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Abstract

Purpose—The existing body of work regarding discourse coherence in aphasia has provided
mixed results, leaving the question of coherence being impaired or intact as a result of brain injury
unanswered. In this study, discourse coherence in non-brain-damaged (NBD) speakers and
speakers with anomic aphasia was investigated quantitatively and qualitatively.

Method—Fifteen native speakers of Cantonese with anomic aphasia and 15 NBD participants
produced 60 language samples. Elicitation tasks included story-telling induced by a picture series
and a procedural description. The samples were annotated for discourse structure in the framework
of Rhetorical Structure Theory (RST) in order to analyse a number of structural parameters. After
that 20 naive listeners rated coherence of each sample.

Result—Disordered discourse was rated as significantly less coherent. The NBD group
demonstrated a higher production fluency than the participants with aphasia and used a richer set
of semantic relations to create discourse, particularly in the description of settings, expression of
causality, and extent of elaboration. People with aphasia also tended to omit essential information
content.

Conclusion—Reduced essential information content, lower degree of elaboration, and a larger
amount of structural disruptions may have contributed to the reduced overall discourse coherence
in speakers with anomic aphasia.
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Introduction

Oral narratives are a crucial form of discourse used in everyday life. Their production
involves both micro- and macro-linguistic processes. The micro-linguistic level includes
lexical processing, organisation of phonological information into morphological strings and
words, and then into syntactic constructions (Marini & Fabbro, 2007). On the other hand,
macro-linguistic abilities are associated with discourse processing at the supra-sentential
level. For example, cohesion, or semantic relations between contiguous utterances,
established through the use of lexical and grammatical devices, such as conjunctions, co-
reference, and ellipsis (Halliday & Hason, 1976), is a macro-linguistic property. These
discourse properties also mediate local connections between sentences or utterances with the
global relations among propositions, minimal semantic units within a text, to integrate
linguistic and conceptual features (Kintsch, 1994)

Coherence is a complex phenomenon (e.g. Givon, 1995), and the problem of defining it has
been extensively addressed by a number of researchers (Foltz, 2007; Gernsbacher & Givon,
1995; Kehler, 2001, 2004; Kintsch & Van Dijk, 1978; Sanders & Spooren, 2001; van Dijk
1977). Coherence is a crucial property which transforms a sequence of sentences into a
discourse (e.g. Kehler, 2001; Ultowska et al., 2003). It refers to the semantic connectedness
or ‘hanging together’ of speech, or the semantic connectedness of discourse at the
propositional level (Van Dijk, 1980). Discourse coherence can be further divided into local
and global. Local coherence reflects a speaker’s ability to establish connection between
currently processed information with the immediately preceding context (O’Brien &
Albrecht, 1993), whereas global coherence refers to a speaker’s ability to semantically relate
remote utterances to the theme, topic, or gist of a discourse (Kintsch & Van Dijk, 1978).

Discourse produced by speakers with aphasia is often perceived as vague and lacking clarity
(Early & VanDemark, 1985; Gleasonet al., 1980; Ulatowska, North, & Macaluso-Haynes,
1981). On the other hand, it has been noted that PWA preserve remarkably good functional
communication skills (Holland, 1982; Huber, 1990; Olness & Ulatowska, 2010; Ulatowska,
Allard, & Chapman, 1990). Studies of aphasic discourse to date have provided inconsistent
findings. It has been hypothesised that the decreased understandability of discourse in
aphasia reflects difficulties with establishing coherence (Van Dijk, 1980; Ulatowska et al.,
1981).

Research on macro-linguistic abilities of persons with aphasia (PWA) has offered a variety
of methods to evaluate local and global coherence defined through the concepts of topic
maintenance and thematic unity, as well as coherence error analysis (e.g. Christiansen, 1995;
Coelho & Flewellyn, 2003; Olness, 2006; Olness & Ulatowska, 2011; Ulatowska, North, &
Macaluso-Haynes, 1981; Ulatowska et al., 1990; Wright, Capilouto, & Koutsoftas, 2013).
They can be roughly divided into perceptual (involving raters’ interpretation and evaluation)
and factual (or data-driven) ones. The first group is represented by a number of rating scales
used for assessing discourse coherence in aphasiology. Ratings are intended to assess the
overall level of coherence of a discourse either through the assessment of every utterance’s
relatedness to the semantic unity of the discourse, or through a single rating of the degree to
which it can be considered a unity. Neither of these case ratings provide any insights into the
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linguistic factors contributing to the maintenance of coherence. On the other hand, the
advantages of this approach are, firstly, that the perceptual nature of ratings reflects the fact
that coherence is co-established by both speaker and listener (e.g. Gernsbacher & Givon,
1995; Wright & Capilouto, 2012), and secondly, high reliability and validity scores have
been reported for some of the existing scales (e.g. Coelho et al., 2013; Glosser & Deser,
1991; Wright & Capilouto, 2012a).

Data-driven methods included story grammar analysis (Coeho et al., 1994), in which the
number of complete episodes consisting of an initiating event, an action, and a direct
consequence was calculated, similar to analysis of narrative superstructure (Labov 1972), i.e.
setting, initiating event, complicating action, resolution, coda (Olness, 2006; Olness &
Ulatowska, 2011), and analyses of propositional content and coherence violations
(Andreetta, Cantagallo, & Marini, 2012; Christiansen, 1995). In addition, Wright and
Capilouto (2012a) studied the effect of micro-linguistic impairments on PWA’s maintenance
of global coherence in a story-telling task. Their results suggested that reduced information
content and lexical diversity had an effect on coherence in the stories of PWA, which is
consistent with the findings in a number of earlier studies (e.g. Christiansen 1995, Coelho &
Flewellyn 2003). Finally, Andreetta et al. (2012) investigated the effect of lexical retrieval
difficulties on macro-linguistic processing during the construction of a narrative. They
concluded that impaired word finding reduced the levels of sentence completeness and the
overall degree of cohesion across utterances, whereas lexical fillers and repetitions lowered
the overall level of global coherence in spoken discourse.

