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ABSTRACT ARTICLE HISTORY
Background: Coherence is the quality that distinguishes discourse Received 2 December 2019
from a random collection of sentences. People with aphasia have been Accepted 15 November 2020
reported to produce less-coherent discourse than non-language- KEYWORDS
impaired speakers. It is largely unclear how coherence is established Aphasia; coherence;
in natural language and what leads to its impairment in aphasia. discourse production;
Aims: This paper presents a cross-methodological investigation on discourse structure;
coherence in the discourse of Russian native speakers with and rhetorical structure theory
without aphasia. The purpose of this study was to examine the

connection between language impairments in aphasia and differ-

ent aspects of discourse coherence in order to determine the

linguistic mechanisms that could be involved in establishing and

maintaining it.

Methods & Procedures: Coherence was operationalised as a com-

bination of four aspects: informativeness, clarity, connectedness,

and understandability. Twenty participants were asked to retell

the content of a short movie. The retellings were annotated using

Rhetorical Structure Theory (RST), a formalistic framework for dis-

course-structure analysis. Next, they were evaluated for coherence

on a four-point scale by trained raters. The ratings were compared

between groups. A classification analysis was performed to deter-

mine whether the ratings could be predicted based on the macro-

linguistic variables collected from the RST annotations and several

microlinguistic variables previously linked to coherence.

Results: Retellings produced by speakers with aphasia received

lower ratings than those of control participants on all aspects of

coherence. The results indicate that different combinations of

microlinguistic and discourse-structure variables play a role in

establishing each of the coherence aspects.

Conclusions: Our results provided supporting evidence on coher-

ence impairment in aphasia. Perception of a discourse as more or

less coherent was associated with both microlinguistic and macro-

linguistic variables, with different combinations of variables rele-

vant for each of the aspects. Furthermore, we found that discourse

structure plays an important role, especially for understandability.

We speculate that pragmatic knowledge shared by interlocutors

may boost the coherence of aphasic discourse.
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Introduction

Coherence is an intrinsic property of discourse reflecting its semantic and pragmatic unity.
It is vital for communication, as it allows a listener to reconstruct discourse as the speaker
had it in mind, or the mental representation of it (Gernsbacher & Givon, 1995). Although
language production in aphasia at the discourse level has received considerable atten-
tion, the mechanisms underlying coherence remain relatively poorly understood. While
some studies reported discourse coherence to be impaired in aphasia, others found it to
be relatively well preserved (cf. reviews by Armstrong, 2000; Ellis et al., 2016; Pritchard et
al., 2017). The existing disparity in results has been attributed, among other reasons, to
different frameworks and definitions used by researchers, as well as different language
profiles of PWA (Linnik et al., 2016).

Previously used definitions of coherence centred around the notions of thematic
relatedness and topic maintenance (Agar & Hobbs, 1982; Glosser & Deser, 1991, Wright
& Capilouto, 2012), a more general notion of semantic and pragmatic unity, or the degree
to which discourse as a whole makes sense (Olness & Ulatowska, 2011; Ulatowska et al.,
2004). Other studies addressed coherence as the well-formedness in terms of proposi-
tional content of discourse (e.g., Andreetta et al., 2012; Christiansen, 1995; H.K. Ulatowska
et al., 1981; Marini et al., 2011; Ulatowska et al., 1983). It also has become common to
distinguish between local coherence, occurring between consecutive sentences or pro-
positions, and global coherence, referring to the semantic unity of a discourse as a whole
(e.g., Ellis et al.,, 2016; Pritchard et al., 2017).

It has been argued that a single operationalisation of coherence was not well suited to
reflect the complex phenomenon behind it (e.g., Linnik et al., 2016; Olness et al., 2005). In
the present study, coherence is operationalised as a complex phenomenon combining
different local and global aspects of discourse production. Specifically, we consider
coherence to be established through informativeness, clarity, understandability, and con-
nectedness. The four aspects refer to the definitions and operationalisations of coherence
which have been introduced in previous research. However, while each of them has been
studied before, they have not been addressed together as different aspects of the same
phenomenon.

¢ Informativeness represents the amount and contextual appropriateness, or rele-
vance, of information, or propositional content, in a discourse (e.g., Gleason et al.,
1980; H.K. Ulatowska et al., 1981).

o (Clarity refers to the semantic unity of discourse reached through the organisation of
its parts with respect to the overall purpose, goal, or topic (e.g., Olness & Ulatowska,
2011; Andreetta & Marini, 2015; Christiansen, 1995; Glosser & Deser, 1991; Marini et
al.,, 2011; Wright & Capilouto, 2012).

e Understandability refers to the subjective evaluation of communicative success
achieved by the act of producing discourse. The concept is related to that of
“functional communication” (Holland, 1982), in that the focus is not on linguistic
performance in isolation, but on language in use, as one of the foremost means of
communication. Communicative success certainly does not rely on linguistic perfor-
mance alone. However, for H.K. Ulatowska et al. (1981), (1983)) include such evalua-
tion questions as “Do you know what is happening in the story?” and “Do you as a
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listener know what the subject is talking about?” in their coherence evaluation, and
the study by Olness et al. (2005) addressed overall narrative quality in aphasia. The
general idea is that interlocutors could rely on pragmatics (common ground, con-
text) in the presence of language impairments to achieve coherence.
Understandability aims to take into consideration the interactive nature of coherence.

e Connectedness reflects the local semantic and pragmatic connections between ele-
ments of discourse (Andreetta et al., 2012; Glosser & Deser, 1991; 1991).

