro et al., 2020), SES and RWH, as important variables influencing  the 

performance in discourse production; specifically, to what concerns oral narratives, with 

implications for clinicians, educators and public health and education policy makers. 

 

Acknowledgements 

The first author thanks the Federal Institute of Education, Science and Technology, Rio 

Grande do Sul State (IFRS), Rio Grande do Sul, Brazil, for permission to conduct her doctoral 

study in Brazil (PUCRS) and part of her doctoral studies at the City University of New York 

(CUNY), under the supervision of Loraine Obler, PhD, who the authors also greatly thanks. 

We also thank collaborating organizations, participants, and their families. The authors also 

thank to Bernardo Limberger and Ana Paula Gerlach for support in linguistic data analyses 

and scoring. 

 

Disclosure statement 

No potential competing interest was reported by the authors. 
 

Funding 



 29 

This work was supported by the Brazilian National Council for Scientific and 

Technological Development (CNPq) (# 471272/2014-0; MCTI/CNPQ/MEC/CAPES Number 

22/2014 - Ciências Humanas, Sociais e Sociais Aplicadas) and by grant provided by 

FAPERGS/ Coordination for the Improvement of Higher Studies in Education (CAPES) - Apoio 

à Internacionalização (#0429-2551/14-5) to L.C.H. This study was financed in part by the 

Coordenação de Aperfeiçoamento de Pessoal de Nivel Superior – Brasil (CAPES) – Finance 

Code 001. F.S. received a doctoral scholarship from CAPES. A.D.S. received a master’s 

scholarship from CNPq and a doctoral scholarship from CAPES. L.C.H. receives a researcher 

scholarship from CNPq – Produtividade em Pesquisa. K.M. holds a Career Award and A.B. 

holds a doctoral scholarship both from the "Fonds de Recherche du Québec – Santé”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 30 

References 

 

Adam, J.-M. (2008). A Linguística Textual - introdução à análise textual dos discursos. 

Cortez Editora. 

Agência Brasil. (2020, October 29). https://agenciabrasil.ebc.com.br/saude/noticia/2020-

10/lembrado-hoje-dia-mundial-do-avc-serve-de-alerta-populacao. 

Https://Agenciabrasil.Ebc.Com.Br/Saude/Noticia/2020-10/Lembrado-Hoje-Dia-Mundial-

Do-Avc-Serve-de-Alerta-Populacao. 

Agis, D., Goggins, M. B., Oishi, K., Oishi, K., Davis, C., Wright, A., Kim, E. H., Sebastian, R., 

Tippett, D. C., Faria, A., & Hillis, A. E. (2016). Picturing the Size and Site of Stroke With 

an Expanded National Institutes of Health Stroke Scale. Stroke, 47(6). 

https://doi.org/10.1161/STROKEAHA.115.012324 

Ahacic, K., Trygged, S., & Kåreholt, I. (2012). Income and Education as Predictors of Stroke 

Mortality after the Survival of a First Stroke. Stroke Research and Treatment, 2012. 

https://doi.org/10.1155/2012/983145 

Alt, M., Arizmendi, G. D., & DiLallo, J. N. (2016). The Role of Socioeconomic Status in the 

Narrative Story Retells of School-Aged English Language Learners. Language, Speech, 

and Hearing Services in Schools, 47(4). https://doi.org/10.1044/2016_LSHSS-15-0036 

Alyahya, R. S. W., Halai, A. D., Conroy, P., & Lambon Ralph, M. A. (2020). A unified model 

of post-stroke language deficits including discourse production and their neural 

correlates. Brain, 143(5). https://doi.org/10.1093/brain/awaa074 

Andreetta, S., Cantagallo, A., & Marini, A. (2012). Narrative discourse in anomic aphasia. 

Neuropsychologia, 50(8), 1787–1793. 

https://doi.org/10.1016/j.neuropsychologia.2012.04.003 

Andreetta, S., & Marini, A. (2014). Narrative assessment in patients with communicative 

disorders. Tranel (Travaux Neuchatelois de Linguistique), 60, 69–84. 

https://doi.org/10.13140/2.1.3812.4162 

Andreetta, S., & Marini, A. (2015). The effect of lexical deficits on narrative disturbances in 

fluent aphasia. Aphasiology, 29(6), 705–723. 

https://doi.org/10.1080/02687038.2014.979394 

Anthony, L. (2016). AntConc (Version 3.3.4w). Waseda University. 

Antunes, I. C. (1996). Aspectos da coesão do texto: uma análise em editoriais jornalísticos 

(E. da U. F. de Pernambuco (ed.)). 

Antunes, I. C. (2005). Lutar com palavras. Parábola Editorial. 

Ardila, A., Bertolucci, P. H., Braga, L. W., Castro-Caldas, A., Judd, T., Kosmidis, M. H., 

Matute, E., Nitrini, R., Ostrosky-Solis, F., & Rosselli, M. (2010). Illiteracy: The 

Neuropsychology of Cognition Without Reading. Archives of Clinical Neuropsychology, 



 31 

25(8). https://doi.org/10.1093/arclin/acq079 

Armstrong, E., Bryant, L., Ferguson, A., & Simmons-Mackie, N. (2012). Approaches to 

Assessment and Treatment of Everyday Talk in Aphasia. In I. Papathanasiou & P. 

Coppens (Eds.), Aphasia and related neurogenic communication disorders. 