There is a lack of consensus on whether discourse coherence is impaired for people with
aphasia. For example, a number of studies demonstrated a significantly reduced degree of
discourse coherence and/or pathological coherence in aphasia (e.g. Andreetta et al., 2012;
Andreetta & Marini, 2015; Christiansen, 1995; Coelho & Flewellyn, 2003; Wright &
Capilouto, 2012), whereas other researchers have provided evidence to it being within
normal limits (Glosser & Deser, 1991; Ulatowska et al., 1981; Ulatowska et al., 2013).
Further disparities are related to the more global question about the origins of coherence. It
has been suggested that impaired micro-linguistic skills lead to macro-linguistic processing
difficulties. For example, poor cohesion, often caused by morphosyntactic deficits, was
found to be correlated with global coherence (e.g. Armstrong, 1987). Contrary to this idea,
several studies demonstrated that thematic coherence in oral discourse can remain relatively
intact despite PWA’s micro-linguistic deficits (e.g. Coelho & Flewellyn, 2003; Glosser &
Deser, 1991; Ulatowska et al., 1981, Ulatowska, Weiss-Doyell, Freedman-Stern, &
Macaluso-Haynes, 1983). This indicates that micro- and macro-level of discourse may be
organised independently. The techniques discussed above are valuable for assessment and
therapy outcomes evaluation as they reliably estimate the level of coherence in discourse;
nevertheless, they do not provide an insight on the reasons behind coherence impairment or
preservation. As a solution to this problem, a number of multi-level approaches have been
developed and implemented to explore the relationship between the micro- and macro-
linguistic abilities of PWA (e.g. Marini, Andreetta, & Carlomagno, 2011; Sherratt, 2007;
Wright & Capilouto, 2012).
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Several factors have limited the generalisability of the findings to date from a group of study
participants to the wider aphasic population. One of the issues is the variability in discourse
genres used in previous studies. Elicitation tasks included picture description (e.g. Andreetta
etal., 2012; Marini, Boewe, Caltagirone, & Carlomagno, 2005; Saffran et al., 1989),
personal narratives (e.g. Glosser & Deser, 1991; Olness & Ulatowska, 2011), and procedural
discourse (e.g. Ulatowska et al., 1981, Ulatowska et al., 1990). Longacre (1996) emphasised
that different genres are associated with specific patterns of linguistic features, as well as
logical and thematic organisation. Different elicitation tasks might also impose different
cognitive and linguistic demands on PWA (Bliss & McCabe, 2006). Specifically, story-
telling using pictures can be considered cognitively less demanding than personal narrative
or expository discourse because these two tasks require organisation of several ideas without
visual support. Marini et al. (2005) investigated discourse of a large group of healthy adults
and found a higher degree of coherence for narratives elicited using a sequential picture
description task, as compared to a single picture. They attributed this difference to the higher
level of inter-relationship among characters in a series of pictorial stimuli with multiple
themes within the description. Olness (2006) examined the difference between narratives
elicited using sequences of pictures and single pictures. She concluded that the latter have
limitations for discourse studies, specifically “what is traditionally elicited by single pictures
may not be discourse” (p.185) as it does not require connectivity, or coherence. Wright and
Capilouto (2012a, 2012b), in turn, reported significantly lower coherence scores for personal
recounts, as compared to picture-elicited stories, in PWA. These findings are clinically
relevant to the selection of assessment and treatment materials targeting discourse
production. Based on these considerations, two types of narrative were chosen for the
current study, namely procedural description elicited with a single picture and story-telling
with a series of pictures. One of the goals of this study was to test the applicability of the
structural discourse analysis using Rhetorical Structure Theory to aphasic data. Following
this consideration, the choice of elicitation tasks was motivated by the comparability of
resulting samples. Future extensions of this study should include more complex narrative
types, such as personal recounts.

Apart from different elicitation techniques used in previous research on discourse in aphasia,
the variety of methods developed to analyse coherence is another factor possibly
contributing to the disparities in results. Comparing the results of studies using different
rating scales and narrative structure investigation methods is not always straightforward due
to the differences in scoring procedures, including the object being assessed (Linnik, Hohle,
& Bastiaanse, 2016). Different aspects of coherence evaluated in previous studies include,
for example, appropriateness and completeness of thematic content (e.g. Glosser & Deser,
1991; Wright, Koutsoftas, Fergadiotis, & Capilouto, 2010), coherence violations
(Christiansen, 1995; Marini et al., 2011; Andreetta et al., 2012), and semantic-pragmatic
unity of discourse as a whole (Ulatowska, Olness, & Williams, 2004; Olness, 2006). The
current study followed the latter path and addressed coherence as an intrinsic trait of
discourse, specifically, its overall unity and connectedness.

In this study we suggest exploring macro-linguistic impairments in aphasia and the linguistic
and cognitive processes underlying discourse production using a combination of both
perceptual and structural approaches. Specifically, we apply Rhetorical Structure Theory
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(Mann & Thomson, 1988), a relational approach to the investigation of discourse structure
widely used in healthy discourse analysis, together with a global coherence rating scale.
Through the integration of data-driven and perceptual perspectives we expect to be able to
grasp different aspects of coherence as a phenomenon, and shed light on the disparate results
of previous studies.

Rhetorical Structure Theory

It has been argued that coherent discourse has an internal structure and that this structure is
hierarchical, rather than linear (e.g. Fox, 1987; Grosz & Sidner, 1986; Hobbs, 1985). One of
the frameworks formalising this hypothesis is Rhetorical Structure Theory (RST; Mann &
Thompson, 1988; Taboada & Mann, 2006). According to RST, discourse consists of
elementary discourse units (EDUs), minimal building blocks of discourse structure which
roughly correspond to clauses (Mann & Thompson, 1988). These basic segments are
connected to each other with coherence (also called “semantic”, or “rhetorical”) relations
(‘Consequence’, “‘Cause’, ‘Evaluation’, ‘Elaboration’, etc.) forming a complete tree-like
structure (Figure 1). Coherence is thus achieved through the establishment of discourse
structure.