As operationalisations varied, so did the methods used to study coherence and the
outcomes. Holland (1982) observed that speakers with aphasia retained the ability to
successfully communicate their meaning in spite of various language deficits. Similar
results were reported in a study on conversational discourse in aphasia conducted by
Ulatowska et al. (1992). However, Armstrong (1987) investigated listener ability to “make
sense” of discourse and reported low rating scores for the narratives produced by PWA
compared to those of non-brain-damaged (NBD) speakers. Ulatowska and colleagues
used a similar scale to assess overall clarity and content, and while the narratives in the
aphasia group received lower scores than those in the control group on average, the
discourse by PWA was found to be well-formed in terms of superstructure (H.K. Ulatowska
et al.,, 1981; Ulatowska et al., 1983).

Glosser and Deser (1991) developed a rating scale to evaluate the relatedness of every
utterance to the content of the preceding one (local coherence) and to the overall topic
(global coherence) and reported comparable performance for their PWA and NBD groups.
Conversely, several studies using similar rating scales reported low scores in their aphasia
groups (e.g., Coelho & Flewellyn, 2003; Wright & Capilouto, 2012). A number of investiga-
tions using methods other than rating scales produced further evidence suggesting that
coherence was impaired in aphasia. For example, Christiansen (1995) demonstrated that
speakers with fluent and non-fluent aphasia produced different patterns of propositional
coherence violations (information gaps, progression, and relevance). Andreetta et al.
(2012) found a difference in global-coherence error rate between PWA with anomia and
NBD participants, but not in the local-coherence error rate.

The connection between different linguistic variables and coherence has been
addressed in several previous works on discourse production in aphasia.
Comprehensive multi-level procedures combining word- and sentence-level measures,
information content, fluency, global and/or local coherence assessment have been devel-
oped, for example, by Andreetta and colleagues (Andreetta et al., 2012; Andreetta &
Marini, 2015; Marini et al., 2011) and Wright and Capilouto (2012). Both groups found a
connection between lexical-retrieval deficits (number of lexical information units and
lexical diversity) and global-coherence scores in people with different types of aphasia.
In the present study, we examine different aspects of coherence in connection with
various linguistic parameters in order to obtain a comprehensive picture of discourse
coherence in aphasia.

In the research on discourse of NBD individuals, several frameworks have been devel-
oped based on the idea that discourse coherence is established through its internal
organization, or structure (e.g., Grosz & Sidner, 1986; Taboada & Mann, 2006b; Wolf &
Gibson, 2005). Discourse structure is constructed of elementary discourse units (EDU),
such as clauses or utterances, and the semantic and pragmatic relations connecting them
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(e.g., causal, elaborative, or contrastive), also called “discourse”, “coherence”, or “rheto-
rical” relations. In Rhetorical Structure Theory (RST), one of the formal frameworks com-
monly used for discourse-structure analysis, the structure is represented as a tree, each
element of which belongs with the rest and can be meaningfully connected to another
element or a larger span (Mann & Thompson, 1988; Taboada & Mann, 2006a; 2006b).
While RST is a powerful tool for discourse analysis that has been widely applied to natural-
language data of different modalities and genres, very few studies so far have investi-
gated the differences in rhetorical structures of narratives produced by neurologically
healthy and clinical populations (Kong et al., 2018 for aphasia, Abdalla et al., 2018 for
Alzheimer’s disease, Kibrik & Podlesskaja, 2009 for neurosis).

In this paper, we present a further investigation of the relationship between the
perception of coherence and linguistic well-formedness of discourse, both on microlin-
guistic and macrolinguistic levels. In previous research, the term “coherence” was used to
refer to different aspects of language production (e.g., Linnik et al., 2016). Building on this
observation, we accept that coherence is a complex phenomenon and consider these
different aspects as its constituting parts. Our initial assumption is that narratives pro-
duced by PWA differ from those of NBD speakers in different aspects of coherence
depending on specific language impairments speakers present with. The role of discourse
structure was of particular interest, as it has been emphasised in research on discourse by
non-language-impaired speakers, but has scarcely been studied in the context of lan-
guage production in aphasia. The two research questions raised in this study thus are
(RQ1) whether retellings produced by PWA differ on the four aforementioned aspects of
coherence from those produced by non-brain-damaged participants, and if so, (RQ2)
whether there is a connection between these aspects and linguistic variables previously
linked to coherence.

We considered a set of variables reflecting various linguistic parameters of discourse,
which were previously demonstrated to be related to coherence, such as lexical diversity,
propositional content, and percentage of morphosyntactic errors (e.g., Marini et al., 2011;
Wright & Capilouto, 2012). Next, we enriched the set with a number of macrolinguistic
variables based on RST annotations in order to investigate the relationship between
discourse structure and coherence. Discourse structure has been considered in very few
studies on speech production in aphasia, mainly for selected genres and at higher levels
of language organization, such as story grammar and episode structure (e.g., Coelho et al.,
1994; Olness & Ulatowska, 2011; Ulatowska et al., 1983). It could, however, “be utilized to
evaluate multiple levels of language” (Ulatowska et al., 1999, p. 4). We selected RST, as it
provides a possibility to analyse discourse structure from the local between-clause level to
the higher-level organization of larger episodes.

Methods
Participants

Ten people with aphasia resulting from stroke (mean age 56.4 years, range 40-73 years; 6
male and 4 female) and 10 non-brain-damaged participants (mean age 58.7 years, range
42-84 years; 5 male and 5 female), all native Russian speakers, participated in the study.
Participants with aphasia were recruited at the Centre for Speech Pathology and
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Neurorehabilitation in Moscow, Russia. Five of the participants with aphasia were diag-
nosed with fluent, five others with non-fluent aphasia using Luria’s Neuropsychological
Investigation (Akhutina, 2016; Luria, 1966), the severity level varying from mild to severe
and time post-onset ranging from 3 months to 7 years and 9 months. Participants without
brain damage reported no history of neurological impairments or psychiatric disorders.
Further information about participants is provided in Tables A1 and A2 of Appendix A. The
participants signed an informed consent form that was formulated according to the
Declaration of Helsinki.

