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Chapter 1

(zeneral Introduction

The ability to produce connected understandable spoken discourse is vitally important
in daily life. Discourse of different genres is a crucial part of a large variety of everyday
communicative situations, from explaining how to make a cake to a friend or telling a
family member about the events of the day, to sharing exciting stories of the past with
a new acquaintance. People with aphasia, a language disorder resulting from focal brain
damage, experience a multitude of language deficits that often deprives them of or limits
their ability to participate in these and many more different activities. This dissertation
focuses on the very property distinguishing discourse from a random or unstructured col-
lection of sentences/utterances, called “coherence”, and the ability of people with aphasia
to establish coherence in spoken discourse of different genres. The relationship between
different linguistic impairments and coherence is explored through the analysis of formal
structure in spoken discourse of aphasic and non-brain-damaged speakers of Russian and
Cantonese, and the coherence perception by listeners.

1.1 Coherence

One must begin the discussion about coherence by addressing the existence of various
definitions for this concept, which has been a prominent topic in a number of previ-
ous studies (e.g., Foltz, 2007; Kehler, 2002, 2004; Sanders & Spooren, 1999, ; cf. Section
2.2.5). Definitions and operationalizations have varied depending on the chosen approach
— structural, functional, or cognitive (Armstrong, 2000), as well as the purpose of investi-
gation. For example, in a functionalist investigation focusing on communicative success,
coherence could be defined as the linguistic component of effectiveness and evaluated
based on the amount of information successfully transferred in an interactive setting
(e.g., Glosser & Deser, 1991; Halliday & Hasan, 1976; Ulatowska, Olness, Samson, Kee-
bler, & Goins, 2004). From a structuralist point of view, which considers discourse a unit
above sentence (e.g., Grimes, 1975; Hobbs, 1985; Mann & Thompson, 1985), however,
coherence could refer to the well-formedness or integrity of this unit and be evaluated
based on the number of missing elements or links between parts of a discourse or gaps in
discourse structure.

Further in this and the following chapters, I will expand on the ways in which the
concept of coherence is defined and operationalized. The difficulty with finding a sin-
gle definition for this concept results largely from the fact that different, albeit related,
phenomena have been referred to as coherence. In this dissertation, it is argued that co-
herence is not a unitary notion, but a multifaceted construct, comprised of a combination
of these phenomena, and co-created in an interaction between a speaker and a listener.
As such, coherence is perhaps the most inherent property of discourse, indispensable for

1



CHAPTER 1. GENERAL INTRODUCTION

communication. Consequently, it has been extensively studied in theoretical and compu-
tational linguistics (e.g., Gernsbacher & Givén, 1995; Hovy, 1993; Kintsch & Van Dijk,
1978; Marcu, 1997; Van Dijk, 1977). However, the means by which it is achieved are still
not entirely understood.

1.1.1 Coherence and discourse structure

Discourse is considered to have two dimensions: a local, or micro-structural dimension,
associated with local connectivity between pairs of clauses or sentences and cohesion, and
a global, or macrostructural dimension, where overall semantic unity is established (see
Van Dijk, 1980, for a discussion). These two dimensions comprise the phenomena that
transform a series of utterances or sentences into connected speech or text. It has been
suggested that this semantic wholeness and connectedness of discourse — its coherence
— is established through its internal organization, specifically, through the construction
of discourse structure. A number of theories have stemmed from this idea, suggesting,
among others, tree (Mann & Thompson, 1985, 1988), graph (Wolf & Gibson, 2005), stack
(Grosz & Sidner, 1986), or underspecified representations (Reitter & Stede, 2003; Stede,
2004) of discourse structure. These formal approaches are based on the assumption that
discourse consists of basic meaningful elements that are connected by semantic relations
(also called “rhetorical”, “coherence”, or “discourse” relations). Although communicative
intentions do not define relations per se, it is often true that there is an intention behind
a relation (Taboada & Mann, 2006b). The main goal of relations is to connect spans of
discourse to each other, building up the discourse as a semantic entity, of which every
part makes sense and has its place and reason to be.

While there is a variety of theories and studies addressing the means through which
coherence is established, its breakdown is not as well-studied. In few studies, elements of
structural organization have been investigated through such constructs as story grammar
(Coelho, Liles, Duffy, Clarkson, & Elia, 1994) and superstructure (Olness & Ulatowska,
2011; Ulatowska, Doyel, Stern, Haynes, & North, 1983; Ulatowska, North, & Macaluso-
Haynes, 1981). While these approaches focused on the appropriateness of information
content in a discourse within a specific genre and/or with respect to a selected topic,
none of them considered relations between its different parts. Consider, for example,
a situation in which a speaker strays from the expected story line to reminisce on an
personal memory. The points of interest in this case would be whether the deviation is
connected to the initial story, whether the speaker can make his/her way back to the
initial main story line or not, and how abruptly or logically they could do it. All of these
points are related not just to the amount of information conveyed, but to the way it
is structured. The relations established between different parts or the discourse, in this
case, will be what sets apart a coherent story and a disjointed collection of information.
Consider the following example from the study of Wright and Capilouto (2012), in which
a participant is asked to recount a previous weekend’s activities. It is suggested that
answer (a) would be an example of good maintenance of coherence, whereas answer (b)
would be an example of the opposite, as it is not related to the topic of the conversation.
However, if a continuation (c) is added to answer (b), it can be seen that (b) is connected
to (c), and together they represent a reasonable answer to (a).

(a) “Last weekend we went to the shore.”
(b) “You don’t get much when you are retired.”

(¢) “So we usually just stay at home and sometimes go out to watch a movie or have
breakfast at a local café”
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It must be added that genre plays an important role when considering discourse struc-
ture. Building blocks of discourse are not necessarily the same in different genres, and the
role of relations between them may not be as crucial for coherence and communicative
success in some of them as it is in others (e.g., Olness, 2006). For example, semantic and
pragmatic relations between events play a significantly more prominent role in a narrative
than in a procedural discourse.

Coherence impairments have been observed in people with certain medical conditions,
such as Alzheimer’s disease (Chapman, Ulatowska, King, Johnson, & Meclntire, 1995;
Glosser & Deser, 1991; Ripich & Terrell, 1988) or schizophrenia (Barch & Berenbaum,
1997; Ditman & Kuperberg, 2007, 2010). Perhaps the largest language-impaired group
with relatively intact cognitive abilities is people with aphasia. However, findings on
structural aspects of discourse production in aphasia are scarce. In this dissertation, a
structural component is integrated into the investigation of the multifaceted phenomenon
of coherence through the use of a relational approach to discourse structure.

1.1.2 Coherence as a perceived quality of discourse

Armstrong (2000) suggested that a structural, or formal, approach should be combined
with elements of functional and cognitive approaches to study discourse. In this disserta-
tion, discourse is regarded not just as a linguistic entity — the result of semantic organi-
zation of smaller meaningful units of language — but as a product of the speaker-listener
interaction. Coherence is a property that emerges during both speech production and
comprehension, allowing a listener /reader to reconstruct discourse as a speaker/writer
had it in mind, or the mental representation of it (Gernsbacher & Givén, 1995). The
aforementioned controversial reports on macrolinguistic processing in people with aphasia
stem from the fact that aphasic speakers even with quite severe linguistic impairments of-
ten manage to transfer the message. This observation is a viable counter-example of what
is usually presumed about the interactions between different linguistic levels. Namely,
it is not obvious anymore whether intact microlinguistic abilities are a prerequisite for
maintaining the macrostructure of discourse. As a consequence, it raises the question
about the extent to which linguistic competence is indispensable for a successful commu-
nication (e.g., Armstrong & Ferguson, 2010b; Olness & Ulatowska, 2011). For example,
nonverbal strategies, such as gesturing, can help to a certain extent to compensate lan-
guage deficits in aphasia, just like beginner level second-language learners are often able
to make themselves understood using the most basic vocabulary and almost no grammar.
Although it is too rough to assume that regular daily communication is possible without
language, the degree to which people with aphasia rely on the collaborative construction
of meaning in their discourse production is an important issue. This dissertation ad-
dresses the connection between linguistic properties of discourse, and their relationship
with the perception of coherence by listeners. It is thereby the initial step towards a
better understanding of coherence as a phenomenon containing a pragmatic component,
potentially more evident and significant in aphasic discourse production.

1.2 Aphasia

Aphasia is a language disorder due to brain damage. It is characterized by a sudden
onset, usually a stroke or traumatic brain injury, but it can also be caused by a brain
tumor or brain infection. Only when the brain damage arises after language has been
acquired (around 12 years old), the term “aphasia” is used. Characteristic manifestations
of aphasia differ depending on the site and size of the lesion.
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1.2.1 Aphasia syndromes

Based on speech output, the two major subgroups of aphasias are non-fluent and fluent
aphasias. Fluent aphasia is characterized by a relatively fluent speech, that is, a typ-
ical number of words per minute, with word-finding difficulties, whereas in non-fluent
aphasia speech production is effortful and reduced, and is often grammatically simple
(agrammatism). More detailed classifications of aphasia symptoms have been proposed,
distinguishing different types of aphasia based on linguistic deficits experienced by pa-
tients. Two examples are Luria’s (1966b) classification used by Russian aphasiologists,
and variations of the scheme developed by the Boston group (Geschwind, Goodglass,
Kaplan, Benson, Alexander, etc.; e.g., Benson & Geschwind, 1971) commonly accepted
in the Western world Table 1.1. As the coverage of historical background of aphasia
classification is out of the scope of this thesis, interested readers are referred to one of
the more relevant works (e.g., Benson & Ardila, 1996; Eling, 1994; Tesak & Code, 2008).
However, pertinent to the discussion unfolding in this dissertation is the fact that aphasia
can be disruptive at various linguistic levels, including phonological, lexical, morphologi-
cal, syntactic, and semantic processing disturbances. For example, word-finding problems
in Wernicke’s and milder anomic aphasia result from a deficit, in which the connection
between the word meaning and the phonological form of words is disrupted. In contrast,
in Broca’s aphasia speech production is impeded by the inability to compose “the artic-
ulatory schema of a word” (Akhutina, 2016, p. 4) combined with a grammatical deficit,
leading to various phonemic and morphosyntactic simplifications and errors. In this dis-
sertation, these word- and sentence- level deficits will be referred to as microlinguistic,
as opposed to macrolinguistic impairments, which occur on the level of discourse and
pragmatic processing.

Table 1.1: Classical aphasia types in the Boston group system and their rough equivalents in Luria’s
system (Akhutina, 2016; Bastiaanse, 2010)

Luria, 1966 Boston group Fluency Comprehension  Repetition  Characteristics

Efferent Broca’s - + - Morphosyntactic

motor deficits,
“telegraphic
speech”

Sensory Wernicke’s 4 = = Semantic and / or
phonemic
paraphasias

Acoustic- Anomic + + + Word-finding

mnestic difficulties

Afferent Conduction + + = Phonemic

motor paraphasias

- Transcortical + - + Repetition

sensory relatively spared

Dynamic Transcortical = 4 = Repetition

motor relatively spared

- Global - - - All modalities
impaired

Note: '+’ == relatively spared, ’-’ == relatively impaired

1.2.2 Variability in aphasia manifestations

Studies on reliability of aphasia classification also highlighted a number of problems,
such as poor agreement between standardized assessment batteries, as well as between
the batteries and clinical impression of aphasia types (Swindell, Holland, & Fromm,

4
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1984; Wertz, Deal, & Robinson, 1984). It is noteworthy that, independently of the
classification, individual variability in patients with aphasia is very common, and most
aphasias are of the “mixed” type (Bastiaanse, 2010; Prins & Bastiaanse, 2004). The
variety of aphasia symptoms represent certain difficulties for research as well as for clinical
practice, since they can obscure the outcomes, and limit the possibility of generalization.
Nonetheless, in the studies described in this dissertation, the existing variability can be
ignored to a certain extent. Specifically, due to the diversity of linguistic deficits, aphasic
speech provides a palette of micro- and macrolinguistic breakdowns, and potentially a
spectrum of options between “coherent” and “incoherent” discourse. Hence, variations in
aphasic speech production provide a unique opportunity to study the processes underlying
language production.

1.3 Cross-linguistic studies of discourse production

In Chapter 2, a number of reasons to study discourse processing in aphasia crosslinguis-
tically are discussed. In this section, the focus will be on two major reasons for the
current study to be cross-linguistic in nature. First, the chosen languages — Cantonese
and Russian — are typologically different. While one is analytic, the other one is synthetic,
in other words, some of the meanings that are encoded morphologically in Russian are
expressed through word order, context, adverbs, and particles in Cantonese. Morphosyn-
tactic processing is often impaired in aphasic speakers (e.g., Edwards & Bastiaanse, 1998;
Glosser & Deser, 1991; Prins & Bastiaanse, 2004; Thompson et al., 2013). Thus, gram-
matical differences between Cantonese and Russian can shed light on the relationship
between micro- ad macrolinguistic processes, as well as their connection to coherence and
its maintenance in aphasia.

Second, although formal approaches to discourse structure have been widely used with
different languages in discourse studies, this is not the case in the research on discourse
of people with language impairments. Apart from the Cantonese and the Russian studies
presented in this dissertation, the only other example is the analysis of dream stories told
by children with neurotic disorders by Kibrik and Podlesskaya (2009). In this dissertation,
the applicability of such an approach (Rhetorical Structure Theory; Mann & Thompson,
1988) to spoken aphasic discourse in typologically different languages is explored. The
outcomes can be insightful both for the understanding of discourse abilities in aphasia,
and for the validation and/or adjustment of a prominent theoretical and methodological
framework for studying discourse production.

1.4 Purposes of the current research project

The current research project has the following purposes.

1. Purpose #1. The term coherence received a number of different definitions in previ-
ous studies, due mainly to the fact that it has been used to refer to different concepts,
including, among others, informativeness, the “hanging together” of a discourse, or
its thematic unity. The reported results have, as a result, often not been directly
comparable and /or did not converge. Before new issues are raised, pieces of evidence
from earlier studies should be assembled together in an attempt to construct a clear
and comprehensive picture of discourse production in aphasia. The first purpose
of this dissertation is, thus, to gather and systematize the existing knowledge on
discourse coherence and related phenomena in aphasia.
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2. Purpose #2. The second purpose of this dissertation is to find out whether discourse
of people with aphasia is constructed in a similar way to that of non-brain-damaged
speakers, and if that is the case, what effects language impairments have on discourse
structure. The concept of discourse structure is introduced as an operational facet
of coherence (cf. Section 1.1.1). The previously expressed idea that coherence is
attained through the establishment of relations between elements of discourse, or a
discourse structure, is thus being explored in the context of language impairments in
aphasia. The formal discourse analysis framework used in this project (RST) is by
no means the only available operationalization of the concept of discourse structure
(e.g., Coelho et al., 1994; Ulatowska et al., 1981) and does not presume to cover all
of its aspects. Rather, it is one specific operationalization with its limitations, which
has been extensively used in previous research on healthy discourse. First attempts
to identify discourse structure in aphasic spoken samples were made based on the
evidence from two typologically different languages to verify cross-linguistic gener-
alization of the findings. The assumption of a strong connection between discourse
structure and coherence implies that, if present, discourse structure impairments
could be responsible for decreased coherence in aphasic discourse. However, rather
than considering the relationship between discourse structure and coherence in iso-
lation, it is integrated into the investigation of different aspects of coherence along
with a number of other linguistic variables.

3. Purpose #3. In this dissertation, coherence is assumed to be a multifaceted con-
struct. The third purpose is thereby to define which intrinsic qualities of discourse
it is comprised of and identify the facets of coherence that are impaired in aphasic
discourse.

Informativeness, understandability, connectedness, and clarity are four main corre-
lates of coherence identified based on the review in Chapter 2 and considerations
from research on unimpaired discourse (e.g., Gernsbacher & Givén, 1995; Mann &
Thompson, 1985; Van Dijk & Kintsch, 1983). Informativeness has been linked to co-
herence in a number of previous studies (e.g., Christiansen, 1995; Coelho et al., 1994;
Olness, 2006; Ulatowska et al., 1981) and refers to the amount of relevant informa-
tion content in a discourse. Understandability is a measure of how well the meaning
intended by the speaker could be perceived and/or interpreted by the listener. It
reflects the idea expressed earlier in this chapter that coherence is co-constructed by
a speaker and a listener/reader in an interaction (Section 1.1.2). A discourse can
be understandable in spite of partial omissions of information content, for example,
owing to pragmatic context (e.g., common ground), and vice versa, an objectively
informative discourse is not necessarily understandable. Two additional aspects that
play a role in the latter case are connectedness and clarity.

Connectedness has been partly explored in several studies and encompasses the
relationship between consecutive elements of discourse (e.g., Glosser & Deser, 1991;
Wright, Koutsoftas, Fergadiotis, & Capilouto, 2010) and appropriate organization
of larger blocks of discourse into a unified whole through the use of semantic and
pragmatic relations. To avoid confusion, it should be mentioned that in the study
of Ulatowska et al. (1981), clarity was tentatively identified with discourse cohesion.
Cohesion is commonly defined as local connectivity achieved explicitly by lexical and
grammatic means (cf. Section 2.2.4), while implicit semantic connectedness between
smaller elements of discourse is referred to as local coherence. In this project, the
term connectedness is used to refer to the aspect of coherence associated with lower-
as well as higher-level connectivity between elements of discourse. The notion of
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connectedness brings about the idea of local and global structural connectivity briefly
addressed in Section 1.1.1.

The term clarity is then redefined to describe the overall meaningfulness of discourse
achieved through the appropriateness of its elements with respect to the overall topic
of discourse or the dynamic of a given interaction. Presuming the presence of a min-
imal adequate information content, clarity with which this content is delivered is an
essential component for semantic unity, or “the degree to which this unit [discourse],
as a whole, hangs together or makes sense” (Olness & Ulatowska, 2011, p. 1397).
It could be defined as the conformity of a discourse to a specific logical progression
or a set of rules expected within a particular genre. For example, long or unrelated
deviations from the topic in a conversation or incorrect temporal order of narrative
episodes could decrease discourse clarity. Clarity has been addressed as part of such
concepts as narrative superstructure (e.g., Ulatowska, Allard, & Chapman, 1990)
and story grammar (Coelho et al., 1994), or else evaluated through the occurrence
of elements disrupting discourse progression and meaningfulness (e.g., Andreetta,
Cantagallo, & Marini, 2012; Christiansen, 1995; Glosser & Deser, 1991; Marini, An-
dreetta, Del Tin, & Carlomagno, 2011; Sherratt & Penn, 1990; Sherratt & Bryan,
2012; Wright et al., 2010).

In this dissertation, it is assumed that coherence can be described and evaluated
in terms of the four aforementioned components or parameters. They address the
amount of information (informativeness), appropriateness of content and its pro-
gression with respect to the topic of discourse or withing a given interactive setting
(clarity), connectivity between its elements, or its structural organization (connect-
edness), and its pragmatic adequacy or sufficiency (understandability). It is assumed
that subjective ratings of the first three qualitative parameters should be roughly in
line with the corresponding quantitative linguistic measures — for example, certain
discourse structure parameters for connectivity and clarity, a measure of information
content for informativeness. Understandability, however, is presumed to capture the
contribution of a listener to the establishment of coherence, or the pragmatic con-
text with such resources as common ground and world knowledge. This approach
is a working operationalization of coherence which allows for further elaboration
and/or reevaluation. The investigation of the relationship between these aspects
of discourse and a number of micro- and macrolinguistic measures is the first step
towards a better understanding of the nature and mechanisms of coherence.

4. Purpose #4. The fourth and final purpose of this project is thereby to shed light
on how coherence is established linguistically. Various micro- and macrolinguistic
variables are measured based on aphasic and unimpaired speech samples and fac-
tored in independently of group (e.g., high vs. low number of information content
units, morphosyntactic errors, certain types of discourse relations etc.). The interac-
tions between these variables and coherence ratings are then considered in order to
identify linguistic variables potentially contributing to coherence and/or responsible
for its impairment. Two features of this project should be highlighted in relation
to this point. Firstly, two languages with fairly different morphosyntactic organiza-
tion are considered — Russian and Cantonese. While the utilized discourse structure
framework is presumed to be language-independent, it has not been extensively
used with language-impaired speech and the effects of linguistic deficits on discourse
structure may vary in different languages. Hence, the cross-linguistic design is espe-
cially valuable when drawing conclusions about the relationship between micro- and
macrolinguistic variables and coherence (cf. Section 1.3). It must be noted that the
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Russian study (Chapter 4) does not directly replicate the Cantonese study (Chapter
3) and the findings are thus not subject to direct comparison. However, similar
trends are expected in the two studies, since coherence and discourse structure are
language-independent phenomena.

Secondly, discourse samples of speakers with different aphasia profiles were consid-
ered. Whereas within-group variability in aphasia profiles is often a hindrance when
it comes to drawing inferences, it is advantageous in this project, since the effects
of a wider range of deficits on coherence can be observed and taken into account
(cf. Section 1.2.1). This dissertation does not attempt to make conclusions about
coherence impairments in specific types of aphasia, but rather focuses on the ef-
fects different types of linguistic impairments observed in aphasia affect coherence
perception.

While it is explicitly stated here that one of the purposes of this dissertation is
to investigate linguistic mechanisms of coherence, it should be stressed once again
that one of the main assumptions of this dissertation is that “coherence is achieved
through the integration of multiple semantic resources, e.g., information expressed
in the text through a variety of linguistic and paralinguistic tools; knowledge of the
world and the predictable ways in which discourse is structured; and the relevant
characteristics of the context in which the discourse is being produced” (Olness &
Ulatowska, 2011, p. 1397) and that language is just one of available means.

To summarize, this dissertation focuses on consolidating the existing knowledge on
coherence (Chapter 2) and exploring further the multifaceted nature of coherence, lin-
guistic mechanisms involved, and the contribution of discourse structure (Chapters 3 and
4). Findings of this project could therefore have implications for aphasia therapy, as they
contain information on the ability of people with aphasia to communicate their thoughts
in a clear connected manner. They could also provide insights on the communication
success and conversation dynamics of people with aphasia, since in the current project,
coherence is operationalized as a product of interaction between a speaker and a listener.
In a more general sense, advancing our understanding of this most intrinsic property
of discourse can shed light on the general mechanisms underlying connected language
production and potentially, albeit not directly, also language comprehension.

1.5 Outline of the dissertation

The dissertation is structured as follows. In Chapter 2, the body of work on dis-
course production in aphasia is addressed. The chapter systematically reviews the key
issues, constructs, and themes in the literatures on discourse aphasiology, constructing a
springboard for further research in the field. Despite the substantial amount of attention
coherence in aphasia received in the recent past, the findings on the matter to date often
lack comparability due to theoretical, terminological and methodological differences be-
tween the existing studies. Chapter 2 demonstrates how these differences have affected
research on coherence and a number of related discourse-level concepts.

Consider, for example, two studies by Ulatowska et al. (1981) and by Christiansen
(1995) that both investigated the aspect coherence referred to as clarity in this disserta-
tion. The first study (Ulatowska et al., 1981), in which coherence is operationalized as
well-formedness of a discourse in terms of plausibility, conventionality, and conclusiveness,
demonstrated that narratives of aphasic speakers were similar to the discourse of non-
impaired speakers in terms of logical progression and conventional episodic structure.
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In the second study (Christiansen, 1995), coherence was defined as semantic connect-
edness at the propositional level and assessed in terms of relevance, progression, and
completeness of propositional content. The results indicated that speakers with aphasia
produced more coherence violations (e.g., relevance and progression violations, informa-
tion gaps) than the control group. Despite relatively similar definitions, substantially
differing methodologies made these results complementary, but not directly comparable.
In the study by Ulatowska et al. (1981), coherence was also rated on a scale, and aphasic
narratives received lower ratings than those of control speakers. In the rating study by
Glosser and Deser (1991), however, no difference was observed between control and apha-
sic groups. In this case, the results are not comparable due to the fact that coherence
was operationalized differently in the two studies, and its different aspects were rated.
In this dissertation, it is argued that terminological and methodological differences are
triggered largely by the fact that coherence is often presumed to be a unitary construct,
whereas it is a complex multifaceted phenomenon.

Chapter 2 addresses a number of other discourse-level concepts in relation to coherence
and potentially relevant for its different aspects. Informativeness, information structure,
discourse structure, cohesion, effectiveness, and efficiency are the parameters most com-
monly used to characterize spoken discourse production and evaluate its impairments
in aphasia. Each of them has been previously linked to the concept of coherence. For
example, information content has been measured in several investigations of coherence
under the assumption that discourse cannot be coherent unless its information content
is sufficient (Andreetta et al., 2012; Capilouto, Wright, & Wagovich, 2006; Christiansen,
1995; Ulatowska et al., 1983; Ulatowska et al., 1981). Studies on functional communica-
tion are not centered around linguistic performance alone, as it has been observed that
people with language impairments are often able to maintain successful communication
with help of non-linguistic means. One of the key parameters commonly used to as-
sess communication success is effectiveness, defined as the ability to produce sufficiently
meaningful and understandable discourse in order to reach a communicative goal. One
of the aspects of coherence considered in this dissertation referred to as understandability
is a reflection of communicative effectiveness. The linguistic component of effectiveness
is commonly assessed using, once again, informativeness-based measures, such as correct
number of main ideas transferred between a person with aphasia and a non-aphasic part-
ner in a conversation (Ramsberger & Rende, 2002), or content unit analysis, in which a
content unit is a word or a phrase expressing a single unit of information (Yorkston &
Beukelman, 1980). Going one step further, efficiency, which reflects not just how mean-
ingful discourse is, but also how fluently speakers are able to produce it, is measured in
information units (e.g., Nicholas & Brookshire, 1993). An adapted measure of efficiency
is included in the investigation of coherence in this dissertation (cf. Chapter 3).

Information organization has also been investigated as a factor influencing discourse
coherence. The relationship between discourse structure and coherence has been briefly
discussed in Section 1.1.1 and will remain a prominent topic of this dissertation, as one of
the operationalizations of the concept of coherence. Less plain is the role of information
structure, which is concerned with correct “selection and packaging” of information in
a sentence (Chafe, 1976), for example, the ability of speakers to assign prominence to
certain parts of discourse. It has been reported that aphasic speakers are capable of using
some aspects of information structure (e.g., Olness, Matteson, & Stewart, 2010) and their
difficulties with other aspects may be a result of syntactic deficits (Bastiaanse, Koekkoek,
& van Zonneveld, 2003; Ulatowska et al., 1990). While it is clear that information
structure is often essential for correct interpretation of a linguistic expression by listeners,
its effect on coherence is unclear. Similarly, the relationship between coherence and
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cohesion, which stands for semantic connectedness between elements of discourse reached
through lexical and grammatic means (Halliday & Hasan, 1976), is not yet clear and
requires further investigation. While the link between coherence and cohesion has been a
matter of an extensive debate in healthy discourse analysis, it has also been demonstrated
that the observed reduction of cohesion in aphasia is a result of impaired microlinguistic
processes (cf. Section 2.2.4 for the discussion). These include lexical retrieval (Glosser &
Deser, 1991) and syntactic deficits, due to which aphasic speakers tend to use simplified
syntactic constructions (e.g., Akhutina, 1982; Edwards & Bastiaanse, 1998; Penn, 1988).
While no assessment of information structure and cohesion were included into the studies
presented in this dissertation, the relevant research is addressed in Chapter 2.