RST has been widely used in written and spoken discourse analysis, as well as in
computational linguistics (see Taboada & Mann, 2006a, 2006b for a review). A number of
other approaches were based on similar theoretical considerations about discourse structure,
but proposed methodologically different solutions or frameworks (Cristea, lde, & Romary,
1998; Grosz & Sidner, 1986; Lascarides & Asher, 2007; Moore & Polack, 1992; Moser &
Moore, 1996; Prasad et al., 2008; Walker 1996; Wolf & Gibson, 2005). None of them has
been as extensively tested as RST. Our choice of RST for the analysis of discourse in
aphasia is motivated primarily by its plausibility with respect to certain cognitive processes
involved in discourse production. Specifically, RST is based on the view that coherence
relations are cognitive entities responsible for holding spans of discourse together and
playing an important role in the interpretation of discourse. Different structures result in
different interpretations of a discourse (e.g. Sanders, 1993; Taboada & Mann, 2006). Hence,
the ability to establish coherence relations or a discourse structure of some sort is crucial for
communication. Psychological validity and technical adequacy of RST has been questioned,
due to the constraints it imposes on discourse, such as the requirement of a single inference
when linking discourse segments or the lack of a unified opinion on the number and
classification of coherence relations among the researchers using relational approaches.
These points of criticism, among a number of others, have been addressed at length in
previous literature (Marcu, 2000, 2003; Taboada 2004; and Taboada & Mann, 2006), and,
despite constituting an important and interesting discussion, will not be reiterated in this
paper. Although RST analysis may be more laborious and complicated than the methods
previously used in aphasic discourse structure investigations, it is the first one that addresses
aphasic speakers’ ability to establish connectivity between discourse segments using
semantic and pragmatic relations. It delivers a more fine-grained result, thus granting an
opportunity to look deeper into the processes of discourse organisation. Crucially, as
compared to other methods, it provides information on relations (or a lack of thereof)
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between discourse spans in addition to the quantitative measure of propositional content,
which is particularly useful for clinical assessment of narrative deficits in PWA.

RST has a number of other advantages. RST partially models relative salience distribution
during discourse production (Marcu, 1999; Stede, 2008). Namely, when linking two EDUs,
one has to decide on the so-called nuclearity status of the constituents. In a mononuclear
relation (see Figure 1a, EDUs No. 1-4), a nucleus is the constituent containing the more
salient piece of information, while a satellite is the constituent, which could be eliminated
without a substantial loss of essential information. In case of two EDUs being equally
important for the discourse, a multinuclear relation will be assigned. Apart from the
organisation of information in the discourse flow, semantic (also called “discourse” or
“rhetorical”) relations in RST reflect some of the cognitive processes underlying discourse
production, such as subjective evaluation, internal reasoning (e.g. ‘Explanation’, ‘Cause’,
‘Reason’), or motivations (‘Purpose’).

Chinese, including Cantonese, is generally characterised by the lack of inflectional
morphology (Packard, 2000; Wang & Sun, 2015) and frequent use of elliptical sentences
(Chung, Code, & Ball, 2004). The common absence of number and gender agreement
between pronouns and nouns and the usual omission of topic and grammatical subjects in
sentences can present difficulties for the theories relying on signalling of relations between
parts of discourse, such as through discourse markers. Although some suggestions about
connectors signalling certain relations have been made for English (Carlson & Marcu,
2001), RST does not imply the surface signalling of relations (see Taboada, 2006), which
makes it an appropriate choice for Cantonese (and Chinese) discourse analysis. Since RST is
not language-specific, it can also be used for cross-linguistic comparisons at the discourse
level (see Iruskieta et al., to appear for discussion). The findings of this work are thus
valuable for the understanding of the general principles of language production.

In this study we aimed to examine the differences in the way discourse coherence is
established by people with aphasia (PWA) and non-brain-damaged (NBD) speakers. We
hypothesised that PWA would demonstrate a significant impairment in the macro-linguistic
organisation and, consequently, a reduced level of coherence (Andreetta & Marini, 2014;
Christiansen, 1995). RST analysis was implemented in order to capture the interruptions in
the process of building a discourse structure either as a result of a purely macro-linguistic
deficit, or following word-finding deficits, paragrammatic errors, omission or repetition of
important propositions normally exhibited by PWA.

In light of the hypothesis that different levels of cognitive demand are involved in different
discourse elicitation tasks, our second aim was to examine the effect of genre on discourse
structure and coherence in PWA.. Several parameters, such as the availability of visual cues,
presence of a thematic structure and story characters, have been suggested to have an effect
on cognitive demand and as a result on the linguistic performance of PWA (e.g. Ulatowska
et al., 2003; Olness, 2006; Fergadiotis, Wright, & Capilouto, 2011). Based on previous
findings, we expected to find differences in structural properties in discourse of different
genres, such as lower overall complexity expressed in the amount of elaboration and shorter
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output in procedural discourse, and higher degree of structure depth, evaluation or
commentary in story-telling, as well as a wider range of structure types and relations
between spans of discourse in story-telling (Longacre, 1996; Olness, 2007; Pritchard,
Dipper, Morgan, & Cocks, 2015; Ulatowska et al., 1981, 1983).

Lastly, this study also intended to validate a quantitative structural approach to the
investigation of discourse coherence based on RST through the analysis of correlations
between its outcomes and naive listeners’ ratings.

Corpus and participants

The data used in the current study are a part of the corpus of Cantonese discourse of PWA
(Kong & Law, 2016), for which data collection methods and stimuli were adapted for
Cantonese from the AphasiaBank protocol (MacWhinney, Fromm, Forbes, & Holland,
2011). All language samples collected were transcribed in the Codes for the Human
Analysis of Transcripts format (CHAT; MacWhinney, 2000). At the time of this study, the
database contained transcripts of 149 unimpaired native speakers of Cantonese recruited
from Hong Kong and 76 PWA (resulting from a single stroke and with a post onset time of
at least six months) who completed nine different language tasks. At the time of intake,
based on the subjects’ performance on the initial part of the protocol, the personal data
questionnaire, and the information about demographic, social, family, and medical history,
none of the participants showed significantly impaired cognitive status that would impact
their responses in the narrative tasks.

A total of 60 transcripts were extracted from the database representing 13 male and two
female native Cantonese participants diagnosed with anomic aphasia, according to the
Cantonese version of the Western Aphasia Battery (CAB; Yiu, 1992). An equal number of
non-brain-damaged (NBD) participants were selected to match the participants with aphasia
in gender, age (+ 5 years), and education level (+ 1 year). The age of the group with aphasia
ranged between 43 and 72 years (mean = 55.2 years; SD = 9.70 years) and the CAB aphasia
quotients ranged from 77.1/100 to 99/100 (mean = 89.6; SD = 7.09). The age of NBD
subjects ranged between 44 and 71 years (mean = 55.8 years; SD = 8.08 years); none of
them had any previous history of psychiatric or neurologic illness, learning disabilities,
hearing and/or visual impairments that would affect their use of language. The education
levels for both speaker groups ranged between six and 13 years.