Papathanasiou, I., Coppens, P., Potagas, C. (2nd ed., pp. 269–285). Jones & Barlett 

learning. 

Ash, S., Menaged, A., Olm, C., McMillan, C. T., Boller, A., Irwin, D. J., McCluskey, L., Elman, 

L., & Grossman, M. (2014). Narrative discourse deficits in amyotrophic lateral sclerosis. 

Neurology, 83(6), 520–528. https://doi.org/10.1212/WNL.0000000000000670 

Ash, S., Moore, P., Antani, S., McCawley, G., Work, M., & Grossman, M. (2006). Trying to 

tell a tale: Discourse impairments in progressive aphasia and frontotemporal dementia. 

Neurology, 66(9), 1405–1413. https://doi.org/10.1212/01.wnl.0000210435.72614.38 

Attig, M., & Weinert, S. (2020). What Impacts Early Language Skills? Effects of Social 

Disparities and Different Process Characteristics of the Home Learning Environment in 

the First 2 Years. Frontiers in Psychology, 11. 

https://doi.org/10.3389/fpsyg.2020.557751 

Avan, A., Digaleh, H., Di Napoli, M., Stranges, S., Behrouz, R., Shojaeianbabaei, G., Amiri, 

A., Tabrizi, R., Mokhber, N., Spence, J. D., & Azarpazhooh, M. R. (2019). 

Socioeconomic status and stroke incidence, prevalence, mortality, and worldwide 

burden: an ecological analysis from the Global Burden of Disease Study 2017. BMC 

Medicine, 17(1). https://doi.org/10.1186/s12916-019-1397-3 

Barker, M. S., Young, B., & Robinson, G. A. (2017). Cohesive and coherent connected 

speech deficits in mild stroke. Brain and Language, 168. 

https://doi.org/10.1016/j.bandl.2017.01.004 

Bartels-Tobin, L. R., & Hinckley, J. J. (2005). Cognition and discourse production in right 

hemisphere disorder. Journal of Neurolinguistics, 18(6), 461–477. 

https://doi.org/10.1016/j.jneuroling.2005.04.001 

Beveridge, M. E. L., & Bak, T. H. (2011). The languages of aphasia research: Bias and 

diversity. Aphasiology, 25(12), 1451–1468. 

https://doi.org/10.1080/02687038.2011.624165 

Boisgueheneuc, F. Du, Levy, R., Volle, E., Seassau, M., Duffau, H., Kinkingnehun, S., 

Samson, Y., Zhang, S., & Dubois, B. (2006). Functions of the left superior frontal gyrus 

in humans: A lesion study. Brain. https://doi.org/10.1093/brain/awl244 

Boles, L. (1998). Conversational discourse analysis as a method for evaluating progress in 

aphasia: A case report. Journal of Communication Disorders, 31(3), 261–274. 

https://doi.org/10.1016/S0021-9924(98)00005-7 

Boucher, J., Marcotte, K., Brisebois, A., Courson, M., Houzé, B., Desautels, A., Léonard, C., 



 32 

Rochon, E., & Brambati, S. M. (2020). Word-finding in confrontation naming and picture 

descriptions produced by individuals with early post-stroke aphasia. The Clinical 

Neuropsychologist. https://doi.org/10.1080/13854046.2020.1817563 

Bray, B. D., Paley, L., Hoffman, A., James, M., Gompertz, P., Wolfe, C. D. A., Hemingway, 

H., & Rudd, A. G. (2018). Socioeconomic disparities in first stroke incidence, quality of 

care, and survival: a nationwide registry-based cohort study of 44 million adults in 

England. The Lancet Public Health, 3(4). https://doi.org/10.1016/S2468-

2667(18)30030-6 

Brisebois, A., Brambati, S. M., Boucher, J., Rochon, E., Leonard, C., Désilets-Barnabé, M., 

Desautels, A., & Marcotte, K. (2021). A longitudinal study of narrative discourse in post-

stroke aphasia. Aphasiology. https://doi.org/10.1080/02687038.2021.1907295 

Brownell, H., & Martino, G. (1998). Deficits in inference and social cognition: The effects of 

right hemisphere brain damage on discourse. In Right hemisphere language 

comprehension Perspectives from cognitive neuroscience (pp. 309–328). 

Brucki, S. M. D., Nitrin, R., Caramelli, P., Bertolucci, P. H. F., & Okamoto, I. H. (2003). 

Sugestões para o uso do mini-exame do estado mental no Brasil. Arquivos de Neuro-

Psiquiatria, 61(3 B), 777–781. https://doi.org/10.1590/S0004-282X2003000500014 

Bryant, L., Ferguson, A., & Spencer, E. (2016). Linguistic analysis of discourse in aphasia: A 

review of the literature. Clinical Linguistics & Phonetics, 30(7). 

https://doi.org/10.3109/02699206.2016.1145740 

Cannizzaro, M. S., & Coelho, C. A. (2013). Analysis of Narrative Discourse Structure as an 

Ecologically Relevant Measure of Executive Function in Adults. Journal of 

Psycholinguistic Research. https://doi.org/10.1007/s10936-012-9231-5 

Carlos, M. de J., Cavaletti, A. C. L., & Caldas, C. P. (2019). Hospitalization of the aged due 

to stroke: An ecological perspective. PLOS ONE, 14(8). 

https://doi.org/10.1371/journal.pone.0220833 

Casarin, F. S., Côté, H., Scherer, L. C., Parente, M. A. de M. P., Ferré, P., Fonseca, R. P., & 

Joanette, Y. (2014). Bateria Montreal de Avaliação da Comunicação Breve (versão 

abreviada) – MAC Breve (MAC-B). Pró-fono. 