The interaction between different discourse-level phenomena has been considered in
very few studies to date (e.g., Andreetta et al., 2012; Marini et al., 2011; Wright & Capi-
louto, 2012) and little effort has been devoted to making outcomes of various available
measures comparable. Bringing together relevant pieces of already existing information
is an essential first step that has to be taken before new evidence is collected and inter-
preted. Hence, the review of different findings and methods presented in Chapter 2 is a
necessary starting point and Purpose #1 (cf. Section 1.4) of this project.

Chapter 3 introduces a study of coherence maintenance in Cantonese speakers with
aphasia, in which coherence is explored as a perceived quality of discourse, evaluated
by naive listeners. In this chapter, a hypothesis that originated from and was based
on the studies of discourse in non-brain-damaged speakers is tested. According to this
hypothesis, internal organization of discourse contributes to coherence along with, and
potentially more than, its word and sentence level well-formedness. Using Rhetorical
Structure Theory (RST; Mann & Thompson, 1985, 1988), a theory of the analysis of dis-
course organization new to aphasiology, the ability of aphasic speakers to build discourse
structure and its effect on coherence is explored.

In Chapter 4, the interaction between different linguistic levels involved in discourse
production and trained raters’ perception of coherence is investigated through the analysis
of semi-spontaneous narratives produced by Russian speakers with and without aphasia.
In the study described Chapter 4, relatively elaborate and complex discourse samples
were collected through video-induced story-telling, as opposed to procedural discourse
and picture-elicited narratives in Chapter 3. Classification analysis was used to explain
coherence ratings assigned by raters based on a number of micro- and macrolinguistic
parameters of these samples. The outcomes of the classification analysis and the evalu-
ation of individual variables’ contribution to its accuracy are interpreted in terms of the
contribution of different linguistic variables to the raters’ perception of coherence.

Chapter 5 contains the general discussion of all findings and the conclusions of the

dissertation. The limitations and the some of the main challenges of this work, as well as
the implications and further directions of this research are also addressed in this chapter.
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Chapter 2

Discourse production in aphasia: a
current review of theoretical and
methodological challenges 1

Abstract

Background: Discourse abilities play an important role in the assessment, classification,
and therapy outcome evaluation of people with aphasia. Discourse production in
aphasia has been studied quite extensively in the last fifteen years. Nevertheless, many
questions still do not have definitive answers.

Aims: The aim of this paper is to present the current situation in the research on a
number of crucial aspects of discourse production in aphasia, focusing on methodological
progress and related challenges. This review continues the discussion of the core themes
in the field initiated by Armstrong (2000), aiming to render it as up-to-date as possible.
Main Contribution: The review focuses on a number of unexplored theoretical issues,
specifically, the interface between micro- and macrolinguistic abilities, and the
relationship between linguistic competence and communicative success in aphasia. The
emphasis on theoretical challenges, along with the thorough discussion of
methodological problems in the field, makes this review a starting point and a
comprehensive information source for researchers planning to address language
production in people with aphasia.

Conclusion: Although the picture is not yet complete, recent advancements lead to a
better understanding of the processes involved in aphasic discourse production.
Different approaches provide insights into the complex multifaceted nature of
discourse-level phenomena, however, methodological issues, including low comparability,
substantially slow down the progress in the field.

1This chapter was adapted from: Linnik, A., Bastiaanse, R., & Hohle, B. (2016). Discourse production in aphasia: a
current review of theoretical and methodological challenges. Aphasiology, 30(7), 765-800. doi:10.1080/02687038.2015.
1113489
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CHAPTER 2. DISCOURSE PRODUCTION IN APHASIA

2.1 DMotivation for the study of discourse in aphasia

Discourse is indispensable for human interactions, as well as for the expression of one’s
feelings, thoughts, or ideas. Telling personal stories, engaging in long conversations, giving
talks, and creating other forms of spoken and written discourse is essential for commu-
nication and establishing relations within a society. Due to their language impairments,
people with aphasia (PWA) often have problems with social and professional integra-
tion, and, as a consequence, lower quality of life. The recovery of their language skills is
supported by speech-language therapy, which traditionally focuses on smaller language
components, such as single words and sentences. Discourse, however, is internally more
complex than a group of words or sentences put together. The mechanisms underlying
the organization of speech into a coherent flow have not been fully understood yet, despite
the fact that discourse production in healthy population has been extensively studied,
compared to that in language-impaired. Investigation of the patterns of preservations
and impairments related to different aspects of discourse, however, may provide insights
both for clinical practice and for cognitive science, as it grants a unique opportunity to
access the underlying linguistic and cognitive processes that are relevant for discourse
production, and to devise a more targeted and effective approach to treatment.

In her comprehensive review of aphasic discourse studies, Armstrong (2000) expressed
concern about the lack of a unified theoretical base to study discourse in aphasia. She
emphasized that a large variety of existing methodologies and differences in the definitions
of crucial concepts have yielded disparate findings. Armstrong (2000) addressed syntactic
abilities during discourse production, discourse organization issues along with coherence
and cohesion, and a number of methodological problems. Fifteen years have passed since
her review was published, and more effort has been devoted to this topic, bringing new
results and addressing some of the questions raised, but also creating room for more
discrepancies and contradictory conclusions.

The current review systematically addresses a number of recurring theoretical topics in
the field of discourse production in aphasia. Building on the work of Armstrong (2000),
it offers an update on the findings and the discussion of practical issues in research
design, their impact on data interpretation, and potential ways to overcome some of the
related methodological problems. When thinking about discourse analysis, one needs to
have an understanding of which components of language production this term comprises.
We will consider several crucial concepts, namely informativeness, information structure,
discourse structure, cohesion, and coherence, existing multi-level approaches addressing
the connection between them, and overall communicative effectiveness and efficiency. This
first part of this review incorporates the literature published since the work of Armstrong
(2000) into the discussion of relevant themes and issues, and highlights those theoretical
and methodological aspects of discourse analysis which may warrant increased attention
in the future, to optimally advance the field of clinical discourse studies. The second
part of the review addresses several global methodological issues in discourse studies,
including sample size, genre, modality, and cross-linguistic research. The discussion of
these particular methodological matters was included in this review, because the quality,
interpretability, and future comparability of the outcomes of every study on discourse in
aphasia depends to a certain extent on the careful consideration of each of these factors.

Very few other works have attempted to bring together the findings on discourse in
aphasia. Prins and Bastiaanse (2004) reviewed the body of work on spontaneous speech
of adults with aphasia, including several existing pragmatic analysis tools, the application
of Conversation Analysis (CA; Sacks, 1972; Sacks, Schegloff, & Jefferson, 1978) to aphasic
data, as well as a group of standardized quantitative and qualitative linguistic measures.
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They stressed the lack of attention to the topic, and suggested using a combination
of functional and statistical perspectives in future research. Recently a special issue of
Aphasiology (Wright, 2011) was dedicated to various topics in aphasic discourse research,
namely, discourse level treatment techniques (Boyle, 2011; Kempler & Goral, 2011), new
methodological developments (Fergadiotis, Kapantzoglou, & Wright, 2011; Marini et al.,
2011; Olness & Ulatowska, 2011), comparison of monologue and conversational discourse
(Armstrong, Ciccone, Godecke, & Kok, 2011), coherence in personal narratives (Olness &
Ulatowska, 2011), and aphasic speakers’ evaluation of their own verbal language abilities
(Fromm et al., 2011).

Whereas the special issue of Aphasiology highlighted several directions of research
on discourse in aphasia, the current paper provides a comprehensive overview of central
theoretical constructs and methodological challenges in the field, with purposeful incor-
poration of the most recent publications, to guide the field toward potential refinements
of study design and methodology.

2.2 Several concepts defining discourse production in aphasia

The existing body of work on discourse production in aphasia rendered a complex pic-
ture, according to which the overall ability to produce discourse consists of several aspects.
Both early and current data demonstrated that some of these aspects remained relatively
intact, while others were more or less impaired. Already in their early fundamental
studies, Ulatowska et al. (1990, 1983, 1981) argued that although aphasic narratives
are shorter and grammatically simpler, they contain all the essential elements of story
structure and the chronological order of events. A number of other researchers agreed
that overall text macrostructure, global coherence, and other pragmatic skills of apha-
sic speakers are preserved (e.g., Armstrong & Ulatowska, 2007; Glosser & Deser, 1991;
Gordon, 2006; Ulatowska et al., 2003). On the other hand, an increasing number of
studies have provided evidence that people with aphasia do experience various difficulties
communicating at the discourse level (e.g., Armstrong et al., 2011; Fergadiotis & Wright,
2011; Wright, 2011), such as production of excessive irrelevant proposition content, re-
duced efficiency, and low lexical informativeness (Andreetta, 2014; Andreetta & Marini,
2015; Christiansen, 1995; Nicholas & Brookshire, 1995).

The multifactorial nature of discourse production motivated a line or studies, which
focused on the connectivity between aspects of local and global levels, both impaired and
preserved. Holland (1982) used the notion of “functional communication”, the ability to
communicate despite the language production difficulties, and claimed it to be available
to people with aphasia despite the microstructural linguistic difficulties. However, several
researchers have noted that people with aphasia experience difficulties with microstruc-
turing, such as construction of cohesive ties (Armstrong, 2000; Bloom, 1994; Olness &
Ulatowska, 2011), which impact the global coherence of aphasic discourse, making it
vague and potentially ambiguous (Christiansen, 1995; Huber, 1990).

Some of the previous studies addressed the same concepts and produced seemingly
contradictory outcomes. In the first part of this review, we will focus on determining
the source of these contradictory findings by going step by step through several concepts
defining language production. It will soon become clear to the reader that the discussion
reveals not just the contradictory findings, but rather the inconsistencies with respect
to the definitions and/or methodologies used to investigate the same constructs. This
part of the review also focuses on the underexplored interrelationship between micro- and
macrolinguistic levels, and highlights some less studied phenomena at the interface be-
tween different discourse analysis traditions (i.e., functional, structural, and cognitivist).
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2.2.1 Informativeness

Discourse is a flow of information put into words, organized in order to meet specific
communication goals, and shaped by situational factors (common ground, social context,
etc.). Hence, the first problem to be addressed is the information content, or the infor-
mativeness, of discourse in aphasia. A reduced amount of essential content, information
gaps, tangential propositions, and topic shifts were found to contribute to the vagueness
and incomprehensibility of aphasic discourse (e.g., Andreetta et al., 2012; Capilouto et al.,
2006; Foka-Kavalieraki et al., 2008; Stark, 2010; Ulatowska & Chapman, 1994; Ulatowska
et al., 1983).

Research findings regarding the informativeness of discourse produced by people with
aphasia must be interpreted in light of the various methods used to assess informative-
ness. Several measures have been developed to assess informativeness in aphasia (Table
2.1). For a long time the only existing method was the analysis of Content Units (CU)
developed by Yorkston and Beukelman (1980). A CU was defined as “a grouping of infor-
mation always expressed as a unit by normal speakers” (p. 30), and consisted of a single
word, a noun phrase, verb phrase, or a propositional phrase. A total count of CUs was
identified for a task, such as picture-elicited story-telling, which included all CUs men-
tioned by at least one of the participants of the study. Nicholas and Brookshire (1993)
devised a rule-based measure which was not content-specific, based on scoring Correct
Information Units (CIU), single words which are accurate, informative, and relevant to
the story being told. Both studies reported lower informativeness, measured in CUs and
CIUs, in aphasia as compared to healthy speakers’ discourse. Later several techniques
were proposed to compete with those two widely used variables. For example, McNeil,
Doyle, Fossett, Park, and Goda (2001) presented a simplified and arguably a more effi-
cient scoring procedure, namely percent of information units (%IU), which they reported
to be highly reliable. IUs, similar to CIUs, are intelligible and informative words or
phrases that convey accurate and relevant information about the story. Ulatowska et al.
(2003) suggested rating “emplotment”; or “the ability to express information in the nar-
rative structural form” (p. 515), complemented by a quantitative measure, the number of
propositions. Interestingly, they found emplotment, but not the number of propositions,
to be correlated with the Western Aphasia Battery Aphasia Quotient scores. Wright and
colleagues (Capilouto et al., 2006; Wright, Capilouto, Wagovich, Cranfill, & Davis, 2005)
developed a main event analysis, which demonstrated that adults with aphasia conveyed
a lower proportion of main events in picture-elicited narratives. Similarly, Marini and
colleagues measured informativeness in thematic units, which they defined as “a main
idea or detail in the story” (Marini et al., 2011, p. 1383). First, a large group of non-
impaired speakers was asked to identify the thematic “backbone” of a story, after that
the rate of thematic units was calculated. In addition, the count of lexical information
units (LIU), grammatically and pragmatically appropriate content and function words,
was used to account for lexical-semantic appropriateness. The results demonstrated that
thematic informativeness was within normal limits in aphasic speech, whereas the num-
ber of lexical information units was reduced, indicating a certain number of tangential
and uninformative words (Andreetta, 2014; Andreetta et al., 2012; Andreetta & Marini,
2015). The information on the design and results of the above mentioned studies, along
with several other works addressing informativeness in aphasic discourse, is summarized
in Table 2.1.

There are a few challenges with the informativeness measurements that have been
used in previous studies. Firstly, our understanding of informativeness in discourse may
be constrained by the limitations of the current methods. Namely, for most of the men-
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tioned lexical informativeness measures a certain number of raters have to be trained, and
even then, for example, CIU analysis has demonstrated a low reliability when applied to
naturally occurring conversation (Oelschlaeger & Thorne, 1999). For the thematic infor-
mativeness analysis, a group of raters is required to identify main thematic elements for
the stimuli (e.g., the main events of a fable or a story illustrated with a series of pictures),
which makes it inapplicable to some types of discourse, such as spontaneous conversation
or personal recounts. For example, Doyle, Goda, and Spencer (1995) showed that lexi-
cal information is higher for conversational discourse, but thematic information content
cannot be estimated based on the principles identified for semi-spontaneous narratives.

Table 2.1: Studies addressing informativeness in aphasic discourse: methods and findings.

Investigator(s) Case/Multiple Elicitation task Units Impaired?
case/Group
Yorkston and 50 PWA, 78 Single picture Content No, in mild and
Beukelman (1980) NBD description Units high-moderate
aphasia; Yes, in
more severe
aphasia
Ulatowska, Allard, 30 PWA (10 Personal narrative, Number of No, in mild and
and Chapman (1990) mild, 15 fable retelling, propositions  moderate
moderate, 5 picture series (events), aphasia; Yes, in
severe) description, number of severe aphasia;
procedural steps in the
discourse procedures
Nicholas and 20 PWA, 20 Single pictures, Correct Yes
Brookshire (1993) NBD picture series, Information
personal Units (CIU)
narratives,
procedural
discourse
Doyle, Goda, and 20 PWA, 15 Conversation; CIU No
Spencer (1995), Doyle PWA Story Retelling
et al. (2000) Procedure (SPR)
McNeil, Doyle, 15 PWA, 31 SPR (Doyle et al., Percentage Yes
Fossett, Park, and NBD 2000) of
Goda (2001) Information
Units
Capilouto, Wright, 40 healthy Single and Main events  Yes
and Wagovich (2006), adults; 8 PWA, 8 sequential picture
Wright, Capilouto, NBD description

Wagovich, Cranfill,
and Davis (2005)
Andreetta (2014),
Andreetta,
Cantagallo, and
Marini (2012),
Andreetta and Marini
(2015), Marini,
Andreetta, Del Tin,
and Carlomagno
(2011), Marini, Boewe,
Caltagirone, and
Carlomagno (2005)

11 participants
with right brain
damage (RBD)
without aphasia,
11 RBD with
aphasia, 11 NBD;
2 cases; 10 PWA,
10 NBD; 20
PWA, 20 NBD

Single and
sequential picture
description

Thematic
Units,
Lexical
Information
Units
(%LIU)

No for thematic
informativeness;
Yes for lexical
information
content

Note: PWA == people with aphasia, NBD == non-brain-damaged people, RBD == people with right hemisphere

brain damage
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Secondly, when addressing informativeness, one should distinguish between thematic
and lexical content, and choose a method accordingly. Although thematic and/or lexical
informativeness have been systematically included in recent studies on discourse in apha-
sia, very few of them address the dissociation between the two (e.g., Andreetta et al.,
2012).

The existing measures of thematic informativeness appear to be directly related to
some of the coherence assessment methods discussed further in this paper, and refer to
the level of discourse organization at the macro-level, whereas lexical informativeness is
a micro-linguistic variable. However, lexical informativeness, but not thematic, has been
found to be correlated with coherence (Andreetta et al., 2012). Moreover, it was reported
to be a statistically significant predictor of discourse coherence (Wright & Capilouto,
2012). Thematic informativeness was not directly addressed in the latter study, but the
coherence measure used in it relied on the amount of relevant information included in a
discourse sample. Further investigations of the interaction between these variables should
address the relationship between thematic and lexical informativeness, and attempt to
clarify the role of information content in establishing coherence, and more generally, in
language processing.

2.2.2 Information structure

The notion of “information structure” (IS), first introduced by Halliday (1967), usually
refers to the way information is “packaged” in a sentence (Chafe, 1976). Not much is
known about IS in aphasic discourse, although IS has received considerable attention in
healthy discourse analysis (Chafe, 1976; Chomsky, 1971; Féry & Krifka, 2008; Gundel,
2003; Lambrecht, 1994; Roberts, 2012; Stede, 2004, , i.a.).

The central concepts of information structure are topic, comment, focus, and given-
ness (see Krifka, 2008; von Heusinger, Klaus, 1999) for an overview and discussion). We
will adopt the definitions of these concepts provided by Krifka (2008). “Topic” stands for
the object which a speaker is talking about, and “comment” refers to what the speaker
is stating about it. One distinguishes between sentence topic and discourse topic, re-
ferring to what a sentence or a piece of discourse “is about” respectively (e.g., Gundel
& Fretheim, 2004; Lambrecht, 1994; Van Dijk, 1977). According to Krifka, “focus” sig-
nals the presence of alternatives relevant for the interpretation of a linguistic expression,
whereas “givenness” indicates whether an expression is in the immediate common ground
of interlocutors, and if so, to what extent. These constructs are assumed to be linked
to the cognitive states of interlocutors, and help build mental representations or modify
existing representations. One of the crucial observations of the information structure the-
ory is that topic usually precedes focus/comment, or given information tends to appear
earlier in a sentence than new information. In many languages, focus is also typically
prosodically marked as more salient (Gundel & Fretheim, 2004).

In the 1980s, it was claimed that the topic-focus function and the given-new distinction
remained intact in aphasia (Bates, Hamby, & Zurif, 1983; Wulfeck et al., 1989). Later
insensitivity of adults with aphasia to the given-new organization of simple narratives, as
well as their failure to mark given or new information appropriately was noted (Cannito,
Jarecki, & Pierce, 1986; Early & VanDemark, 1985; Ulatowska & Chapman, 1994). The
results from Bastiaanse, Koekkoek, and Zonneveld (2003) were in line with this claim;
however, some evidence suggested that individuals with Broca’s aphasia may be aware
of the pragmatic rule allowing the omission of given information, although they may use
it when syntactic rules do not allow such omissions. Olness et al. (2010) investigated
pragmatic use of narrative evaluative devices, such as expressive lexicon, pitch peaks,
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or direct speech, in aphasia and claimed that their aphasic subjects were able to trans-
mit the “point” of their personal narratives and assign prominence to information in a
way similar to their non-language-impaired counterparts. The preserved ability to use
evaluative devices to communicate the distinction between more and less salient infor-
mation in discourse is indicative of the PWA’s awareness of the concepts of psychological
and semantic focus. Table 2.2 presents crucial information on the studies focusing on
information structure in aphasic discourse production.

The inconsistent findings, do not allow us to draw any conclusions on whether or
not problems people with aphasia experience are rooted in the information structure.
Investigating IS may shed light on the cognitive mechanisms related to speech production,
such as attention and the ability to establish common ground. An impairment of these
processes can be detrimental to discourse clarity. It has been suggested that PWASs’
ability to use information structure devices is limited due to syntactic deficits (Ulatowska
et al., 1990). This hypothesis is yet to be systematically verified. Confirming or rejecting
it would contribute to the understanding of a more general question of whether discourse-
level impairments are a result of micro-linguistic difficulties or not.

Table 2.2: Studies addressing information structure in aphasic discourse: methods and findings.

Investigator(s) Group/ Elicitation Method Impaired?
multiple task
case/case
Bates et al. 10 PWAs (5 Picture series Analysis of the devices used to No
(1983); Broca, 5 description; express topic/focus distinction:
Wulfeck et Wernicke); 5-10  Biographical lexicalization vs. ellipsis,
al. (1989) PWA, native interview pronominalization, def./indef.
English, Italian, articles, word order it dative
and German items, conjunctions and
speakers connective adverbs and
adjectives
Early and 10 PWA, 10 Picture series Analysis of the use of Possibly
VanDemark  NBD description definite/indefinite markers to (demon-
(1985) identify given/new information  strated
pragmatic
competence
part of the
time)
Bastiaanse 8 PWA (Broca), Sentence Investigation of the production  Yes, but due

et al. (2003)

6 NBD

completion (in
response to

of constructions with moved
objects (object scrambling)

to a
syntactic

pictures) rather than
a pragmatic
deficit
Olness, 17 PWA, 16 Personal Analysis of narrative evaluative  No
Matteson, NBD narrative devices, modalising function of
and Stewart (frightening language in narratives
(2010) experience)

Note: PWA == people with aphasia, NBD == non-brain-damaged people

2.2.3 Discourse structure

Discourse is often rather simplistically defined as a unit above sentence. Apart from being
a linguistic construct, it is in fact an action involving a number of cognitive processes,
shaped by interactive and social factors (cf. Cameron, 2001; Fox, 1987; Schiffrin, 1994;
Van Dijk, 1997, for a discussion on the definition of discourse). Thoughts, ideas, and
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information transferred through discourse are not chaotic, but organized, which lead to
the idea of discourse being internally structured. Thus, the term “discourse structure” in
this paper refers to the internal organization of discourse into a coherent whole. Discourse
is commonly considered to have two dimensions — local and global, also referred to as
micro- and macro-structure respectively (Van Dijk, 1980). Although an extensive body
of research exists on this subject in healthy population (e.g., Grosz & Sidner, 1986; Mann
& Thompson, 1988; Moser & Moore, 1996; Redeker, 1990, 2000; Taboada, 2004; Wolf &
Gibson, 2005), there is not one commonly accepted approach to studying discourse orga-
nization at the macro-level, and it follows that there is a corresponding possibility that
no one common aspect of macro-organization is being assessed by each given approach.

Van Dijk (1976, 1980) introduced the term “macrostructure of discourse” and defined
it as a semantic object representing global meaning, also called “topic”, “theme”, or “gist”.
Schematic organization of global meaning through the use of narrative elements (e.g.,
setting, evaluation, coda) he then called “superstructure”. These definitions of macro- and
superstructure were used in several studies investigating discourse in aphasia (Ulatowska
et al., 1990; Ulatowska & Chapman, 1994; Ulatowska et al., 1983; Ulatowska et al., 1981;
Ulatowska & Sadowska, 1992). Their results showed that reduction in information content
and poor distribution of information disrupt macrostructure even in simple narratives.
Nonetheless, they argue that superstructure remains relatively well preserved. Similarly,
others claimed that people with aphasia displayed a remarkable ability for “maintaining
conceptual and pragmatic organization at the suprasentential level” (Glosser & Deser,
1991, p. 68). Olness defined superstructure in the terms of Labov (1972) as setting,
complicating action, and resolution, and reported it to be intact independently of aphasia
severity (Olness, 2007; Olness et al., 2010; Olness & Ulatowska, 2011). However, a
few studies addressing discourse organization in terms of propositional content provided
evidence against the preservation of this aspect of discourse organization in aphasia (e.g.,
Christiansen, 1995; Huber, 1990). Another discourse production macro-phenomenon is
the ability of speakers to reduce a full-length discourse to a pithy encapsulation of its
explicit and implicit content, expressed in a short phrase or two. Studies, in which aphasic
participants were asked to produce a moral and a gist of a fable, demonstrated that
PWA experience difficulties at different levels of manipulation of discourse structure, in
particular, with abstraction and generalization (Ulatowska & Chapman, 1994; Ulatowska,
Chapman, Johnson, & Branch, 1999). A brief overview of the methods and results of the
studies investigating different aspects of aphasic discourse organization at the macro-level
discussed in this section are presented in Table 2.3.

Different theoretical approaches to the investigation of discourse structure used in
the existing literature provided insights on various aspects of discourse macro-structure.
Bringing these different perspectives together can potentially lead to a more in-depth,
multifaceted understanding of language processing in aphasia at the macro-level. Fur-
thermore, different methodological approaches, which in turn assess different aspects of
discourse structure, presumably make very different demands on the linguistic system of
the speaker (Ulatowska & Chapman, 1994), potentially also providing access to various
cognitive mechanisms, such as inferencing and cognitive planning, involved in production
of discourse of different complexity. In her review, Armstrong (2000) noted the lack of
information about “how text macrostructure is realized through words and sentences”
(Armstrong, 2000, p. 876). It is unclear how the macrostructure of discourse is exactly
built, and how it is represented linguistically. Further research should focus on establish-
ing at which point the problems experienced by aphasic speakers at the lower levels of
language organization start affecting global connectedness and meaning of discourse, and
which aspects of discourse structuring are involved in the process.
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Table 2.3: Studies addressing discourse structure in aphasic discourse: methods and findings.