Transcripts from two discourse tasks were chosen to study the effect of genre on discourse
macrostructure, namely, (1) a description of the procedure of making an egg and ham
sandwich, elicited using a single picture with photos of the ingredients, and (2) a narrative
elicited using a series of six pictures (black and white line drawings), depicting a boy who
refused to take an umbrella on a rainy day. Specifically, the pictorial stimuli were first
presented to the participants, who were then instructed to describe the procedure in the first
task, and to tell a story with a beginning, a middle, and an end in the second task looking at
the stimuli. These two genres have been used in a large number of previous studies, which
allows a greater comparability of the results with previous findings. These tasks were
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selected instead of personal recount (also available in the corpus) due to the greater control
imposed on the content of the elicited discourse samples.

Data analysis

Discourse segmentation—Each language sample was first segmented into elementary
discourse units (EDUs), the minimal semantic building blocks of a discourse (Mann &
Thompson, 1988). Discourse segmentation is known to be challenging for annotators,
especially when it comes to spoken language (e.g. Artstein & Poesio, 2008). RST was
initially devised for written language, and EDU were defined primarily based on syntactic
criteria, that is, the presence of a predicate. However, segment boundaries in spontaneous
discourse are often not as clearly defined as they are in written discourse or discourse, even
more so in PWA'’s speech. In this study a combination of phonological (e.g. prosodic
contours and pauses), syntactic, and semantic (e.g. semantic completeness) criteria was
used. Specifically, three sets of detailed guidelines the segmentation process. They included
the (1) RST annotation manual, developed and tested in the process of creating the RST
Discourse Treebank, a corpus of newspaper articles annotated with RST (Carlson & Marcu,
2001), (2) CHAT transcription format manual (MacWhinney 2000, Electronic edition of
2011), and (3) guidelines for segmenting spoken language developed by Kibrik and
Podlesskaya (2009), focusing on dysfluencies such as repetitions, reformulations, and self-
interruptions. The resulting segmentation procedure was similar to the one used and
described by Marini, Andreetta, del Tin, and Carlomagno (2011). First, syntactic clauses
were identified where possible, syntactically incomplete clauses were segmented based on
phonological boundaries and semantic completeness. The hard-to-define term “semantic
completeness” refers to the relative understandability of a piece of discourse and does not
necessarily imply well-formedness of the EDU. PWA'’s speech often lacks syntactic and
prosodic indicators of segment boundaries, along with “semantic completeness” in the
common sense. For these cases, we took speaker’s perspective into account and relaxed the
aforementioned criteria. Specifically, two types of malformed EDUs were introduced, and
semantic understandability along with phonological indicators were attributed more weight
than syntactic criteria in the process of segmentation. For example, a participant trying to
describe a scene from the stimuli where mother gives her son an umbrella can only be able
to utter “Mother (...) umbrella”. Such cases were marked as “incomplete” EDUSs, as they
indicate attempts to transfer a proposition. A further category of “failed EDU” was
introduced if one or more obligatory syntactic constituents were omitted and if the general
sense was lost; this included the span from the ending boundary of the previous segment to
the beginning of the next one. These two kinds of EDU were considered to be disruptive for
discourse structures. An “incomplete” EDU was defined as a content-wise comprehensible
clause with an omission of a critical syntactic component, such as an object of a transitive
verb (e.g. as a result of a word-finding difficulty), whereas incomprehensible collections of
words were defined as “failed” EDUs (e.g. an output containing jargons or neologisms).
Additionally, syntactically well-formed discourse units that were semantically out of place,
or empty information-wise, were marked with a technical relation denoted with a question
mark when linked to the rest of the structure.
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Spontaneous story-telling is occasionally characterised by deviations from the main story
line, for example, comments and embedded discourse units used to elaborate on parts of
other EDUSs. This type of constructions was labelled “structural expansions” in the analysis.
Another group of phenomena intrinsic to spontaneous speech consists of reformulations,
self-corrections, repetitions, and retracing, that is, returning to an earlier part of discourse to
add information that could help a listener to understand the story and its details. These
dysfluencies and repair strategies are more frequent in discourse of people with aphasia (e.g.
MacWhinney et al., 2011; Marshall & Tompkins, 1982).

Discourse structure annotation—After the segmentation, all EDUs were incrementally
linked to each other using a set of rhetorical relations following the guidelines of Carlson
and Marcu (2001). Marcu’s modification of the RST Tool (O’Donnell, 1997; Marcu,
Amorrortu, & Romera, 1999) was used to perform the annotations. Twenty-six different
semantic relations (out of possible 78), such as background, consequence, condition,
explanation, and means, were used to annotate the discourse samples in the current study.
Examples for each relation are given in the Appendix A. Further details about the relation
definitions and assignment can be found in RST Discourse Treebank annotation manual
(Carlson &Marcu, 2001).

Reliability of EDU segmentation and discourse structure (RST) annotation

Discourse, like other smaller elements of natural language, such as words and sentences, is
open to more than a single interpretation. Despite the detailed guidelines, the RST
annotations bear a certain degree of subjectivity due to the possibility of multiple analyses.
Analysis of the same discourse sample is expected to sometimes yield multiple resultant
structures (Mann & Thompson, 1987; Taboada & Mann, 2006, Stede, 2008). Comparing
RST annotations is not a straightforward procedure (Marcu, 2000; lruskieta, daCunha, &
Taboada, 2014). To estimate the reliability of applying this RST technique to quantify oral
discourse across raters, the segmentation was first verified. As the decisions were not
independent, percent agreement on all the annotation decisions (instead of the F-measure,
i.e. precision and recall) was then obtained. In the current study, all the 60 samples were first
annotated by author WS. The annotations were then checked by author AL, with an
agreement reaching 95% for the segmentation and 85% for the discourse structure
annotation. The remaining 15% of structure annotations were discussed by all the authors
and an agreement was reached on the analysis.

Ten percent of the samples from each group (equal percentage of story-telling and
procedural transcripts) were randomly selected to establish the intra-rater reliability for EDU
segmentation and annotation. These samples were re-segmented and re-annotated by author
WS. The point-to-point agreement, calculated by the formula [total agreements/(total
agreements + total disagreements) x 100], revealed a 95.7% agreement for EDU
segmentation and 89.7% for RST relation annotations.