Castilho, A. T. de, & Pretti, D. (1986). A Linguagem Falada Culta na Cidade de São Paulo 

Vol. II - Diálogos entre Dois Informantes (A. T. de Castilho & D. Pretti (eds.)). FAPESP. 

Chang, Y.-H., Wu, I.-C., & Hsiung, C. A. (2021). Reading activity prevents long-term decline 

in cognitive function in older people: evidence from a 14-year longitudinal study. 

International Psychogeriatrics, 33(1), 63–74. 

https://doi.org/10.1017/S1041610220000812 

Christiansen, J. A. (1995). Coherence Violations and Propositional Usage in the Narratives 

of Fluent Aphasics. Brain and Language, 51(2), 291–317. 



 33 

https://doi.org/10.1006/brln.1995.1062 

Coelho, C. A. (2002). Story narratives of adults with closed head injury and non-brain-injured 

adults: Influence of socioeconomic status, elicitation task, and executive functioning. 

Journal of Speech, Language, and Hearing Research, 45(6), 1232–1248. 

https://doi.org/10.1044/1092-4388(2002/099) 

Cotrena, C., Branco, L. D., Cardoso, C. O., Wong, C. E. I., & Fonseca, R. P. (2016). The 

Predictive Impact of Biological and Sociocultural Factors on Executive Processing: The 

Role of Age, Education, and Frequency of Reading and Writing Habits. Applied 

Neuropsychology: Adult, 23(2). https://doi.org/10.1080/23279095.2015.1012760 

Covatti Malcorra, B. L., Mota, N. B., Weissheimer, J., Schilling, L. P., Wilson, M. A., & 

Hübner, L. C. (2021). Low Speech Connectedness in Alzheimer’s Disease is 

Associated with Poorer Semantic Memory Performance. Journal of Alzheimer’s 

Disease. https://doi.org/10.3233/JAD-210134 

Dalemans, R. J. P., de Witte, L., Wade, D., & van den Heuvel, W. (2010). Social participation 

through the eyes of people with aphasia. International Journal of Language & 

Communication Disorders, 45(5). https://doi.org/10.3109/13682820903223633 

Davis, G. A., O’Neil-Pirozzi, T. M., & Coon, M. (1997). Referential Cohesion and Logical 

Coherence of Narration after Right Hemisphere Stroke. Brain and Language, 56(2). 

https://doi.org/10.1006/brln.1997.1741 

Drag, L. L., & Bieliauskas, L. A. (2010). Contemporary review 2009: Cognitive aging. Journal 

of Geriatric Psychiatry and Neurology, 23(2), 75–93. 

https://doi.org/10.1177/0891988709358590 

Ellis, C., Henderson, A., Wright, H. H., & Rogalski, Y. (2016). Global coherence during 

discourse production in adults: a review of the literature. International Journal of 

Language & Communication Disorders, 51(4), 359–367. https://doi.org/10.1111/1460-

6984.12213 

Ellis, C., Rosenbek, J. C., Rittman, M. R., & Boylstein, C. A. (2005). Recovery of cohesion in 

narrative discourse after left-hemisphere stroke. The Journal of Rehabilitation Research 

and Development, 42(6), 737. https://doi.org/10.1682/JRRD.2005.02.0026 

Fergadiotis, G., & Wright, H. H. (2016). Modelling confrontation naming and discourse 

performance in aphasia. Aphasiology, 30(4). 

https://doi.org/10.1080/02687038.2015.1067288 

Fleiss, J. L., Levin, B., & Paik, M. C. (2003). Statistical Methods for Rates and Proportions. 

John Wiley & Sons, Inc. https://doi.org/10.1002/0471445428 

Fonseca, R. P., Salles, J. F., & Parente, M. A. de M. P. (2009). Instrumento de Avaliação 

Neuropsicológica Breve NEUPSILIN. Vetor Editora. 

Gainotti, G. (2016). Lower- and higher-level models of right hemisphere language. A 



 34 

selective survey. Functional Neurology. https://doi.org/10.11138/FNeur/2016.31.2.067 

Gallucci, M., Antuono, P., Ongaro, F., Forloni, P. L., Albani, D., Amici, G. P., & Regini, C. 

(2009). Physical activity, socialization and reading in the elderly over the age of 

seventy: What is the relation with cognitive decline? Evidence from “The Treviso 

Longeva (TRELONG) study.” Archives of Gerontology and Geriatrics, 48(3), 284–286. 

https://doi.org/10.1016/j.archger.2008.02.006 

Geranmayeh, F., Chau, T. W., Wise, R. J. S., Leech, R., & Hampshire, A. (2017). Domain-

general subregions of the medial prefrontal cortex contribute to recovery of language 

after stroke. Brain, 140(7), 1947–1958. https://doi.org/10.1093/brain/awx134 

González-Fernández, M., Davis, C., Molitoris, J. J., Newhart, M., Leigh, R., & Hillis, A. E. 

(2011). Formal Education, Socioeconomic Status, and the Severity of Aphasia After 

Stroke. Archives of Physical Medicine and Rehabilitation, 92(11), 1809–1813. 

https://doi.org/10.1016/j.apmr.2011.05.026 

Goodglass, H., Kaplan, E., & Barresi, B. (2001). Boston Diagnostic Aphasia Examination. 