Elicitation stimulus and procedure

The Pear Film (Chafe, 1980), a six-minute speechless movie, was used to elicit spoken
discourse samples. Following Chafe’s original procedure, the participants were instructed
to watch the movie and retell the story to someone who had not seen the movie before.
Audio and/or video recordings of the retellings made with the consent of the participants
were added to the Russian Clinical Pear Stories Corpus (Russian CliPS; Khudyakova et al.,
2016).

Linguistic analysis

Linguistic analysis of the narratives was performed by two of the authors (AL and MK)
unless specified otherwise. The linguistic variables used in the analysis are listed in Table
1. Information on inter-rater agreements is presented in Table B1 of Appendix B.

Coherence evaluation
Coherence was operationalised through the ratings on four central aspects of discourse
production that have been addressed in previous research on this phenomenon: informa-
tiveness, clarity, understandability, and connectedness. We designed rating scales for the
four aspects and used them to rate the collected discourse samples. The instruction
specified that the ratings would not be summed up into a total score.

All audio-recordings were independently evaluated by three trained raters (AL, MK, and
an independent third rater). The raters were familiar with the story and are professional
linguists with prior experience of working with aphasic speech. Table 2 provides the

Table 1. Micro- and macrolinguistic variables used for the analysis.

Set Features Source
Microlinguistic ClUs per minute(N/min) CHAT annotation
variables Word-level errors (N/Nyords) CHAT annotation
Fillers (N/Nyords) CHAT annotation
Ungrammatical EDUs (N/Negpys) CHAT annotation
Lexical diversity (MATTR) Lemmatized CHAT
annotation
Macrolinguistic Main events (N): information content Annotation of main
variables events
Structural disfluencies (N/Ngpys): false starts, corrections, RST annotation
restatements, and retracings
Relation set size: (N of relations of different types used to build RST annotation

discourse structure)
Meta-comments (N/Ngpys) RST annotation
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Table 2. Evaluation for the four selected aspects of coherence.
Informativeness. Informativeness refers to the amount of relevant information content in the retold story.

Informative (4) All the essential information is conveyed
(3) Most of the essential information is conveyed
Uninformative (2) Some of the essential information is conveyed; there are omissions that affect the

understanding of the retold story
(1) The information provided in the retelling is incomplete, a lot of information is
missing
Clarity. The term clarity is used to describe the overall meaningfulness of discourse achieved through the
appropriateness of its elements with respect to the overall topic of the story and narrative structure. Clarity is the
degree to which the story as a whole, hangs together or makes sense.
Clear (4) The story is well structured, every episode of the story is appropriately placed, the
narrative is the speaker does not deviate from the storyline too much
(3) The story is structured well; there are occasional comments and deviations from the
storyline, but they do not disrupt the sequence of elements/episodes of the story
Unclear (2) The storyline is hard to follow because of multiple deviations or omissions from the
storyline or confused order of episodes
(1) The retelling is hard or impossible to follow because the storyline is confused and/
or there were serious omissions

Understandability. Understandability reflects how well the meaning intended by the speaker could be perceived and/
or interpreted by the listener. This is not a measure of information content, although omitted information may
influence the understandability of a retelling.

Understandable (4) It is easy to understand the plot of the story, | understood everything well

(3) It is possible to understand the overall plot of the story, although some parts are
somewhat fuzzy

Not understandable (2) It is hard to understand much of the story from the retelling; often it is not clear

what the speaker is talking about
(1) It is almost impossible to understand anything from the retelling

Connectedness. Connectedness touches upon the relationship between consecutive elements of the retelling and
appropriate organization of its parts into a unified whole through the use of semantic and pragmatic relations.
Connected (4) Transitions between sentences and larger parts of the story are smooth
(3) Transitions between parts of the story are mostly smooth, although some
transitions between episodes and within them are missing or too abrupt
Disconnected (2) The flow of the story is often disrupted, many transitions between sentences and
larger parts of the story are missing or too abrupt
(1) The retelling is “chunky”, telegraphic, it is a disconnected description of separate
episodes; sometimes it is hard to tell whether the speaker is continuing with the
same story

definition and an overview of the coherence ratings used for each aspect of coherence.
The median of the ratings across the three raters was taken for each of the coherence
aspects for every sample.

Transcription

The discourse samples were transcribed using the Codes for the Human Analysis of
Transcripts (CHAT) format (MacWhinney, 2000) by one of the authors (AL). The CHAT
transcription format has been developed for the analysis of spoken discourse and further
adjusted for aphasic speech (MacWhinney et al., 2011).

Segmentation

The segmentation criteria were based on the guidelines developed by Carlson and Marcu
(2001) for the RST annotation of written discourse and adapted for the analysis of spoken
discourse based on the works by Kibrik and Podlesskaja (2009), and MacWhinney (2000). A
standard EDU is a syntactic clause with the non-clausal modifiers of its constituents, that
has one of the commonly recognized uninterrupted intonation language-dependent
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contour, delimited by boundary pauses, and represents one complete act or event. It
should be noted that syntactic criteria for segmenting into EDUs are different from the
ones for segmenting into utterances in CHAT-format. While an utterance includes a main
clause with all associated dependent clauses, an EDU constitutes a single clause. Although
the original EDU definition is based on syntactic structure, the guidelines for spoken-
language segmentation suggest a combination of phonological, syntactic, and semantic
criteria to identify EDUs (cf. Marini et al., 2011).

Microlinguistic variables

The microlinguistic variables we used in the classification analysis were calculated from
the CHAT transcriptions using the CLAN Tool. Word-level phonological, semantic, and
morphological errors were collapsed into a single variable, “word-level errors”. Fillers and
empty words (e.g., “em”, “hm”, “like”, “what’s its name”, “you know"), which are frequently
produced when word-finding problems arise, were counted separately. We also calcu-
lated ungrammatical EDUs, which are effectively agrammatic and paragrammatic EDUs
(marked as [+gram] in CHAT; for definition see MacWhinney, 2000, p. 112). In order to
adjust for narrative length, the counts of word-level errors and fillers were divided by the
number of words, and the number of ungrammatical EDUs was divided by the total
number of EDUs. Lexical diversity was measured using MATTR (Moving-average type-
token ratio method; Covington & McFall, 2010) on automatically lemmatized transcripts
(LemmaGen lemmatizer; Jursic et al., 2010) with manual correction. Correct information
units (ClUs) were annotated in the transcript following the procedure described by
Nicholas and Brookshire (1993), and the rate of CIUs per minute was used as a variable
in the analysis.

