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Foreword

Discourse refers to spoken or written communication between people, i.e.,
conversation. For linguists, discourse refers to a unit of language longer than
a single sentence. However, this notion can be extended to any form of com-
munication, e.g., email, gesture, sign, and texting. Spoken discourse impair-
ments are difficulties in communication that can arise as a result of
neurological damage including brain injuries, strokes, degenerative diseases,
e.g., Alzheimer's disease, Parkinson's disease, or neurological conditions
such as primary progressive aphasia (PPA) (see Chaps. 1-6). Such impair-
ments can affect functional communication, making it challenging for indi-
viduals to engage in conversations and convey their thoughts effectively.
These include aphasia defined as a difficulty finding words and constructing
grammatically correct sentences (see Chaps. 10-18), but also dysarthria, e.g.,
slurred speech and reduced articulation; apraxia of speech, e.g., poor plan-
ning and coordination of speech movements; cognitive communication disor-
ders, e.g., deficits to attention, memory, and problem solving; and social
communication disorders, e.g., difficulty using cues such as gestures and
facial expressions in conversations. Studies of these impairments range from
qualitative analyses of pragmatics, e.g., adjusting spoken language to social
expectations to quantitative analyses of fluency, e.g., hesitations and interrup-
tions (see Chaps. 7, 12-17) to executive functions, e.g., control over language
in conversation (see Chap. 18). Management and rehabilitation strategies for
spoken discourse impairments include cognitive neuropsychological meth-
ods (see Chaps. 8, 9, 20); speech and language therapy, cognitive rehabilita-
tion, interlocutor (partner) training, and teaching communication strategies
(see Chaps. 19-26).

This collection is written by world experts in topics ranging from conver-
sation and discourse analysis (e.g., Chap. 7) to Al technology (e.g., Chaps.
16, 17). One conclusion to emerge from this important collection is that there
is now a network of international collaborators in place who are well equipped
to build capacity in this important field (see Chaps. 1 and 21).

How can this collection be translated to clinical work in order to maximize
impact? Discourse plays a significant role in psychotherapy as well as speech
therapy, as it is through language and communication that therapists and cli-
ents engage in the therapeutic process. Therapy relies on verbal discourse as
clients communicate their thoughts, feelings, and experiences. Through these
communication channels, clients can express their concerns, anxieties, and
emotions, which are central to healing. Loss of communication abilities
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means that patients are likely to develop mental health difficulties if early
intervention is not provided. Indeed, some therapeutic approaches, such as
narrative therapy, place an emphasis on the stories people tell about them-
selves and their lives. Therapists typically work with clients to explore and
reshape these narratives, helping them to learn different perspectives to make
positive changes to their thinking. Critically, these narratives need not be con-
veyed via the medium of speech only. Signs, symbols, and semiotics can play
a part, as well as the use of electronic media that require no speech at all to
enhance comprehension. For all therapists, language serves as a mirror
reflecting cognitive processes that lead to problematic behavior. Specific dis-
course techniques facilitate emotional healing, behavioral and cognitive
change by using active listening, paraphrasing, and vocalizing. These tech-
niques also improve awareness of differences in communication genre and, in
an increasingly multilingual world, can empower excluded groups in society,
e.g., migrants, refugees, and seniors via enhancing their self-esteem. Several
nonverbal therapeutic approaches specifically utilize metaphorical language
and semiotics to help clients explore and express unique feelings and experi-
ences. For example, within art, dance, music, and play therapies, clients use
symbols and metaphors to represent their emotions and thoughts. These tech-
niques could also have an important role in therapy when nonverbal commu-
nication is impaired. Research testing this hypothesis is nascent (1).