Lippincott, Williams & Wilkins. 

Halliday, M. A. K., & Hasan, R. (1976). Cohesion in English. Longman. 

Herbert, R., Hickin, J., Howard, D., Osborne, F., & Best, W. (2008). Do picture-naming tests 

provide a valid assessment of lexical retrieval in conversation in aphasia? Aphasiology, 

22(2). https://doi.org/10.1080/02687030701262613 

Hough, M. S. (1990). Narrative comprehension in adults with right and left hemisphere brain-

damage: Theme organization. Brain and Language, 38(2), 253–277. 

https://doi.org/10.1016/0093-934X(90)90114-V 

Hübner, L. C., Loureiro, F. S., Smidarle, A. D., Tessaro, B., Siqueira, E. C. G., Jerônimo, G. 

M., Quadros, T. D. de, Garcia, V. R. M., & Kochhann, R. (2019). Bateria de Avaliação 

da Linguagem no Envelhecimento (BALE). In N. Zimmermann, F. J. Delaere, & R. P. 

Fonseca (Eds.), Tarefas para Avaliação Neuropsicológica 3: Avaliação de memória 

episódica, percepção, linguagem e componentes executivos para adultos (pp. 188–

218). Memnon. 

Hübner, L. C., Loureiro, F., Tessaro, B., Siqueira, E. C. G., Jerônimo, G. M., & Smidarle, A. 

(2019). Bale: Bateria de avaliação da linguagem no envelhecimento. In N. 

Zimmermann, F. J. Delaere, & R. P. Fonseca (Eds.), Tarefas de avaliação 

neuropsicológica para adultos: memória e lin-guagem,. Memnon. 

Huettig, F., Kolinsky, R., & Lachmann, T. (2018). The culturally co-opted brain: how literacy 

affects the human mind. Language, Cognition and Neuroscience, 33(3). 

https://doi.org/10.1080/23273798.2018.1425803 

Humphreys, G. F., & Lambon Ralph, M. A. (2015). Fusion and fission of cognitive functions 

in the human parietal cortex. Cerebral Cortex. https://doi.org/10.1093/cercor/bhu198 



 35 

Jäncke, L. (2018). Sex/gender differences in cognition, neurophysiology, and neuroanatomy. 

F1000Research, 7. https://doi.org/10.12688/f1000research.13917.1 

Joanette, Y., Ska, B., Poissant, A., Belleville, S., Lecours, A. R., & Peretz, I. (1995). 

Évaluation neuropsychologique dans la démence de type Alzheimer: un compromis 

optimal. L’Année gérontologique, 9(2 (Suppl.)), 69–83. 

Karaduman, A., Göksun, T., & Chatterjee, A. (2017). Narratives of focal brain injured 

individuals: A macro-level analysis. Neuropsychologia, 99. 

https://doi.org/10.1016/j.neuropsychologia.2017.03.027 

Karakanta, A., Dehdari, J., & van Genabith, J. (2018). Neural machine translation for low-

resource languages without parallel corpora. Machine Translation, 32(1–2). 

https://doi.org/10.1007/s10590-017-9203-5 

Kemper, S., & Kemtes, K. A. (2012). Aging and message production and comprehension. In 

D. Park & N. Schwarz (Eds.), Cognitive Aging: A Primer (pp. 197– 214). Hove: 

Psychology Press. 

Kempler, D. (1990). Discourse Ability and Brain Damage: Theoretical and Empirical 

Perspectives. Language and Speech, 33(2), 185–191. 

https://doi.org/10.1177/002383099003300207 

Kertesz, A. (2006). Western Aphasia Battery- Revised. Pearson. 

Kintsch, W., & van Dijk, T. A. (1978). Toward a model of text comprehension and production. 

Psychological Review, 85(5), 363–394. https://doi.org/10.1037/0033-295X.85.5.363 

Knecht, S., Dräger, B., Deppe, M., Bobe, L., Lohmann, H., Flöel, A., Ringelstein, E.-B., & 

Henningsen, H. (2000). Handedness and hemispheric language dominance in healthy 

humans. Brain, 123(12). https://doi.org/10.1093/brain/123.12.2512 

Lindell, A. K. (2006). In Your Right Mind: Right Hemisphere Contributions to Language 

Processing and Production. Neuropsychology Review, 16(3). 

https://doi.org/10.1007/s11065-006-9011-9 

Locher, F., & Pfost, M. (2020). The relation between time spent reading and reading 

comprehension throughout the life course. Journal of Research in Reading, 43(1), 57–

77. https://doi.org/10.1111/1467-9817.12289 

Mackenzie, C. (2000). Adult spoken discourse: The influences of age and education. 

International Journal of Language and Communication Disorders, 35(2), 269–285. 

https://doi.org/10.1080/136828200247188 

Marini, A. (2012). Narrative Discourse Processing after Damage to the Right Hemisphere. 

Seminars in Speech and Language, 33(01), 68–78. https://doi.org/10.1055/s-0031-

1301164 

Marini, A., Andreetta, S., del Tin, S., & Carlomagno, S. (2011). A multi-level approach to the 

analysis of narrative language in aphasia. Aphasiology, 25(11), 1372–1392. 