Analysing discourse organisation using RST

Each annotated discourse sample was analysed in terms of 13 parameters possibly
contributing to coherence. The parameters can be divided into five groups related to certain
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discourse properties. Specifically, Group | is related to speaker’s efficiency in formulating
complete discourse units, with respect to the possible effect of fatigue. They include (1)
Fluency of production in the first half of the sample: total number of EDUs produced in the
first half of the recording divided by the time elapsed in minutes, and (2) Fluency of
production in the second half of the sample: same method of calculation in (1). Group Il is
related to the connectivity of semantic units within a discourse and discourse complexity.
They include (3) Total number of EDUEs, or total length of a discourse sample, (4) Relations
set: the number of different types of rhetorical relations used in the sample, and (5) Relation
type frequency, or the total number of rhetorical relations of different types used. Group Ill
is related to the degree of elaboration and complexity of discourse. They include (6) Depth
of the structure: the maximum distance on the graph between the top and the lowest node, or
the number of levels the structure “branches” down. This parameter was used together with
length as a correlate of structural complexity and elaboration, reflecting the degree of detail
in the story, (7) Percentage of structural expansions: the number of embedded discourse
units and comments divided by the total number of EDUs, and (8) Percentage of
mononuclear relations: the number of mononuclear relations in the sample divided by the
total number of mono- and multinuclear relations. Group IV is related to the degree of
inadequacy, impairment, or structural disruption. They include (9) Percentage of incomplete
EDUs, and (10) Percentage of failed EDUs. Finally, Group V included three final measures
that capture the effect of micro-linguistic parameters on the overall discourse coherence.
They include (11) Percentage of errors: number of all semantic and phonemic paraphasias,
morphosyntactic errors, and neologisms divided by the total number of words, (12) Type-
token ratio: This is the ratio of number of different words to total number of words,
excluding repetition, retracing, self-correction, and false-start, and (13) Percentage of
function words: It is the ratio of all closed-class words to the total number of words.

Coherence ratings

Twenty university students, all native speakers of Cantonese, were recruited to rate the 60
audio recordings as naive listeners. The raters were divided into four groups and the
sequence of presentation of the 60 audio files was randomised across groups. The raters
were asked to indicate for each audio the following: (1) the level of understandability on a 9-
point scale, with “1” representing the rater did not understand the content at all and “9”
representing all content was understood, (2) the connectedness and completeness of the
content with three options — ‘complete’, ‘incomplete, but understandable’, and ‘incomplete
and hard to follow’, (3) if the events were presented in the correct order, and (4) whether
there was a part of the story or procedure description that was hard to understand, and if so
which part it was. Before the study, a 30-minute briefing and a short practice session were
provided to each group of raters.

Analysis of information content

In the present study the proportion of main events was calculated to analyse informativeness
of the samples. Thematic content was measured through the proportion of main events, or
thematic units, that is, main ideas and details in a stimulus (Wright et al., 2005; Marini,
Carlomagno, et al., 2005; Capilouto et al., 2006; Wright et al., 2011; Marini et al., 2011,
Andreetta et al., 2012). In other words, a main event was defined as an independent piece of
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content that was of sufficient degree of importance to the topic being conveyed. The
procedure described in Capilouto et al. (2005) and Capilouto et al. (2006) was followed to
perform the main events analysis, with the difference being that the NBD samples were used
to determine the main events in the stimuli. The information — events for the narratives and
steps for the procedures — present in at least 70% of the NBD transcripts was classified as
essential. Other information included by participants was considered to be optional,
providing additional elaborative components to the main story line or the main steps in the
procedure. The original procedure by Capilouto et al. suggests evaluating speakers’ ability to
convey relationships between the events in addition to producing main concepts. However,
speakers with aphasia often use syntactic structures of relatively reduced complexity (e.g.
Edwards & Bastiaanse, 1998), which could affect their ability to explicitly express relations,
but not necessarily be indicative of their poor understanding of these relations. In addition,
the grammatical system of Cantonese differs from that of European languages, which makes
the procedure less straightforward. Thus, in the present study, the focus of the main event
analysis was on the information content, while the relational component was addressed in
the discourse structure analysis. After the list of main events and elaborative components
was formed based on the analysis of the NBD samples, and its final version was agreed upon
by all the authors, their proportion in the PWA samples was calculated. Detailed information
can be found in Appendix B. Point-to-point inter-rater agreement for the PWA samples
reached at least 90%.

Statistical analysis

The normality of the residuals of the data obtained from the RST annotations was tested
using Shapiro-Wilk test and through Q-Q plotting. Production fluency, number of types of
relations, and type-token ratio (TTR) were found to be normally distributed (p > .05). In the
NBD group a ceiling effect was observed on most of the measures; hence, non-parametric
statistical analyses were implemented for these data.

To investigate the differences in performance of PWA and NBD speakers in the two genres,
a set of two-way mixed ANOVAs was administered and subsequent t-tests were carried out
for post-hoc analyses. For the non-normally distributed parameters, the Mann-Whitney test
and the Wilcoxon signed-rank test were employed to study the group difference and the
effect of elicitation task, respectively. An adjustment of significance level was done using
Bonferroni’s method due to multiple comparisons (0.05/8 or 0.00625).

In the rating task, outliers with a z-score of absolute value greater than two standard
deviations from the group variable means (less than 5%) were removed from the data set.
The Mann-Whitney test was used to compare the between-group difference for all the four
ratings of coherence as the residuals were not normally distributed. Wilcoxon signed-rank
test was used to examine the effect of genre on coherence ratings.

To study potential factors contributing to discourse coherence and its impairment in aphasia,
the Kendall tau rank correlation coefficients between the coherence ratings and the 12
micro- and macro-linguistic parameters were calculated.
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Result

RST analysis

Group differences—The descriptive statistics of linguistic measures for each speaker
group across the two elicitation tasks is provided in Table I. Our results demonstrated that
the NBD group performed better than the group with aphasia on all RST measures, except
for the percentage of structural expansions, for both tasks (Table I).