In summary, spoken discourse is a fundamental aspect of well-being.
However, discourse is a broader concept and includes use of language in any
communication, including the structure and organization of the meaning of
signs, symbols, and writing (2). Similarly, discourse in sign language requires
the same processes as spoken or written language, but conveyed through ges-
tures, facial expressions, and body movements not via sound or text. Symbols
provide an abstract representation of meaning but can be used to converse
nevertheless. Text is a form of discourse and can be impaired in neurogenic
populations, i.e., acquired reading and writing impairments (3, 4). Given the
recent developments in Al, rehabilitation of acquired dyslexia and dysgraphia
could take advantage of “transliterating” between speech and text to improve
conversation, discourse, and well-being in a wide range of individuals, espe-
cially clients who do not speak the dominant language in their linguistic envi-
ronment (5). In just the past three years alone, the capacity to transliterate text
into speech and vice versa has accelerated to the standard whereby any client
who has a smartphone or access to a camera can use “ChatGPT” or Zoom to
participate in virtual discourse online, thus making “impairments” obsolete.
Al and discourse processing should be considered related fields that focus on
understanding, generation, and analysis of language and communication.
Natural Language Processing (NLP) is a subfield of Al that deals with the
interaction between computers and human language. It encompasses various
techniques and algorithms for understanding and processing language.
Discourse processing is actually a component of NLP, as it involves the inter-
pretation of text or speech in context, taking into account the structure, mean-
ing, and flow of a conversation. This opens up the possibility of developing
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NLP for therapeutic purposes in speech therapy (see Chaps. 7, 16, 17, 18 for
examples). Al systems can be designed to identify discourse markers, speech
acts, and rhetorical structures. Al-powered chatbots and virtual assistants are
applications that require discourse processing and therefore could be applied
clinically.

As with human language, Al requires techniques to understand user
input, generate relevant responses, and maintain coherence and context
awareness in conversations. For clients with communication difficulties,
their carers, and their therapists, these same cognitive processes are needed
to generate a sense of meaning in any therapeutic context. Al systems also
rely on dialogue management techniques to keep track of ongoing dis-
course, as do all therapists. Al translation systems exploit deep learning to
translate text from one language to another as do multilingual speakers.
However, they lack linguistic nuances in their current form as do some cli-
ents with multilingual aphasia. Al requires discourse processing to main-
tain flow and coherence in translated texts. Similar to the therapist who is
working with spoken discourse impairments in neurogenic populations,
specific techniques developed for discourse therapy could be applied as a
learning criterion in Al to enable the software to understand, generate, and
analyze language in a coherent and context-aware manner. As Al tools
become smarter, with more data it may be possible to transfer deep learning
algorithms to discourse therapy.

Discourse Analysis is a major topic in a wide range of nontherapeutic
research fields such as critical justice, literature, and social theory, with work
spanning fields including anthropology, art, education, law, music, poetry,
philosophy, psychotherapy, religion, semiotics, sociology, and philosophy. In
all of these fields, consideration of historical background, social, linguistic,
psychological, visual, gestural, ritual, and technological processes requires
an understanding of the cultural diversity within populations for theoretical
developments to emerge. Speech therapists could scaffold their work with
excluded clients by applying conceptual frameworks to understand commu-
nication styles chosen by their clients. For example, critical race theory can
be used to assess, research, and treat spoken discourse impairments in
excluded groups by understanding education, healthcare, and science within
their socio-political context (6).
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Preface

The focus of this book is on the research and clinical aspects of discourse
deficits in various neurological conditions such as aphasia, dementia, trau-
matic brain injury, and right hemisphere damage. It explores a wide range of
topics such as historical reviews of discourse deficits research, discourse
characteristics in different conditions, the neural correlates of spoken dis-
course, assessment methods, treatment approaches, and communication
training. The scope of the book encompasses examining discourse deficits,
understanding their neural basis, assessing impairment, and implementing
interventions to improve discourse production in individuals with various
neurological disorders.

Discourse impairment can have a significant impact on one’s ability to
communicate effectively, and can lead to social isolation and decreased qual-
ity of life. Engaging in research on discourse impairment can provide valu-
able insights in several areas: uncovering the neural mechanisms that underlie
these deficits, enhancing the development of improved diagnostic tools and
assessments, and facilitating the design of more effective intervention
approaches and treatment strategies. As the need for research and theory
around neurogenic discourse impairments (along with its clinical applica-
tions) has increased, it is my aim to draw together a group of expert research-
ers and clinicians to contribute articles within their specific areas of expertise
to (i) share findings of their recent investigations to help understand spoken
discourse analysis in various disorder populations, (ii) discuss principles of
evaluating spoken discourse in adult patients with a variety of neurogenic
communication disorders, and (iii) summarize and document their experi-
ences with discourse intervention of different restorative approaches and
explain their philosophies behind specific rehabilitation programs.