 36 

https://doi.org/10.1080/02687038.2011.584690 

Marini, A., Boewe, A., Caltagirone, C., & Carlomagno, S. (2005). Age-related Differences in 

the Production of Textual Descriptions. Journal of Psycholinguistic Research, 34(5), 

439–463. https://doi.org/10.1007/s10936-005-6203-z 

Marini, A., Carlomagno, S., Caltagirone, C., & Nocentini, U. (2005). The role played by the 

right hemisphere in the organization of complex textual structures. Brain and Language, 

93(1), 46–54. https://doi.org/10.1016/j.bandl.2004.08.002 

Marini, A., Galetto, V., Zampieri, E., Vorano, L., Zettin, M., & Carlomagno, S. (2011). 

Narrative language in traumatic brain injury. Neuropsychologia, 49(10), 2904–2910. 

https://doi.org/10.1016/j.neuropsychologia.2011.06.017 

Marshall, I. J., Wang, Y., Crichton, S., McKevitt, C., Rudd, A. G., & Wolfe, C. D. A. (2015). 

The effects of socioeconomic status on stroke risk and outcomes. The Lancet 

Neurology, 14(12). https://doi.org/10.1016/S1474-4422(15)00200-8 

Marzouk, S. (2021). An in-depth analysis of the individual impact of controlled language 

rules on machine translation output: a mixed-methods approach. Machine Translation. 

https://doi.org/10.1007/s10590-021-09266-0 

Molloy, R., Brownell, H., & Gardner, H. (1990). Discourse Comprehension by Right-

Hemisphere Stroke Patients: Deficits of Prediction and Revision. In In: Joanette, Y.; 

Brownell, H. H. (Eds.). Discourse ability and brain damage: theoretical and empirical 

perspectives, Y.; Brownell, H. H. (Eds.). Discourse ability and brain damage: theoretical 

and empirical perspectives. (pp. 113–130). Springer-Verlag. 

Mozeiko, J., Le, K., Coelho, C., Krueger, F., & Grafman, J. (2011). The relationship of story 

grammar and executive function following TBI. Aphasiology, 25(6–7), 826–835. 

https://doi.org/10.1080/02687038.2010.543983 

Munro, C. A., Winicki, J. M., Schretlen, D. J., Gower, E. W., Turano, K. A., Muñoz, B., Keay, 

L., Bandeen-Roche, K., & West, S. K. (2012). Sex differences in cognition in healthy 

elderly individuals. Aging, Neuropsychology, and Cognition, 19(6). 

https://doi.org/10.1080/13825585.2012.690366 

Myers, P. S. (1999). Right hemisphere damage: disorders of communication and cognition 

(S. P. Group (ed.)). 

Oldfield, R. C. (1971). The assessment and analysis of handedness: The Edinburgh 

inventory. Neuropsychologia, 9(1), 97–113. https://doi.org/10.1016/0028-

3932(71)90067-4 

Parente, M. A. de M. P., Fonseca, R. P., Pagliarin, K. C., Barreto, S. dos S., Soares-Ishigaki, 

E. C. S., Hübner, L. C., Joanette, Y., Nespoulous, J.-L., & Ortiz, K. Z. (2016). Bateria 

Montreal-Toulouse de Avaliação da Linguagem (MTL- Brasil). Vetor Editora. 

Pawlowski, J., Remor, E., de Mattos Pimenta Parente, M. A., de Salles, J. F., Fonseca, R. 



 37 

P., & Bandeira, D. R. (2012). The influence of reading and writing habits associated 

with education on the neuropsychological performance of Brazilian adults. Reading and 

Writing, 25(9). https://doi.org/10.1007/s11145-012-9357-8 

Pritchard, M., Hilari, K., Cocks, N., & Dipper, L. (2017). Reviewing the quality of discourse 

information measures in aphasia. International Journal of Language & Communication 

Disorders, 52(6). https://doi.org/10.1111/1460-6984.12318 

Richardson, J. D., Hudspeth Dalton, S. G., Fromm, D., Forbes, M., Holland, A., & 

MacWhinney, B. (2018). The Relationship Between Confrontation Naming and Story 

Gist Production in Aphasia. American Journal of Speech-Language Pathology, 27(1S). 

https://doi.org/10.1044/2017_AJSLP-16-0211 

Rogalski, Y., Altmann, L. J. P., Plummer-D’Amato, P., Behrman, A. L., & Marsiske, M. 

(2010). Discourse coherence and cognition after stroke: A dual task study. Journal of 

Communication Disorders, 43(3). https://doi.org/10.1016/j.jcomdis.2010.02.001 

Schneider, F., Marcotte, K., Brisebois, A., Townsend, S. A. M., Smidarle, A. D., Loureiro, F., 

da Rosa Franco, A., Soder, R. B., Nikolaev, A., Marrone, L. C. P., & Hübner, L. C. 

(2021). Neuroanatomical Correlates of Macrolinguistic Aspects in Narrative Discourse 

in Unilateral Left and Right Hemisphere Stroke: A Voxel-Based Morphometry Study. 

Journal of Speech, Language, and Hearing Research. 

https://doi.org/10.1044/2020_JSLHR-20-00500 

Sherratt, S., & Bryan, K. (2019). Textual cohesion in oral narrative and procedural discourse: 

the effects of ageing and cognitive skills. International Journal of Language & 

Communication Disorders, 54(1). https://doi.org/10.1111/1460-6984.12434 

Ska, B., Duong, A., & Joanette, Y. (2004). Discourse impairments. In R. D. Kent (Ed.), The 

MIT encyclopedia of communication disorders (pp. 302–304). The MIT press. 