Discourse structure
In RST, the interconnected EDUs form larger spans that are in turn linked to each other,
building up into a tree representation. The connection between the nodes is described in
terms of semantic and pragmatic relations, also called “discourse” or “coherence” rela-
tions. In every pair of spans, both units are assigned a nuclearity status: the so-called
nucleus contains the more important part of the discourse and is independently compre-
hensible, while the satellite either elaborates the information presented in the nucleus, or
is less pertinent to the core of the discourse, or the purpose of its author. Structures with
two or more nodes equally central to the speaker’s purpose and of equal importance in a
discourse are called multinuclear (cf. Figure 1, where the multinuclear relation Joint
connects EDUs (18) and (19). In mononuclear relations, one EDU elaborates or comple-
ments the other (cf. Figure 1, where the mononuclear relation correction connects satellite
(17) with the nucleus (16), and the mononuclear relation restatement connects satellite
(18-19) with the nucleus (16-17). Multinuclear constructions do not require assigning
prominence to one of the EDUs or groups of EDUs or other manipulations with informa-
tion structure. They could thus be easier for speakers with aphasia to produce, but their
effect on coherence perception is unclear.

A detailed description of the basic principles of RST can be found in the original papers
by Mann and Thompson (1985; Mann & Thompson, 1988), as well as in a series of works by
Taboada (e.g., Taboada, 2004), and the reviews of Taboada and Mann (2006a; 2006b).
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Discourse-structure annotation was performed using the software RST-Tool (O’'Donnell,
2000). We used the relation set suggested by Carlson and Marcu (2001) with three
additional relations for the impaired- and spontaneous-language phenomena: retracing,
correction, and false-start (cf. similar to Kibrik & Podlesskaja, 2009; Stent, 2000). The
definitions for these relations were adapted from the CHAT annotation scheme. A retra-
cing is annotated when a speaker abandons an utterance, sometimes without completing
it, and repeats it after providing additional information, for example, to clarify the
circumstances or to insert a left-out element of a sequence. Corrections, or revisions,
are retracings or reformulations with changes to the content of an utterance. False starts
indicate incomplete utterance, after which a new tangent starts. Two other relations,
word-finding comment and meta-comment, were added to mark deviations from the main
storyline of the retellings. Word-finding comments are EDUs describing the process of
finding or inability to remember a word or phrase. Meta-comments are the comments
speakers made outside of the story, for example, about their discourse abilities, or to share
a related memory. The relation set used in the study with definitions can be found in Table
C1 of Appendix C.

Three macrolinguistic parameters were extracted from the RST annotations of dis-
course structure: the size of relation set (the number of different relation types), the
number of meta-comments, divided by the total number of EDUs to adjust for the
narrative length, and the rate of structural disfluencies (false-starts, restatements, retra-
cings, word-finding comments, and corrections). For the latter we calculated the number
of EDUs in the satellite node of the relation, e.g., in Figure 1 EDUs (17), (18), and (19) are
labelled as structural disfluencies. Then, the number of EDUs was divided by the total
number of EDUs to adjust for the narrative length.

Main events
The method for analysing the “number of main events” developed by Wright et al. (2005)
was used to evaluate information content in the samples. A set of main events in the
stimulus story was identified through the comparison of the events included by all the
participants in the NBD group. The list of the main events used for the count is listed in
Appendix D.

16-19
restatement
—
16-17 18-19
correction
Joint
(16) (17) (18) (19)
he went up onthe ot on the tree, on he is standing and he is going up
tree again, on the the ... on... on...

tree, the tree

Figure 1. Rhetorical tree example (English translation).
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Statistical analysis

The between-group comparisons of the four-point ratings were performed for each of the
four aspects of coherence separately. As the distribution of the data did not meet the
assumption of normality, one-way permutation tests of independence for ordinal data
were performed for each aspect with an adjustment for multiple comparisons. Effect sizes
were estimated with Vargha and Delaney’s A (VDA, 2002), where values range from 0 to 1,
with 0.5 indicating stochastic equality.

The classification analysis was performed using random forests (Breiman, 2001), an
ensemble learning method for classification and regression. The algorithm constructs a
collection of decision trees based on randomly selected observations and predictors out
of a set of given variables (the sampling method is referred to as bootstrap aggregation,
or “bagging”). The output class is then predicted for unseen observations based on the
average of the predictions from all trees in the collection (in case of regression) or the
majority class (in case of classification). Experimental datasets often suffer from ceiling/
floor effects, have non-normal distributions and relatively small numbers of observations.
The random-forests method has several advantages crucial for this study: it does not have
any formal distribution assumptions, works on small data samples, and is generally robust
against overfitting (Breiman, 2001; Segal, 2004). In RFs, each node of each tree is con-
structed by selecting a single predictor and cutpoint for it, allowing the inclusion of
collinear predictors (Tomaschek et al., 2018). It also uses feature selection, a mechanism
for determining variable importance.

Results
Group comparison

The ratings for informativeness, clarity, understandability, and connectedness are pre-
sented in Table E1 of Appendix E, the distribution of ratings by groups is presented in
Figure 2. We found significant effects of the group on all four aspects. P-values, VDA
statistics, and differences in median scores between groups are presented in Table 3.