Investigator(s) Group/ Elicitation task Method Impaired?
multiple
case/case
Ulatowska et al.  Groups (5-15 Personal Analysis of No
(1990, 1983, PWA), several narratives, picture  relevant/irrelevant
1981); cases description, story content, distribution of
Ulatowska and retelling information within
Sadowska, superstructure
(1992) components, distribution
of important information
and detail
Huber (1990) 72 PWA Picture description  Evaluation of Yes
(global, (cartoon) essential /optional
Wernicke, propositional content
Broca,
amnesic),
examples for 6
Glosser and 9 PWA (fluent)  Personal narratives  Associated thematic No
Deser (1991) organization with global
coherence and rated every
verbalization’s
appropriateness with
respect to the general
topic of conversation
Ulatowska and 4 case studies; 3 Aesop’s fables Analysis of the ability to  Restricted
Chapman 15 PWA, 15 (written), manipulate in some
(1994), NBD Spontaneous macrostructure, namely aspects of
Ulatowska, speech, expository  provide the main macrostruc-
Chapman, discourse; 2 picture idea/gist and the moral ture; Yes
Johnson, and stories, 6 verbal of the story; Analysis of on the
Branch (1999) fables linguistic means of moral
signaling macro-structure  task, No
(e.g., use of connectors, on the gist
reference) task
Christiansen 15 PWA Picture series Propositional content Yes
(1995) description (4 analysis (events, states,
cartoon stories) elaborations, comments)
Olness and Single case Personal narratives  Analysis of the event line, No
Ulatowska examples temporal organization,
(2011), evaluative devices

Ulatowska and
Olness (2007)

Note: PWA == people with aphasia, NBD == non-brain-damaged people, RBD == people with right hemisphere
brain damage

2.2.4 Cohesion

Cohesion refers to the semantic connectedness between elements of discourse, reached
via lexical and grammatical means, such as coreference, substitution, or conjunction
(Halliday & Hasan, 1976). The term stands for a set of surface means used to achieve
connectedness. Halliday and Hasan (1976) claimed that it “occurs where the interpreta-
tion of some elements of discourse depends on that of another” (p. 4). Several studies
on cohesion in aphasia analyzed semantic relations between elements (content words or
their replacement) in a text, or “cohesive ties”, including pronominal reference (cf. Table
2.4). Referential function, which is a key component in establishing cohesion, is known
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Table 2.4: Studies addressing cohesion in aphasic discourse: methods, findings, and the relationship
between cohesion and coherence.

Investigator(s) Group/ Method Impaired? Is cohesion
multiple necessary
case/case for

coherence?

Piehler and
Holland (1984)

2 case studies Halliday and Hasan (1976) system
to study cohesive ties. Five major
classes of cohesion devices:
reference, substitution, ellipsis,
conjunction, lexical reiteration and
collocation

4-point rating scale of clarity as a No =
rough measure of cohesion;

Marking of verb tenses, definiteness

of nominals, appropriate connectors

for sequencing

Halliday and Hasan (1976) system;  Yes Yes
Cohesive Harmony Index (CHI) —

the percentage of tokens in the

chains to the total number of

tokens

Comprehension study: ambiguous Yes =
antecedents resolution task

Recovery No
over
time

Ulatowska et al.
(1983, 1981)

10 PWA, 10
NBD; 15 PWA,
15 NBD

Armstrong (1987) 3 case studies

(Chapman &
Ulatowska, 1989;
Ulatowska, Allard,
& Chapman, 1990)
Glosser and Deser

Groups (5-15
PWA)

9 PWA (fluent), Halliday and Hasan (1976) system  Yes No

(1991)

9 patients with
Alzheimer’s
disease, 9
patients with
CHI

Bloom, Borod, 12 PWA, 9 Analysis of specific lexical devices No No
Santschi-Haywood, = RBD, 12 NBD used to establish cohesion (Gleason
Pick, and Obler et al., 1980; Nicholas, Obler,
(1996) Albert, & Helm-Estabrooks, 1985;
Ulatowska, Hayashi, Cannito, &
Fleming, 1986); Analysis of
referential system (anaphora,
deictic terms, indefinite terms,
definite articles), and connective
devices
Coelho, Liles, Longitudinal Halliday and Hasan (1976) system;  Recovery No
Dulfty, Clarkson, case study Cohesive adequacy (Liles, 1985) over
and Elia (1994), time
Coelho and
Flewellyn (2003)
Andreetta (2014), 10 PWA Index of cohesiveness (misuse of Yes No
Andreetta, (anomic), 10 cohesive ties: errors in anaphoric
Cantagallo, and NBD; 20 PWA,  pronouns, of function words or
Marini (2012) 20 NBD semantically related content words,
number and gender agreement
between pronouns and nouns,
abrupt interruption)
Note: PWA == people with aphasia, NBD == non-brain-damaged people, RBD == people with right hemisphere

brain damage
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to be particularly vulnerable in aphasia (Olness & Ulatowska, 2011; Ulatowska et al.,
1999); PWA tend to omit antecedents of pronouns and create anaphoric ambiguity (cf.
Andreetta et al., 2012; Armstrong, 2000; Bloom, Borod, Santschi-Haywood, Pick, &
Obler, 1996; Boyle, 2011; Glosser & Deser, 1991; Liles & Coelho, 1998; Marini et al.,
2011; Ulatowska et al., 1983; Ulatowska et al., 1981). Piehler and Holland (1984) investi-
gated cohesion recovery in two individuals with aphasia, and noted that despite different
recovery patterns, the two participants restored their ability to use lexical cohesion (e.g.,
synonyms). Armstrong et al. (2011) presented two case studies, where cohesion in mono-
logues and dialogues between aphasic and non-brain-damaged participants was explored.
Their findings suggested that cohesion is facilitated for people with aphasia in dialogues.
Time reference requiring discourse linking, such as reference to the past, was also shown
to be challenging for speakers with agrammatic aphasia (Bastiaanse, 2013; Bastiaanse et
al., 2011; Bos, Dragoy, Avrutin, Iskra, & Bastiaanse, 2014). The approaches to studying
cohesion in aphasia are outlined in Table 2.4.

2.2.5 Coherence

Micro- and macrostructural phenomena together allow us to perceive a collection of words
as sentences, or utterances, and a group of sentences or utterances as text or connected
speech. This quality of discourse — its unity, connectedness — is called “coherence”. Co-
herence can be divided into local, established at the sentence-level, and global coherence
that binds larger constituents together, although this distinction is often disregarded.
Glosser and Deser (1991) refer to the overall theme, goal or plan of discourse as “global
coherence”, while “local coherence” determines the conceptual ties between individual
propositions.

Findings on coherence in aphasia have been largely controversial. Behind this contro-
versy are variations in definitions and methodologies used to study this phenomenon, as
well as a lack of congruity in the aphasia types of participants in different studies (Table
2.5.). The concept of coherence is rather complex. Depending on the research group, it
is explained, fully or partially, through thematic relatedness, topic maintenance (Glosser
& Deser, 1991; Halliday & Hasan, 1976), or a general notion of semantic unity, in which
every part of discourse “hangs together” (Foltz, 2007; Olness, 2006; Ulatowska, Olness,
Samson, et al., 2004). The problem of defining the nature of coherence in discourse has
been addressed by a number of researchers outside of the field of language pathology
(Foltz, 2007; Gernsbacher & Givén, 1995; Kehler, 2002, 2004; Kintsch & Van Dijk, 1978;
Sanders & Spooren, 2001; Van Dijk, 1977).

One of the methods commonly used in aphasia research is rating on the five-point scale
developed by Glosser and Deser (1991) (e.g., Laine, Laakso, Vuorinen, & Rinne, 1998;
Rogalski, Altmann, Plummer-D’Amato, Behrman, & Marsiske, 2010). The procedure
includes segmenting samples into verbalizations, a verbalization being an independent
clause with all its dependent clausal and non-clausal elements, and rating the contextual
appropriateness of every verbalization by two independent trained raters. To assess global
coherence, the relevance of a verbalization to the topic of conversation is rated, whereas
for local coherence it is the appropriateness with respect to the immediately preceding
utterance. Glosser and Deser (1991) found no difference between coherence ratings for
their non-brain-damaged (NBD) and fluent aphasic groups. Several alternative shorter —
three- or four-point — scales have been suggested to measure coherence in a similar way
(Koutsoftas, Wright, & Capilouto, 2009; Ulatowska et al., 1983; Van Leer & Turkstra,
1999; Wright, Capilouto, & Koutsoftas, 2013; Wright et al., 2010).

Although Ulatowska and colleagues claimed the discourse of their aphasic participants
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to be well-structured, other studies reported higher scores for non-language-impaired
speakers. Fergadiotis, Kapantzoglou, and Wright (2011) compared the classic analysis
developed by Glosser and Deser (1991) with a similar discourse coherence rating scale
(Koutsoftas et al., 2009) and a computationally calculated objective coherence measure
based on a cognitive model of knowledge acquisition — Latent Semantic Analysis (Lan-
dauer & Dumais, 1997). Their findings indicated the existence of a direct link between
global coherence and aphasia severity.

Christiansen (1995) was the first to demonstrate that coherence in the discourse of
aphasic speakers was different than that of non-brain-damaged speakers. She analyzed
the discourse of three groups of people with fluent aphasia of different types, namely
anomic, conduction, and Wernicke’s, from a perspective of propositional coherence, that
is, the texts were divided into propositions, and the propositional content of the discourse
samples was studied in terms of four functional categories: events, states, elaborations
and comments. Propositions were then rated in terms of coherence violations, such as
information gaps, progression and relevance violations. Christiansen’s analysis revealed
different patterns of coherence impairments in the three aphasic groups, as well as in-
dividual variability within the groups. Christiansen emphasized the potential impact of
aphasia type on narrative production strategies and suggested that aphasia types needs
to be considered when interpreting results of discourse coherence studies.

The approach of Marini and colleagues (e.g., Marini et al., 2011; Marini, Boewe, Cal-
tagirone, & Carlomagno, 2005; Marini et al., 2008) is based on the analysis of cohesion
and coherence errors. This method was used to study discourse of a group of individ-
uals with anomic aphasia and a larger group of participants with other types of fluent
aphasia (Andreetta, 2014; Andreetta et al., 2012; Andreetta & Marini, 2015). Their
clinical groups’ performance differed from that of NBDs on almost all of the measures.
Specifically, speakers with aphasia had more local and global coherence errors than their
healthy counterparts. Interestingly, the authors’ qualitative analysis of global coherence
in anomia showed that it was disrupted by propositional repetitions and filler utterances,
and not by irrelevant and tangential propositions. Table 2.5 contains definitions, meth-
ods, and results of the above mentioned studies to help navigate through the growing
body of research on coherence in aphasia.

While ratings-based assessment presents an opportunity to capture coherence as an
overall property of discourse, the main disadvantage of the available rating scales consists
in their addressing slightly different constructs, which raises construct and convergent
validity issues, and potentially leads to incomparable outcomes. On the other hand,
methods based on error counts are generally more reliable, provided the technique is
well-tested, but they risk only partially grasping the complex combination of processes
behind coherence. The discussion in this section is centred around “textual” coherence,
striped of extra-linguistic context, such as common ground , world knowledge, or shared
visual space provide, and without direct consideration of the multimodal nature of natural
communication. These factors, however, have been considered to influence discourse
comprehension, rendering linguistically limited and/or incoherent input coherent and
adequate to situation (e.g., Goodwin, 2000; Hobbs, 1979, ; cf. Section 2.3.3).

Of all the methods used for the assessment of discourse coherence, only the perceptual
rating scales, which require human raters to evaluate discourse as a whole, potentially
adjust for some of the extra-linguistic content, including gesturing, in case raters are
presented with a video-recording. Combining subjective ratings and text-based measures,
and taking into account other factors (e.g., thematic informativeness; Ulatowska et al.,
1990), can shed more light on how coherence is achieved, and what causes its disruption.
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CHAPTER 2. DISCOURSE PRODUCTION IN APHASIA

2.2.6 Relationship between coherence and cohesion

It has been suggested that a large number of incomplete cohesive ties and a limited range
of connective forms are responsible for discourse in aphasia often being perceived as vague
and ambiguous (cf. Bloom, 1994). The question about the contribution of cohesion to
coherence has not been answered yet (e.g., Armstrong, 2000; Reinhart, 1980; Ulatowska
et al., 1981), although the concept of cohesion has been extensively explored in discourse
studies (e.g., Halliday & Hasan, 1976; Kehler, 1995; Martin, 2001; McNamara, Louwerse,
McCarthy, & Graesser, 2010; Shapiro & Hudson, 2014; Thompson, 1994). A direct
dependency has been hypothesized to exist between cohesion and the overall coherence
of discourse (e.g., Coelho et al., 1994; Halliday & Hasan, 1976; Hasan, 1985; Piehler &
Holland, 1984). Armstrong (1987) introduced the notion of “cohesive harmony”, which
refers to the interaction of cohesive elements within a text, and demonstrated that its
amount correlated with listeners’ perception of coherence. Glosser and Deser (1991)
also claimed that coherence is expressed through cohesive devices, such as coreference.
However, several authors argued that coherence may be impaired while cohesion is not
(Bloom et al., 1996; Coelho & Flewellyn, 2003; Coelho et al., 1994), and conversely,
referential cohesion is not a prerequisite for establishing coherence (Glosser & Deser, 1991;
Keenan, Baillet, & Brown, 1984; Ulatowska et al., 1983; Ulatowska et al., 1981). Many
researchers agree that micro- and macrolinguistic abilities are independently organized
(e.g., Giora, 1985; Glosser & Deser, 1991; Lenk, 1998; Tanskanen, 2006; Ulatowska et
al., 1983; Ulatowska et al., 1981). Although it may seem logical that cohesion, which is
related to the local coherence of discourse, is necessary for its overall coherence, other
factors, or even a combination of factors, may have a stronger contribution in establishing
coherence. Cohesion belongs in between micro- and macro-linguistic levels, which makes
it harder to disentangle lexical and syntactic deficits in aphasia from cohesion impairment,
and, in turn, the effect of all of them on coherence. Once again, one is faced with the
issue of the understudied interplay between different levels of language production.

2.2.7 Multi-level approaches

It has been noted before, that the existing measures have separately failed to capture all
the aspects of the complex multidimensional process of discourse production (Elvevag,
Foltz, Weinberger, & Goldberg, 2007; Halliday & Hasan, 1976; Lorch Jr & O’Brien, 1995;
Sanders, Spooren, & Noordman, 1992). Thus, several combinations of different scales and
methods have been suggested (cf. Table 2.6). For example, such features as relevance,
discourse grammar analysis, clarity disruptors, and cohesion were included in the analysis
of the interaction between structural and functional aspects of narrative and procedural
discourse by Sherratt (2007). Although it has only been applied to healthy speakers, and
adults with right hemisphere damage (Sherratt & Bryan, 2012), Sherratt concluded that
multi-level analysis of discourse production, including pragmatic and linguistic measures,
is important for theory and for therapy, as it provides the understanding of the underlying
mechanisms of the process and their interrelations.

A number of multi-level approaches have been devised combining word, sentence, and
discourse level measures to study discourse in aphasia (Marini et al., 2011; Prins & Bas-
tiaanse, 2004; Wright & Capilouto, 2012). Glosser and Deser (1991) used 11 different
measures, including syntactic and lexical errors, cohesion and thematic coherence analy-
ses. Their method was implemented in a multi-level approach developed by Wright and
Capilouto (2012) that combined micro- and macrolinguistic measures, including syntactic
complexity, information content, lexical diversity, and global coherence.
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CHAPTER 2. DISCOURSE PRODUCTION IN APHASIA

Marini and colleagues (Andreetta & Marini, 2015; Marini et al., 2011) developed a
multi-level procedure specifically designed for the assessment of macro- and microlinguis-
tic skills of people with aphasia. Some of the variables at the micro-structural level,
for example, semantic paraphasias, omissions of morphosyntactic information, sentence
completeness, were complemented by the count of errors of cohesion and both local and
global coherence (e.g., Andreetta et al., 2012; Marini, Boewe, et al., 2005; Marini, Car-
lomagno, Caltagirone, & Nocentini, 2005). Both groups of researchers (Andreetta et al.,
2012; Marini et al., 2011; Wright & Capilouto, 2012) found evidence of macro-, as well
as microlinguistic impairments in aphasic discourse.

The main advantage of multi-level analyses is the possibility to account for the inter-
relatedness among linguistic processes at different levels, which results in a more com-
prehensive understanding of the factors influencing language production. Two major
problems, however, pertain. First, the comprehensive picture drawn by the multi-level
approaches is blurred by the lack of consideration of the interactions between different
factors. For example, Glosser and Deser (1991) conducted a principal component analy-
sis (PCA) and found that the variables they included are naturally clustered into three
groups: those related to supra-sentential organization, those reflecting lexical processing,
and syntactic measures. The results of the PCA, along with separate ANOVAs for lexical,
syntactic, cohesion, and coherence measures, provided rather compelling evidence to the
dissociation between micro- and macro-linguistic levels. However, correlation analysis
presented by Andreetta et al. (2012), as well as the regression analysis in the study of
Wright and Capilouto (2012) spoke for the existence of a connection between coherence
and lexical informativeness. At the same time, in the study of Andreetta et al. (2012),
both syntactic completeness and coherence were impaired in the PWA group, but the
relationship between these two variables was not addressed. Some clarity was added by
Wright and Capilouto (2012), who specifically aimed at exploring connections between
lexical and syntactic variables, and coherence. Their regression analysis suggested that,
despite the correlations between syntactic and coherence measurements in both groups,
syntactic processes did not contribute significantly to the establishment of global coher-
ence. It is noteworthy, that coherence rating scales used by Glosser and Deser (1991),
and Wright and Capilouto (2012) have the same underlying concept of coherence, but
a comparison of the two scales suggested that the latter one was possibly more reliable
Wright et al. (2010). The issue of comparability between the results of different studies,
which has been one of the key points of this review, is even more pronounced here, as
different measures and combinations of measures are included in the existing multi-level
approaches. Some of the measures refer to the same concepts, but use different mech-
anisms to assess them, while others target the same concepts, but operationalize them
differently. Future investigations of the relations between different levels of language pro-
duction should focus on ascertaining the construct validity of the existing metrics and
the degree to which they converge. After the methodological foundation is stable, the
interactions between variables at different levels should be explored, keeping in mind that
some of the correlations are potentially arbitrary.

2.2.8 Effectiveness and efficiency

Despite the fact that many linguistic abilities and structural components of discourse
may be impaired in aphasia, people with aphasia are often able to maintain functional
communication (Holland, 1982; Meuse & Marquardt, 1985). Substantially more work has
been done, however, on the exploration of separate components of the linguistic apparatus
than on the overall communication success in aphasia.
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Table 2.7: Communicative effectiveness and efficiency in aphasic discourse.

Investigator(s)  Group/ Aim Method
multiple
case/case
Pedersen et al. 68 PWA Adaptation and CETI for Danish, test-retest
(2001) psychometric evaluation of reliability
CETT for Danish
Irwin, Wertz, 20 PWA Establish the relationship Porch Index of Communicative
and Avent among language impairment,  Abilities (PICA; Porch, 1967),
(2002) functional communication, Rating of Functional Performance
and pragmatic performance (RFP; Wertz et al., 1981)), and
in aphasia Pragmatic protocol (Prutting &
Kirchner, 1983); Correlation
analysis
(Ramsberger & 14 PWA, 56  Measuring transactional Number of correct ideas produced
Rende, 2002) NBD success in conversation in the NBD partner’s retelling of a
story which PWA watched at the
conclusion of the conversation
Kong and Law 10 PWA, 30  Communication effectiveness = Cantonese Linguistic
(2004, 2009) NBD; 5 assessment in Cantonese Communication Measure (CLCM),
PWA (longi- aphasic speakers including the Index of
tudinal) communication efficiency (N of
informative verbs per min)
McCullough, 27 PWA, Define the relationship Pragmatic Protocol, American
McCullough, between pragmatic Speech-Language and Hearing
Ruark, and performance and functional Association — Functional
Rainey (2006) communication Assessment of Communication Skills
(ASHA-FACS; Frattali, Thompson,
Holland, Wohl, & Ferketic, 1995)
Van der 122 PWA, Assessment of verbal and Scenario test for both verbal and
Meulen et al. 25 NBD non-verbal communication in  non-verbal communication in daily
(2010) severe aphasia life situations (4-point scale) and
interactive settings
Ruiter et al. 10 PWA, 20  Development of a Content Unit Analysis (Yorkston &
(2011) NBD quantitative measure of Beukelman, 1980) adapted for the
verbal effectiveness and ANELT scenarios
efficiency in the ANELT
Muo et al. 60 PWA, 20  Adaptation and Italian version of ASHA-FACS for
(2015) patients psychometric evaluation of Italian (I-ASHA-FACS)
with ASHA FACS for Italian
traumatic
brain injury,
100 NBD

Note: PWA == people with aphasia, NBD == non-brain-damaged people, RBD == people with right hemisphere

brain damage
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In addition to “functional communication” and “communicative success”, the term “ef-
fectiveness” has been used to describe the ability of people with aphasia to produce
meaningful and understandable discourse, that is, to reach their communicative goal.
Whereas “efficiency” reflects how effortlessly and timely they manage to do so, the dis-
tinction between these two notions has been often disregarded. Manochiopinig, Sheard,
and Reed (1992) reviewed fifteen communicative effectiveness measures and subdivided
them into five types: observational profiles, communicative efficiency measures, stan-
dardized testing in real and/or simulated situations, significant others questionnaires,
and composite assessment. They noted that several “communicative efficiency measures
[...] reflect the combined effectiveness of a number of pragmatic behaviors in achieving
functional communication” (p. 521).

It has been argued that communicative success should be the ultimate goal of aphasia
treatment, and that the relevant assessment tools should be able to capture the improve-
ment of functional communication skills over time, which makes them good therapy out-
come measures. Supporting this theory, the Communicative Effectiveness Index (CETI)
was found to correlate with Western Aphasia Battery scores (Bakheit, Carrington, Grif-
fiths, & Searle, 2005; Lomas et al., 1989). Recently, however, commonly used techniques,
such as CETI and Communication Activities in Daily Living — Second Edition (CADL-
2; Holland, Frattali, & Fromm, 1999), have been reevaluated, and several new methods
have been proposed to complement them. Thus, the Scenario Test (Van der Meulen et
al., 2010) extends the Amsterdam-Nijmegen Everyday Language Test (ANELT; Blomert,
Kean, Koster, & Schokker, 1994; Blomert, Koster, & Kean, 1995), an instrument for
the assessment of verbal communication in aphasia, for multimodal communication. It
provides an outcome measure for Alternative and Augmentative Communication (AAC)
therapy, through which people with severe and moderate aphasia learn to rely not only
on verbal, but also non-verbal strategies, such as gesturing, to transmit information in a
conversation. The importance of communication effectiveness assessment stimulated the
development and adaptation of the existing measures for English and to other languages,
for example, Danish (Pedersen, Vinter, & Olsen, 2001), Italian (Vernero et al., 2002; Mud
et al,. 2015), and Cantonese (Kong & Law, 2004, 2009), although the latter was focused
on the linguistic component of functional communication.

A different group of methods developed for the assessment of purely linguistic aspects
of communication success includes one of the most popular measures of informative effi-
ciency calculated based on informativeness, namely correct information units per minute
(Nicholas & Brookshire, 1993, CIU/min). Although this measure is related to a very spe-
cific aspect of functional communication, it was found to correlate with naive listeners’
perception of communicative abilities (Jacobs, 2001) and to contribute to the classifi-
cation of aphasia into mild, severe, and moderate (Gordon, 2008; Im, Kwon, & Sim,
2001). Poor inter- and intra-rater reliability, the drawback of the Correct Information
Unit analysis (Nicholas & Brookshire, 1993), stimulated the development of a reliable,
ecologically valid measure of interaction success in conversations (Ramsberger & Rende,
2002). The latter is based on the number of main ideas transferred between a person
with aphasia and a non-aphasic partner in a conversation. Another quantitative method
of this group, Content Unit analysis (Yorkston & Beukelman, 1980, , see above), was
adapted for the ANELT scenarios, and was suggested to be more sensitive than the orig-
inal ANELT Comprehensibility scale in detecting changes in PWA'’s verbal effectiveness
over time (Ruiter, Kolk, Rietveld, Dijkstra, & Lotgering, 2011). The new techniques for
the assessment of communicative effectiveness and efficiency in aphasia reviewed in this
section are gathered in Table 2.7.

The connection between linguistic competence and communicative effectiveness is not
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very straightforward. For example, measures of pragmatic performance and functional
communication have been shown to address different, though possibly overlapping, as-
pects of performance in people with aphasia (Irwin et al., 2002; McCullough et al., 2006).
Armstrong and Ferguson (2010b) addressed the role of language in “functional communi-
cation” and suggested that further investigation of different behaviors and skills contribut-
ing to functional communication , both expressive and receptive, and within context, is
crucial for the improvement of aphasia assessment and treatment. Generally, the con-
nection between the main approaches to studying discourse — structural, functional, and
cognitivist — has been largely ignored in previous studies (Armstrong, 2000), leaving the
phenomena occurring at their interface unexplored. Combining approaches from differ-
ent perspectives and assessing both linguistic parameters and the overall effectiveness
of speech in aphasia within a multi-level procedure similar to the ones described in the
previous section, is a way to shed light on the dissociation between linguistic impairments
and success of communication.

2.3 Methodological issues

A combination of qualitative and quantitative methods allows assessing both the overall
quality and success of discourse, and the linguistic processes underlying discourse pro-
duction. Bringing together these two perspectives can result in the development of more
effective treatment programs and methods. Although the research on discourse in aphasia
advanced significantly over the past years, there is still a noticeable lack of congruity in
the findings. We will now consider a few possible reasons as to why the growing number
of studies and significant outcomes has not resulted in a better overall picture of aphasic
discourse abilities yet. Armstrong (2000) suggested that the disparity in findings may
be associated with a lack of congruity in the definitions of certain concepts or method-
ological differences. Indeed, we have already discussed that definitions, methods, and
analyses vary largely from study to study. This part of the review touches upon the
existing variability in study design, namely, sample size, genre, elicitation task, modality,
and addresses cross-linguistic studies of discourse in aphasia.