Ska, B., Scherer, L. C., Flôres, O. C., Oliveira, C. R. de, Netto, T. M., & Fonseca, R. P. 

(2009). Theoretical, behavioral and neuroimage evidence on discourse processing 

aging. Psychology & Neuroscience, 2(2), 101–109. 

https://doi.org/10.3922/j.psns.2009.2.002 

Snow, P., Douglas, J., & Ponsford, J. (1997). Procedural discourse following traumatic brain 

injury. Aphasiology, 11(10), 947–967. https://doi.org/10.1080/02687039708249421 

Sociedade Brasileira de Doenças Cerebrovasculares. (n.d.). AVC - Informaçöes. 

http://www.sbdcv.org.br/publica_avc.asp 

Sollmann, N., Tanigawa, N., Ringel, F., Zimmer, C., Meyer, B., & Krieg, S. M. (2014). 

Language and its right-hemispheric distribution in healthy brains: An investigation by 

repetitive transcranial magnetic stimulation. NeuroImage, 102. 

https://doi.org/10.1016/j.neuroimage.2014.09.002 

Song, T., Pan, Y., Chen, R., Li, H., Zhao, X., Liu, L., Wang, C., Wang, Y., & Wang, Y. 



 38 

(2017). Is there a correlation between socioeconomic disparity and functional outcome 

after acute ischemic stroke? PLoS ONE. https://doi.org/10.1371/journal.pone.0181196 

Sörman, D. E., Ljungberg, J. K., & Rönnlund, M. (2018). Reading Habits Among Older 

Adults in Relation to Level and 15-Year Changes in Verbal Fluency and Episodic 

Recall. Frontiers in Psychology, 9. https://doi.org/10.3389/fpsyg.2018.01872 

Stark, B. C. (2019). A Comparison of Three Discourse Elicitation Methods in Aphasia and 

Age-Matched Adults: Implications for Language Assessment and Outcome. American 

Journal of Speech-Language Pathology, 28(3). https://doi.org/10.1044/2019_AJSLP-

18-0265 

Stockbridge, M. D., Berube, S., Goldberg, E., Suarez, A., Mace, R., Ubellacker, D., & Hillis, 

A. E. (2019). Differences in linguistic cohesion within the first year following right- and 

left-hemisphere lesions. Aphasiology, 1–15. 

https://doi.org/10.1080/02687038.2019.1693026 

Stockbridge, M. D., Berube, S., Goldberg, E., Suarez, A., Mace, R., Ubellacker, D., & Hillis, 

A. E. (2021). Differences in linguistic cohesion within the first year following right- and 

left-hemisphere lesions. Aphasiology, 35(3). 

https://doi.org/10.1080/02687038.2019.1693026 

Tesky, V. A., Thiel, C., Banzer, W., & Pantel, J. (2011). Effects of a Group Program to 

Increase Cognitive Performance Through Cognitively Stimulating Leisure Activities in 

Healthy Older Subjects. GeroPsych, 24(2), 83–92. https://doi.org/10.1024/1662-

9647/a000035 

Tessaro, B., Hermes-Pereira, A., Schilling, L. P., Fonseca, R. P., Kochhann, R., & Hübner, 

L. C. (2020). Verbal fluency in Alzheimer’s disease and mild cognitive impairment in 

individuals with low educational level and its relationship with reading and writing habits. 

Dementia & Neuropsychologia, 14(3). https://doi.org/10.1590/1980-57642020dn14-

030011 

Ulatowska, H. K., North, A. J., & Macaluso-Haynes, S. (1981). Production of narrative and 

procedural discourse in aphasia. Brain and Language, 13(2), 345–371. 

https://doi.org/10.1016/0093-934X(81)90100-0 

United Nations Development Programme. (2020). Education Index. Human Development 

Reports. 

Uryase, D., Duffy, R. J., & Liles, B. Z. (1991). Analysis and Description of Narrative 

Discourse in Right-Hemisphere-Damaged Adults: A Comparison with Neurologically 

Normal and Left-Hemisphere-Damaged Aphasic Adults. In T. E. Prescott (Ed.), Clinical 

Aphasiology (19th ed.). Pro-Ed. 

Van Dijk, T. A. (1980). Macrostructures: An interdisciplinary study of global structures in 

discourse, interaction, and cognition. Erlbaum. 



 39 

Van Dijk, T. A., & Kintsch, W. (1983). Strategies of Discourse Comprehension. Academic 

Press. 

Wilson, R. S., Bennett, D. A., Bienias, J. L., Aggarwal, N. T., Mendes de Leon, C. F., Morris, 

M. C., Schneider, J. A., & Evans, D. A. (2002). Cognitive activity and incident AD in a 

population-based sample of older persons. Neurology, 59(12), 1910–1914. 

https://doi.org/10.1212/01.WNL.0000036905.59156.A1 

Wright, H. H., Capilouto, G. J., Srinivasan, C., & Fergadiotis, G. (2011). Story Processing 

Ability in Cognitively Healthy Younger and Older Adults. Journal of Speech, Language, 

and Hearing Research, 54(3). https://doi.org/10.1044/1092-4388(2010/09-0253) 

Wright, H. H., Koutsoftas, A. D., Capilouto, G. J., & Fergadiotis, G. (2014). Global coherence 

in younger and older adults: Influence of cognitive processes and discourse type. 