Compared with the recent text I wrote in 2016 Analysis of Neurogenic
Disordered Discourse Production: From Theory to Practice and its second
edition published in 2022 Analysis of Neurogenic Disordered Discourse
Production: Theories, Assessment and Treatment, this volume is more com-
prehensive and holistic in its coverage of topics. The volume also addresses
more specific and contemporary topics on spoken discourse impairments and
allows contributing authors to discuss and highlight clinically relevant and
important details in each chapter.

The chapters within this volume delve into the intricacies of discourse use,
deficits, and language research and have implications for both research and
clinical settings. As a result, they are relevant to individuals in different fields
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including researchers, clinicians, and students. I sincerely hope that users of
this volume will enjoy the curated content. Constructive input, feedback, and
comments are welcomed. More importantly, suggestions on additional rele-
vant information and/or updates will allow potential creation of a better edi-
tion in the near future.

Hong Kong, Hong Kong SAR Anthony Pak-Hin Kong
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Introduction

Discourse broadly refers to a unit of language longer than a single sentence,
typically used in a spoken or written format to express ideas, feelings, and
opinions or to interact with others. As the field of research in aphasia and
related neurogenic disorders (particularly in terms of clinical decision mak-
ing to evaluate and manage neurogenic communication impairments) is rap-
idly expanding, there has been an increased focus on spoken discourse
analysis and therapy. Various user groups and people with lived experience,
such as those with aphasia, dementia, traumatic brain injury, right hemisphere
damage, etc., are also increasingly focused on the impact of neurogenic
impairments on domains of conversation and changes in language skills
beyond the smaller linguistic components of single words and sentences that
are traditionally supported by speech-language therapy.

This comprehensive volume, Spoken Discourse Impairments in the
Neurogenic Populations: A State-of-the-Art, Contemporary Approach, is an
attempt to provide general overviews, state-of-the-art information and discus-
sions, updated contents and resources, as well as evidence-based recommen-
dations on the areas that are most crucial to the understanding of neurogenic
discourse impairments. The volume contains 26 chapters, authored by a tar-
get international group of experts based in Asia, Australia, Europe, North and
South America, and United Kingdom that provide a balanced and easily read-
able text of contemporary topics around discourse production. There are three
general sections in this volume:

e Part [—Basic principles, historical perspectives, neural basis, and recent
advancements of neurogenic disordered discourse analysis

e Part [I—Current methods and technology in neurogenic disordered dis-
course elicitation, processing, and analysis

e Part [II—Evidenced-based training strategies, interventions, and innova-
tive technology to improve neurogenic disordered discourse

Collectively, these chapters highlight the international appeal and rele-
vance to researchers, clinicians, and students in the field of communication
sciences and disorders, speech and language therapy, gerontology, (neuro-)
linguistics, psychology, and related fields in medical or social care. More
importantly, these chapters pertain to research of language and capture the
complexities of discourse use with implications for both the research and
applied clinical settings.
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Introduction

The first part of this volume is oriented toward several issues that are
germane to the overall theme of neurogenic discourse impairments.
Topics summarized here include the historical perspectives (i.e., history
and developmental milestones) and basic principles of discourse analy-
sis, evolutions of and recent advancement in analyzing discourse produc-
tion in acquired communication disorders, as well as discussion of the
neural basis of impaired discourse. In the first chapter, Stark establishes the
definition of discourse production and provides a historical overview of
studying discourse in four neurogenic populations—aphasia, primary pro-
gressive aphasia, right hemisphere disorder, and traumatic brain injury.
Recent advances in discourse databases and technology-based strategies to
enhance examination of discourse in neurogenic populations are also dis-
cussed. In Chap. 2, Kintz focuses on the genres, tasks, and measures of dis-
course analysis among adults with aphasia. After describing the different
levels (i.e., microlinguistic and macrolinguistic) of discourse performance in
aphasia, together with the corresponding linguistic and cognitive systems
used for both levels, the author provides a thorough discussion to compare
and contrast the discourse characteristics between fluent and non-fluent
aphasia.

Speech, language, and communication deficits are early symptoms in peo-
ple living with dementia. Recent studies have suggested that spoken discourse
may act as an early linguistic biomarker for diagnosing dementia and predict-
ing its prognosis. In Chap. 3, Themistocleous discusses the language and
communication biomarkers elicited through Clinical Discourse Analysis for
dementia assessment and treatment efficacy evaluation. This is followed by
details relative to the impact of dementia on microstructure and macrostruc-
ture of spoken discourse, as well as its cognitive representations. In Chap. 4,
Mueller presents the current knowledge about cutting-edge biomarker detec-
tion and progression in Alzheimer's disease. In particular, the temporal rela-
tionships between development of the pathology, biomarker positivity, and
co-occurrence of cognitive and discourse impairment are described.