2.3.1 Sample size

Depending on the goal of a particular study, the choice has to be made between a group
and a multiple or a single case design. While group studies aim at demonstrating pat-
terns and interactions of certain variables within a population, case studies can provide
valuable counter-evidence, and multiple cases can be used to demonstrate the existence
of dissociations or opposite tendencies within a population. Case studies demonstrated
that discourse abilities can be impaired in some individuals with mild aphasia (Coelho
et al., 1994), whereas they may remain within the normal range in other aphasic speak-
ers (Armstrong, 1992). Case studies have also been used to confirm the existence of
participant- and task-related variations in the performance (Armstrong et al., 2011), and
to demonstrate the applications of newly proposed methodologies (Boles, 1998; Marini
et al., 2011; Olness & Gober, 2013). Stark (2010) reported on an aphasic speaker who im-
proved over time in lexical and syntactic skills, and in narrative informativeness at story
retelling, while the individual with aphasia in the study of Coelho and Flewellyn (2003)
had no consistent improvement over a year of similar training. Though they are able
to shed light on the internal language organization and to provide challenging counter-
examples, case-studies do not allow for making generalization about performance of a
clinical population.
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One of the reasons for the lack of large-scale group studies is that aphasic data collec-
tion and analysis is a lengthy and complicated process. Most of the studies on aphasic
discourse have been based on the analysis of small to medium size groups of participants
(e.g., 3-10 PWA in Armstrong and Ulatowska (2007), Glosser and Deser (1991), Hough
(1990), Ruigendijk, Vasi¢, and Avrutin (2006), Ulatowska et al. (1981); 11-15 in Chris-
tiansen (1995), Goodglass, Christiansen, and Gallagher (1993), Olness (2006), Ulatowska
et al. (1983)), although for several studies larger numbers or participants were recruited
(e.g., 20 agrammatic PWA in Miceli, Silveri, Romani, and Caramazza (1989); 28 in Olness
(2007); 74 in Wagenaar, Snow, and Prins (1975); 121 in Vermeulen et al. (1989)). For the
purpose of reducing the amount of time and labor that data collection and analysis take,
and to make larger data samples available to researchers in various languages, a consider-
able effort has recently been put into creating corpora of aphasic speech and test results.
For example, AphasiaBank contains spoken language samples, action and object naming,
repetition, as well as general assessment data of 311 PWA speaking 8 languages by May 1,
2014 (Forbes, Fromm, & MacWhinney, 2012; Fromm, Forbes, Holland, & MacWhinney,
2014; MacWhinney, 2000; MacWhinney, Fromm, Forbes, & Holland, 2011; MacWhinney,
Fromm, Holland, & Forbes, 2013). Corpus of Dutch Aphasic Speech (CoDAS; Westerhout
& Monachesi, 2005) has been designed to have part-of-speech, syntactic and prosodic an-
notation of aphasic spoken language recorded in different communicational settings, but
only a pilot study with 6 participants has been reported so far (Westerhout & Monachesi,
2006). Another project —the Moss Aphasia Psycholinguistics Project Database (MAPPD;
Mirman et al., 2010) — contains a collection of behavioral test data from aphasic speakers;
the core of the archive consists of the Philadelphia Naming Test data for more than 170
participants. One of the greatest advantages of aphasic speech corpora is the possibil-
ity to test new methodologies and implement multiple analyses on the same data sets.
Hence, a much better comparability of results can be achieved. The relevance and the
practical benefits of shared data sets are also recognized by funding agencies. However,
when choosing a corpus collected by a third party for generalized research purposes, its
compatibility with the goals of the research should be thoroughly assessed. For example,
researcher interested in the factor of genre would have to ascertain that the genres of
interest are available within the corpus, while for studies focusing on different modalities,
a corpus has to be not just audio-, but video-based.

2.3.2 Genre

Many researchers noted that the choice of elicitation task influences quality and quan-
tity of the discourse produced (Coelho, 2002; Olness, 2007; Olness, Ulatowska, Wertz,
Thompson, & Auther, 2002; Van Leer & Turkstra, 1999). Picture description has per-
haps been the most widely used technique, as it guarantees comparability of produced
discourse samples (e.g., Brookshire & Nicholas, 1994; Nicholas & Brookshire, 1993; Ol-
ness et al., 2002; Wright et al., 2005). It has been demonstrated that single picture
descriptions should not be chosen for discourse studies, as the descriptive discourse genre
does not require establishing coherence (Olness, 2006, 2007). It was also suggested that
there in an impact of aphasia severity on narrative production, while it is not the case in
picture descriptions (Olness, 2006).

Procedural discourse (Ulatowska et al., 1983; Ulatowska et al., 1981; Weinrich, McCall,
Boser, & Virata, 2002) and personal narratives (Armstrong & Ulatowska, 2007; Behrns,
2009; Olness & Ulatowska, 2011; Ulatowska, Olness, Samson, et al., 2004; Ulatowska
et al., 2013) received special attention due to their being essential for the everyday life
of people with aphasia, and because they provide a view on a wide range of linguistic
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and extralinguistic skills. However, these two genres were shown to impose different
linguistic and cognitive demands on the speakers. For example, previous studies reported
that procedural discourse of both people with and without aphasia had lower syntactic
complexity as compared to narratives, whereas narratives of people with aphasia had
lower information content, shorter story line, more errors in the order of events, and
syntactically less complex language than those of control participants (Ulatowska et al.,
1990; Ulatowska, Olness, & Williams, 2004).

Gernsbacher and Givon (1995) emphasized that coherence is a property emerging dur-
ing speech production as well as comprehension, allowing a listener /reader to reconstruct
discourse as a reader/writer had it in mind, or the mental representation of it. Studies
on conversation in aphasia focused on the ability of people with aphasia to co-construct
meaning in communication through the analysis of such phenomena as turn-taking, re-
pair strategies, collaborative referencing, and the effects of aphasia severity, conversation
partner, topic, and other potential factors on discourse production (e.g., Beeke, Maxim,
& Wilkinson, 2007; Damico, Oelschlaeger, & Simmons-Mackie, 1999; Ferguson & Harper,
2010; Hengst, 2003; Linebaugh, Kryzer, Oden, & Myers, 2006; Perkins, 1995, 2003). Dif-
ferent grammatical patterns were discovered in aphasic informal conversation compared
to monologues or picture-induced discourse (Armstrong et al., 2011; Wilkinson, Beeke, &
Maxim, 2010). Although aphasic speakers have been reported to successfully use conver-
sational repair strategies, monologue speech has been considered to be more grammatical
(Beeke, Wilkinson, & Maxim, 2003, 2007). The special issue of Aphasiology (Wilkinson,
2015) on Conversation Analysis (CA) application to aphasic data, recently addressed such
topics as repair (Barnes & Ferguson, 2015; Laakso, 2015; Penn, Frankel, & Wilkinson,
2015), adapted behaviors of conversation partners (Klippi, 2015), and interaction-focused
therapy for aphasia (Beeke et al., 2015; Damico et al., 2015; Saldert, Johansson, & Wilkin-
son, 2015), emphasizing the importance of studying language in interaction and taking
into account the role of conversation partners in the recovery of people with aphasia.

2.3.3 Modality

Genre-related differences in discourse production bring up a related question of modality.
For example, spontaneous speech has been studies much more than written discourse
(Prins & Bastiaanse, 2004; Rossi & Bastiaanse, 2008; Vermeulen et al., 1989; Wagenaar et
al., 1975). Multimodality in aphasic communication received substantially more attention
to in the years after Armstrong’s (2000) review. Behrns (2009) compared written and oral
narrative production in people with aphasia and non-impaired subjects and found written
discourse to be generally better structured in both groups. De Riesthal (2011) noted that
PWA performed better in speaking and pantomime compared to writing and drawing.
He also argued that pictorial stimuli evoke better scores than printed and auditory ones.

Whereas written language has been studied less than oral discourse in aphasia due to
the frequent inability of adults with aphasia to use this modality, gesturing has been un-
derstudied despite its being potentially complementary or even compensatory to language
(Klippi, 2015; Lanyon & Rose, 2009; Scharp, Tompkins, & Iverson, 2007). Previous find-
ings suggest that the processes underlying gesture and language production are shared
or closely related (e.g., Dipper, Cocks, Rowe, & Morgan, 2011; Goodwin, 2000; Mol,
Krahmer, & van de Sandt-Koenderman, 2013). Including gestures in further analyses
of conversations with people with aphasia can be insightful with respect to the general
mechanisms of meaning co-construction in interaction (Pritchard, Dipper, Morgan, &
Cocks, 2015).
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2.3.4 Cross-linguistic studies

According to Beveridge and Bak (2011), 62% of all papers on aphasia between 2000
and 2009 were based on English material. Discourse-level representation, however, is ar-
guably not language-specific. Thus, cross-linguistic comparisons are extremely valuable
in discourse studies. While a considerable amount of evidence comes from English, cross-
linguistic studies in aphasiology started emerging as early as in the 80s Edwards (1981)
examined spoken language samples of a Japanese, a Turkish, a Russian, and a Zulu speak-
ers with Broca’s aphasia and found language output strikingly similar across languages.
Case-studies of narratives in aphasia in 14 languages have been collected in Agrammatic
aphasia: A cross-language narrative sourcebook (Menn, Obler, & Miceli, 1990). A signif-
icant amount of work on the subject has also been done by Bates and colleagues, who
demonstrated that there are language-specific differences within “the same” aphasic syn-
dromes (e.g., Bates & Wulfeck, 1989; Bates, Wulfeck, & MacWhinney, 1991; Wulfeck
et al., 1989). Bastiaanse, Edwards, and Kiss (1996) discussed certain grammatical fea-
tures of fluent aphasia in three languages to demonstrate that people with aphasia had
linguistic deficits rather than an impairment of control of speech production. MacWhin-
ney and Holland promoted cross-linguistic research in aphasia further and initiated the
creation of AphasiaBank, an open corpus of aphasic spoken data (MacWhinney et al.,
2011). Various aspects of language production, such as time reference (Bastiaanse et al.,
2011), textual coherence (Korpijaakko-Huuhka & Lind, 2012), syntactic deficit in Broca’s
aphasia (Friedmann, 2006), were investigated in cross-linguistic perspective in order to
disentangle language-specific impairments and general deficits of language production
mechanisms. Some of the characteristic manifestations of aphasia are language-specific,
while others are not. Hence, investigating the same phenomena and similar deficits in dif-
ferent languages offers the possibility of generalization. Studies on different languages can
stimulate the development of therapeutic techniques for the language-impaired speakers
of those languages. At the same time, cross-linguistic comparisons are important for the
understanding of the universal mechanisms of language production and its deterioration
in aphasia.

2.4 Conclusion

Discourse production is the most important channel for communication. Comparing
discourse produced by non-brain-damaged and aphasic people provides a valid source of
information on the mechanisms behind human language generation and the nature of
aphasia. Due to the complexity of this phenomenon, previous research has focused on
disassembling the process of language production and studying its components. Although
we have an idea about the building blocks of discourse, their functional load and the way
they are organized into a whole is not yet entirely clear. Understanding how language
production functions is crucial for the understanding of the reasons of its deterioration
in aphasia, and is, thus, informative for therapy. Whereas currently available techniques
mainly aim at refining assessment, further research should concentrate on establishing the
connection between different components of language and identifying what constitutes
verbal communication deficits in aphasia.

Although there is an ongoing discussion on various aspects of this process, some of
the findings remain rather controversial. In recent years substantially more attention has
been given to the macro-linguistic skills of people with aphasia, who undeniably have
difficulties with language-based communication. It is of yet unclear, however, if their
ability to construct understandable connected discourse is impaired per se, or if it is the
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result of various micro-linguistic deficits.

In the latest comprehensive review, Armstrong (2000) highlighted a number of theo-
retical and practical issues in aphasic discourse studies. In the current review, we aimed
at showing that some of the questions raised by Armstrong have been addressed in the
literature to date. For example, it has been demonstrated that there are genre-related
differences in discourse produced by people with aphasia. Armstrong also noted the im-
portance of exploring the connection between micro- and macro-linguistic levels. Several
recent studies on aphasic discourse targeted exactly this issue (e.g., Andreetta et al.,
2012; Marini et al., 2011; Wright & Capilouto, 2012). However, a number of the issues
remain unresolved. Methodological variability continues as a critical source of disparate
findings. Though new methods and tests allow for a more objective and a more in-depth
examination of certain phenomena, such as coherence or informativeness, they often lead
to incomparable results. Future research on discourse in aphasia can benefit from com-
parative evaluation of existing methods and replications of earlier studies with groups of
aphasic speakers with different levels of severity and types of aphasia.

When the methodological foundation is solidified, additional effort should be put into
in-depth investigations of several multifaceted phenomena, specifically, information con-
tent and distribution (informativeness and information structure, respectively), discourse
structure, or discourse organization at the macro-linguistic level, and discourse coherence.
Investigation of these features’ complex nature, for example, through double dissociations
with other correlated linguistic variables and through their interaction with the micro-
and extra-linguistic levels, is essential for the understanding of the mechanisms under-
lying communication. Furthermore, only through a combination of approaches from
both structural and functional perspectives can a complete picture of the mechanisms
of aphasic discourse production be formed. That is, bringing together studies on purely
linguistic features and those focusing on the overall conversation success is essential for
the understanding of the role language plays in establishing communication. This could
be achieved, for example, by devising a comprehensive multi-level procedure, which in-
cludes measures at different linguistic levels, and a perceptual component to account for
communicative effectiveness. Data analysis for such a procedure apart from main effects
should include interactions between different variables. It is crucial to focus on studying
language in context, and adapting existing methods or creating new ones for the anal-
ysis of naturally occurring conversations. Settings similar to natural conversations can
also be manipulated to investigate the effect of the degree of common ground between
interlocutors, and communicative strategy (e.g., more and less cooperative) of aphasic
participants’ conversation partners on communication success. Including speakers with
a range of patterns of linguistic impairments would make the contribution of different
linguistic variables more obvious.

Although there is still a need to continue studying the means through which meaning-
ful and understandable discourse is created, and in particular, the relationship between
different linguistic levels involved in this process (Armstrong, 2000; Ulatowska & Olness,
1997, 2000), much valuable insight on discourse production in aphasia has been gained
since 2000, when Armstrong’s review was published. Introducing new approaches, includ-
ing a range of powerful theoretical resources and frameworks developed in the normative
discourse analysis, is very important not only for aphasiology, but also because aphasic
data can be immensely informative in testing linguistic theories. Nonetheless, reaching
better comparability between methodologies and reproducing results of previous studies
can certainly accelerate future research on the matter.
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Chapter 3

Evaluating discourse coherence in
anomic aphasia using Rhetorical
Structure Theory 2

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 analyze 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.

2This chapter was adapted from: Kong, A. P.-H., Linnik, A., Law, S.-P., & Shum, W. W.-M. (2018). Measuring discourse
coherence in anomic aphasia using Rhetorical Structure Theory. International journal of speech-language pathology, 20(4),
406-421. Published online: 17 Mar 2017. doi:10.1080/17549507.2017.1293158 (cf. the attached contribution statement)
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CHAPTER 3. EVALUATING COHERENCE IN ANOMIC APHASIA

3.1 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, organization of phonological information into morphological strings
and words, and then into syntactic constructions (Marini & Fabbro, 2007). 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, coreference,
and ellipsis (Halliday & Hasan, 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).

3.1.1 Coherence

Coherence is a complex phenomenon (e.g., Givén, 1993), and the problem of defining it
has been extensively addressed by a number of researchers (Foltz, 2007; Gernsbacher &
Givon, 1995; Kehler, 2002, 2004; Kintsch & Van Dijk, 1978; Sanders & Spooren, 2001;
Van Dijk, 1977). Independent of the definition, however, coherence is a crucial property
which transforms a sequence of sentences into a discourse (e.g., Kehler, 2002; Ulatowska
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 (Albrecht & O’Brien, 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).

3.1.2 Coherence in aphasia: methods

Discourse produced by speakers with aphasia is often perceived as vague and lacking
clarity (Early & VanDemark, 1985; Gleason et al., 1980; Ulatowska et al., 1981), but
it has also been noted that people with aphasia preserve remarkably good functional
communication skills (Holland, 1982; Huber, 1990; Olness et al., 2010; Ulatowska et al.,
1990). It has been hypothesized that the decreased understandability of discourse in
aphasia reflects difficulties with establishing coherence (Ulatowska et al., 1981; Van Dijk,
1980).

Research on macro-linguistic abilities of people with aphasia 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
et al., 1990; Ulatowska et al., 1981; Wright et al., 2013).These methods can be roughly
divided into perceptual, based on human judgment, and factual, or data-driven, ones.
The first type is represented by a number of rating scales. 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. On the one hand, ratings are not
able to provide an insight into the linguistic factors contributing to the maintenance of
coherence. On the other hand, through the use of listeners’ judgment for the assessment
of speech production, listeners’ contribution to coherence establishment is taken into
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consideration. Thus, the fact that coherence is co-established by both speaker and listener
(e.g., Gernsbacher & Givén, 1995; Wright & Capilouto, 2012), is not dismissed. The
second type includes a collection of data-driven methods, which do not involve human
judgment. This can be story grammar analysis (e.g., Coelho et al., 1994) or a similar
analysis of narrative superstructure (Olness, 2006; Olness & Ulatowska, 2011), which
are based on the assessment of main narrative elements (e.g., setting, initiating event,
complicating action, resolution, and coda; Labov, 1972), as well as variations of analyses
of propositional content and coherence violations in a sample (Andreetta et al., 2012;
Christiansen, 1995).

3.1.3 Coherence in aphasia: previous findings

A number of studies demonstrated that discourse coherence in aphasia is impaired (e.g.,
Andreetta et al., 2012; Andreetta & Marini, 2015; Christiansen, 1995; Coelho & Flewellyn,
2003; Wright & Capilouto, 2012), whereas other studies provided evidence that it is 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 coher-
ence. It has been suggested that impaired micro-linguistic skills lead to macro-linguistic
processing difficulties. For example, morphosyntactic deficits may cause poor cohesion,
which, in turn, is 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 micro-linguistic deficits in aphasic speech (e.g., Coelho &
Flewellyn, 2003; Glosser & Deser, 1991; Ulatowska et al., 1983; Ulatowska et al., 1981).
This indicates that micro- and macro-level of discourse may be organized independently.
The techniques discussed above are valuable for assessment and therapy outcomes eval-
uation, as they reliably estimate the level of coherence in discourse. Nevertheless, they
do not provide an insight on the micro- and macrolinguistic factors influencing 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 aphasic speakers (e.g., Marini et al., 2011; Sherratt, 2007; Wright & Capilouto,
2012). For example, 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. (Wright & Capilouto,
2012) also studied the effect of micro-linguistic impairments on the maintenance of global
coherence in aphasia in a story-telling task. They show that reduced information content
and lexical diversity had an effect on coherence in the stories of aphasic participants,
which is consistent with the findings in a number of earlier studies (e.g. Christiansen,
1995; Coelho & Flewellyn, 2003).

3.1.4 Different aspects of coherence

Several factors have limited the generalizability of the findings to date. One of the issues
is the variety of methods developed to analyze coherence. Comparing the results of
studies is not a straightforward task due to theoretical and procedural differences (Linnik
et al., 2016). Different aspects of coherence evaluated in previous studies include, for
example, appropriateness and completeness of thematic content (e.g., Glosser & Deser,
1991; Wright et al., 2010), coherence violations (Andreetta et al., 2012; Christiansen,
1995; Marini et al., 2011), and semantic-pragmatic unity of discourse as a whole (Olness,
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2006; Ulatowska, Olness, & Williams, 2004). The current study followed the latter path
and addressed coherence as an intrinsic trait of discourse, specifically, its overall unity
and connectedness.

3.1.5 Genre-related differences

Apart from different methodologies used in previous research, the variability in discourse
genres is another factor contributing to the disparities in results. Elicitation tasks in-
cluded picture description (e.g., Andreetta et al., 2012; Marini, Boewe, et al., 2005;
Saffran, Berndt, & Schwartz, 1989), personal narratives (e.g., Glosser & Deser, 1991,
Olness & Ulatowska, 2011), and procedural discourse (e.g., Ulatowska et al., 1990; Ula-
towska et al., 1981). Longacre (1996) emphasized that different genres are associated
with specific patterns of linguistic features and different logical and thematic organiza-
tion. Different elicitation tasks also impose different cognitive and linguistic demands on
aphasic speakers (Bliss & McCabe, 2006). Specifically, story-telling using pictures can be
considered cognitively less demanding than a personal narrative or expository discourse
because these two latter tasks require organization of several ideas in the lack of visual
support. Marini, Boewe, et al. (2005) investigated discourse production 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 narratives elicited by 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 sin-
gle pictures. She concluded that the latter have limitations for discourse studies, while
“what is traditionally elicited by single pictures may not be discourse” (p. 185) as it does
not require connectivity, or coherence. (Wright & Capilouto, 2012; Wright, Koutsoftas,
Capilouto, & Fergadiotis, 2014), in turn, reported significantly lower coherence scores for
personal recounts, as compared to picture-elicited stories in an aphasic population. These
findings are clinically relevant to the selection of assessment and treatment materials tar-
geting discourse production. Based on these considerations, two types of narratives were
chosen for the current study, namely procedural description elicited with a single picture
and story-telling with a series of pictures. The choice of elicitation tasks was motivated
by the comparability of resulting samples.

3.1.6 The present study

In this study, we explore macro-linguistic impairments in aphasia and the linguistic pro-
cesses underlying discourse production using a combination of cognitive and structural
approaches. Specifically, we apply Rhetorical Structure Theory (Mann & Thompson,
1988), a relational approach to the investigation of discourse structure. This theory
has been widely used for healthy discourse analysis. Additionally, a rating scale is used
to assess listener perception of global coherence. By integrating data-driven and per-
ceptual perspectives, we expect to be able to grasp different aspects of coherence as a
phenomenon, and shed light on aphasic speakers’ ability to establish coherence.

3.2 Rbhetorical Structure Theory

It has been argued that coherent discourse has an internal structure and that this struc-
ture is hierarchical, rather than linear (e.g., Fox, 1987; Grosz & Sidner, 1986; Hobbs,
1985). One of the frameworks formalizing this hypothesis is Rhetorical Structure Theory
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(RST; Mann & Thompson, 1988; Taboada & Mann, 2006b). RST provides a method-
ological apparatus for the description of structural organization of discourse. 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 semantic, or rhetorical, relations
(‘Consequence’, ‘Cause’; ‘Evaluation’, ‘Elaboration’; etc.), forming a tree-like structure
(Fig. 3.1). Coherence is thus achieved through the establishment of discourse structure.

Contrast

reason attribution |
(4) (5) (6)
elaboration-additional PAR BEEME “PAR: EREE ‘PAR: I W
(1) 9 *PAR: feared raining *PAR: then he said *PAR: no need, mum

*PAR: 3aGFT R IT R w.‘

BET = y

*PAR: Mum gave an (@ (3)

umbrella to son *PAR: EE{Eed *PAR Wi

*PARtold him  *PAR: bring an
umbrella cut

Figure 3.1: Example of the RST analysis in Cantonese

Rhetorical Structure Theory: pros and cons

RST has been widely used in written and spoken discourse analysis, as well as in com-
putational linguistics (see Taboada & Mann, 2006a, 2006b, for a review). A number of
other approaches were based on similar theoretical considerations about discourse struc-
ture, but work within methodologically different solutions/frameworks (Cristea, Ide, &
Romary, 1998; Grosz & Sidner, 1986; Lascarides & Asher, 2008; Moore & Pollack, 1992;
Moser & Moore, 1996; Prasad et al., 2008; Stede, 2004; 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 are playing an important role in the interpretation of discourse.
Slight changes in structure can result in different interpretations of a discourse (e.g.,
Sanders, 1993; Taboada & Mann, 2006b). Hence, the ability to establish coherence re-
lations or a discourse structure is crucial for communication. Psychological validity and
technical adequacy of RST has been questioned, due to the constraints the framework
imposes. Among them, for example, are the requirement of a single inference when link-
ing discourse segments, and 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; Taboada & Mann, 2006b), 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
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in aphasic discourse structure investigations, it is the first method that addresses aphasic
speakers’ ability to establish relational connectivity between discourse segments. It deliv-
ers a fine-grained result, thus granting an opportunity to look deeper into the processes of
discourse organization. Crucially, as compared to other methods, it provides information
on relations (or a lack of thereof) between discourse spans in addition to the quantitative
measure of propositional content.

RST has a number of other advantages. It allows marking, or annotating, salient in-
formation 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 relationship nucleus is a constituent containing a more salient piece
of information, which could not be eliminated without a significant loss in information
content, while a satellite contains less essential, additional information. In the example
on Fig. 3.1, the facts that a mother gave her son an umbrella (1) and that he refused
to take it (6) are equally important in terms of content, while other EDUs provide addi-
tional information, such as the reason why she did so (4) and an elaboration specifying
that she told him to take an umbrella (3). In this case, EDUs (1) and (6) are nuclei,
linked with a multinuclear relation (“Contrast”). The EDUs containing supplementary
information are connected to these two nuclei with mononuclear relations (“Reason” and
“Elaboration-additional”). Apart from the organization of information in the discourse
flow, semantic (also called “discourse” or “rhetorical”) relations in RST reflect some of
the cognitive processes involved in discourse production, such as reasoning, evaluation,
and inference. In addition, the use of cognitive predicates or reported speech (e.g., “he
thought”, “she said”; EDUs (2) and (5) on Fig. 3.1) are marked through the relation of
“Attribution”.

Chinese, including Cantonese, is generally characterized 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 signaling of relations between
parts of discourse, such as through discourse markers. Although some suggestions about
connectors signaling certain relations have been made for English (Carlson & Marcu,
2001), RST does not imply the surface signaling of relations, for example, through dis-
course markers or connectives (cf. 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, Da
Cunha, & Taboada, 2015, for discussion). The findings of this work are thus valuable for
the understanding of the general principles of language production.

3.3 Aims and research questions

In this study we aim to examine the differences in the way discourse structure and subse-
quently coherence are established by people with aphasia and non-brain-damaged (NBD)
speakers. Based on previous literature, the following research questions are posed in the
present study.

Is coherence reduced in the discourse produced by aphasic speakers?
Do aphasic speakers demonstrate impairments in the macrolinguistic organization?

If so, are these impairments related?
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To answer the first question, RST analysis was performed in order to capture poten-
tial failures in the process of building a discourse structure. The macrostructures in the
samples produced by aphasic and non-aphasic participants were compared on a number
of variables. To answer the second question, ratings from naive listeners were collected.
Finally, a correlation analysis between the RST-variables and coherence ratings was per-
formed to answer the third question.

Various microlingustic difficulties, specifically, word-level errors and paraphasias, or a
reduced proportion of function words, which are used to express grammatical meaning,
are common in aphasia. Thus, if coherence is reduced in the aphasic group, we wish to
find out whether this resulted from impaired microlinguistic processing, or if the macro-
and microlinguistic problems are independent. Two microlinguistic variables have been
included in the correlation analysis to determine whether microlinguistic deficits are re-
lated to coherence or not. As discussed earlier, several variables, such as the availability
of visual cues, presence of a thematic structure and story characters, have been suggested
to influence cognitive demand and, as a result, on the linguistic performance of people
with aphasia (e.g., Fergadiotis, Wright, & Capilouto, 2011; Olness, 2006; Ulatowska et
al., 2003). Based on previous findings, we expect to find differences in structural proper-
ties in discourse of different genres (Longacre, 1996; Olness, 2007; Pritchard et al., 2015;
Ulatowska et al., 1983; Ulatowska et al., 1981). Lastly, this study also intends to vali-
date 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.