Aging, Neuropsychology, and Cognition, 21(2). 

https://doi.org/10.1080/13825585.2013.794894 

Yorkston, K. M., & Beukelman, D. R. (1980). An Analysis of Connected Speech Samples of 

Aphasic and Normal Speakers. Journal of Speech and Hearing Disorders, 45(1). 

https://doi.org/10.1044/jshd.4501.27 

Yorkston, K. M., Zeches, J., Farrier, L., & Uomoto, J. (1993). Lexical pitch as a measure of 

word choice in narratives of traumatically brain injured and control subjects. Clinical 

Aphasiology, 21, 165–172.e. 

Zhou, W., Chen, R., Hopkins, A., Wang, Y., Tang, J., Chen, X., Clifford, A., Pan, Y., Forthby, 

K., Ni, J., Wang, D., & Brunner, E. (2020). Association between socioeconomic status 

and incident stroke in China. Journal of Epidemiology and Community Health. 

https://doi.org/10.1136/jech-2019-213515 

 

 



 40 

Table 1. Demographic and clinical variables of participants with a left hemisphere lesion (upper part). 

Participant Sex Age Education 
Lesion location 

Time post- 
onset 

(months) 

Initial 
NIHSS 
score 

Persistent 
Communication 

impairments Frontal Temporal Parietal Occipital Sub-cortical 

Patients with LH lesion 

1 M 72 7 X    X 12 7 yes 

2 F 76 5 X     14 5 no 

3 M 59 11     X 7 5 no 

4 M 76 11     X 24 11 no 

5 M 65 5  X   X 11 4 no 

6 M 56 10 X     11 8 no 

7 M 57 11   X   14 2 no 

8 M 68 8 X X X X  5 6 yes 

9 M 74 3     X 8 10 no 

10* M 70 5      24 6 no 

11 F 59 6   X   6 3 no 

12 M 66 4 X     7 n/a no 

13 F 76 5    X  12 3 no 

14 M 50 8 X  X   11 1 no 
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15 F 71 5     X 16 0 no 

Patients with RH lesion 

201 M 70 9     X 12 7 no 

202 F 66 11     X 7 6 no 

203 F 79 3     X 7 9 no 

204 M 63 11 X  X   16 5 no 

205 F 63 8 X     8 4 no 

206 F 79 4 X  X X  11 14 no 

207 F 71 6      17 8 no 

208 M 57 11     X 4 1 no 

209 F 50 8 X    X 5 2 no 

210 M 78 5 X  X  X 18 13 no 
 
211 

 
M 

 
80 

 
5 

 
 

  
 

X 
 

 
4 

 
8 

 
no 

212 F 65 3    X  20 7 no 

213 M 63 9     X 14 0 no 

214 M 57 5  X    9 n/a no 

215* M 59 7      6 7 no 

216 M 56 13     X 16 11 no 

*For this two participants, we only have the report from the radiologist which says that there was a lesion in the territory of the medial cerebral artery.  

There were no specifications regarding the more specific location of the lesion. F = Female; M = Male; n/a = not available 
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Table 2 – Mean sociodemographic descriptive data and neuropsychological results for participants with a LH stroke, participants with a RH stroke and age-matched 

healthy participants. 

 

  
LH 

n=15 
RH  Controls  Statistics 

n=16  n=16  

Sociodemographic data 
    Mean SD Range Mean SD Range Mean SD Range  

Age (years) 66.3 8.4 50-76 66.0 9.4 50-80 65.4 8.7 51-79 F(2,45) = .05, p=.954 

Education (years) 6.9 2.7 3-11 7.4 3.1 3-13 7.1 3.8 2-13 H(2) = .33, p=.848† 

Sex 3M, 12F - - 7M, 9F - - 1M, 15F - - - 

Time Post-stroke 14.6 7.9 5-30 10.8 5.4 4-20 - - - t=2.38, p=.134 

Socioeconomic status (SES) 26.3 7.0 17-37 24.9 6.4 12-36 26.4 7.2 15-38 F(2,45) = .19, p=.910 

Reading habits (pre-stroke) 4.8 3.4 0-11 6.1 4.0 2-15 8.2 4.8 1-16 H(2) = 3.90, p=.143† 

Writing habits (pre-stroke) 1.7 2.4 0-7 3.7 4.2 0-16 4.7 4.0 0-12 H(2) = 5.81, p=.055† 

Neuropsychological assessment 
Mini-mental state 
examination (/30) 

23.5 3.5 16-29 25.6 3.4 20-30 27.9 2.1 23-30 H(2) = 12.4, p=.002†a 

Naming subtest 
(MTL-Brasil; /30) 

25.8 5.6 8-30 27.6 2.8 20-30 28.9 1.8 23-30 H(2) = 6.82, p=.033†a 

Free verbal fluency 
(MAC-Breve; no maximum) 

25.4 20.1 0-67 25.7 15.8 2-63 45.2 22.7 9-89 H(2) = 6.63, p=.036†a,b 

Digitspan 9.8 3.3 3-16 9.0 2.4 6-14 11.6 5.3 7-27 H(2) = 3.10, p=.212† 

Wordspan 8.3 5.7 0-18 10.0 5.0 3-19 14.3 3.9 8-19 H(2) = 10.10, p=.006† a 

LH= left hemisphere stroke patients; RH= Right hemisphere stroke patients; M= Male; F= Female;  
SES = socioeconomic status as calculated by a questionnaire developped by Associação Brasileira de Empresas de Pesquisa in 2015: Class A = 
45 - 100 points, B1 = 38 – 44 points, B2 = 29 - 37 points, C1 = 23 - 28 points, C2 = 17 - 22 points, D-E = 0 – 16 points) 
† Non-parametric test statistics reported because this measure showed a non-normal distribution. 
Posthoc statistics: a LH significantly different from controls <.01; b RH significantly different from controls <.01 
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Table 3. Mean behavioral results for participants with a LH stroke, participants with a RH stroke and age-matched healthy participants. 