Chapters 5 and 6 provide coverage for traumatic brain injury (TBI) and
right hemisphere damage (RHD), respectively. More specifically, Chap. 5 (L&
and Coelho) contains a comprehensive description of the major characteris-
tics of impaired spoken discourse comprehension and production, and written
discourse deficits in TBI, together with their widespread functional impacts
on major life domains. Apart from outlining the cognitive bases of discourse
impairments secondary to brain injury, L& and Coelho explain the application
of Structure Building Framework (SBF) as a cognitive model for TBI dis-
course and the relationships between discourse and mental health factors
among Veterans with TBI. In Chap. 6, Cornwell and Hewetson remind us that
the RHD population are known to be heterogeneous in terms of their com-
munication domains of discourse, prosody, semantics, and pragmatics. The
authors summarize how discourse after RHD may differ across genres with
reference to the meaning, appropriateness, cohesion, and efficiency of spoken
output.

At present, the TalkBank system is the largest open-access, multimedia
repository for studying spoken language data. In Chap. 7 (MacWhinney and
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Fromm), the basic principles of this database (e.g., its adoption of interna-
tional standards, use of the CHAT transcription format and CHAT-consistent
software for analysis) are introduced. Apart from reviewing the establishment
and research utilization of specific adult language databases, including the
AphasiaBank, TBIBank, RHDBank, and DementiaBank, the authors illus-
trate how new and existing TalkBank tools can facilitate Language Sample
Analysis (LSA) for adult neurogenic language disorders.

Chapters 8 and 9 approach discourse production and impairments from a
neuroscience perspective. In Chap. 8, Alyahya outlines the neuroimaging
methods for studying language and cognitive processing, with a highlight on
the mechanisms associated with spoken discourse production. She focuses on
how the structural neuroimaging literature on the neural correlates of spoken
discourse can be synthesized, and discusses challenges we need to consider
when conducting and interpreting findings of experiments that investigate the
neural underpinnings of oral discourse. Chapter 9 (Schnur, Brown, and
Guess), on the other hand, focuses on the use of functional neuroimaging
methodologies to examine macrolinguistic properties of overt, unrehearsed
multi-utterance speech. The authors nicely summarize existing contemporary
work that informs a bilateral network of brain regions to support linguistic
and cognitive processes involved during the production of coherent discourse.
Multiple research avenues that will allow a better understanding of the func-
tional relationships between brain regions and these cognitive and linguistic
processes are also discussed.

In Chap. 10, Chick, Garrard, Buxbaum, and Vigliocco focus on co-speech
gesture production at the discourse level. More specifically, while gestures
are used naturally in human communication, how they are impaired in differ-
ent populations with neurogenic communication disorders is still poorly
understood. The authors review existing classification schemes and key fea-
tures of co-speech gestures in unimpaired speakers as well as those impacted
by acute (e.g., stroke) and chronic (e.g., dementia and Parkinson’s disease)
neurological conditions. To account for the characteristics of gesture produc-
tion in neurogenic populations, two cognitive models to explain how speech
and gestures interact during language production are also discussed.

At present, the number of multilingual speakers worldwide has exceeded
those who are monolingual; this phenomenon is also reflected in various clin-
ical populations. In Chap. 11, Goral starts by explaining the clinical charac-
teristics of discourse production in multilingual people with aphasia. The
importance of using discourse to examine the strengths and weaknesses of
their multiple languages, as well as the need to pay attention to language mix-
ing behaviors and the specific challenges associated with these analyses are
also discussed. Both Chaps. 10 and 11 conclude nicely with avenues for
future study.

When it comes to clinical evaluation of language skills in individuals with
neurological conditions, discourse analysis is still, at present, an underuti-
lized tool, despite its important and valuable benefits for informing diagnosis
and subsequent remediation. The second part of this volume outlines and
illustrates current methods for discourse elicitation and analysis across
different clinical populations. How assessment of discourse, when
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properly conducted, can help improve quantification of one’s communi-
cation strengths and weaknesses is discussed. Recent leaps forward in
technology that can assist in the recording, processing, and analysis of
discourse are also highlighted.