3.4 Method

3.4.1 Data

The data used in the current study are a part of the corpus of Cantonese aphasic discourse
(Kong, Law, & Lee, 2012), for which data collection methods and stimuli were adapted
for Cantonese from the AphasiaBank protocol (MacWhinney et al., 2011). All language
samples collected were transcribed in the Codes for the Human Analysis of Transcripts
format (CHAT; MacWhinney, 2000).

A total of 60 transcripts from 13 male and 2 female native Cantonese participants
diagnosed with anomic aphasia, according to the Cantonese version of the Western Apha-
sia Battery (CAB; Yiu, 1992), and an equal number of non-brain-damaged participants
matched in gender, age (£ 5 years), and education level (£ 1 year) were extracted from
the database. The age of the aphasic group ranged between 43 and 72 years (mean = 55.2
years; SD = 9.70 years) and the 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
neurological illness, learning disabilities, hearing and/or visual impairments that would
affect their use of language. The education levels for both speaker groups ranged between
6 and 13 years.

Transcripts from two discourse tasks were chosen to study the effect of genre on dis-
course 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 (Fig. 3.2). The pictorial stimuli
were first presented to the participants, who were instructed to describe the procedure
in the first task and then to tell a story with a beginning, a middle, and an end in the
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second task looking at the stimuli. These two genres have been used in a large number of
studies, which allows a greater comparability of the results with previous findings. These
tasks were selected instead of personal recount (also available in the corpus) because they
allow greater control over the content of the elicited discourse samples.

Figure 3.2: Picture sequence “Refused umbrella” from the AphasiaBank protocol used as a
stimulus in the story-telling task.

3.4.2 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 spo-
ken language (e.g., Artstein & Poesio, 2008). RST was initially devised for unimpaired
written language, and EDUs were defined primarily based on syntactic criteria, that is,
the presence of a predicate. However, segment boundaries in spoken discourse are often
not as clearly defined as they are in written discourse, even less so in aphasic speech.
Spontaneous and semi-spontaneous story-telling is occasionally characterized by devia-
tions from the main story line, for example, comments and embedded discourse units used
to elaborate on parts of other EDUs. These constructions were identified as “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. 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 were used in the segmentation process:

(1) RST annotation guidelines, which have been developed and tested in the process
of creating the RST Discourse Treebank, a corpus of newspaper articles annotated
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with RST (Carlson & Marcu, 2001);
(2) The CHAT transcription format manual (MacWhinney, 2000)

(3) The guidelines for segmenting spoken language developed by Kibrik and Podlesskaya
(2009), focusing on disfluencies, such as repetitions, reformulations, self-interruptions,
ete.

The resulting segmentation procedure was similar to the one used and described by
Marini et al. (2011). First syntactic clauses were identified where possible, syntactically
incomplete clauses were segmented based on phonological boundaries and semantic com-
pleteness. The hard-to-define term “semantic completeness” refers to the relative under-
standability of a piece of discourse and does not necessarily imply well-formedness of the
EDU. Aphasic speech may lack syntactic and prosodic indicators of segment boundaries,
along with “semantic completeness” in the common sense. For these cases, we took the
speaker’s perspective into account and relaxed the aforementioned criteria. Specifically,
semantic understandability along with phonological criteria were attributed more weight
than syntactic well-formedness in the process of segmentation. Two types of ill-formed
EDUs were allowed. First, an “incomplete” EDU was defined as a content-wise compre-
hensible 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) (Example (i)).

(i) Mother [gave] [son] an umbrella.

Second, if not only grammatical form, but the general sense of an EDU is lost, but, for
example, a phonological contour is present, the string of words is identified as a “failed”
EDU. EDUs of this type are often accompanied by commentaries about the speaker’s
language difficulties (Example (ii)).

(11) Mother eh well [...[. Ugh, don’t remember/can’t find the word.

Additionally, syntactically well-formed discourse units that were semantically out of
place, or empty information-wise (italicized in Example (iii)), were linked to the rest of
the structure and the connection was marked with a question mark (“?”) relation.

(iii) Mother gave her son an umbrella. Fhh.. well, that’s like. .. ehm, no, not that.
He didn’t want to take it.

These three kinds of EDUs were considered to be disruptive for discourse structure.

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 (Marcu, Amorrortu, & Romera, 1999; O’Donnell, 2000b)
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).
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3.4.3 Reliability of EDU segmentation and discourse structure (RST) anno-
tation

Discourse, like 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; Stede, 2008; Taboada & Mann, 2006b). Comparing RST
annotations is not a straightforward procedure (Iruskieta et al., 2015; Marcu, 2000).
The main goal of this study was not to estimate the ability of trained annotators to
come up with the same annotations independently, but rather to single out a plausible
interpretation agreed upon by multiple raters. Hence, 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 WWMS. 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.

3.4.4 Analyzing discourse organization using RST

Each annotated discourse sample was analyzed in terms of 12 variables possibly con-
tributing to coherence. The variables can be divided into five groups related to certain
discourse properties.

I. Speaker’s efficiency in formulating complete discourse units, with respect to the possible
effect of fatigue:

1. Efficiency of production in the first half of the sample: total number of EDUs pro-
duced in the first half of the recording divided by the time elapsed in minutes.

2. Efficiency of production in the second half of the sample: same method of calculation.
II. Connectivity of semantic units within a discourse and discourse complexity:

3. Total number of EDUs, or total length of a discourse sample in EDUs.

4. Number of relation types: the number of different types of rhetorical relations used
in the sample.

5. Relation type frequency, or the total number of rhetorical relations of different types
used.

ITI. Degree of elaboration and complexity of discourse:

6. Depth of the structure, or the maximum number of nodes on the tree structure
between the top and the lowest node, or the number of levels the structure “branches”
down (Kibrik & Podlesskaya, 2009). For example, on Figure 3.1, the depth of nodes
(1-4) and (5-6) is 1, the depth of nodes (1-3), (4), (5), and (6) is 2, for nodes (1) and
(2-3) it is 3, etc. Thus, the maximal depth is of the tree is 4. In narratives, main
events represent main constituents in a tree and are connected at the top. Each of
them represents a scene with a different number of elaborative components, which is
represented as a subtree with the main constituent as the main nucleus. Hence, this
parameter was included as a rough indicator of elaboration, or detail, in the story.
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7. Percentage of structural expansions: the number of embedded discourse units and
comments divided by the total number of EDUs.

8. Percentage of mononuclear relations: the number of mononuclear relations in the
sample divided by the total number of mono- and multinuclear relations.

IV. Degree of inadequacy, impairment, or structural disruption:
9. Percentage of incomplete EDUs.
10. Percentage of failed EDUs.

V. The final two measures were included to capture the effect of micro-linguistic variables
on the overall discourse coherence:

11. Percentage of errors: number of all semantic and phonemic paraphasias, morphosyn-
tactic errors, and neologisms divided by the total number of words.

12. Percentage of function words: The ratio of all function words to the total number
of words.

3.4.5 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 randomized 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” meaning that the rater
did not understand the content at all and “9” meaning that all content was clearly
understood.

2. The connectedness and completeness of the content with three options — ‘complete’,
‘incomplete, but understandable’, and ‘incomplete and hard to follow’.

3. Whether 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.

3.4.6 Analysis of information content

In the present study, thematic content was measured through the proportion of main
events, or thematic units, that is, main ideas and details in a stimulus mentioned by
participants (Andreetta et al., 2012; Capilouto et al., 2006; Marini et al., 2011; Marini,
Boewe, et al., 2005; Wright, 2011; Wright et al., 2005). The procedure described in
Capilouto et al. (Capilouto, Wright, & Wagovich, 2005, 2006) was followed to perform
the main events analysis. Unlike in the original procedure, the main events in the stimuli
were determined using NBD transcripts. 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’
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ability to convey relationships between the events in addition to producing main events.
However, aphasic speakers often use relatively simple syntactic structures (e.g., Edwards
& Bastiaanse, 1998), which could affect their ability to explicitly express relations, but
does not necessarily indicate their inability to properly use 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, the proportion of main events in the aphasic samples
was calculated. A list of events can be found in Appendix B. Point-to-point inter-rater
agreement for the aphasic samples reached 90%.

3.4.7 Statistical analysis

The normality of the residuals for the variables calculated based on the RST annotations
was analyzed using Q-Q plots. In the non-brain-damaged group, a ceiling effect was
observed on most of the measures. Non-parametric statistical analyses were implemented
with non-normally distributed variables.

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 scores on the non-normally distributed vari-
ables, Mann-Whitney and Wilcoxon signed-rank tests were used to analyze the group
difference and the effect of elicitation task, respectively. The significance level was ad-
justed for multiple comparisons using Holm-Bonferroni correction.

For the rating task, outliers with scores of absolute value greater than two standard
deviations from the group means (less than 5%) were removed from the data set. A
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 variables were calculated.

3.5 Results

3.5.1 Analysis of coherence ratings
Group differences

A summary of descriptive statistics of the naive listeners’ subjective ratings of coherence
is displayed in Table 3.1.

Consistent with previous findings (e.g., Ulatowska et al., 1981), the aphasic group’s
discourse was rated by a lower understandability, clarity, and completeness scores. The
results of a Mann-Whitney test revealed that the difference for understandability and
clarity ratings was significant on both discourse tasks (Table 3.2), while completeness
was lowered in the aphasic group only in the narratives (story-telling task), but not in
the procedural discourse.
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Table 3.1: 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) 4.60 (1.60) 1.40-6.70 7.95 (0.54) 7.15-9.00
Completeness (%) 42.67 (28.21) 5.00-95.00 90.95 (14.19) 50.00-100.00
Order of events (%) 86.67 (19.52) 25.00-100.00 98.67 (2.97) 90.00-100.00

Disruptions of clarity (%) 65.00 (29.28) 10.00-100.00 9.42 (10.17)  0.00-30.00

Procedural discourse task

Coherence rating (from 1-9)  4.71 (1.74)  1.95-6.55 7.33(0.93)  6.25-9.00
Completeness (%) 50.68 (34.87) 0.00-90.00  79.21 (21.99)  25.00-100.00
Order of events (%) 81.56 (14.45)  60.00-100.00 94.91 (7.34)  73.68 -100.00
Disruptions of clarity (%)  54.96 (28.61) 5.00-100.00  15.21 (16.25)  0.00-60.00

Table 3.2: 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 0.00 * 11.50 * 34.5 * 12.00 *
Procedural 8.50 * 51.5 50.00 * 26.00 *

discourse

Note: *p < 0.00625

Genre differences

Wilcoxon signed-rank test demonstrated that the effect of genre on the ratings was not
significant in either speaker group (Table 3.3).

Table 3.3: Comparisons of naive listeners’ judgment in the two genres by speaker group.

Wilcoxon Signed-Rank W =

Understandability Completeness Order of events Disruptions of
clarity
PWA 104, p=.73 94, p= 0.45 145, p=0.17 139, p=0.28
NBD 160, p=0.051 159.5, p=0.048 151.5, p=0.062 94.5, p=0.46

3.5.2 Analysis of micro- and macrolinguistic (RST) variables
Group differences

The descriptive statistics of linguistic measures for each group in the two elicitation tasks
is provided in Table 3.4. The results demonstrated that the performance in non-brain-
damaged and aphasic groups differed on all RST measures, except for the percentage of
structural expansions, on both tasks (Table 3.4).

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 3.5). The NBD speakers
produced more EDUs, and with a greater efficiency (EDU/min). They also used a larger
variety (number) of relations to build discourse structure than the aphasic group. How-
ever, as shown on Figure 3.3, the distribution of RST relations of different types in the two
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speaker groups was comparable, indicating that people with aphasia demonstrated rela-
tively preserved use of coherence relations. The aphasic participants’ samples contained
more failed and incomplete EDUs than the samples of non-brain-damaged participants.

The NBD group tended to use more relations of attribution (i.e., complex construc-
tions with direct and indirect speech and cognitive predicates) as well as background,
explanation, and elaboration relations than the aphasic group. For storytelling, in both
groups, but especially in the aphasic group, the most frequently used RST relation types
were those expressing causality, while in procedural discourse, temporal relations pre-
dominated.

The aphasic group produced 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).

Table 3.4: Descriptive statistics of macro- and microlinguistic measures

Anomic aphasia Non-brain-damaged

Mean (SD) Range Mean (SD) Range
Story-telling task
Efficiency-1st half 22.61 (13.23) 7.50-53.99 37.96 (9.56) 21.43-60.01
Efficiency-2nd half 22.10 (10.19) 6.79-42.86 36.75 (6.80) 21.43-50.00
% Total number of EDUs 14.60 (5.18) 7.00-26.00 19.20 (4.71) 10.00-26.00
E Number of relation types 11.47 (5.80)  4.00-24.00 17.67 (4.47)  9.00-24.00
g Depth of discourse structure 5.27 (1.79) 2.00-8.00 6.80 (1.42) 5.00-10.00
& % of structural expansions 1.77 (3.93) 0.00-12.50 0.67 (1.76) 0.00-5.00
= % of mononuclear relations ~ 74.34 (11.70) 54.55-100.00 75.11 (11.02) 44.44-90.48
% of incomplete EDUs 5.38 (10.32)  0.00-36.36 1.59 (3.26) 0.00-11.76
% of failed EDUs 6.47 (19.25)  0.00-75.00 0.00 (0.00) 0.00-0.00
g
g 4 % % of errors 4.87 (4.44) 0.00-15.38 0.21 (0.56) 0.00-1.69
= 2 £ % of function words 48.31 (7.99)  34.04-58.67  52.27 (4.76)  47.46-64.29
Procedural discourse task
Efficiency-1st half 22.61 (13.23) 7.50-53.99 37.96 (9.56) 21.43-60.01
Efficiency-2nd half 22.10 (10.19) 6.79-42.86 36.75 (6.80) 21.43-50.00
2 Total number of EDUs 14.60 (5.18)  7.00-26.00 19.20 (4.71)  10.00-26.00
5 Number of relation types 11.47 (5.80)  4.00-24.00  17.67 (4.47)  9.00-24.00
g Depth of discourse structure 5.27 (1.79) 2.00-8.00 6.80 (1.42) 5.00-10.00
& % of structural expansions 1.77 (3.93) 0.00-12.50 0.67 (1.76) 0.00-5.00
= % of mononuclear relations ~ 74.34 (11.70) 54.55-100.00 75.11 (11.02) 44.44-90.48
% of incomplete EDUs 5.38 (10.32)  0.00-36.36 1.59 (3.26) 0.00-11.76
% of failed EDUs 6.47 (19.25) 0.00-75.00 0.00 (0.00) 0.00-0.00
7
n % % of errors 487 (444)  0.00-15.38  0.21 (0.56)  0.00-1.69
S £ £ % of function words 48.31 (7.99)  34.04-58.67  52.27 (4.76)  47.46-64.29
Note: EDU == elementary discourse unit
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Figure 3.3: Distribution of RST relations in the (a) story-telling and (b) procedural
description tasks. (Note: PWA == people with aphasia, NBD == non-brain-damaged people, RBD
== people with right hemisphere brain damage)

Genre differences

There was a main effect of genre on the RST measures (Table 3.5). The story-telling task
yielded higher efficiency, that is, faster discourse production in EDUs (F(1,58)=28.5, p =
.0002; F(1,58)=7.23, p=.01) and a larger number 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 (U=383.5,
7Z=3.106, p=.009, r=.4). Specifically, procedural discourse contained a higher proportion
of mono-nuclear relations. Speakers with aphasia also produced significantly more EDUs
(T =4,z =-3.19, p < .001) and a greater depth of resultant discourse structure (T = 2,
z = -3.19, p < .001) in the story-telling task than in procedural description.

Interaction effects

There was an interaction effect of group and genre on efficiency (Table 3.5). Independent
t-tests revealed that the non-brain-damaged participants produced a larger number of
EDUs per minute in both the first and second halves (t(28) = -3.64, p < .001 and t(28)
= -4.63, p < .001) of the story-telling task than the aphasic group.

3.5.3 Correlations between the linguistic variables and coherence ratings
Macro-linguistic measures

Most of the correlations between measures based on the RST analysis and subjective
coherence ratings were significant at the .05 level or higher (Table 3.6). The degree of
elaboration, the number of relation types used, and the total number of EDUs produced
were correlated with the coherence ratings, whereas no significant correlation was found
between the ratings and the proportion of structural expansion. There was an inverse
correlation between the proportions of failed and incomplete elementary discourse units
and all four subjective ratings.
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Table 3.5: Statistical comparisons between performances of aphasic and non-brain-damaged groups.

Effect of group Effect of genre

Interaction effect

Two way ANOVA, F(1, 58)

ANOVA, F(3,56)

Efficiency-1st half
Efficiency-2nd half
Total number of EDUs

Number of relation types
Depth of discourse structure

% of incomplete EDUs
% of failed EDUs

% of structural expansions

% of errors

% of mononuclear relations

14.81 ***
18.15 ***
11.74 **
5.554 *
11.62 **

28.50 *H*
7.23 *
14.53 **
48.56 ***
21.09 ***

258.30 *
220.19 *
10.97, p—0.73
22.33, p=0.66
14.45 , p=0.59

Mann-Whitney U

Wilcoxon Signed-Rank W

340, p=0.17
330 *

423, p=0.76
105 kK

509.5, p=0.76

25, p=0.112
13, p=0.67
13, p=0.57
37, p=0.34
383.5 **

Note: *p < .05; **p < .01; *** p < .001. P-values were adjusted using the Holm-Bonferroni method.

Table 3.6: Correlation between macro- and micro-linguistic variables and subjective coherence ratings.

Kendall’s tau

Understandability Completeness Order of events  Disruptions of

clarity

Story-telling task

Efficiency-1st half 0.425%%* 0.408** 0.301* -0.433***

Efficiency-2nd half 0.544%** 0.489%** 0.384** -0.484***

Total number of EDUs  0.474*** 0.482%** 0.291%* -0.307*

Number of relation 0.570%** 0.583*** 0.418** -0.386**

types

Depth of the resulting — 0.472%** -0.454*** -0.360%* -0.301*

discourse structure

% of structural -0.017 0.013 0.066 -0.077

expansions

% of incomplete EDUs  -0.032 0.017 0.031 0.161

% of failed EDUs -0.389%** -0.362* -0.486** 0.403**

% of errors -0.709 *** -0.728%%* -0.456%* 0.563***

% of function words 0.188 0.096 0.053 -0.059

Procedural discourse task

Efficiency-1st half 0.263* 0.104 0.131 -0.196

Efficiency-2nd half 0.161 0.212 0.151 -0.147

Total number of EDUs  0.362** 0.306%* 0.202 -0.125

Number of relation 0.344** 0.297* 0.169 -0.137

types

Depth of the resulting — 0.431** 0.361** 0.213 -0.289%*

discourse structure

% of structural -0.023 -0.109 -0.062 0.101

expansions

% of incomplete EDUs  -0.449** -0.293* -0.403** 0.516%**

% of failed EDUs -0.369* -0.303* -0.318* 0.403**

% of errors -0.623%%* -0.455%* -0.382%* 0.555%**

% of function words 0.241 0.161 0.121 -0.133

Note: *p < .05; **p < .01; *** p < .001.
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Micro-linguistic measures

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

3.5.4 Information content

In the procedural description, nearly all aphasic speakers mentioned all essential steps,
but not the two optional elements (elaborative materials). In the story-telling task, only
half of the total amount of essential information was given by the majority (>80%) of
the aphasic speakers, and elaborative material was largely omitted in their samples. The
results of Mann-Whitney tests indicated that there was a group effect for story-telling (U
= 119, p < .001) but only marginally significant difference for procedural discourse (U =
24.5, p < .05).

3.6 Discussion

The present study pioneered the application of a formal discourse analysis framework,
Rhetorical Structure Theory (RST), to the investigation of coherence in spoken discourse
in aphasia. Narrative and procedural discourse samples in 15 Cantonese speakers with
anomic aphasia and 15 non-brain-damaged (NBD) participants were examined. Discourse
structure was annotated in the samples using RST. Then the coherence of the samples
was rated by naive listeners. The ratings were contrasted with a number of variables
extracted from the RST annotations in order to explore the relation between macro and
microlinguistic properties of discourse and coherence.

Macrolinguistic variables and coherence

According to RST, discourse consists of elementary meaningful information units (EDUs),
interconnected by rhetorical, or coherence, relations. Our group of speakers with aphasia
produced significantly fewer EDUs,; with a lower efficiency (EDU/min) than the non-
aphasic group. Discourse structures in aphasic narratives also contained a smaller variety
of semantic, or rhetorical, relations, and had smaller depths. These macrostructural dif-
ferences corresponded to significantly lower coherence ratings, as judged by naive native
speakers. These results indicate that the complexity of discourse, expressed by its length,
depth, and the variety of relations used to build it, influences the perception of discourse
coherence. Importantly, in contrast with previous studies, linguistic complexity is mea-
sured at the discourse level, rather than the syntactic level (e.g., Korpijaakko-Huuhka &
Lind, 2012; Ulatowska et al., 1983; Ulatowska et al., 1981).

Microlinguistic variables and coherence

Our results with respect to the relationship between microlinguistic impairments and
coherence were inconclusive. The percentage of word-level errors was higher in the apha-
sic samples. This parameter was found to be correlated with the coherence judgment.
In Cantonese, unlike in synthetic, or highly inflected, languages, grammatical and logi-
cal connections between words are mostly established through function words and word
order. However, no correlation was found between coherence ratings and the percent-
age of function words. Coelho and Flewellyn (2003) reported a longitudinal study of an
anomic speaker’s discourse production abilities, in which they found that the participant’s
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microlinguistic processing improved over time, while macrolinguistic level remained mod-
erately impaired. In the present study, discourse structures in the narratives produced
by aphasic speakers were less well-formed than those in non-aphasic ones. The indicators
of structural well-formedness — proportions of failed and incomplete EDUs — were corre-
lated with the coherence ratings. Two crucial observations are pertinent to these results.
First, these two types of ill-formed EDUs often result from grammatical deficits and lex-
ical access problems. Second, failed and incomplete EDUs are disruptive for discourse
structure per se, but also due to the use of repair strategies that they trigger (e.g., refor-
mulations or corrections). Based on these observation and keeping in mind the findings
of previous studies (Andreetta et al., 2012; Coelho & Flewellyn, 2003), we suggest that
micro-linguistic impairments contribute to poor coherence through their negative impact
on discourse structure, rather than directly. This hypothesis should be tested in future
studies addressing the relationship between micro- and macrostructure and coherence.

Information content

The information content analysis demonstrated that essential thematic information con-
tent in the story-telling was reduced in our aphasic group’s narratives, but not in pro-
cedural descriptions. These results are consistent with previous studies reporting a re-
duction of thematic content in narratives (e.g., Capilouto et al., 2006) and preservation
of essential information in procedural discourse (Ulatowska et al., 1983) produced by
people with different types of aphasia. However, Andreetta et al. (2012) found that the-
matic informativeness, unlike lexical informativeness, remained within normal limits in
the picture-elicited narratives produced by anomic speakers.

As the methodology, elicitation tasks, and aphasia types were comparable in the study
of (Andreetta et al., 2012) and the present work, these inconsistencies in findings can be
attributed to the individual variability between aphasic speakers. Another explanation
stems from the differences in language structures. Italian anomic speakers in Andreetta et
al.’s study and our Cantonese aphasic group produced mild grammatical disturbances (see
also Bastiaanse et al., 2011; Edwards & Bastiaanse, 1998). Morphosyntactic information
is encoded differently in the two languages, which means that the consequences of the
grammatical difficulties can differ as well. Christiansen (1995) found that anomic speakers
tended to skip whole propositions to compensate for their word-finding problems. While
in Italian relations between words are signaled grammatically, in Cantonese the same is
done through lexical means and word order. It can be hypothesized that for speakers with
anomia, the defining feature of which is impaired lexical access, inflectional morphology
was easier to “forgo” than the lexicalized way of expressing morphological meanings in
Cantonese. As a result, Cantonese speakers with aphasia reduced language production
in general as a coping strategy, while Italian speakers did not. A comparative study of
thematic informativeness in languages with different structures and in different types of
aphasia could shed more light on the matter.

In the present study, reduced thematic informativeness, corresponded to lower coher-
ence ratings in the aphasic group. Informativeness can thus be considered to be one of
the factors potentially influencing coherence perception.

Genre-related differences

As it was mentioned earlier, several factors have been shown to influence cognitive de-
mand of an elicitation task, and, consequently, linguistic performance of aphasic speakers.
Our results quantitatively confirmed that there is a difference between macro-linguistic
patterns of the two genres (e.g., Ulatowska et al., 1990). That is, procedural discourse
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represents an enumeration of steps, or even a listing of nouns in case of verb-production
difficulties in the aphasic group, which in structural terms means a simpler structure
with equally distributed information. Story-telling involves more complicated relations
between different parts of discourse, making the ability to establish mono-nuclear se-
mantic and pragmatic relations essential for producing this type of discourse. Hence,
the importance of careful selection of elicitation tasks, be it in clinical or experimental
settings, should be stressed once again.

The RST analysis, as compared to a more traditional view on discourse organization
in terms of narrative structure (setting, complicating action, and resolution), delivered
a more fine-grained representation of the macro-structural patterns of the two genres.
It demonstrated that discourse structures in narratives produced by aphasic and non-
aphasic speakers differed on a number of parameters, and were not all well-formed. Our
results also suggest that factors other than discourse organization may be critical to the
perception of coherence. Word-level errors and reduced information content potentially
negatively impact coherence. While further investigations of these variables’ impact is
necessary, the clinical implication of this finding is that discourse-level treatment may
not be efficient or complete without additional therapy targeting word finding.

Limitations

The limitations of this study include a relatively limited sample size restricted to a one
single aphasia type. The choice of correlation analysis for this study, motivated by the ceil-
ing 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 may provide additional information to
complete the picture drawn in this study. Further investigations building on the current
work should extend the investigation to other spoken discourse genres. Despite these lim-
itations, the present findings provide a solid foundation for further studies investigating
the contribution of linguistic variables to coherence.

Conclusion

The RST-based coherence analysis presented in this study has offered a novel, fine-
grained, systematic way of examining the macro-structural features of oral discourse
in aphasia. This is evidenced by the strong correlations between the RST measures and
the subjective coherence ratings of narrative production by speakers with anomic apha-
sia. By using ratings, coherence has been addressed as a perceived quality of discourse,
rather than its solely linguistic well-formedness. A number of linguistic variables poten-
tially required for a discourse to be perceived as coherent have been identified. However,
the present study did not address the question whether coherence is established through
linguistic means alone, or whether comprehension-related variables are involved as well.
Future extension of the current investigation should involve 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 sponta-
neous 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, 2011), can inform
language production theory as well as therapy. Lastly, we have briefly discussed that
aphasic speakers of languages with different grammatical structures may choose different
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coping strategies to compensate for their language impairments. This is only one exam-
ple of the cross-linguistic differences in discourse-level language production. The analysis
of discourse structures with RST implemented in the present study offers a possibility
for conducting cross-linguistic analyses in order to unveil differences between languages
at the macrolinguistic level, but also the general principles of language production, the
crucial linguistic mechanisms behind this essential communicative process.
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Chapter 4

Linguistic mechanisms of coherence in
aphasic and non-aphasic discourse.?