The results of the two-way ANOVA and Mann-Whitney test revealed a main effect of
speaker group on a number of quantitative measures (Table II). As indicated in Table I, the
NBD group was significantly faster in producing EDUs (Fluency 15t and 2" half) and used a
greater variety of relations (Size of the relation set) to connect them than the PWA group.
The distribution of RST relations of different types in the two speaker groups was
comparable (Figure 2), suggesting that our group of PWA largely preserved the use of
relations in a similar manner to their NBD counterparts.

Review of the raw data indicated that the NBD group used more relations of attribution (i.e.
complex constructions with direct and indirect speech and cognitive predicates) as well as
background, explanation, and elaboration relations than the PWA group. In both groups, but
especially in the PWA group, in the story-telling, the most frequently used RST relation
types were those expressing causality, while in procedural discourse, temporal relations
predominated

With reference to the discourse samples, a qualitative observation of the data indicated that
the PWA’s transcripts contained more reformulations and corrections. The PWA group also
produced significantly fewer EDUs and more errors than the NBD group in both narrative
(U=55.00, z=-2.39, p<.01 and U=19.00, z=-4.15, p< .001, respectively) and
procedural discourse (U=50.50, z=-2.58, p< .01 and U= 32.00, z=-3.77, p< .001,
respectively).

Genre differences—There was a main effect of genre on the coherence measures (Table
I1). The story-telling task yielded faster discourse production in EDUs (F(1,58)=28.5,p =.
0002; F(1,58)=7.23, p=.01) and a larger set of RST relations than the procedural discourse
task (F(1,58)=48.56, p <.0001). In addition, there was an effect of genre on the type of
structures used, namely, mono- versus multi-nuclear relations (W=383.5, Z=3.106, p=.009,
r=.4). Procedural discourse contained a higher proportion of mono-nuclear relations,
reflecting a difference in the macro-linguistic organisation in the two genres. Participants
with aphasia also produced significantly more EDUs (7=4, z=-3.19, p<.001) and a
greater depth of resultant discourse structure (7= 2, z=-3.19, p<.001) in story-telling task
than in procedural description.

Interaction effects—There was an interaction effect of group and genre on fluency (Table
Il and Figure 3).

Independent t-tests revealed that the non-brain-damaged participants produced EDUs
significantly faster in both the first [{28) = —3.64, p < .001] and second half [{28) = —4.63,
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p <.001] of the story-telling task than the PWA group. The effect of genre on TTR was
stronger in the PWA group (#14) = —4.378, p< .001), with a significantly higher TTR in
procedural discourse than in the narratives.

Analysis of coherence ratings

A summary of descriptive statistics of the naive listeners’ subjective ratings of coherence is
displayed in Table I1l. The PWA group’s discourse was rated by naive listeners with a lower
understandability score. The results of a Mann-Whitney test revealed that the NBD group’s
discourse obtained a significantly higher understandability and clarity ratings than the group
with aphasia on both discourse tasks (Table V). Wilcoxon signed-rank test demonstrated
that the effect of genre on the ratings was not significant in either speaker group. The PWA
speakers also made more mistakes with the order of events in the storytelling, but not in
procedural discourse.

Correlations between the linguistic measures and coherence ratings

RST—Muost of the correlations between measures based on the RST analysis and subjective
coherence ratings were significant at the .05 level or higher (Table V). Measures of structural
expansion did not show significant correlations with the coherence rating; this is in contrast
to the significant correlation found in the degree of elaboration, the size of the relations set
used, and the total number of EDUs produced. There was an inverse correlation between the
amount of failed and incomplete elementary discourse units and all four subjective ratings.

Micro-linguistic measures—Percentage of word-level errors was significantly correlated
with all four coherence measures, especially clarity/understandability in both tasks. No
significant correlations were found between TTR and percentage of function words, and the
coherence ratings.

Information content—Fourteen of the 15 speakers with anomic aphasia mentioned all the
essential steps, but not the two optional elements (elaborative materials). The situation was
not as straightforward with the story-telling task. Many elaborative materials were omitted in
the PWA transcripts, only half of the total amount of essential information was mentioned by
the majority (=80%) of the anomic speakers. The results of Mann-Whitney tests suggested
that there was group effect (U = 119, p < 0.001 for story-telling; U = 24.5, p < 0.05 for
procedural discourse). To summarise, NBD’s samples were more informative than the ones
produced by PWA, and the difference was more obvious in the story-telling task.

Discussion

The present study pioneered the application of a formal discourse analysis framework of
Rhetorical Structure Theory (RST) to the investigation of coherence in spoken discourse in
aphasia. Macro-linguistic properties of connected speech in 15 speakers with anomic
aphasia and an equal number of non-brain-damaged (NBD) participants were examined. The
analysis contrasted a number of parameters extracted from the RST annotation of discourse
structure of 60 transcribed spoken samples and subjective coherence ratings of these samples
in order to explore the contribution of macro-structural properties to coherence. To examine
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genre-related differences in discourse coherence, two tasks were used, namely story-telling
elicited by a series of pictures, and procedural description.

According to RST, discourse consists of elementary meaningful information units (or
EDUs). Our group of participants with aphasia produced significantly fewer EDUs and with
a lower efficiency (in EDU/min) than the NBD group. Discourse structure was constructed
with a smaller variety of semantic, or rhetorical, relations in the narratives of PWA, which
corresponded to significantly lower coherence ratings as judged by naive native speakers.
Despite the lack of difference in the depth of discourse structures by the two groups, there
was a strong correlation between this variable and coherence ratings. Thus, the complexity
of discourse, expressed by its length, depth, and the number of relations used to build it, was
shown to be a factor influencing the perception of discourse coherence. Importantly, in
contrast to previous studies, language complexity was measured at the discourse level, rather
than the syntactic level (e.g. Ulatowska et al., 1981, 1983; Korpijaakko-Huuhka & Lind,
2012). Our results also demonstrated a certain association between micro-linguistic
impairments and reduced coherence. The percentage of errors was higher in the PWA group
and had an effect on the perception of the degree of coherence. On the other hand, it was
found that there was little to no correlation between coherence ratings and other micro-
linguistic parameters, lexical diversity (TTR) and percentage of function words. Calculating
TTR for nouns and verbs separately in the future studies could provide more information on
this issue, mainly because verb and noun production deficits have been argued to be
dissociated in PWA (e.g. Luzzatti et al., 2002).