Classification

In the classification analysis, the ratings were considered independently of the participant
group (PWA/NBD) in order to eliminate any intrinsic group effects. Due to the small size of
the sample, the four-point ratings were converted into binary ones (high/rather high vs.
low/rather low or present/mostly present vs. absent/mostly absent). Although binary
ratings are potentially less informative than the four-point ones, we considered them
sufficient for the purposes of the present investigation. The data set used for classification
thus comprised only the binary ratings for each aspect of coherence and the chosen
continuous and discrete linguistic variables (see Table 1). As the aphasia group had
diverse impairment profiles, we expected that various linguistic deficits would occur in
their discourse samples, as well as similar impairments with different severity. The
diversity fortunately provided us with numerous combinations of higher and lower
indicators for the chosen linguistic variables and different coherence ratings. Data on all
variables are presented in Tables E2 and E3 of Appendix E.
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informativeness clarity understandability connectedness

RATING

6 1

2
41 .3
2 .4

NBD PWA NBD PWA NBD PWA  NBD PWA
Aspects of coherence

Count (number of narratives)

Figure 2. Distribution of ratings of different aspects of coherence.

Table 3. Group comparison results.

Aspect of coherence

Informativeness Clarity Understandability Connectedness
Padj 0.04* 0.04* 0.002** 0.002%*
VDA 0.790 0.800 0.925 0.935
Difference in median scores 1 1 1.5 2

*Significant values p <0.05; **very significant value p < 0.01. VDA values range from 0 to 1, VDA < 0.5 indicates higher
scores in PWA group, VDA >0.5 indicates higher scores in NBD group.

A random-forest model was trained to classify discourse samples into the lower-
coherence (scores 1 and 2) or the higher-coherence (scores 3 and 4) group based on
the selected linguistic variables. Repeated three times 10-fold cross-validation was per-
formed with values for the my,, parameter ranging between 1 and 10, indicating the
number of randomly sampled variables, and n.., number of decision trees, set to 1000. A
description of the in-built feature-selection mechanisms for random forests can be found
in the documentation of R package caret (Kuhn, 2008). The top predictors (with variable
importance above 70%) for each aspect of coherence and variable importance estimates
are presented in Figure 3. Average classification accuracy was 0.84 for informativeness
(Kappa = 0.355; OOB Error = 15%; my,, = 3), 0.8 for clarity (Kappa = 0.57; OOB Error = 20%;
My = 3), 0.8 for understandability (Kappa = 0.34; OOB Error = 20%; my,, = 2), and 0.95 for
clarity (Kappa = 0.89; OOB Error = 5%; my,, = 1).

Discussion
Coherence in aphasia

In this study, coherence was operationalised through a combination of four aspects of
discourse production: informativeness, clarity, connectedness, and understandability, as
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Figure 3. Random-forest feature selection plot.

perceived by the listener. We refrained from collapsing these ratings into a single
coherence score, as the contribution of each aspect to the overall perception of coher-
ence remains to be determined. Instead, we accepted that different coherence deficits
may exist, in which one or more of its aspects are impaired while the others remain intact.
The scores on all four aspects of coherence in the PWA group were on average lower than
those in the NBD group. Individual performance varied, and on some aspects of coher-
ence, speakers with aphasia received higher ratings than neurologically healthy partici-
pants (see Table E1). This observation is in line with the existence of a continuum between
disturbed and non-impaired linguistic performance, as suggested by H.K. Ulatowska et al.
(1981). We have noted that the disparity in previously reported results on communicative
abilities and coherence in aphasia resulted from the differences in aphasia profiles of
study participants as well as in definitions and operationalisations of the term. The novel
view we proposed was intended to capture the complex multifaceted nature of coher-
ence, which had been referred to as a monolithic concept in previous studies, and to shed
light on the linguistic mechanisms involved in communication of people with aphasia.
Our analysis indicated that results may indeed vary depending on the aspect of coherence
being considered, as different combinations of linguistic variables were found to be
relevant for each of them.

Aspects of coherence

Informativeness
One could argue that the main goal of discourse production is the transfer of information
between interlocutors. Informativeness reflects whether a speaker was successful in
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achieving this goal. The variables identified as the most likely predictors of informative-
ness were the information content (main events), the set of discourse relations used to
signal connections between different parts of discourse (e.g., causal, explanatory, or
evaluative), and the ratio of deviations from the main storyline (meta-comments). The
relationship between thematic informativeness and discourse coherence has been
addressed in previous research (e.g., Andreetta et al, 2012; Capilouto et al., 2006;
Gleason et al., 1980). In our study, the amount of information content (number of main
events) was a strong predictor for informativeness and was less relevant to the other
aspects of coherence.

Our analysis also indicated that syntactic and word-level (phonological, semantic, and
morphological) errors had an impact on the perception of informativeness. The term
“syntactic errors” is used here broadly to refer to clause-level, or rather EDU-level, para-
grammatic and agrammatic events, such as omissions or substitution errors, confused or
incomplete use of grammatical structures (ungrammatical EDUs). During language pro-
duction, lexical entries are supplemented with morpho-syntactic information to signal
relations between them. Together they are integrated with information available at the
discourse level (e.g., Avrutin, 2006; Creswell, 2003). Syntactic form may be constrained by
discourse (e.g., use of pronouns in absence of a clear referent) and, conversely, discourse
may constrain the choice of syntactic structure (e.g., using clefts typically assigns promi-
nence to a constituent). Violations of these constraints and morphosyntactic errors, such
as omission of a subject or incorrect inflections, may lead to confusion regarding informa-
tion structure and coreference, which, in turn, can damage the overall informativeness of
a discourse sample.

Connectedness

Connectedness refers to the unity of discourse established through the semantic and
pragmatic relations between its elements on a local level (e.g., Glosser & Deser, 1991;
Sanders & Canestrelli, 2012). Here as well we found the effects of lexical-semantic and
morphological levels (lexical diversity, word-level errors), which can result in breakdowns
of essential referential ties and an overall lack of continuity in a narrative.