Abstract

Purpose: ‘Coherence’ is the quality distinguishing discourse from a random collection of
sentences. This paper presents a cross-methodological investigation of coherence in
discourse of Russian speakers with and without aphasia. The purpose of this study was
to determine the linguistic mechanisms responsible for discourse coherence and its
impairment in aphasia.

Method: Twenty participants were asked to retell the content of a short movie. The
retellings were first rated for coherence. Then they were annotated using Rhetorical
Structure Theory (RST), an approach formalizing the idea of internal organization of
discourse. A number of macrostructural variables were calculated from the annotations.
A classification analysis was performed to determine whether the raters’ choice between
“coherent” and “incoherent” can be explained based on the RST parameters and a set of
microlinguistic variables, and to identify the features contributing to raters’ perception
of coherence.

Results: The results suggest that listeners’ coherence judgment is directly related to
macrostructural well-formedness of discourse, which, in turn, can be affected by a
number of microlinguistic variables.

Conclusions: In most cases, different aspects of coherence are associated with a number
of macro- or microlinguistic features of a discourse. However, our findings also suggest
that other, possibly interpretation-related, effects influence coherence judgment.

3This chapter was adapted from Linnik, A., Bastiaanse, R., Khudyakova, M., & Stede, M., Linguistic mechanisms of
coherence in aphasic and non-aphasic discourse. Submitted on June 15th, 2016 (Journal of Speech, Language, and Hearing
Research, manuscript JSLHR-L-16-0245)
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4.1 Introduction

A number of structural-discourse-analysis theories, in the traditions of the formal ap-
proach, considered discourse to be a unit of language above sentences. Discourse is
a semantic unit, not a grammatical one (Halliday & Matthiessen, 1994). The current
study addresses perhaps the most important property of discourse: its internal overall
semantic or pragmatic unity, and how it is established. In this paper we present a cross-
methodological analysis of spoken discourse in people with aphasia (PWA), a language
impairment resulting from stroke, and non-brain-damaged speakers (NBD). The study
was designed and implemented to answer the following questions:

1. Is the ability to produce/construct coherent discourse impaired in aphasia?

2. Which linguistic components contribute to coherence?

4.1.1 Coherence

The problem of defining coherence has been extensively addressed by a number of re-
searchers (Foltz, 2007; Gernsbacher & Givén, 1995; Kehler, 2002, 2004; Kintsch & Van
Dijk, 1978; Sanders & Spooren, 1999; Van Dijk, 1977). Most of the existing definitions
are based on the notions of thematic relatedness, topic maintenance (Glosser & Deser,
1991; Halliday & Hasan, 1976), or a general notion of semantic unity, where the parts
of discourse “hang together” (Foltz, 2007; Olness & Ulatowska, 2011; Olness, Ulatowska,
Carpenter, Williams-Hubbard, & Dykes, 2005; Ulatowska, Olness, & Williams, 2004).
One prominent line of discourse analysis defines coherence through the relations (e.g.,
causal or contrastive ones) between the minimal elements of discourse, its internal orga-
nization (Hobbs, 1985; Knott, Sanders, & Oberlander, 2001; Mann & Thompson, 1985,
1988; Marcu, 2000; Polanyi, 1988). In general, coherence can be divided into local coher-
ence, established at the level of pairs of sentences or propositions, and global coherence,
referring to the semantic unity of a discourse as a whole. Perhaps the most well-known
theory of local coherence, the Centering Theory (Grosz, Weinstein, & Joshi, 1995; Joshi
& Weinstein, 1981), suggests that coherence can be modeled based on the relative salience
of entities — referents — in a discourse segment and the choice of referring expressions.
The present study, however, mainly focuses on global coherence, henceforth referred to
as “coherence”.

Connectedness has been argued to be a characteristic of the mental representation
of discourse, as opposed to the discourse as a linguistic entity alone (Renkema, 2009;
Sanders & Pander Maat, 2006). Furthermore, Gernsbacher and Givén (1995) considered
coherence to be a property emerging during speech production and comprehension, which
allows a listener to reconstruct discourse as the speaker had it in mind, or the mental
representation of it. Hence, the listener’s perspective has to be taken into account when
investigating coherence. The current paper describes a study of listeners’ perception of
coherence and a set of micro- and macrolinguistic means by which it is established in
discourse of aphasic and non-aphasic speakers.

4.1.2 Coherence in aphasia

A substantial body of research has documented the disturbances in phonological, lexical-
semantic, and syntactic aspects of language production in aphasia (Bastiaanse, Hugen,
Kos, & Van Zonneveld, 2002; Blumstein, 1998; Edwards, 1995; Glosser & Deser, 1991,
, 1.a.). Although language production at the discourse level received considerable atten-
tion during the last years, coherence remains relatively poorly understood. While some
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studies suggested discourse coherence in aphasia is impaired (Andreetta et al., 2012;
Christiansen, 1995; Wright & Capilouto, 2012), others reported its preservation (e.g.,
Glosser & Deser, 1991; Ulatowska et al., 1990). One of the reasons the findings have
been inconsistent is the difference in approaches. Specifically, previous studies focused
on various aspects of coherence and used different methods to analyze them. The most
relevant ones are discussed in this section. More information on previous investigation of
discourse production in aphasia can be found in the comprehensive review by Armstrong
(2000) and the recent review by Linnik et al. (2016).

Several coherence measures commonly used in language-impairment research and in
aphasiology in particular, are based on the notion of topic maintenance, and employ
different rating scales. Glosser and Deser (1991) suggested segmenting discourse into
utterances and rating every utterance’s relatedness to the content of the preceding unit
(local coherence) and the overall topic (global coherence) on a five-point scale. The
authors reported that their aphasic group obtained coherence scores comparable to those
of the NBD group. Because the scores 2 and 4 were rarely used by their raters, a
three-point version of Glosser and Deser’s (1991) scale was proposed by Van Leer and
Turkstra (1999). They studied coherence in speech after traumatic brain injury, but their
three-point scale has also been used to measure coherence in aphasic and non-aphasic
stroke survivors (Coelho & Flewellyn, 2003; Rogalski et al., 2010). Wright and colleagues
(Wright et al., 2013; Wright et al., 2014; Wright et al., 2010) used a four-point scale, also
based on the Glosser and Deser (1991) method, which was claimed to be more reliable
for the evaluation of coherence in aphasia than the original five-point version.

Whereas Glosser and Deser (1991) style scales evaluated coherence through rating each
utterance, in the current study we were interested in coherence as the overall “quality”
of discourse, which “can be operationalized only through a single rating of the semantic
unity of the whole discourse-situated-in-context, that is, the degree to which a unit [dis-
course|, as a whole, hangs together or makes sense” (Olness & Ulatowska, 2011, p. 1397).
Two scales have previously been used to evaluate overall coherence in this way: one by
Ulatowska et al. (1981) and one by Armstrong (1987). Armstrong (1987) introduced the
notion of “cohesive harmony” and demonstrated that it correlates with listeners’ percep-
tion of coherence rated on a 4-point scale as the ability to “make sense” of a text. “Co-
hesion” refers to the local connectivity between sentences and clauses, which is reached
through a variety of surface linguistic means, such as coreference, conjunction, and lexical
relations (e.g., collocation). Although cohesion and its relation to coherence are outside
the scope of this paper, it should be mentioned that in a number of other works, cohesion
was studied as a correlate of discourse coherence (Coelho et al., 1994; Halliday & Hasan,
1976; Piehler & Holland, 1984). The three-point scale devised by Ulatowska et al. (1981)
addresses the quality of content and clarity as tentative correlates of the overall coher-
ence and cohesion, respectively. By disentangling coherence and cohesion, Ulatowska et
al. (1981) took a big step towards a more comprehensive approach to connected-speech
analysis in aphasia.

A different approach was suggested by Christiansen (1995), who analyzed the discourse
of fluent aphasic speakers from the perspective of propositional coherence. The texts were
divided into propositions that were analyzed in terms of coherence violations (information
gaps, progression and relevance). Similarly, Marini and colleagues (e.g., Marini, Boewe, et
al., 2005; Marini, Carlomagno, et al., 2005; Marini et al., 2008) assessed coherence through
the analysis of coherence errors, for example, semantically unrelated and filler utterances.
Several multi-level procedures combining word and sentence-level measures, information
content, fluency, global and/or local coherence assessment have been developed recently
to explore the interaction between linguistic variables involved in discourse production
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(Andreetta et al., 2012; Andreetta & Marini, 2015; Marini et al., 2011; Sherratt, 2007;
Wright & Capilouto, 2012).

The connection between linguistic variables and coherence perception has hardly been
addressed before. Ulatowska and colleagues (Ulatowska et al., 1990; Ulatowska et al.,
1983; Ulatowska et al., 1981), for example, reported that the occurrence and length
of narrative elements, such as setting, complicating action, and resolution, in aphasic
narratives were comparable to those in their control group’s samples, whereas aphasic
samples were rated as less coherent in terms of content and clarity. The current study
taps into the linguistic mechanisms behind coherence. We explore how different micro-
and macrolinguistic parameters of discourse relate to the overall coherence ratings. We
use Ulatowska et al.’s (1981) scale, and additionally report the results for Van Leer and
Turkstra’s (1999) three-point scale analysis for comparability reasons.

4.1.3 Discourse structure

Discourse in healthy population has been extensively investigated within a variety of
frameworks. Ever since the claim was made that natural discourse has a more complex
internal organization than a simple linear sequence of utterances/sentences (e.g., Fox,
1987), it has been argued that discourse structure can be formalized (Grosz & Sidner,
1986; Mann & Thompson, 1985, 1988; Marcu, 1998; Miltsakaki, Prasad, Joshi, & Webber,
2004; Moore & Pollack, 1992; Moser & Moore, 1996; Poesio, Patel, & Di Eugenio, 2006;
Walker, 1998; Wolf & Gibson, 2005; Wolf, Gibson, Fisher, & Knight, 2005).

Rhetorical Structure Theory

Rhetorical Structure Theory (RST) has been introduced as a descriptive theory of natural
text organization, “an abstract set of conventions” (Mann & Thompson, 1988, p. 247), but
has evolved over time into a rather fine-grained framework of discourse analysis. The basic
assumption of RST is that discourse is internally organized into a hierarchical structure
rather than a linear sequence (e.g., Fox, 1987; Grosz & Sidner, 1986; Polanyi, 1988). In
RST, textual coherence is described in terms of semantic and pragmatic relations, also
called “discourse” or “coherence” relations. Discourse consists of elementary units, each
representing a complete piece of information, which are connected to each other through
coherence relations. The inter-connected elementary discourse units (EDUs) form larger
spans that are in turn linked to each other, building up into a tree representation. In every
pair of spans, both units are assigned a nuclearity status. In a pair, the so-called nucleus
contains the more important part of the discourse and is independently comprehensible,
while the satellite either elaborates the information presented in the nuclei, or is less
pertinent to the core of the discourse, or the purpose of its author. Consider the construed
example in (i) (Fig. 4.1). There are five EDUs in this example. EDUs (2), (4), and (5)
are crucial in terms of information content, they are the nuclei in the scheme. Some
additional information is presented in the satellites (1) and (3). One level up in the tree,
the segment in the span (4-5) can be considered a consequence (i.e., a satellite) of the
situation described in the span (1-3), although the nuclearity status of these EDUs may
change in context.

(i) (1) Although she was not hungry anymore, (2) Mary decided to try the cake (3)
her friend made. (4) She took a piece, (5) but could only eat a half of it.
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CongeqUence-s
P
CONCESZIoN
— Contrast
(1] 4 (3]
Although she was restrictive-rel. She took a piece, but could anly eat a
not hungry arymore, L half of it.
2] =
M ary decided ko try her fiend made.
the cake

Figure 4.1: Example of an RST tree with a multi-nuclear relation (Contrast), mono-nuclear
relations (Concession, Consequence), and an embedded EDU (a restrictive relative clause)®

A detailed description of the basic principles of RST can be found in the original
papers by Mann and Thompson (1985, 1988), as well as in a series of works by e.g.,
Taboada (2004), and reviews of Taboada and Mann (2006a, 2006b).

RST is a powerful tool for discourse analysis that has been widely applied to natural
language data (e.g., Carlson, Marcu, & Okurowski, 2003; Fawcett & Davies, 1992; Juliano
& Cassim, 2012; Kibrik, Khudyakova, Dobrov, & Linnik, 2013; Kibrik, Khudyakova,
Dobrov, Linnik, & Zalmanov, 2016; Marcu, 1997; Marcu et al., 1999; Stede, 2004; Stent,
2000; Taboada, 2004). While its primary theoretical application has been discourse-
coherence research (e.g., Mann & Thompson, 1988; Redeker, 2000; Sanders, 1997), RST
also found practical applications in a number of computational linguistics tasks (see Hovy,
1993; Taboada & Mann, 2006a, for an overview).

RST has been criticized for some of its aspects (cf. Taboada & Mann, 2006b), such as
tree-structure representation (Miltsakaki et al., 2004; Wolf & Gibson, 2005), relational
ambiguity, and possibility of multiple analyses (e.g., Moore & Pollack, 1992; Stede, 2008).
The latter issue derives from the more global problem of discourse ambiguity: just like
a word or a sentence can be ambiguous, a piece of discourse may have multiple interpre-
tations. Certain disambiguation solutions have been suggested to minimize this problem
(Marcu, 1998; Stede, 2008). The criticism of the tree-shaped structure focuses on the
following restriction: only one link and one relation can be chosen to establish the con-
nection between a segment and the rest of the discourse, while in some cases, more than
one such connection can be recognized. Due to this restriction, RST analysis does not re-
flect some of the connections simultaneously present between different discourse segments
(Marcu et al., 1999; Wolf & Gibson, 2005). However, the advocates of the tree-structure
representation argue that under-constrained representations lead to an overload of links,
often doubling each other, and resulting in the possibility of linking any two discourse
segments due to the “the human tendency to interpret texts as coherent even when they
are not” (Egg & Redeker, 2010; Marcu, 2003).

Despite the above-mentioned objections, there were two major reasons for choosing
RST to study discourse in aphasia. First, it offers a detailed annotation scheme — a set
of clearly formulated discourse-tagging principles (Carlson & Marcu, 2001) which has
been previously used in creating a large corpus of written annotations (Carlson et al.,
2003). Den Ouden, van Wijk, Terken, and Noordman (1998) reported that the inter-
annotator agreement for RST was higher than for a less detailed intention-based analysis
proposed by Grosz and Sidner (1986), possibly as a result of the more explicit definitions
of relations in RST. Second, although RST is not an explanatory theory of discourse

5The “restrictive-rel” relation is not a part of the original RST set, but it is included in the extended set of relations
devised by Carlson and Marcu (2001).
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production (Mann & Thompson, 2001), it is a widely applied descriptive framework con-
taining a number of cognitively plausible aspects (e.g., Taboada & Mann, 2006a). For
example, according to RST’s basic assumptions about discourse structure, every part
of a coherent discourse should have a place in the structure. This requirement appeals
to Grice’s maxims of quantity and relevance and thus reflects the same idea that is be-
hind propositional content or analyses of coherence violations (e.g., Christiansen, 1995;
Marini et al., 2011), in which irrelevant propositions are penalized. Another example is
the restriction to choose a single most plausible analysis among the existing possibili-
ties. It was introduced because of the ambiguity at discourse level, not uncommon at
other linguistic levels. It mimics the natural process of listeners’ selection of a single
interpretation during discourse processing (e.g., Mann & Thompson, 1988). The fact
that manipulations of discourse structure can result in different interpretation of a dis-
course further supports the argument that discourse structure plays an important role
in discourse processing (Sanders, 1993). RST provides an apparatus for the analysis of
alterations of discourse structure in aphasia. Specifically, it is possible that coherence im-
pairment in aphasia is a reflection of discourse-structure alterations (e.g., disintegration),
which results from the deficits at different linguistic levels experienced by aphasic speak-
ers. Spontaneous speech, as opposed to written or preplanned oral discourse, provides
access to studying the immediate cognitive processes, such as inferencing, attention allo-
cation, and reasoning, related to language production. Analyzing spoken discourse can be
very informative in terms of the principles underlying language organization. Structural
organization of healthy, spoken discourse has been explored in a relatively small number
of studies (Antonio & Cassim, 2012; Daradoumis, 1996; Kibrik & Podlesskaya, 2009;
Nakatani, Hirschberg, & Grosz, 1995; Taboada, 2001, 2004). Although the original RST
was developed for written text, and lacked the means to represent underdeveloped struc-
tures, such as corrections, paraphrasing, repetitions (Antonio & Cassim, 2012), it was
demonstrated that RST can be implemented in spoken-discourse analysis (Daradoumis,
1996; Taboada, 2004). Moreover, Kibrik and Podlesskaya (2009) showed that RST can
be used to investigate narrative-structuring abilities in populations with atypical speech
production.

4.1.4 The present study

We hypothesize that aphasic speakers are able to reach understandability despite mi-
crolinguistic deficits because their ability to maintain the core structure in their discourse
is preserved. However, because of multiple disfluencies, or “gaps”, in their discourse struc-
tures, their narratives are perceived as less coherent. The term “disfluencies” refers to the
occurrences of false-starts, repairs and reformulations, and unintelligible parts, which po-
tentially disrupt discourse flow. As stated earlier, we consider coherence to be a product
of both speaker and listener perspectives, and the global meaning to be co-constructed
by both discourse organization by a speaker and its perception by a listener. Ulatowska
et al. (1981) among others hypothesized that “there should be some relationship between
the objective measures of sentence or discourse structure, and the rating of the scorer”
(p. 367), but postponed investigation of this issue. The focus of our study is the in-
vestigation of the relationship between different linguistic parameters of discourse and
the perception of coherence in terms of overall coherence ratings. A number of micro-
and macrolinguistic parameters, such as word-level error rate, type-token ratio, and pro-
portion of structural disfluencies and main events (see Table 4.2), were collected from a
set of semi-spontaneous story retellings by people with and without aphasia, which were
annotated for discourse structure with RST (cf. the “Methods” section). Coherence as a
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perceived quality of discourse was measured using the scale developed by Ulatowska et al.
(1981). For comparability purposes, the samples were also evaluated using the 3-point
version of Glosser and Deser’s (1991) scale (Van Leer & Turkstra, 1999). Classification
analysis was performed to test whether coherence ratings could be explained by micro-
and /or macrolinguistic variables, and to identify which of the variables were the most
informative.

4.2 Methods

4.2.1 Participants

Ten people with aphasia resulting from stroke (mean age 56.4, range 40-73; 6 male and
4 female) and ten non-brain-damaged native Russian speakers (58.7, range 42-84; 5 male
and 5 female) participated in the study. The groups were matched for age (8 pairs
with £ 5 years, 2 pairs with 10-11 years of age difference). All aphasic participants
were recruited at the Center for Speech Pathology and Neurorehabilitation in Moscow,
Russia. Five of the aphasic participants were diagnosed with fluent, five others with
non-fluent aphasia using Luria’s Neuropsychological Investigation (Luria, 1966a), the
severity level varying from mild to severe, and time post onset ranging from 3 months to
7 years and 9 months. The non-brain-damaged participants were recruited at a national
research institution in Moscow and through personal contacts. None of them had been
diagnosed with neurological impairments or psychiatric disorders. All of the control
participants were highly educated, whereas the educational background in the aphasic
group varied from secondary (in one case incomplete) to higher education. The individual
characteristics of aphasic participants are provided in the Appendix C. The participants
signed an informed consent form that was formulated according to the Declaration of
Helsinki.

4.2.2 Materials

The Pear Film (Chafe, 1980), a six-minute silent movie, was used to elicit spoken dis-
course samples. Following Chafe’s original procedure, the participants were instructed to
tell to someone who had not seen the movie before what happened in the movie. The
audio recordings of the retellings have been added to the Russian Clinical Pear Stories
corpus (CliPS). Their discourse samples were transcribed using the Codes for the Human
Analysis of Transcripts (CHAT) format (MacWhinney, 2000). The information about
the number of words, utterances, EDUs and the duration is provided in Table 4.1.

Table 4.1: Results of the quantitative analysis of the discourse samples produced by aphasic (PWA) and
non-brain-damaged (NBD) participants of the current study. Means (ranges).

PWA NBD
Number of words 234 (124-509 ) 321 (146-551)
Number of utterances 28.7 (15-50) 29.4 (9-56)
Number of EDUs 43.4 (21-104) 62.7 (24-98)
Time in minutes 6.95 (2.4-18.4) 3.1 (2.1-4.97)

Note: EDU = elementary discourse unit; PWA == people with aphasia, NBD == non-brain-damaged people

61



CHAPTER 4. EVALUATING COHERENCE IN ANOMIC APHASIA

4.2.3 Procedure

Coherence ratings

The rating scale developed by Ulatowska et al. (1981) contains four questions assessing
the quality of content (Q1-Q4), and one for clarity of language (Q5). Both content and
clarity were rated on a three-point scale.

(Q1) Do you know what is happening in the story?

(Q2) Does the sequence of events make sense?

(Q3) Is the story unambiguous as to what each of the participants did?
(Q4) Is the story accurate in terms of the stimulus?

(Q5) Clarity

According to the original procedure suggested by Ulatowska et al. (1981), ratings on all
the questions addressing content (Q1-Q4) should be added up to form a final score. This
resulting score may, however, be difficult to interpret, because every parameter assessed
by these questions receives the same “weight” in the final score. It has been argued that
referential cohesion is not a pre-requisite for appropriate coherence (e.g., Glosser & Deser,
1991; Keenan et al., 1984; Ulatowska et al., 1983; Ulatowska et al., 1981). Hence, the
variables may not equally contribute to the overall coherence. Arguably, the concept of
clarity already implies an appropriate sequence of events (Q2), and accuracy with respect
to the stimulus (Q4) may not be essential for a retelling to be coherent. Considering
these arguments, in the current study we focused on Content (Q1) and Clarity (Q5) as
representative correlates of coherence.

Two five-point scales, one for Understandability (ql) and one for Connectedness (q2),
were added to the original scale.

(ql) How understandable is the retelling you've listened to?
(q2) How connected is it?

Adjusting task instructions is not a new idea (e.g., Wright & Capilouto, 2009), and
we expected that in this particular case, using these two additional questions result in a
better interpretability of the outcomes. That is, in addition to asking if one can make
sense of a story at all, we wanted to know how understandable it was. If the first question
focuses on the ability of a listener to interpret what he or she heard, the second one rather
is about the well-formedness and appropriateness of the product of a speaker’s effort.

Inter-rater reliability

All the samples were rated independently by two of the authors (AL and MK). There
is an extensive discussion about the correct way to calculate inter-rater agreement in
linguistics (e.g., Artstein & Poesio, 2008). Percent agreement is arguably a rather unre-
liable indicator of inter-rater reliability, especially with increasing number of categories.
However, it is still used in many studies, and for comparability purposes it is noteworthy
that inter-rater percent agreement for Ulatowska’s (1981) and Glosser and Deser’s (1991)
rating scales in this study reached 89%. The results of three chance-corrected inter-rater
agreement measures indicated a high level of agreement between the raters on all ques-
tions (ICC .85-.95, Krippendorf’s alpha .77-.85, Cohen’s kappa .8-.9) but Q2 and Q4
(around chance-level agreement). After the inter-rater reliability scores were calculated,
all disagreements were resolved in a discussion, and a single, overall coherence score for
every sample for each scale was agreed upon.

62



CHAPTER 4. EVALUATING COHERENCE IN ANOMIC APHASIA

Segmentation

The samples were segmented into elementary discourse units, following the RST anno-
tation guidelines (Carlson & Marcu, 2001; Kibrik & Podlesskaya, 2009) and the CHAT
manual (MacWhinney, 2000). The segmentation principles were based on syntactic, se-
mantic, and phonologic criteria resembling the ones used by Marini et al. (2011). The
samples were also segmented into wutterances — also called “verbalizations” (Glosser &
Deser, 1991), communicative units (C-units; e.g., Armstrong et al., 2011; Wright & Capi-
louto, 2009, 2012) or terminal units (T-units; e.g., Coelho et al., 1994; Hunt, 1970; Van
Leer & Turkstra, 1999) — for the Glosser and Deser (1991) rating procedure. An utterance
consisted of a main clause and all subordinate clauses or non-clausal structures attached
or embedded in it. Unlike an utterance, an EDU “encodes a minimum of meaning and /or
discourse function interpretable relative to a set of contexts” (Stede, 2011, p. 87), hence,
for example, clausal complements and infinitival clauses (cf. Carlson & Marcu, 2001) were
treated as separate EDUs. In the example on Figure 4.2(A) below, three EDUs in the
(3-5) span constitute a single utterance.

(A}

1-6
Sequence
(1) (2) 3-6
Mary ate a and took a piece CONSEqUENCE-S
schnitzel of pizza, L
3-5 (6)
concession She immediately
——y regretted having
3 4-5 eaten it.
Although she was restrictive-rel-e
not hungry —
anymaore, ) {5)
Mary then her friend made.
decided to try the
cake
(B} 1-6
‘ CONSEUENCE-S
L
1-5 (6)
She immediately
Sequence regretted having
(1) 23 4-5 eaten so much.
Mar}r. atea Concession restrictive-rel-e
schnitzel — —
(2 (3 ) (3]
and took a piece  although she was Mary then her friend made.
of pizza, not hungry decided to try the
anymaore, cake
() 1-6
Seguence
(11 2-3 4-5
Mar}r.atea CONCEssion CONSEQUENCE-S
schnitzel — -
(2 (3 4-5 (6)
and took a piece  although she was restrictive-rel-e She immediately
of pizza. not hungry — regretted having
anymare, @) (5) eaten it.
Mary then her friend made.
decided to try the
cake

Figure 4.2: Example of discourse structures demonstrating different attachment points (A-B)
and different constituents (A-C).
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Reliability of segmentation

The segmentation was performed by two of the authors (AL and MK). 10% of the samples
from both groups were segmented independently (N=2, NEDU=93). The inter-coder
agreement, calculated as the proportion of segment boundaries identified by both coders
out of the sum of all independent boundary placement decisions made by the two coders,
was found to be 90%. Occasional near-misses in boundary placement with a difference
of one word were ignored, as it has been noted that coders often agree on the core of a
segment, but tend to place exact boundaries differently (Artstein & Poesio, 2008). The
segmentation of the remaining samples was performed by one of the coders, and verified
by the other coder. All disagreements were resolved in a discussion prior to further
analyses.