Morphosyntactic impairments, such as word-level errors and omissions, often lead to
incomplete discourse units, in which one or more of the obligatory syntactic components are
missing and even failed, or completely incomprehensible EDUs. Initially we hypothesised
that micro-linguistic impairments do not directly contribute to poor coherence per se, but
rather through their negative impact on discourse structure. Specifically, coherence ratings
were correlated with the percentage of failed and incomplete EDUs. As expected, the speech
of PWA contained significantly more reformulations, corrections, false-starts, and retracing.
It has been noted that excessive use of repair strategies can result in an overall lack of clarity
of speech (Tavakoli & Skehan, 2005). A post-hoc qualitative review of the raw data
suggested that these strategies were often used to repair the discourse structure after failed
EDUs. The results of this study suggest that discourse-level impairment is indeed the result
of micro-linguistic impairments rather than the problem with information organisation and
logical structuring of discourse. However, we argue that the observed tendencies may
indicate a relationship between the quality of discourse structure and micro-linguistic
variables exist, which makes it difficult to disentangle the effects between micro- and macro-
linguistic variables on coherence.

The information content analysis demonstrated that essential information content in the
story-telling was reduced in the PWA group. These results were not in line with the previous
studies reporting preservation of essential information in PWA’s narrative discourse (e.g.
Ulatowska et al., 1983), but consistent with other findings reporting lower information
content in narratives by people with aphasia (e.g. Capilouto, Wright, & Waganovich, 2006).
Specifically, Andreetta et al. (2012) reported that individuals with anomic aphasia had fewer
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lexical information units, reduced utterance length, and more semantics errors; this reduction
of sentence completeness as well as presence of lexical fillers and repetitions then led to
impaired cohesion and coherence, respectively. Our present findings based on analyses
involving RST confirms the view of Andreetta et al. (2012). Reduced informativeness
corresponds to lower coherence ratings in the PWA group. Informativeness is thus
potentially one of the factors influencing coherence perception. In this study, we had a
homogeneous group of anomic participants, which means that the informativeness of their
discourse is more or less similar, as are the underlying deficits. A group with more
variability in terms of linguistic impairments, for example, different types of aphasia, would
make it possible to tease apart the effect of informativeness and other factors. In other
words, a group of participants with various aphasia types could be insightful in answering
this question. Furthermore, our current findings were drawn from the use of only one single
discourse sample for each genre. This inconsistency of producing information content across
PWA can be attributed to the individual variation. Since it is reasonable to expect intra- and
inter-participant variability in producing oral discourse, further extension of validating the
application of RST to discourse analysis should expand the range and amount of genres.

As it was mentioned earlier, several factors had been shown to increase or decrease cognitive
demand of an elicitation task (e.g. Coelho, Liles, & Duffy, 1995; Stine-Morrow, Miller, &
Leno, 2001). The stimuli of the story-telling task visually depicted the temporal and logical
sequences of the story event, whereas only a picture of the main ingredients for making a
sandwich were provided in the procedural description task. The visual information about the
temporal and logical relations present in the picture sequence could have contributed to the
elicitation of a more structured and organised story (Wright & Capilouto, 2012a). On the
contrary, the stimulus in the procedural description task did not necessarily facilitate
discourse elicitation through a partially predetermined structure (Marini et al., 2005). Hence,
a higher cognitive demand might have been expected of the procedural discourse task, which
involved recalling of the order of steps, rather than describing a depicted sequence. Due to
these considerations, telling a story in response to the picture sequence was expected to elicit
a longer and a more elaborate narrative. Our results confirmed this tendency but further
investigation in a separate study that carefully considers additional factors of relationships
between (non-)animated characters or emotive reactions involved in time and/or cognitive
load processing is warranted. In procedural discourse, participants with aphasia were almost
equally as good as the NBD counterparts at preserving the correct order of events. This was
potentially the result of a relatively flexible order of events in the chosen procedure.
However, we also observed a qualitative difference in macro-linguistic organisation of
discourse of the two genres. Specifically, procedural discourse is built with a larger
proportion of mono-nuclear relations, in which every part of the relation pair contains
equally important information. Our results quantitatively confirmed that there is a difference
between macro-linguistic patterns of the two genres (e.g. Ulatowska et al., 1990). The RST
analysis, as compared to a more traditional view of discourse organisation in terms of
setting, complicating action, and resolution, delivered a more fine-grained representation of
the macro-structural patterns of the two genres.

Another factor that could play a role in task performance is the effect of topic familiarity, as
previous findings have suggested that discourse on familiar topics tends to be more elaborate

Int J Speech Lang Pathol. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kong et al.

Page 16

(Li, Williams, & Della Volpe, 1995). For example, according to Britton and Tesser’s
cognitive model (1982), prior knowledge can be conceptualised as a cognitive schema,
which is activated when dealing with a more familiar topic. However, since the factor of
content novelty to our speakers between the story-telling and procedural task was not
controlled in this study. The results of the structural analysis that revealed a reduced ability
to spontaneously formulate and elaborate on the story-telling output might, in fact, be more
related to the more complex internal organisation of story-telling at the macro-structure
level, as compared to procedural discourse. This observation seems to support previous
reports demonstrating that performance on different discourse tasks may be influenced by
the nature of the target material. Hence, the importance of careful selection of elicitation
tasks should be highlighted be it in clinical or experimental settings.

The RST-based coherence analysis presented in this study has offered a novel, systematic
and objective way of examining the macro-structural features of oral discourse in anomic
aphasia. Specifically, it offers a hierarchical analysis of oral discourse, which is different
from most reports of disordered or PWA discourse (see Linnik et al., 2016). This is
evidenced by the strong correlations between the RST measures and the subjective
coherence ratings of narrative production by speakers with anomic aphasia (Table V). The
two discourse elicitation tasks investigated in the present study are also quite different from
other published papers on PWA discourse production reviewed by Linnik at al. (2016).
Future extension of the current investigation can involve a more diverse genre types elicited
from a larger number of speakers with different types and severity of aphasia to determine
whether coherence is or is not dependent on the micro-linguistic performance of a speaker.
To our knowledge, apart from the work of Kibrik and Podlesskaya (2009) on spontaneous
speech in children with neurosis, RST has not been applied to the investigation of clinical
data before. Further RST-based analysis of discourse in other adult language-impaired
populations, such as individuals with dementia, who have been reported to have problems
with producing coherent discourse (e.g. Bourgeois & Hickey, 2009), can inform language
production theory as well as therapy.