Clarity

Clarity is the aspect of coherence that refers to the semantic unity of discourse achieved
through the appropriate organization of its parts with respect to the overall topic and
goal. The best predictors of clarity were syntactic errors (ungrammatical EDUs), efficiency
(ClU/min), and, as in the case of connectedness, lexical diversity, and word-level errors.
Reduced efficiency accompanied by numerous microlinguistic errors makes discourse
fragmented and hard to follow, decreasing its overall semantic unity. This outcome is in
line with previous reports on the effects of microlinguistic impairments, and lexical and
syntactic deficits in particular, on coherence (e.g., Wright & Capilouto, 2012; Andreetta &
Marini, 2015 ; Andreetta & Marini, 2015).

The overlap in microlinguistic predictors between connectedness, clarity, and informa-
tiveness is not unexpected. Our group comparison demonstrated that PWA received
lower ratings, on average, on all four aspects of coherence than the control participants.
While people with aphasia commonly have microlinguistic deficits, this type of errors is
scarcely produced by non-brain-damaged speakers. Consequently, microlinguistic errors
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become an extremely good predictor of group and by transition of coherence ratings,
without necessarily being one. Nevertheless, this consideration does not per se mean that
the effect of microlinguistic deficits should be ignored or diminished. It simply is an
indication that the perception of discourse produced by PWA in general is influenced
by microlinguistic impairments.

Understandability

Several studies called for the need to consider coherence as a product of interaction
between interlocutors (e.g., Christiansen, 1995; Olness & Ulatowska, 2011).
Understandability reflects a subjective assessment of how well a discourse produced by
a speaker is understood by the listener. While some of the parameters that led to reduced
clarity were also among the selected predictors of decreased understandability (lexical
diversity, ungrammatical EDUs), the strongest identified predictors of this aspect were
structural disfluencies and meta-comments. This outcome indicates that understandabil-
ity is achieved on multiple levels. It is likely that discourse with low clarity due to lexical-
retrieval and/or syntactic issues may still be understandable, as microlinguistic deficits
and lower-level connectivity issues can be compensated through context, common
ground, or even world knowledge. It may be harder to compensate for numerous
discourse-structure impairments (structural disfluencies) or challenges such as multiple
and/or extensive deviations from the main storyline (meta-comments). While structural
disfluencies, such as false-starts, corrections, and retracings, are not uncommon in spon-
taneous discourse production, they are used excessively in aphasic speech in order to
repair linguistic deficits. This observation supports the assumption that discourse struc-
ture is relevant for coherence, which has previously not been substantiated by language-
impairment data (e.g., Capilouto et al,, 2006; Giora, 1997; Hobbs, 1978; Redeker, 1990;
Ulatowska & Olness, 2000).

General discussion

The focus of this study was the relationship between perceptual ratings of discourse
coherence and a number of micro- and macrolinguistic variables that have been reported
to have an effect on or to be correlated with coherence in aphasic discourse (e.g.,
Andreetta & Marini, 2015; Marini et al., 2011; Wright & Capilouto, 2012). Our aim was to
advance the understanding of linguistic mechanisms involved in establishing and main-
taining discourse coherence by identifying linguistic variables linked to its decrease.
Coherence was defined as the overall semantic unity of discourse and operationalised
through a combination of ratings on four aspects: informativeness, clarity, connectedness,
and understandability. While these aspects of coherence have been investigated pre-
viously, they were studied separately and using different methods. As a result, conclusions
on coherence in aphasia varied. On average, discourse samples produced by our aphasia
group received lower ratings than those of the non-language-impaired group on all four
aspects of coherence, providing further evidence of coherence decrease/impairment in
aphasia (research question 1).

Based on the recent findings demonstrating a connection between micro- and macro-
linguistic processes and coherence in discourse production (e.g., Andreetta & Marini,
2015; Wright & Capilouto, 2012), we made an assumption that different aspects of
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coherence would not be associated with the same linguistic variables and deficits
(research question 2). Drawing on previous research on discourse production by non-
language-impaired individuals (e.g., Mann & Thompson, 1985), we also wanted to exam-
ine the contribution of discourse structure to coherence in aphasia. The conducted
classification analysis included microlinguistic variables, such as word-level error rate
and proportion of fillers, as well as macrolinguistic ones — the number of main events
mentioned in the retellings and the proportion of digressions from the storyline (meta-
comments). We used a formal approach to analyse the discourse structure of the samples
(RST) and included the following parameters from this analysis into the classification:
structural disfluencies (e.g., corrections, restatements) and the number of types of dis-
course (or rhetorical) relations used to express connections between different, sometimes
distant, parts of discourse. The obtained results indicated that different combinations of
variables were relevant for each of the rated aspects of coherence and that a connection
existed between coherence and discourse structure.

Together, the outcomes for the four aspects paint the following picture of how
coherence may be constructed and impaired. Lexical-semantic deficits commonly
observed in aphasia lead to a decrease in connectedness, a local aspect of coherence.
The impact of lexical-semantic deficits can, of course, extend beyond the local level, which
is why lexical diversity and word-level errors were among the top predictors for all aspects
of coherence. Aside from that, different predictors were selected for each aspect of
coherence. Morphosyntactic deficits (word-level errors, ungrammatical EDUs) coupled
with low efficiency (CIU/min) decrease the clarity of discourse, and in combination with
low information content (main events) and its poor presentation (relation set) result in
lower informativeness. Lexical and syntactic deficits also had an effect on the overall
understandability of a discourse. However, our results indicated that understandability
was affected more by macrolinguistic issues, such as discourse-structure impairment
through numerous revisions, replanning (structural disfluencies), and/or departures
from the storyline (meta-comments). Possibly, microlinguistic deficits can be compen-
sated through the scaffolding provided by context and pragmatic information shared
between speakers, while structural problems are harder for speakers to overcome and for
listeners to process. The detrimental effects of discourse-structure impairments have also
been observed in other populations with neurological and mental disorders, such as
schizophrenic speakers and people with right-hemisphere brain damage whose micro-
linguistic deficits are generally mild (Johns et al., 2008; Marini et al., 2005; Martin &
McDonald, 2003; Kuperberg, 2010a; 2010b).