Discourse structure annotation and inter-annotator agreement

Discourse structure annotation was performed by two of the authors (AL and MK),
who had prior experience with RST annotation, using the annotation software RST-
Tool (Marcu et al., 1999; O’Donnell, 2000a), with the extended set of discourse relations
suggested by Carlson and Marcu (2001). Ten percent of the samples from both groups
were excluded from the further analysis and used to calculate inter-annotator agreement
(cf. Results section below). Estimating reliability of discourse-structure tagging is not
straightforward (Artstein & Poesio, 2008; Iruskieta et al., 2015; Marcu et al., 1999, |
i.a.). Two methods have been suggested to compare rhetorical structures, a quantitative
(Marcu, 2000), and a qualitative one (Iruskieta et al., 2015). Following Iruskieta, da
Cunha and Taboada, the 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 attached to; and nuclearity.
In the example on Figure 4.2, EDU (3) has different attachment points (central component
of a span) in (A) and (B), whereas constituent (6) has the same attachment point in (A)
and (C), but the constituent it is attached to is different, (4-5) and (3-5) respectively.

The inter-annotator agreement on the two samples including 74 EDUs and 296 anno-
tation decisions was 77%. After a discussion of the resulting annotations, the remaining
discourse samples were annotated by one of the annotators and subsequently validated
by the other annotator. All disagreements were resolved in a discussion. The annotations
were reexamined several weeks later, minor mistakes were corrected. Our goal was to ob-
tain a single, most plausible annotation for each sample, which could be used for further
analyses. The described annotation procedure was thus considered acceptable for the
purposes of the current study, since RST has not been extensively used with language-
impaired data. Although the golden standard of discourse tagging is the double-blind
annotation, at this stage we decided against it. While this strict procedure is important
for verifying construct validity, before this step is taken, the annotation principles used
in this study should be tested and validated on different data sets.

Linguistic parameters

Microlinguistic measures consisted of a number of lexical and morphological parameters
(Table 4.2). Type-token ratio, the most commonly used measure of lexical diversity,
was calculated separately for lexical verbs and nouns. This distinction was made to
account for the differences in verb and noun usage demonstrated by aphasic speakers
(e.g., Bastiaanse et al., 1996; Bastiaanse & Jonkers, 1998). Mean length of EDU in words
was calculated (similarly to the mean length of utterance) as a measure of sentence
elaboration. Word-level phonological, semantic, and morphological errors were collapsed
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7

into a single parameter, the ‘error rate’. Additionally, the proportion of fillers (e.g., “em”,
“hm”), which are often used in place of pauses, and empty words (e.g., “like”, “what’s its
name”, “you know”), frequently produced when word-finding problems arise, was included.
Ungrammatical EDUs were defined as discourse units lacking grammaticality and/or
essential information content. Ungrammatical EDUs were included in the microlinguistic
set of variables as they result from linguistic difficulties.

In the macrolinguistic set, two types of reasons for the ill-formedness of discourse
structure were defined: incomplete EDUs and structural disfluencies. An “incomplete
EDU” was defined as a clause with a missing obligatory syntactic constituent. Based on
the prosodic contour and the context, the phrase in the example (ii) is an incomplete
EDU (the lengths of filled and empty pauses are specified in parentheses, missing pieces
of information are added in square brackets).

(ii) Takme BOT M ¢~ HET HE CYMKH & GosibIime  Takume KAk
these well m b- no not bags but big these  like
‘[There were| big bags, oh no, not bags but big, like [baskets|’

Incomplete EDUs were considered macro-linguistic events and, thus, included in the
macrolinguistic variable set, because, for example, an omission of a subject or an obliga-
tory object can result in disrupted referential coherence. Example (ii) demonstrates that
incomplete EDUs remain understandable, that is, they can be correctly interpreted by
listeners.

Disfluencies included unintelligible or meaningless, often also ungrammatical EDUs
disrupting the narrative line (e.g., (2) in Example (iii)), reformulations, retracings, false-
starts, and corrections.

(iii)

(1) A JIEBUOHKA 9M 4 pe-3  MaJpuMK 3  I[UIA0a Yy MaJbddKa M yIaua
and girl em and de-eh boy eh hat of boy m fell
‘And the girl... em... the boy’s hat fell’

(2) wu 9 3  KaXercd Yro 3 Hy J€BOYKA M HY 9 M Hy M 3M
and eh eh seems like eh well girl m well eh m well m em
‘...and it seems like the girl. .. well, em...’

(3) mmarom He Mory 1omo6parh
verb not can find
‘[T] can’t find the right verb’

Several other parameters collected from the RST annotations were added to the
macrolinguistic set. Production measures included length in EDUs; depth of the re-
sulting RST structure, or the maximal number of levels (edges) in the tree structure
counted from the root to an EDU; and the number of different types of relations used
in building the RST structures (the size of relation set). The proportion of multinuclear
relations (structures with two or more EDUs equally central to the speaker’s purpose
in a discourse) in the set was used to capture differences in use between the two types
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of structures, multi- and mono-nuclear. In multinuclear relations, such as Sequence or
Contrast, both EDUs contain equally “important” information, as opposed to one EDU
elaborating or complementing the other in mononuclear relations. At the level of in-
formation structure, multinuclear constructions do not involve manipulations such as
assigning prominence. This variable was included because this type of structures could
thus be easier for participants who experience difficulties producing coherent discourse.
The comments speakers made outside of the story, for example, about their discourse
abilities, or to share a related memory, were called “meta-comments”. A separate relation
was introduced to mark meta-comments in the RST trees for the purposes of this study,
and the proportion was factored in the model. Attributions — the EDUs reflecting the
use of cognitive predicates and reported or direct speech in discourse — potentially also
have an effect on overall perception of discourse (e.g., Groenewold, Bastiaanse, Nickels, &
Huiskes, 2014). Embedded EDUs were included as a measure of elaboration, as they usu-
ally are relative clauses containing additional elaborative information (Carlson & Marcu,
2001). Furthermore, the “Number of main events” variable developed by Wright et al.
(2005) was used to account for the information content in the samples. Comparing the
events included by all the participants in the NBD group identified a set of main events
in the stimulus story, and the final set was agreed upon by two of the authors. A raw
number was included as a variable in the analysis (in the original paper a proportion was
used).

Table 4.2) summarizes the linguistic variables used to analyze the samples. They are
divided into three sets for the classification analysis.

Table 4.2: Linguistic variables used for the analysis at the micro- and macrolinguistic levels.

Set ‘ Features

Error rate (% or word-level errors)
Ungrammatical EDUs (%)

TTR for verbs

TTR for nouns

Mean length of EDU (in words)
Fillers (rate per EDU)

L Microlinguistic
variables

SR

—_

Total number of EDUs

Relation set size (N of relations of different
types used to build discourse structure)

o

Depth of discourse structure

Embeddings (%)

Multinuclear relations (proportion)
Meta-comments (%)

Incomplete EDUs (%)

Disfluencies in EDUs (%)

Number of main events (information content)

10. Attributions (%) (cognitive predicates/direct
speech)
11. Word-finding comments (%)

II. Macrolinguistic
variables

© 0N G W

I11. All variables All macro- and microlinguistic variables

Note: TTR = type-token ratio; EDU = elementary discourse unit
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Data analysis

Experimental datasets often suffer from ceiling/floor effects, non-normal distributions,
and relatively small numbers of observations. All of this applies to the data available for
this study. Our goal was not to investigate the interactions and effects of different pairs
of factors, but their ability to function as a combination in explaining coherence. The
analysis was performed using the random forest (RF; Breiman, 2001) classifier, a machine
learning technique based on random sampling of observations and features, or variables
(bootstrapping). It has several advantages crucial for this study. It does not have any
formal distribution assumptions (i.e., it is non-parametric), it works on small data samples
(e.g., Dettling & Biithlmann, 2002; Diaz-Uriarte & De Andres, 2006; Pomeroy et al., 2002),
and it is generally robust against overfitting (Breiman, 2001; Segal, 2004). RF also offers
an internal mechanism for the evaluation of the variables’ contribution to classification,
called “feature selection”.

4.3 Results

4.3.1 Ratings

Correlations between ratings

Spearman’s rho (p) coefficient was used to estimate correlations between the rating scales,
Kendall’s tau (73) is also provided for ordinal scales. The results are presented in Table
4.3. Whereas no strong correlations were found between Glosser and Deser’s (1991) global
coherence scores and other ratings, local coherence scores were strongly correlated with
Clarity and Connectedness.

Table 4.3: Correlations between different coherence rating scales.

Coefficient I II 111 v \Y

I. Global coherence p

II. Local coherence 0.34 P

ITI. Content 0.44 0.35 o/ T

IV. Clarity 0.24 0.72%* 0.62/0.59* p/ Ty

V. Understandability 0.31 0.49 0.63/0.59*  0.84/0.76** p/ T
VI. Connectedness 0.36 0.71%* 0.60/0.54  0.83/0.74**  0.75/0.66**

Between-group comparison

GED scale. Following the procedure described by Van Leer and Turkstra (1999), the per-
centages of high, medium, and low local and global coherence ratings were calculated. A
one-way ANOVA was conducted, and a Bonferroni adjustment was applied to the p-values
(.05/3 = .017) for each of the measures. Global coherence levels in people with aphasia
did not differ significantly from those of non-brain-damaged participants (F(1,18)=.5964,
p=.45 for high, F(1,18)=2.043, p=.17 for medium, F(1,18)=2.043, p=.17 for low co-
herence scores). The difference in local coherence was not significant (F(1,18)=7.97,
p=.01126 for high, F(1,18)=4.586, p=.04617 for low scores, Mann-Whitney W=30, p=.14,
r=-.33, Mdn .115 in NBD, 147 in PWA for medium scores). These findings are consistent
with the results reported by Glosser and Deser (1991).

Overall coherence ratings. The scale developed by Ulatowska et al. (1981) extended
with two additional items was used to evaluate overall coherence of the samples. Due to
the ceiling effect in the control group, Mann-Whitney tests were conducted to compare the
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ratings between the two groups. Aphasic speakers received lower ratings than participants
without aphasia on all scales (Content: U=124, p=.16, r=.37; clarity: U=37.5, p < .0001,
r=.77; understandability: U=26, p < .0001,r=.78; connectedness: U=57.5, p < .0001,
r=.63).

4.3.2 Classification analysis with random forests

The ratings were transformed into binary variables, that is, the samples from both groups
were labeled as coherent /incoherent. After that the random forest classifier was trained
with different combinations of linguistic variables. Default values were used for the my,,
parameter, indicating the number of randomly sampled variables, and 7., number of
decision trees to grow. The model was run with several different random seeds, leave-one-
out cross-validation was applied. The results for classification are shown in Table 4.4.
The table presents the classification accuracy (ACC), kappa statistic, and the area under
the ROC curve (AUC) (see e.g., Fawcett, 2006; Mitchell, 2011), which in the current
study can be interpreted as the probability that the model will correctly classify a pair
of randomly picked observations as “coherent” and “incoherent”.

For variable importance estimates, built-in feature selection was cross-validated through
selection by filter (SBF) method. A description of the feature-selection mechanisms can
be found in the documentation of R packages randomForest (Liaw & Wiener, 2002) and
caret (Kuhn, 2008). Figure 4.3 presents an example outcome of the built-in feature selec-
tion for the classification based on macro-structural variables. The results of the feature
selection are summarized in Table 4.5.

Table 4.4: Results of the group and coherence ratings classification using random forests and different
sets of predictors (variables).

Set of variables ACC Kappa AUC
Content
All 0.72 0.4 0.77-0.85
Microlinguistic 0.66-0.72 0.3-0.4 0.75-0.76
Macrolinguistic 0.77 0.5 0.84-0.88
Clarity
All 1 1 1
Microlinguistic 0.94 0.88 0.97
Macrolinguistic 0.94 0.88 0.98
Understandability
All 0.94 0.88 0.98-1.0
Microlinguistic 1 1 1
Macrolinguistic 0.83 0.6 0.87-0.88
Connectedness
All 0.94-1.0 0.88 0.88-0.1.0
Microlinguistic 0.83 0.6 0.86
Macrolinguistic 0.94-1.0 0.88-1.0 1
Group
All 0.94-1.0 0.88-1.0 0.97-1.0
Microlinguistic 0.94-1.0 1 1
Macrolinguistic 0.88 0.77 0.87-0.9

Note: ACC = (classification) Accuracy; AUC = Area Under the ROC Curve
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Features
Features

Mean decrease in Gini index Mean Decrease in Accuracy

Figure 4.3: Random forest built-in feature selection plot.

Predicting Group. The distinction between the PWA and NBD was highly accurately
predicted based on the microlinguistic variables (set I). This result is not surprising,
since many aphasia assessment and classification tools include microlinguistic measures,
and previous studies reported differences between PWA and NBD performance on the
microlinguistic level (e.g., Andreetta & Marini, 2015).

Predicting Coherence ratings. Although high and low coherence groups roughly cor-
respond to the NBD/PWA groups respectively, the correspondence is not one-to-one, as
shown in Figure 4.4.

Table 4.5: Variable importance for each set of predictors. (I — microlinguistic, II — macrolinguistic
variables, ITI — all variables; A tick mark v indicates the importance of a variable in the first column for
predicting the corresponding dependent variable in the header.)

Group Content Clarity Understandability =~ Connectedness
Set Variable I II III I II III I II III I II 1III I II III
. Error rate v
<Y0]
=)
= ¢ | Ungram. v v v v v v v v
25| EDUs
= g
= £ MLUw v
Fillers v v v v
Disfluencies v v v v v v v v v v
éb Incomplete v v v
= g| EDUs
¥
g .= | Relation v v v
= g set
N main v v
events
Wordfinding v v v v v v v
comments
Note: EDU == elementary discourse unit, MLU == mean length of utterance
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Figure 4.5: Distribution of Content ratings based on top 3 selected features.

Classification for Content was most accurate when the macrolinguistic variables (set
IT) were used. Feature selection demonstrates that the number of main events is a crucial
predictor for this rating. Figure 4.5 illustrates the distribution of Content ratings with
respect to the top-three selected linguistic variables. The overlap between the two classes
observed in Figure 4.5 explains the decrease of classifier’s performance with the Content
scale.

Table 4.6 provides two examples of observations problematic for classification in the
class overlap. One of the samples received high Content ratings (19), the other one
(7) was rated as less coherent, despite the fact that the analysis of selected features
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shows that (20) contains substantially higher proportions of incomplete EDUs and error
rate. This example demonstrates that the Content ratings can hardly be fully explained
based on linguistic variables alone. Although such cases are scarce, they are the reason
classification into “coherent” and “incoherent” is not a hundred percent accurate.

Table 4.6: Examples of cases problematic for classification into low/high coherence groups.

Tﬁ w 80
2 " " g D =
- Qo o=
2 g = R g gz &
% o, S % n n g % ) § g a0 g E
o = =~ 5 'z '-é 3
TR - D
oy &) = SE & = 2@ A z, =8 O
7 NBD 1.7 3.4 5.1 16 0 18.6 9 0 Low
19 PWA  26.1 4.5 1.8 19 12.6 20.7 9 3 High

Note: PWA == people with aphasia, NBD == non-brain-damaged people

Clarity, Understandabiltity, and Connectedness ratings were more accurately predicted
than Content, which indicates that the perception of these coherence aspects correlates
is strongly linked to the linguistic parameters of discourse. The best accuracy for the
Clarity ratings was reached with both micro- and macrolinguistic variables. While mi-
crolinguistic variables were more informative for the Understandability classification, the
perception of Connectedness was better explained through macrolinguistic parameters of
the samples. The variable-selection procedure identified the proportions of ungrammati-
cal EDUs, disfluencies, as the most informative predictors for all the scales. Additionally,
for every scale different variables were selected. Thus, the proportion of word-finding com-
ments and the word-level error rate were important for Clarity, whereas syntactic and
referential well-formedness reflected by the percentage of incomplete EDUs was relevant
for Connectedness.

4.4 Discussion

The present study focuses on the relationship between perceptual ratings of discourse
coherence and various micro- and macrolinguistic parameters of discourse. Different lin-
guistic variables 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 & Capi-
louto, 2012). Most of the global coherence measures used in previous studies addressed
coherence as a linguistic fact through such correlates as proportion of global coherence
errors, for example, tangential utterances or propositional repetitions (Andreetta et al.,
2012; Christiansen, 1995), and every utterance’s relatedness to the overall topic/theme
(Glosser & Deser, 1991; Wright & Capilouto, 2012). In the current study, however, co-
herence was conceived as an overall perception of discourse “quality” by human raters,
its intrinsic properties of understandability, clarity, and inner connectedness (Armstrong,
1987; Ulatowska et al., 1981).

The rating scale used in this study for the assessment of overall coherence was sensitive
to the differences in discourse produced by people with aphasia and non-brain-damaged
participants. The overall discourse coherence operationalized through the combination
of understandability, clarity, adequacy of content, and connectedness, was on average
decreased in the aphasic group. Our findings are consistent with previous reports of
reduced coherence in aphasic speech (e.g., Christiansen, 1995; Ulatowska et al., 1981;

71



CHAPTER 4. EVALUATING COHERENCE IN ANOMIC APHASIA

Wright & Capilouto, 2012). The classification analysis summarized below demonstrated
that the distinction between aphasic and non-aphasic discourse samples can be rather
accurately (Table 4.4) based on their linguistic properties.

The main goal of the classification analysis was to identify which linguistic factors
contribute to the overall coherence of discourse, that is, due to which linguistic deficits
discourse in aphasia is perceived as less coherent than that of NBD speakers. Seventeen
linguistic variables were divided into micro- and macrolinguistic sets and used as predic-
tors of coherence ratings. Based on recent findings demonstrating that microlinguistic
processes are tightly related to the macrolinguistic well-formedness of discourse (e.g., An-
dreetta & Marini, 2015; Wright & Capilouto, 2012), we hypothesized that a combination
of micro- and macrolinguistic variables plays a role in establishing coherence. Our results
demonstrate that different sets of variables were more relevant for predicting each of the
ratings. Content ratings were more accurately predicted by the macrolinguistic variables,
the number of main events being one of the best predictors. The potential relationship
between thematic informativeness and discourse coherence has been more or less directly
addressed in previous studies (e.g., Andreetta & Marini, 2015; Capilouto et al., 2006).
Our findings, however, indicate that only one of the aspects of coherence relies substan-
tially on the information content and its relevance, whereas the other aspects refer to
the speakers’ ability to establish semantic and pragmatic connections between elements
of discourse (e.g., Capilouto et al., 2006; Giora, 1997; Hobbs, 1978; Redeker, 1990; Ula-
towska & Olness, 2000). For the Understandability, Connectedness, and Clarity ratings,
high classification accuracy was reached using micro-, macro-, and all of the linguistic
variables respectively. Ulatowska’s Content rating (Do you know what is happening in
the story?) tackles the minimal requirement for coherence, namely, adequate informa-
tion content necessary to transfer the message. A crucial variable for predicting Content
ratings was the proportion of main events included in the participants’ retellings. The
Understandability scale (How understandable is the retelling you have listened to?) ad-
dressed the same property of discourse as the Content scale, but used a more general, less
content-focused formulation. It was more accurately predicted than Content. There are
two possible reasons for the observed increase in accuracy: either the five-point scale of-
fers a more fine-grained distinction between the “high” and “low” understandability classes
than the three-point scales (see Fig. 4.4), or Understandability is conceptually closer to
Clarity than to Content.

Listeners’ perception of Connectedness and Clarity were also quite accurately ex-
plained by several linguistic variables, especially the variables describing micro- and
macrostructural well-formedness of discourse. This finding provides an insight in the
role of discourse structure for coherence. The classification results (Tables 4.4 and 4.5)
demonstrated that both micro- and macrolinguistic predictors delivered generally high
classification accuracy for the coherence ratings, indicating a strong interaction between
macro- and microlinguistic processes. An illustration of this connection can be offered
based on the two variables identified as universally important in predicting all of the
coherence ratings: the proportions of ungrammatical units and structural disfluencies.
Specifically, discourse units which are ungrammatical or contain a large number of word-
level errors result in a ripple of disfluencies. In turn, they create gaps in the narrative
line, disrupt discourse structure, and, inevitably, affect coherence.

Despite the overall high classification accuracy, our findings demonstrated that one
of the aspects of coherence cannot be fully explained by linguistic variables alone. It is
possible that there are linguistic variables not included in this study which influence the
ratings. Another, more likely, possibility is that the key to a better understanding of
coherence lays in the listeners’ perception of coherence. The Ulatowska’s Content rating
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scale to a certain extent targets the listeners’ ability 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). Consider an example from Hobbs (1979) in (iv).

(iv) John took a train from Paris to Istanbul. He likes spinach.

Hobbs (1979) argues that readers would be tempted to interpret these two sentences
as related, primarily due to the common assumption that successive utterances usually
refer to the same entities, supported by the fact that in this particular case, “he” can
only refer to John. Many examples can be given to illustrate that natural conversations’
success relies heavily on similar assumptions about communication dynamics, and on
the interlocutors’ common-ground knowledge. It is safe to assume that these and other
discourse comprehension and interpretation-related phenomena are at play when evalu-
ating discourse as coherent or not. A future direction of this study that we would like to
suggest is an exploratory investigation of naive listeners’ ratings of coherence, similar to
the study on narrative quality by Olness et al. (2005).

The sample size in this study was limited to 20 participants. A larger data set would
make the observed patterns clearer. For example, a hypothesis to be tested within a larger
scale study is that coherence represents a continuum, rather than a binary distinction
(Fig. 4.6), in which case regression analysis could be a better choice than classification.
Some of the misclassified cases could fall into a gray zone of “medium” coherence. In the
current study, the classification is limited to the binary distinction between “coherent”
and “incoherent”, largely due to the size of the available data sample. This initial effort
will hopefully encourage further explorations on the continuous nature of coherence.
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Figure 4.6: The continuum of coherence ratings.

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 before (Kibrik & Podlesskaya, 2009, with the exception of). Al-
though the procedure and the stimulus are designed to elicit as much discourse as possible
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in a reasonably naturalistic situation, it would be insightful to include other types of nar-
ratives, such as personal stories, in further investigations.

The results of this study have to be replicated with different language-impaired pop-
ulations in the future. Nonetheless, they provide answers to some of the questions raised
more than twenty years ago and extend previous findings on discourse coherence. Our
findings suggest that different aspects of coherence are grounded in micro- and macrolin-
guistic well-formedness of discourse, as well as its informativeness. However, our re-
sults also indicate that the multifaceted concept of coherence potentially also contains
a comprehension-related pragmatic component, which allows even severely linguistically-
impaired aphasic speakers to be understood. Further in-depth investigations of coherence
as a perceived quality of discourse can shed more light on the mechanisms involved in
language production and comprehension.

The RST analyses of the discourse samples, as well as the R code, are available to
speech and language researchers upon request.
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Chapter 5

(zeneral discussion

In the introduction of this dissertation, the concept of coherence was presented. Co-
herence, especially in the context of spoken discourse, was argued to be a property co-
constructed by a speaker and a listener or reader in an interaction. As such, it relies
to a varying extent — depending on a situation — both on semantics and its linguistic
manifestations, and pragmatics (e.g., Redeker, 1990). The question of how coherence,
the internal unity and connectedness of discourse, is established and represented linguis-
tically, has been persistently addressed in the literature on healthy discourse production.
It is also the topic of this dissertation.

One of the general approaches briefly discussed in the introduction is grounded in the
idea that coherence is established as a result of a structured organization of discourse.
Words are bound by morphosyntactic dependencies and rules into clauses and sentences,
which are linked to each other with coherence relations, successively forming larger, more
complex meaningful groupings of information. Similarly to the way syntactic composition
of sentences is formalized in different theories, this approach, often referred to as relational
(e.g., Sanders & Spooren, 1999; Taboada & Mann, 2006b), explains discourse coherence
through the establishment of a discourse structure, the elements of which are connected
with coherence, or rhetorical, relations. In the studies presented in Chapters 3 and 4
of this dissertation, this approach was implemented to factor in a number of discourse
structure parameters along with several microlinguistic parameters on the one hand, and
listeners’ perception of coherence on the other hand.

This chapter presents a brief recapitulation and a discussion of this dissertations’
findings on discourse structure and coherence in speakers with and without aphasia.
Following a concluding discussion of the results, the main limitations are addressed. An
outline of future directions of this work concludes this chapter.

5.1 Major Findings

In the introduction of this dissertation, four issues were raised. The following subsections
of this chapter contain a brief discussion on the outcomes of this dissertation project with
respect to each of these issues.

5.1.1 Coherence deficit in aphasic discourse

The first issue addressed in this dissertation was the disparity in previous findings on
discourse production in aphasia. In her 2000 review, Armstrong noted that the arse-
nal of different methods developed for the investigation of discourse in aphasia, was a
double-edged sword. While aphasiologists were provided with many useful tools, the
methodological variability made it difficult to connect the findings of different studies.

(0]



CHAPTER 5. GENERAL DISCUSSION

The body of work on the matter has substantially grown in the past decade and a half.
However, along with the large amount of new information came certain confusion about
the conclusions that could be drawn from it. The review in Chapter 2 aimed at explain-
ing the origins of the existing inconsistencies in previous findings on discourse production
in aphasia. The findings on a number of crucial concepts underlying discourse produc-
tion, including coherence, were explored, demonstrating that the inconsistencies mostly
stemmed from the lack of theoretical and methodological comparability between different
approaches to studying them.

An important example of this problem was the research on coherence in aphasic dis-
course. Initially, the motivation for this dissertation project arose from the contradictory
outcomes of previous studies. While some researchers claimed that the ability to produce
coherent discourse was intact in aphasia (e.g., Armstrong & Ulatowska, 2007; Glosser
& Deser, 1991; Ulatowska et al., 1981), others found evidence of its decrease (e.g., An-
dreetta & Marini, 2015; Christiansen, 1995; Fergadiotis, Kapantzoglou, & Wright, 2011;
Wright & Capilouto, 2012). To a certain extent, this situation was a consequence of the
elusive nature of coherence. Considerable attention has been drawn to the definition of
the concept in theoretical linguistics (e.g., Gernsbacher & Givén, 1995; Kehler, 2002,
2004; Kintsch & Van Dijk, 1978; Sanders & Spooren, 1999). Nevertheless, in the existing
literature, the word “coherence” still referred to different phenomena, or rather, different
aspects of this construct. Hence, the methodologies used to investigate coherence dif-
fered, and the results were often difficult to connect. While the multitude of approaches
reviewed in Chapter 2 can be confusing, their organized compilation provided a clearer
depiction of the inner organization of the phenomenon of coherence. Specifically, pre-
vious studies focused on different aspects of coherence, mainly related to propositional
content and its relevance with respect to the main theme, or topic. Coherence, however,
as it has been discussed in the beginning of this section, has been argued to hinge on
relations between elements of discourse, its internal structure. The longer and the more
informative the message, the more important it is to understand how different parts of
it are connected to each other. Hence, the more obvious is the role of relations linking
different parts of discourse. Different parts of a discourse are not necessarily connected
linearly, as in the case of a simple sequence of events. For example, semantic and prag-
matic relations play an important role in the understanding of a narrative containing
not uncommon elaborative, explanatory, and expository elements or deviations from the
main story line.