 

  
LH 

n=15 
RH  

n=16 
Controls 

n=16 
Statistics 

 Mean SD  Mean SD  Mean SD   

Cohesion1  55.4  31.8  80.1 39.8  109.3 23.9  F(2,45) = 11.0, p<.001a,b 

Coherence2 
 43.8 32.1 

 
39.1 20.1 

 
66.1 13.1 

 
H(2) = 10.5, p=.005c 

% Macropropositions3 
 46.5 35.6 

 
42.6 22.4 

 
65.2 22.5 

 
H(2) = 6.4, p=.040b 

Narrativity 
(max. = 12) 5.9 4.5 

 
6.7 3.8 

 
9.4 3.0 

 
H(2) = 6.2, p=.045 

Index of lexical 
informativeness4  17.1 10.7 

 
18.6 7.9 

 
23.6 7.1 

 
F(2,45) = 2.1, p=.137 

LH= left hemisphere stroke patients; RH= Right hemisphere stroke patients. 
1 Cohesion = #cohesion ties/# utterances * 100 
2 Coherence = #propositions/# utterances * 100 
3 % Macropropositions =  #macropropositions/#total macropropositions * 100 
4 Index of lexical informativeness = # information units/#words * 100 
Posthoc statistics: a LH significantly different from controls <.005; b RH significantly different from controls <.05; c RH significantly different from controls <.005 
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Table 4. Correlations between discursive variables, sociodemographic and cognitive variables. 

Variables 2 3 4 5 6 7 8 9 10 11 12 

1. Cohesion .52*** .45*** .55*** .43§ *** -.11§ .27§ .33** .35*** .34** .27* .33** 

2. Coherence  .65*** .75*** .54*** -.02 .21* .27* .27* .39*** .30** .37*** 

3. Macropropositions   .68*** .46*** -.06 .15 .30** .36*** .43*** .32** .26* 

4. Narrativity    .64*** -.08 .23* .42*** .38*** .46*** .34** .41*** 

5. Lexical informativeness     -.26§ .25§ .32** .32** .50*** .43*** .26** 

6. Age      -.11§ -.15 -.03 -.12 -.08 -.14 

7. Socioeconomic status (SES)       .07 .17 .15 .26* .22* 

8. Reading habits        .35** .29** .19 .15 

9. Writing habits         .31** .26* .10 

10. Naming          .32*** .15 

11. Verbal fluency           .23* 

12. Digitspan            

 

*** p< .001; ** p<.005; * p<.05, but did not survive the Bonferonni correction 

§ parametric tests have been used because both variables showed a normal distribution 
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Figure 1. Violin plots showing the distribution of the data and the probability density of the five 
macrostructural measures produced during three picture-sequence descriptions among individuals with a 
left hemisphere (LH) stroke, individuals with a right hemisphere (RH) stroke and neurotypical individuals. 
Black dots refer to the group mean and the pointranges represents one standard deviation. 
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Supplementary Material 2. 

Reprint of Supplementary Material 1 of Schneider, F., Marcotte, K., Brisebois, A., Townsend, S.A.M., 
Smidarle, A.D.M., Loureiro, F., Franco, A. da R., Soder, R.B., Nikolaev, A., Marrone, L.C.P. & Hübner, 
L.C. (2021). Neuroanatomical Correlates of Macrolinguistic Aspects in Narrative Discourse in Unilateral 
Left and Right Hemisphere Stroke: A Voxel-Based Morphometry Study. 64 (5), 1650-1655. 
doi.org/10.1044/2020_JSLHR-20-00500  

 

 
Macropropositions of narratives 

 
The dog story (Le Boeuf, 1976) 

A boy sees a dog (lost puppy) on the street / sidewalk scenario                              
The boy takes (decides to take) the dog home scenario 
The boy hides the dog in the wardrobe/closet scenario 
The mother finds the dog complication 
The mother asks the boy for some explanations / The boy begs 
the mother to keep the dog complication 

The mother allows the boy to keep the dog / The mother helps 
the child/the boy builds the dog house resolution 

The car accident (Joanette et al., 1995) 
A woman/mother drives the car and takes two children/her two 
children scenario                            

The woman/mother parks the car/goes to an establishment and 
leaves the two children (the two small children) in the car scenario 

The boy gets into the driver's seat and moves the steering/lever 
of the car complication 

The car goes down the slope and hits a lamppost complication 
The woman/mother leaves the establishment and realizes what 
happened resolution 

The cat story (Ulatowska, Doyel, Stern, Haynes, & North, 1983).   
A girl/a daughter cries and asks a man/father for help because a 
cat/his cat is stuck on the branch of a tree scenario                            

The man/father climbs the tree to remove the cat scenario 
The man / father leans on the branch and reaches the cat complication 
The man/father throws the cat from the tree towards the girl (the 
cat jumps towards the girl) complication 

The man / father gets stuck on the branch by his jacket and a 
fireman comes to rescue him resolution 

 

 

 
 