While the classification accuracy was high overall, elevated levels of classification errors
were observed for the samples with low informativeness and understandability ratings. It
is possible that the linguistic variables crucial for these aspects were not considered in this
study or that the models overfit due to an imbalance in the informativeness and under-
standability groups (4/16 and 5/15 observations with low/high scores, respectively).
Another possibility is that the key to a better understanding of coherence lies in the
pragmatic aspect of discourse production, or the ability of a listener to make sense of a
discourse. It has been noted before that people “naturally assume coherence and tend to
interpret text [discourse] in light of this assumption” (Brown & Yule, 1983, p. 66; Asher &
Lascarides, 2003). In conversations with people with aphasia, listener ability to bridge the
gaps created by linguistic disturbances becomes paramount. Classification errors could



APHASIOLOGY 15

thus indicate that the scores for informativeness and understandability were raised
through the use of context and/or pragmatic information shared between interlocutors.
While pragmatic effects are out of the scope of this study, we propose that there may be a
pragmatic component to coherence, which would explain why discourse can be suffi-
ciently coherent to be understood in spite of poor linguistic form. A follow-up investiga-
tion of the effects of shared pragmatic knowledge between speakers and listeners, such
as, for example, familiarity with the stimulus, could shed light on the proposed explana-
tion of the results of this study (e.g., Olness et al., 2005).

Limitations

The following considerations outline the limitations of our study. Most importantly, the
small sample size limits the generalizability of the described findings. The assumption that
discourse samples can be classified into just two groups by coherence (lower vs. higher
coherence) may not reflect the natural distribution of coherence ratings. Coherence
evaluation was performed by trained raters familiar with the story and with aphasic
speech. While ratings from naive listeners could provide invaluable insights into coher-
ence and the role of pragmatic knowledge, naive raters could only rate a single retelling,
making it impossible to calculate an inter-rater agreement. We focused on one genre of
spontaneous discourse, video-induced story retelling. This restriction was dictated mainly
by the comparability requirements and the choice of methodology, since Rhetorical
Structure Theory has not been widely used to study language-impairments (Abdalla et
al., 2018; Kibrik & Podlesskaja, 2009). It would be insightful to include other genres and
types of narratives, such as personal stories and conversations, in further investigations, as
outcomes may differ depending on the genre.

Conclusion

The outcomes of this study extend the body of work on coherence in discourse production
by people with aphasia and non-language-impaired speakers. We addressed coherence as a
complex multifaceted phenomenon operationalised through the combination of four
aspects: informativeness, clarity, connectedness, and understandability. These aspects
have previously only been addressed separately, which resulted in disparate findings on
coherence in aphasia. We argue that coherence should not be considered solely as the
internal connectedness of a discourse, or the reflection of appropriate information content.
Rather, coherence is a quality of language in use, co-constructed by a speaker and the
intended listener or reader. Using classification analysis, we discovered that different
combinations of micro- and macrolinguistic variables were relevant for each of them.
Most of the variables we considered had been linked to (one of the aspects of) coherence
in previous research on discourse production in aphasia. However, we also used a formal
framework to analyse discourse structure and factored it into the classification analysis.
Although the connection between discourse production in aphasia and discourse structure
has barely been explored, numerous studies of non-impaired discourse suggested that
coherence was achieved through the construction of discourse structure. Our results
indicated that a well-formed discourse structure was especially important for two aspects
of coherence - informativeness and understandability. Though pragmatic effects were not
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examined directly, we suggest that shared pragmatic knowledge could boost coherence, as
it helps interlocutors to compensate for language deficits.

From a clinical perspective, our findings could inform aphasia assessment. According
to Bryant et al. (2016), 89% of the speech pathologists use a judgement-based analysis in
clinical practice to evaluate the discourse abilities of people with aphasia. While this does
not necessarily relate to coherence, it is likely that ratings may be preferred over linguistic
analyses for coherence evaluation in clinical settings. Our findings indicate that a rating-
based assessment of each aspect of coherence may provide more accurate information.
Understanding the connection between various linguistic deficits and coherence could
also inform the choice of a treatment program, though these results have to be validated
on a larger, more representative data set.

The data tables, R code, and supplementary materials are available to speech and language
researchers at https://osf.io/xnr5w/?view_only=25f23fad1795488ca9d12d3cb2c59269
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Appendices

Appendix A. Participant data
Table A1. Participant data: aphasic speakers

ID Sex Age Education Aphasia type Severity Time post- Etiology Lesion
onset location
P11 F 51 Vocational Dynamic, complex Severe 5y,6m CVA IMCA
motor
P12 F 47 Higher Dynamic, complex Moderate 2y,3 m CVA IMCA
(unfinished) motor
P13 M 56 Vocational Dynamic, complex Moderate 1y,2m CVA IMCA
motor
P14 M 73 Higher Sensory Severe 1y,4m CVA IMCA
P15 M 50 Secondary Complex motor Mild 7y,9m CVA IMCA
P16 M 70 Unknown Sensory, acoustic- Moderate 4-5m CVA Unknown
mnestic
P17 M 52 Higher Complex motor Moderate 3 m CVA IMCA
P18 F 40 Vocational Sensory, acoustic- Moderate 3 m CVA IMCA
mnestic
P19 F 67 Higher Sensory, acoustic- Moderate 2y, 6 m CVA IMCA
mnestic
P20 M 58 Secondary Sensory Moderate 1y,9m CVA IMCA

“Higher” education status stands for a completed college/university degree, “higher (unfinished)” - for an uncompleted
college/university degree.
CVA, cerebrovascular accident, IMCA, left middle cerebral artery; y, years; m, months.
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Table A2. Participant data: NBD speakers