Furthermore, in addition to the semantic, or ideational, core, coherence has a second,
pragmatic, component (e.g., Redeker, 1990; Sanders, 1997). While not many studies to
date have addressed pragmatics in aphasia (e.g., Armstrong & Ferguson, 2010a, 2010b;
Dronkers, Ludy, & Redfern, 1998; Wulfeck et al., 1989), it may just be the case that
speakers experiencing difficulties with semantic processing rely more on the pragmatic
component when producing discourse. In other words, aphasic speakers may rely on the
interlocutor’s comprehension, his or her ability to fill the gaps, to compensate for their
linguistic deficits. Based on these considerations, the next step of this dissertation was to
explore the interaction between linguistic and interactive pragmatic aspects of coherence.

5.1.2 Discourse structure in aphasia

The conclusions of the review in Chapter 2 led us to the second issue raised in this dis-
sertation, related to discourse structure and aphasic speech. Whereas linguistic deficits
characteristic of aphasia have been identified at phonological lexical-semantic, and/or
grammatical levels, it is not clear whether reduced coherence is a result of one or more
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of these deficits or of it is a separate deficit at the level of macrolinguistic processing.
The idea of discourse structure developed from the awareness of the fact that elements of
discourse do not necessarily represent a sequence, but that they are quite often connected
in a more elaborate way. Discourse structure is a theoretical construct, and its implemen-
tation and representation have been questioned numerous times. One of the frameworks
formalizing the concept of discourse structure and offering methodological apparatus for
the analysis thereof is Rhetorical Structure Theory (RST; Mann & Thompson, 1988).
According to RST, discourse consists of elementary units, roughly equal to clauses, in-
terconnected with coherence relations (also called “discourse” or “rhetorical” relations),
forming a complete discourse structure. The first question to be addressed in Chap-
ter 3 was whether this approach was applicable to impaired spoken language, in which
syntactic and word-level impairments could present difficulties for the identification of
discourse segments and relations between them. So far, no analyses of discourse struc-
ture in language-impaired speech using a relational theory such as Rhetorical Structure
Theory or similar approaches, has been performed, apart from the study of discourse
coherence in children with neurosis by Kibrik and Podlesskaya (2009).

In the study presented in Chapter 3, discourse structure in two types of discourse
a narrative elicited by a series of pictures and a procedural description, produced by a
group of native Cantonese speakers with and without anomic aphasia was analyzed. The
results showed that by and large people with aphasia structured discourse similarly to
the non-brain-damaged speakers. The relations between discourse units, the smallest of
them roughly equal to clauses, were mostly identifiable (85% reliability), and the struc-
tures were similar in the samples of aphasic and non-brain-damaged participants. Hence,
on the one hand, this study demonstrated that the ability of people with aphasia to
establish discourse structure was largely preserved. Although it has been claimed previ-
ously that aphasic speakers maintained their ability to produce well-structured discourse
(e.g., Olness & Ulatowska, 2011; Ulatowska et al., 1990; Ulatowska et al., 1981), there
have been no investigations of formal structure in aphasic discourse to support this claim
prior to the current study. Conversely, the existence of discourse structure as a concept,
which was originally developed for and based on non-impaired written discourse, was
substantiated by aphasic data.

Certain structural differences were, however, observed between the two groups. Namely,
such parameters as the length of the samples in EDUs, the number of different rhetorical
relations used to build discourse structure, and the proportion of gaps and disfluencies
in the structures, indicated that non-brain-damaged participants produced structurally
more complex discourse than aphasic speakers. Genre-specific differences, such as struc-
tural patterns, types of relations used, and length in EDUs, were observed as well. Despite
the relative simplicity of the global structure in procedural discourse (i.e., enumeration of
steps) and the optionality of elaborative components, as in the narrative task, the aphasic
group performed worse than the non-aphasic group and received lower coherence ratings.
This observation indicates that structural impairments occur in aphasic discourse inde-
pendently of complexity. However, the study in Chapter 3 was not able to provide an
insight on whether the impairments result from word- or sentence-level deficits or not, as
the aphasic group was homogeneous and presented with similar deficits. This issue was
the focus of the study presented in Chapter 4.

The importance of cross-linguistic studies in aphasiology was stressed in Chapter 2.
The studies included in this dissertation are based on the data from two typologically
different languages — Cantonese (Chapter 3) and Russian (Chapter 4). The main idea
behind this methodological choice consisted in the possibility to tease apart micro- and
macrolinguistic levels in discourse production. While Russian has a highly inflectional
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morphology with a flexible word order, Cantonese is an analytic language with a rela-
tively fixed word order and without inflectional morphology Hence, aphasic speakers in
these two languages experience different deficits and exploit different coping strategies.
These microlinguistic differences, however, were expected to have no effect on discourse
structure, as the concept of discourse structure is language-independent. Although the
differences in genres and aphasia types in the groups do not allow to compare Cantonese
and Russian data, it was demonstrated in this dissertation that similar kinds of discourse
structures can be identified in the samples of aphasic and non-brain-damaged speakers
of both Cantonese and Russian.

5.1.3 On the multifaceted nature of coherence

The third point addressed in this dissertation was the multifaceted nature of coherence.
The analysis provided in the review in Chapter 2 revealed that several aspects of coherence
have been suggested/addressed in previous research on discourse in aphasia. Specifically,
in many studies coherence was practically equated with the appropriateness and integrity
of propositional, or thematic, content. These studies focused on the speakers’ ability to
include and manipulate information in connected speech production. In a small number
of works, however, coherence was considered to be a perceptual quality — semantic and
pragmatic unity of discourse. It was also referred to as the overall narrative “quality”
(Olness et al., 2005). In this case, the notion of coherence comprises thematic content
along with other linguistic and extra-linguistic variables contributing to the “hanging to-
gether”, or connectedness and understandability of discourse. Considering that coherence
is co-constructed in a speaker-listener interaction, these two approaches differ in the fol-
lowing way. While the first strategy appeals to the production component of coherence,
the second one accounts for the comprehension as well.

For narratives, which are normally structured around an event line, propositional
content is often crucial for coherence. Coherence in conversational discourse, however, can
be less dependent on explicitly verbalized content due to pragmatic knowledge available to
interlocutors. The question remains which events really constitute the “backbone” event
line of a discourse, and how big of a loss in content should be to render the narrative less
coherent. Moreover, contextual observations and inferences can contribute to maintaining
coherence even in linguistically defective narratives. Hence, it is important to consider
coherence a quality which is construed by linguistic means, but is to a large extent
perceptual in nature.

A study of coherence is, therefore, complicated not only because of the difficulties
related to the definition of this concept. Having determined what “coherence” stands for,
one has to decide which of its aspects to assess in experimental (and clinical) settings.
In both the Cantonese and the Russian study presented in this dissertation, coherence
was addressed as “perceived quality”. Its different correlates, which were used in the
rating tasks, were selected based on previous literature. They included a combination of
content, clarity, connectedness, understandability, and order of events.

The classification analysis in the Russian study described in Chapter 4 aimed at identi-
fying which of the pre-selected objectively calculated linguistic variables contributed most
to establishing and maintaining coherence. The perception of these aspects of coherence
— as rated by listeners — was largely explained by linguistic well-formedness of discourse
samples. However, the results also suggested that other, possibly comprehension-related
parameters influence the perception of (some of the aspects) of coherence. It is also
possible that the representation of coherence through the aforementioned correlates was
incomplete.
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5.1.4 How is coherence established linguistically?

All this being said, the relationship between discourse coherence and linguistic parameters
contributing to its establishment was the fourth and the last issue addressed in this dis-
sertation. The relationship between micro- and macrolinguistic parameters of discourse,
including the appropriateness and completeness of propositional content has been inves-
tigated before, revealing the connection between lexical and sentence-level disturbances
in aphasia and reduced or inadequate propositional content (e.g., Andreetta et al., 2012;
Andreetta & Marini, 2015; Ulatowska et al., 1990; Wright & Capilouto, 2012). Although
the influence of objective linguistic parameters of discourse on coherence ratings assigned
by scorers has been of interest for a long time (e.g., Ulatowska et al., 1981), it has not
been studied previously.

The relationship between micro- and macrolinguistic variables of discourse samples
produced by aphasic and non-brain-damaged participants was explored in Chapter 3
with Cantonese and in Chapter 4 with Russian aphasic and non-brain-damaged speakers.
In the first study, two types of discourse were included, namely picture-induced narratives
and procedural description. The second study was based on story retellings elicited by a
short movie. The collected samples were annotated for discourse structure, and a number
of macro-structural variables were obtained based on the annotations.

In the Cantonese study presented in Chapter 3, a number of parameters characteriz-
ing the macrolinguistic organization of aphasic discourse were included in the correlation
analysis between coherence ratings by naive listeners and a number of linguistic param-
eters of the discourse samples. The correlation analysis was performed to determine
linguistic variables potentially contributing to coherence perception. It demonstrated
that a number of discourse structure variables strongly correlated with coherence ratings,
suggesting that there is a connection between discourse structure and coherence. This
connection and the role of microlinguistic variables in establishing and maintaining it
were further investigated in the study in Chapter 4.

To examine whether, or to what extent, it was possible to predict coherence rat-
ings based on linguistic parameters of the discourse samples, a classification analysis
was implemented in the Russian study in Chapter 4. It included a procedure for vari-
able selection, through which the best/most informative micro- and/or macrolinguistic
predictors of different coherence ratings were identified. The results demonstrated that
coherence to a great extent depends on linguistic well-formedness of discourse, namely,
its morphosyntactic grammaticality and structural integrity. Interestingly, different as-
pects of coherence had different sets of best predictors. For example, one of the main
predictors of the content ratings was the number of main events, that is, the measure
of propositional content included in the retellings. However, for clarity, the proportion
of structural disfluencies and disruptions, word-level errors, and word-finding comments
were found to be more important.

The obtained high accuracies for ratings’ prediction indicated that coherence was
largely established through linguistic means. However, not all of the correlates were
equally well predicted based solely on linguistic variables. The Content ratings, following
the original procedure in Ulatowska et al. (1981), addressed listeners’ ability to understand
what was happening in the story. In Armstrong’s (1987) terms it can be formulated as
“the ability to make sense of” a piece of discourse. Crucially, these ratings were the
most difficult to predict based on the linguistic variables. The explanation suggested
in Chapter 4 was rooted once again in the dual nature of coherence. Specifically, as it
was emphasized before, the approach chosen in this dissertation project was to consider
coherence to be a combination of both speakers’ and listeners’ efforts. The Content rating
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scale was formulated to address the listener’s contribution in the process of building up
coherence. Hence, the fact that these ratings were not particularly accurately predicted
based on linguistic parameters alone supports the presupposition about the listeners’ part
in the process of establishing coherence, or in this case, one of its aspects — their ability
to make sense of a discourse.

5.2 General conclusions

In this section the main outcomes of this dissertation will be briefly summarized. Firstly,
it was determined and demonstrated that coherence is a complex phenomenon consisting
of several aspects. Different linguistic variables/features were found to be relevant for
establishing and maintaining different aspects of coherence. For example, word-level
errors were impeding the clarity, but not connectedness of discourse. Neither did they
influence the raters’ ability to understand what happened in the story.

The classification analysis of samples into “coherent” and “incoherent” demonstrated
that clause level grammaticality and discourse structure integrity were important pre-
dictors of discourse coherence. As it was argued in Chapter 4, the impact of these two
linguistic variables can be additive/intertwined. Specifically, coherence impairment is a
result of the pipeline effect: since clauses represent elementary building blocks of discourse
structure, a breakdown at clausal level can result in discourse structure disintegration,
which, in turn, leads to reduced coherence.

The ability of aphasic speakers to build discourse structure was found to be similar
to that of non-brain-damaged people. Just as in non-brain-damaged speakers, discourse
structure could be identified in the samples of all of the aphasic participants included in
the studies. However, structural damage was higher in aphasic discourse samples, which
reflected in the lower coherence ratings they obtained. To summarize, aphasic speak-
ers preserve the ability to establish discourse structure, but their structures are often
breached by/incomplete due to multiple micro-linguistic deficits. As a result, aphasic
discourse is perceived as less coherent than that of non-brain-damaged speakers. Two
observations substantiate this conclusion, though they require additional testing and val-
idation. First, a small number of non-aphasic discourses were poorly structured and
received lower coherence ratings, in line with the idea about the connection between
coherence and discourse structure. Second, a small number of cases, in which high coher-
ence ratings were assigned to linguistically impaired discourses, supported the assumption
about listeners’ contribution to coherence. A larger number of discourse samples with
ranging degrees of linguistic well-formedness is necessary to justify these considerations.

5.3 Further directions

The ultimate goal of this dissertation was to lay the groundwork for the studies of per-
haps the most crucial concept in discourse production — coherence — in aphasia. Having
marshaled previous findings on discourse production in aphasia in Chapter 2, we moved
on to exploring discourse structure in aphasia and the connection between coherence —
semantico-pragmatic unity — of discourse and its linguistic features. Spoken discourse
is indispensable for daily communication. Its production is in the core of aphasia as-
sessment and treatment (e.g., Prins & Bastiaanse, 2004). Coherence is what constitutes
a large part of communicative success, and it is impaired in aphasia. The findings of
this dissertation provide new insights on the contribution of linguistic components to the
communicative effectiveness of people with aphasia, rehabilitation of which is one of the
main goals of aphasia treatment. These outcomes are thus informative for therapy. This
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work, however, has implications for research on both aphasic and non-brain-damaged
spoken language. The study of coherence in aphasia is also insightful in terms of the
general understanding of the processes behind human language production and compre-
hension. The variety of linguistic deficits observed in different aphasia types offers a
unique possibility to tease apart the effects of different linguistic levels/variables on dis-
course production. This section provides a summary of the limitations to the research
presented in this dissertation that will allow the readers to evaluate the strength of the
findings and conclusions of this work, as well as several suggestions on further directions
for the research on coherence in aphasic and healthy discourse.

The main limitation of the studies presented in this dissertation is the relatively small
number of participants. Comparable to many studies in language pathology research,
the sample sizes were limited to two or three dozens of people. The findings of this
dissertation can be refined and expanded in a follow-up study with a larger number
of participants, including aphasic speakers with a wider variety of language production
difficulties and severity. Larger samples will be helpful in making the patterns identified
in this dissertation more transparent.

Whereas the group of anomic aphasic participants in the Cantonese study was homo-
geneous, the Russian aphasic group was diverse, with varying symptoms and ranging from
moderate to severe aphasia. The effects of different types of deficits and severity levels on
discourse structure are yet to be explored systematically. Since discourse structure is a
non-language-specific construct, the investigation of this issue can be based on data from
different languages. While the people with aphasia who participated in this dissertation
project exhibited the ability to establish discourse structure, it was not equally well pre-
served in and available to all of the participants. It is possible that more severe aphasic
speakers experience more expressed difficulties with discourse organization, in which case
it would also be less obvious whether listeners would be able to reconstruct discourse
structure and make sense of their discourse.

It is also probable that less topic-constrained, more spontaneous discourse produc-
tion is characterized by less apparent discourse structure and more dispersed coherence
ratings. Continuing the exploratory work in these two directions can shed substantially
more light on the contribution of particular linguistic features to coherence, the conversa-
tional dynamics in aphasia, and the interaction between production and comprehension
in language-based communication in general.

Another factor constraining the outcomes of this dissertation is the limited choice of
genres. It has been emphasized that genre-specific differences in linguistic and cognitive
load imposed on speakers have an effect on discourse production (e.g., Olness, 2006, 2007;
Olness et al., 2002; Ulatowska et al., 1990). Due to the novelty of the chosen approach
for aphasia research and the related comparability requirements, the elicitation tasks had
to be restricted to those producing the most comparable discourse samples in sufficiently
naturalistic settings. Two different genres of discourse were elicited in the studies pre-
sented in this dissertation: procedural description and two types of narratives elicited
using a series of pictures and a short movie. Different genres of discourse impose different
cognitive functions. For example, procedural and expository discourse does not involve as
much inferencing as retelling of fables, and not as much chronological sequencing or coref-
erence as story-relling and personal narratives (e.g., Olness & Ulatowska, 2011; Ulatowska
et al., 1999; Ulatowska et al., 1981). Especially interesting and informative would be such
unrestricted genres as personal narratives and topic-centered conversation. Whilst they
were not included in the current dissertation for comparability reasons, further studies
should comprise other genres, especially those involving more spontaneous speech produc-
tion. It is paramount to account for genre-related variability for a better understanding
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of how coherence is established in aphasia and in healthy discourse. Determining the
role of linguistic abilities of a speaker and interlocutors’ contribution to communicative
success could be important for the research on cognitive abilities in people with brain
damage.

Among the planned extensions of this work is also a cross-linguistic comparison of
discourse structuring abilities in aphasia. The advantages of cross-linguistic research, such
as the possibility to make generalized conclusions, have also been discussed in Chapter 2.
Comparing speech samples in different languages elicited using the same task will help
to disentangle the effects of micro- and macrolinguistic levels in discourse production,
shedding light on the idea of the “pipeline” impairment in aphasic should be addressed
in this section as well.

A crucial methodological step taken in this dissertation was introducing the Rhetorical
Structure Theory (RST), a theory explaining coherence “by postulating a hierarchical,
connected structure of texts, in which every part of a text has a role, a function to play”
(Taboada & Mann, 2006b, p. 425). Several points of criticism of the RST have been men-
tioned in Chapters 3 and 4. For example, according to RST, a single discourse /rhetorical
relation is to be chosen when interconnection elementary units of discourse (EDUs). This
constraint leading to the tree representation of discourse structure in RST has been ques-
tioned and argued against multiple times (e.g., Miltsakaki et al., 2004; Wolf & Gibson,
2005). However, the same constraint asserts that “the human tendency to interpret texts
as coherent even when they are not” (Egg & Redeker, 2010; Marcu, 2003) does not
stimulate an overload of unnecessary links between discourse segments.

On the technical side, the annotations of the discourse samples in this project were
performed by the researchers co-authoring the journal papers included in this thesis. The
desirable standard for estimating the reliability of discourse level analysis is independent
double, or even triple, blind annotation. Whereas this approach is usually recommend-
able, it requires the annotation process to be straightforward and well-tested. It was,
however, too strict for this first attempt of the kind to annotate aphasic speech. While
working on the annotations, my colleagues and I were developing a set of additional
guidelines for the challenges we were facing annotating aphasic spoken discourse (Kibrik
& Podlesskaya, 2009, based on). For example, several new relations were added to the
original extended RST relation set (Carlson & Marcu, 2001) to mark disfluencies in apha-
sic speech. Discourse segmentation guidelines had to be rethought as well to account for
such common for aphasic speech cases as incomplete or semantically empty EDUs, un-
natural pauses and intonation. Hence, the methodological choice to involve two or three
members of the research teams participating in this dissertation project was motivated
by the necessity to adjust the approach to aphasic data. Nevertheless, the novelty of this
approach for aphasiology guaranteed the absence of bias in the annotation process, since
no particular expectations could be formed based on previous findings. The annotations
were critically reviewed by the members of research teams, and questionable cases were
discussed and documented.

Along with the RST analysis of discourse samples, rating studies were conducted, in
which coherence of the samples was assessed by listeners. This element of the studies’
design was meant to tap into the pragmatic aspects of coherence. A follow-up study
should compare scores assigned by raters familiar and unfamiliar with the elicitation
stimulus (e.g., a video fragment). Such phenomena as common ground, world knowledge,
and shared visual domain, related to meaning co-construction in interaction are most
likely at play when linguistic components are malfunctioning. They are expected to
contribute to the understandability and clarity — in other words, coherence — of spoken
discourse in aphasia.
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Since the results of the two rating studies presented in this dissertation were not com-
parable due to the differences in discourse elicitation tasks, a more systematic exploration
of raters’ perception of coherence is in order in the future. A study comparing ratings
assigned by naive listeners versus trained raters can shed more light on the role of lis-
teners in establishing coherence. While naive listeners’ perception is potentially more
ecologically valid, and the reliability may be sufficiently high, the construct validity of
this method is more questionable than in the case of trained raters’ evaluation. Future
investigations focusing on this issue, following Olness et al. (2005), should consider open-
end characterizations of such seemingly self-explanatory concepts as clarity or “the ability
to make sense of” a piece of discourse.
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Appendix A

Examples of RST relations based on the classification suggested by Carlson
and Marcu (2001) (Chapter 3)

Class

Relation

Example

Satellite

Nucleus

Satellite

1. Attribution

[M5][Mum told him]

[fE3EEREL][(t0) bring

an umbrellal

2. Background

a. background

[H—HHEIR][One

[BKAY/ N AHE] [mum

day in the asked the child to bring
morning) an umbrella]
b. circum- [FTEIE B8 [Walking  [ZEIRVEALRTN][it started
stance halfway] to rain suddenly]
3. Condition [ SR ARAE AT B [If [BAF 4T [better put

you want it to
taste better]

on butter]

4. Contrast

[AL3EE] [FE][Mum told him
to bring an umbrella] [he
refused to bring]

5. Elaboration

b. process-

step

a. set-member

[k B EI%][There are two

ways to prepare the ham]

[ = 3R] [To make an
egg and ham sandwich]

[— V][ — R 2
£l][to julienne it|
[or to put the
whole piece on the
bread]

[& SEE RPN K
HEEE) (BT 6] [ first
pan-fry an egg and
ham][then put
(them) on the
bread]

6. Evaluation
tion

b. comment

a. interpreta-

[/NAR & FLFE ] [ The child
said I won’t bring an
umbrella]

[# KR VR][Making an
egg and ham sandwich)]

(A HRIEE] [At last
he didn’t bring the
umbrellal
M 2 T #47 [in
fact this is more
familiar (to me)]

[K#F|[The weather is
nice]
[FFEEEM] [T won't bring
an umbrella]

[ P& RN |it won’t
rain]
[K#F]|[the weather

is nice]

[/INHA R BIHEAE] [3Z][The
child took the umbrella]
[(and) continued to walk
to school]
[B—PIR—&| [fPE—k
[i#||The first ingredient is
an egg| [and (we) also
need a piece of ham]|

7. Explana- a. evidence
tion
b. reason
8. Joint a. joint
b. list
9. Manner- a. manner
means
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b. mean [T [Use [¥TZ&][(to) whisk the egg]
chopsticks]

10. Relations a. conse- [E & ][It really rained] [/NI A KT [the

of cause quence child was drenched]

b. purpose [E#R %] [Went back] [BRAEE] [(to) take
an umbrella]

11. Summary a. summary (ﬁz R TR E/‘]ﬁ) [ﬂ?é
8] (Procedures in
making sandwich)
[This is an egg and

ham sandwich]
b. restatement [K#P1E|[Bigger is ok [ KT ELER AT LA [it s
fine to be bigger
than a piece of
bread]
12. Temporal a. after RISt 2 1% [After [0 £ [put it on
pan-frying it] the bread]
b. same-time [—B%1T] [~ B EE
i|[walk and walk] [it
really rained at the same
time]
c. sequence [E5ERIE] [BRERUA] (&
1ZHUE][First pan-fry the
egg| [then pan-fry the
ham)] [lastly put them on
the bread]
13. Reformu- a. correction [Bl 4[] [ Take the [BHA RN || Take the
lation raincoat| umbrella]
b. false-start  [$B{F...][The boy [WEV& FME][It rains]
is...]
c. retracing [BKE) [ /D3] [Mum [£I]Hf] [saw him
saw (it)] [(and) was a bit drenched]
angry|
14. Others a. same-unit [—ZZ ] [] [%E][A woman)]

b. rhetorical-
question

[(who) should be his
mother| (embedded unit)
[told him)]
[FEFHi][(He) did not
listen to what I said]

[ IS | [Why
didn’t (he) bring
an umbrella?]
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Appendix B

Essential and elaborative components in the discourse samples (Chapter 3)

Discourse Information % of occurrence in the
component transcripts of the aphasic
group

Story-telling of “refused umbrella”

Orientation a. Mum gave the kid an umbrella 93.00%
b. The child refused 93.00%
Complicating ¢. The child went out 60.00%
action
d. It started to rain 100.00%
e. The child went home 33.00%
f. The child got drenched 53.00%
[Evaluation] g. Mum was angry 13.00%
h. Mum gave the child the umbrella 20.00%
Resolution i. The child brought the umbrella 100.00%
j- The child went out 33.00%
[Coda] k. That’s the end of the story 0.00%

Procedural discourse of “Egg and ham sandwich”

Procedural steps [a. Beat an egg] 40.00%
[b. Whisk the egg] 27.00%
c. Pan-fry the egg 93.00%
d. Pan-fry the ham 93.00%
e. Put on a piece of bread 100.00%

Note: FElaborative components (based on a 70% cut-off criterion using the NBDs’ transcripts) are added in square
parentheses.
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Appendix C

Individual characteristics of aphasic participants (Chapter 4)

Pp Sex Age Education Aphasia Severity Time  Etiology Lesion Hemiplegia
type PO location
1 F 51  secondary dynamic, severe 55y CVA 1 MCA right-sided
complex pyramidal
motor insufficiency
2 F 47  unfinished dynamic, moderate 2y / CVA IMCA right-sided
complex 3m hemiparesis,
motor mostly in the arm
3 M 56 secondary dynamic, moderate 1y / CVA IMCA signs of right-sided
complex 2 m pyramidal
motor insufficiency
4 M 73  higher Sensory severe ly/ CVA IMCA signs of right-sided
4 m pyramidal
insufficiency
5 M 50 secondary complex mild Ty / CVA IMCA spastic hemiplegia
motor 9 m
6 M 70 unknown sensory, moderate 4-5m  CVA unknown  unknown
acoustic-
mnestic
7 M 52 higher complex moderate 3 m CVA IMCA right arm and leg
motor hemiparesis
8 F 40  secondary, sensory, moderate 3 m CVA IMCA right-sided
voca- acoustic- pyramidal
tional mnestic insufficiency
9 F 67  higher sensory, moderate 2.5y CVA IMCA signs of right-sided
acoustic- pyramidal
mnestic insufficiency
10 M 58 secondary sensory moderate 1y / iCVA  IMCA right-sided
9 m pyramidal
insufficiency

Note: CVA == cerebrovascular accident, iCVA == ischaemic CVA, IMCA == left middle cerebral artery
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