Limitations and future research

Two questions remained unanswered and will hopefully receive more attention in future
work on coherence in aphasia, and in discourse in general. Firstly, our findings do not
answer the question whether coherence is established through linguistic means only, or
whether, for example, common ground (that is, the shared knowledge between the individual
with aphasia and the person to whom they are telling the story) between participants and
SLP as well as participants and raters are involved as well. Secondly, it is not entirely clear
whether correlates such as understandability, completeness, and connectedness reflect the
concept of coherence. Further studies building on the current work should address these
issues, as well as extend the investigation to other spoken discourse genres. The limitations
of this study include a relatively limited sample size restricted to a one type of aphasia. The
choice of correlation analysis for this study, motivated by the ceiling effects and the number
of observations, unlike regression analysis or similar methods, imposes certain constraints
on the interpretation of our findings. In addition, variations in language production in
different aphasia types could potentially provide additional information to complete the

Int J Speech Lang Pathol. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kong et al.

Page 17

picture drawn in this study. Thirdly, given RST is a new analysis within aphasia discourse
measurement, it is important to establish the reliability or stability of the measures; however,
the current study was based on an existing language corpus that does not contain
participants’ retest language samples across time. Further study should establish the test-
retest reliability of employing RST to discourse analysis. This is particularly relevant when
one attempts to make clinical decisions about PWA’s discourse performance based on
isolated evaluations (Boyle, 2014) because not all reported discourse measures are
sufficiently stable across-time. Despite the above-mentioned limitations, the present findings
provide a solid foundation for further studies investigating the contribution of linguistic
parameters of discourse to its perceived coherence.

Conclusion

Our study has supported the argument that factors other than discourse organisation are
critical to the perception of coherence. Word-level errors and reduced information content
negatively impact discourse structure, leading to lower coherence ratings. The clinical
implication of this conclusion is that discourse-level treatment may not be efficient or
complete without additional therapy targeting production at the word level. Theoretical
conclusions that we would like to draw from this work are the following. Adding to previous
studies examining discourse production using multi-level approaches (e.g. Marini,
Andreetta, del Tin, & Carlomagno, 2011; Sherratt, 2007; Wright & Capilouto, 2012a), our
study demonstrated that it is a combination of macro- and micro-linguistic properties that
makes discourse a coherent whole. We identified a number of linguistic parameters
potentially required for a discourse to be coherent; these parameters included fluency and
number of EDU, number of relation sets, depth of discourse structure, TTR, as well as
percentage of error and failed EDU. By using ratings, coherence has been addressed as a
perceived rather than a solely linguistic concept. Considering a listener’s perspectives is an
important step in the understanding of how coherence works.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Example of the Rhetorical Structure Theory (RST) analysis in Cantonese transcripts of (a) a

control participant (PAR) in the story-telling task of the refused umbrella story and (b) a
participant (PAR) with aphasia in the procedural description task of making an egg and ham
sandwich. Each numbered utterance represents an Elementary Discourse Unit (EDU), which
is the smallest semantic entity with specific syntactic and phonological criteria. A text is first
segmented into EDUs. The hierarchical and connected structure among EDUSs in a text is
then formed.
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Distribution of Rhetorical Structure Theory (RST) relations in the (a) story-telling and (b)
procedural description tasks for persons with aphasia (PWA) and non-brain-damaged (NBD)
participants
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Figure 3.
Interaction between genre type and speaker group on fluency of Elementary Discourse Unit

(EDU), which is the smallest semantic entity with specific syntactic and phonological
criteria, production in the (a) first and (b) second half of the sample in the story-telling task
of the refused umbrella story (RefUm) and procedural description task of making an egg and
ham sandwich (EggHam).
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Statistical comparisons between performances of persons with aphasia and non-brain-damaged speakers

Table Il

Effect of group Effect of genre Interaction effect
Two way ANOVA, F(1, 58) ANOVA, F(3,56)
Fluency-1°* half 1481 28.50 % 258.30 *
Fluency-2"" half 18.15 723" 22019 *
Total # of EDUs 11.74 ** 1453 ** 10.97, p=0.73
Size of the relation set 5554 F 48.56 ¥ 22.33, p=0.66
Depth of discourse structure 11.62 % 21.09 ¥* 14.45, p=0.59
Type-token ratio 8.124 * 3.295, p=0.07 4.85, p=0.15

% of incomplete EDUs
% of failed EDUs

% of structural expansions

% of errors

% of mononuclear relations

Mann-Whitney W

Wilcoxon Signed-Rank V

340, p=0.17

*

330
423,p=0.76

A

105
509.5, p=0.76

25, p=0.112
13, p=0.67

13, p=0.57
37, p=0.34

3835 **

Note:

*
p <.05;

Hok

p<.01;

Aok

*
p < .001.

P-values were adjusted using the Holm-Bonferroni method. EDU = Elementary Discourse Unit.
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Table Il

Descriptive statistics of coherence ratings by naive listeners

Anomic aphasia

Non-brain-damaged

Mean (SD) Range Mean (SD) Range
Story-telling task
Understandability (1-9) 4.6 (1.6) 1.4-6.7 8.0 (0.5) 7.2-9.0
Completeness (%) 42.7 (28.2) 5.0-95.0 91.0 (14.2)  50.0-100.0
Order of events (%) 86.7 (19.5) 25.0-100.0  98.7(3.0)  90.0-100.0
Disruptions of clarity (%) 65.0(29.3) 10.0-100.0 9.4 (10.2) 0.0-30.0
Procedural discourse task
Coherence rating (from 1-9) 4.7 (1.7) 2.05-6.6 7.3(0.9) 6.3-9.30
Completeness (%) 50.7 (34.9) 0.0-90.0 79.2 (22.0)  25.0-100.0
Order of events (%) 81.6 (14.5) 60.0-100.0 94.9(7.3)  73.7-100.0
Disruptions of clarity (%) 55.0(28.6) 5.0-100.0 15.2(16.3) 0.0-60.0
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Table IV

Comparisons of speaker groups in terms of perceptual judgment by naive listeners

Mann-Whitney U

Understandability =~ Completeness  Order of events  Disruptions of clarity

Story-telling task 0.0 * 115 345" 1207
Procedural discourse task 85 ¥ 51.5 50.0 * 26.0 *
Note:
*

p < 0.00625
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