Chapter 12 (Dalton and Richardson) summarizes a range of clinically fea-
sible analyses of spoken discourse. More specifically, the discussion of these
assessment options is first divided into the transcription-less and transcription-
based options. For the latter approach, details on various word-level (e.g.,
correct information units) and proposition-level (e.g., Main Concept Analysis,
Main Event Analysis) measures are given. The authors also direct readers to
some web-based scoring tools that are currently available for analysis in
English and conclude that more research is needed to confirm the accuracy
and reliability of non-transcription-based implementation of these clinical
measures.

In Chap. 13, Richardson, Dalton, and Greenslade focus on macrostructural
analysis of discourse in aphasia and present several measures based on pic-
ture description and story (re)telling tasks that have been reported in aphasia
research. Note, these measures are carefully selected for discussion because
they have clear instructions on how to elicit and code spoken samples clini-
cally, have relevant norms for references, and demonstrate promise for quan-
tifying the degree of impairments as well as estimating changes in discourse
performance, such as tracking recovery or monitoring treatment outcomes.

Concerning the TBI population, in Chap. 14, Mozeiko, Suting, and
Lindsey first compare and contrast discourse assessment and other traditional
options of evaluations (e.g., standardized assessments). They then detail dif-
ferent approaches (conventional paper-based vs. and technology-enhanced
methods) to record, transcribe, and conduct analysis of TBI discourse. A
summary of various relevant discourse elicitation tasks and quantification
measures is also given.

Chapter 15 (Johnson and Preston) provides an overview of assessment of
discourse in people with right hemisphere brain damage (RHD). The authors
highlight the apragmatic deficits associated with RHD and explain how
apragmatism (in terms of linguistic, paralinguistic, and/or extralinguistic
problems) can be evaluated. There is also a nice summary of the RHDBank
assessment protocol that clinicians can modify for use to assess discourse
clinically.

Rather than focusing on the aforementioned qualitative and/or quantitative
discourse measures alone, Chap. 16 (Qin and Lee) points out that automatic
speech assessment, i.e., the computational process of deriving and analyzing
symptoms-related speech features from acoustic signals, is gaining increas-
ing attention in the fields of speech engineering. The authors explain that
many methods and systems of automatic speech and language assessment in
speech-language pathology are empowered by digital signal processing,
machine learning (ML), and natural language processing (NLP). Apart from
summarizing the principles of two mainstream approaches to automatic
assessment (i.e., the two-step and end-to-end approaches), their challenges,
pros, and cons are also discussed. Chapter 17 (Clarke and Garrard) follows on
this topic and details how machine readable text has revolutionized discourse
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analysis. In particular, the authors present the core concepts of ML algo-
rithms and pitfalls when training prediction models. Apart from reviewing
how NLP is used to model natural human language, how features of different
linguistic domains (e.g., lexical, syntactic, entropic, and word-embedding
features) are automatically computed is described. This is followed by a dis-
cussion on how different computational approaches to speech analysis are
operationalized in both the clinical and research contexts.

Chapter 18 (Choy, Dai, Kong, and Wong) is slightly different from other
chapters in this part in that it focuses on remote assessment of discourse pro-
duction and cognition. The authors first provide an overview of the latest
developments in tele-assessments of people living with dementia (PWD) and
survivors of stroke. Some experiences implementing tele-assessment of cog-
nition and virtual discourse evaluation amid the COVID-19 pandemic, along
with specific practical guidelines, are shared by the authors.

The final part of this volume deals with various approaches of recog-
nized interventions or evidence-based treatment programs and training
strategies to improve neurogenic disordered discourse. Reviews and
summaries of key developments in rehabilitation across various clinical
groups are provided, and utilization of innovative technology to clini-
cally improve discourse impairments is discussed. To set the stage for dis-
cussion, the first chapter of this part—Chap. 19 (Dipper, Carragher, and
Whitworth)—provides an overview of developments in discourse interven-
tions in the aphasiology literature, highlighting the historical and theoretical
frameworks of discourse examinations. Various approaches, genres, and dis-
course therapy contexts that clinicians should consider are discussed. In addi-
tion, with reference to the Rehabilitation Treatment Specification System
(RTSS) that was previously devised for a more systematic characterization of
individualized rehabilitation, the authors illustrate how the planning and
implementation of three multi-level intervention programs of aphasic dis-
course (including interactive storytelling therapy, NARNIA, and LUNA) can
be mapped against the RTSS components. The importance of integrating suit-
able cognitive processes and meta-linguistic/meta-cognitive strategies into
discourse therapies is also discussed.