ID Sex Age Education
P1 M 42 Higher
P2 M 63 Higher
P3 M 62 Higher
P4 F 50 Higher
P5 F 53 Higher
P6 M 49 Higher
P7 F 75 Higher
P8 F 66 Higher
P9 M 85 Higher
P10 F 45 Higher
“Higher” education status stands for a completed college/university degree.
Appendix B. Inter-rater agreement
Table B1. Inter-rater agreement
Linguistic Inter-rater agreement measure Nraters Nnarratives Nepus  Inter-rater agreement
analysis
Coherence evaluation
Ion%rsmativeness Kendall's coefficient of concordance 2 20 1192 (100%)
Clarity 0.710
Understandability 0.648
Connectedness 0.763
Annotation
ClUs Inter-rater disagreement were 2 4 176 (15%)

calculated for each narrative as the
Ncys annotated by rater 1 minus
Ncs annotated by rater 2. Then the
absolute values of differences were
averaged. Agreement was calculated

as 1 —average Ny
98% 9 diagreements

Segmentation The proportion of segment boundaries 2 2 93 (8%)
identified by both raters out of the
sum of all independent boundary
placement decisions made by the

two raters
90%

RST Following Iruskieta et al. (2015), the 2 2 74 (6%)
inter-annotator agreement was
assessed in terms of the four types of
decision involved in the annotation,
that is, the choice of a discourse
relation; the attachment point of the
EDU; the constituent which it is

7% attached to; and nuclearity.
0

Main events Percentage of shared judgments 2 20 1192 (100%)
96%
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Appendix C. List of rhetorical relations

Table C1. Rhetorical relations used in RST annotation

Class Multinuclear relation Mononuclear relation Source

Attribution Attribution (Carlson & Marcu, 2001)
Attribution-negative
Background Background
Circumstance
Cause Cause-result Cause
Result
Consequence Consequence
Comparison Analogy Analogy
Comparison Comparison
Preference
Proportion
Condition Condition
Contingency
Hypothetical
Otherwise Otherwise
Contrast Contrast Antithesis
Concession
Elaboration Elaboration-additional
Elaboration-general-
specific
Elaboration-part-whole
Elaboration-process-step
Elaboration-object-
attribute
Elaboration-set-member
Example
Definition
Enablement Enablement
Purpose
Evaluation Comment
Conclusion Conclusion
Evaluation Evaluation
Interpretation Interpretation
Explanation Evidence
Explanation-argumentative
Reason Reason
Joint Disjunction
List
Manner-means Manner
Means

Topic-comment

Comment-topic
Problem-solution
Question—-answer

Problem-solution
Question-Answer

Statement-response Statement-Response
Topic-comment
Rhetorical-question
Summary Summary
Temporal Inverted sequence
Sequence
Temporal-after
Temporal-before
Temporal-same-time Temporal-same-time
Topic change Topic-drift Topic-drift
Topic-shift Topic-shift
Spoken-language phenomena Correction
False-start
Restatement
Retracing
Meta-comment Linnik et al.
Word-finding comment

Linnik et al., based on CHAT

Deviations from the main storyline
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Appendix D. List of Main events

(1) The gardener is gathering pears

(2) The boy arrives and steals a basket of pears

(3) The boy falls down; the pears are on the grounded

(4) Three boys help the boy to pick up the pears

(5) The boy gives the three boys pears

(6) The three boys pass the gardener while eating the pears
@)

7) The gardener is confused

Appendix E. Coherence rating scores and micro- and macrolinguistic
parameters of the narratives

Table E1. Coherence ratings of the narratives

ID Group Informativeness Clarity Understandability Connectedness
P1 NBD 4 4 4 4
P2 NBD 4 4 4 4
P3 NBD 4 3 4 4
P4 NBD 4 3 4 4
P5 NBD 4 4 4 4
P6 NBD 4 3 4 4
P7 NBD 3 3 4 3
P8 NBD 4 3 4 4
P9 NBD 2 2 3 4
P10 NBD 4 3 4 4
P11 PWA 3 2 2 1
P12 PWA 2 2 2 2
P13 PWA 3 3 3 3
P14 PWA 4 4 4 4
P15 PWA 4 2 3 1
P16 PWA 2 2 3 3
P17 PWA 3 2 2 2
P18 PWA 3 3 2 2
P19 PWA 3 2 2 2
P20 PWA 2 2 3 2

Table E2. Microlinguistic parameters of the narratives

ClUs per minute  Word-level errors (N/  Fillers (N/ Ungrammatical EDUs Lexical diversity

D Group (N/min) Novorgs) Novords) (N/Nepus) (MATTR)
Pl NBD 784 0.004 0.000 0.000 078
P2 NBD 78.7 0.012 0.004 0.000 0.83
P3  NBD 76.3 0.010 0.000 0019 0.75
P4 NBD 82.1 0.012 0.000 0.000 0.77
P5  NBD 747 0.003 0.000 0.000 0.80
P6 NBD 84.0 0.007 0.000 0.000 0.78
P7 NBD 64.6 0.004 0.012 0.034 0.74
P8 NBD 66.7 0.020 0.005 0.022 0.76
P9 NBD 482 0.026 0.000 0.040 0.83
P10 NBD 64.9 0.010 0.000 0.000 0.77
P11 PWA 5.1 0.116 0.401 0.235 0.52
P12 PWA 8.6 0.120 0.168 0.097 0.66
P13 PWA 149 0.104 0.022 0.027 0.71
P14 PWA 447 0.067 0.034 0.037 0.72
P15 PWA 9.0 0.084 0.132 0.070 0.68
P16 PWA 17.8 0.036 0.009 0.093 0.71
P17 PWA 31.0 0.078 0.000 0.071 0.67
P18 PWA 263 0.074 0.068 0.095 0.68
P19 PWA 333 0.080 0.004 0.045 0.69

P20 PWA 26.2 0.127 0.020 0.093 0.64
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