Chapter 20 (Bakhtiar, Carthery-Goulart, and Kong) discusses the neuro-
modulation methods to improve spoken discourse in two clinical popula-
tions—aphasia and primary progressive aphasia (PPA). Traditionally, this
approach of neurorehabilitation has a primary focus on decontextualized
word production, with much less attention toward its potential benefits to
functional communication such as discourse production. The authors provide
a state-of-the-art overview of investigations that applied neuromodulation
accompanied with discourse production therapy and highlight some direc-
tions of future research that will consider, for example, individualized neuro-
modulation and bilateral versus unilateral brain stimulation protocols.

In Chap. 21, Dutta, Murray, Stark, and Bryant introduce an international
working group of FOQUSAphasia that aims to address current issues and to
improve the state of research regarding the assessment and treatment of spo-
ken discourse. The authors illustrate how various FOQUSAphasia task forces
initiatives and deliverables have successfully translated into improved
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evidence-based practice for managing spoken discourse in aphasia and related
acquired language disorders.

Chapter 22 (Volkmer and Beeke) describes the Better Conversations (BC)
approach to Communication Partner Training that focuses on individualized
strategies to help people with communication difficulties and their communi-
cation partners. Apart from explaining the principles of this treatment
approach, the authors present and summarize two case studies on its applica-
tion to aphasia and PPA—i.e., the Better Conversation with Aphasia (BCA)
and PPA (BCPPA) programs, respectively. Readers will find the given exam-
ples and details of intervention useful.

Chapter 23 (Brandido, de Lira, and Freitas) focuses on a socio-cognitive
approach of improving discourse production in dementia, which is coherent
with the person-centered perspectives on facilitating communication involv-
ing PWD. The intervention methods and protocols summarized here empha-
size not only the functional aspects of communication, but also the importance
for PWD and communication partners to make joint decisions regarding the
planning of communication interventions.

In Chap. 24, Togher, Elbourn, and Steel address the heterogeneity of the
population of TBI and, therefore, the need of a diverse range of intervention
options to improve spoken discourse. These intervention methods include
communication partner training, group-based social skills-based treatments,
narrative-based interventions, social cognition treatments, project-based
treatments, and vocational rehabilitation. The important theory behind these
intervention approaches and corresponding clinical guidelines are provided.

As for Chap. 25, Hubner, Carthery-Goulart, and Rodrigues concentrate
their efforts on telepractice on spoken discourse by first providing an over-
view of the recent research advances in stimulation, training, and rehabilita-
tion of language and communication. The summary of different existing,
published language-based telepractice interventions in healthy older adults
and multiple clinical groups (including stroke, mild cognitive impairment,
Alzheimer’s disease, and primary progressive aphasia) as well as the recom-
mendations on methodological considerations for these telepractice options
are of interests to both researchers and healthcare professionals.

Finally, in Chap. 26 (Pais and Jagoe), the application of Communication
Partner Training (CPT) in discourse intervention focusing on aphasia and its
roles in addressing communication, conversation, and mental health or well-
being is discussed. To broaden the cultural-linguistic and geographic repre-
sentation in CPT research, the authors present clinical evidence of CPT
generated in the Indian context and analyze the positive outcomes using the
framework of Communication Accommodation Theory (CAT). Also con-
tained in this chapter is the authors’ illustration on how CAT can support
rigorous and rich analysis of conversation and the psychosocial process
underlying interaction.



Final Notes

As the need for research and theory around neurogenic discourse impair-
ments (along with its clinical applications) has increased, it is my aim to draw
together a group of expert researchers and clinicians to contribute articles
within their specific areas of expertise to (i) share findings of their recent
investigations to help understand spoken discourse analysis in various disor-
der populations, (ii) discuss principles of evaluating spoken discourse in adult
patients with a variety of neurogenic communication disorders, and (iii) sum-
marize and document their experiences with discourse intervention of differ-
ent restorative approaches and explain their philosophies behind specific
rehabilitation programs.

Compared with the recent text I wrote in 2016 Analysis of Neurogenic
Disordered Discourse Production: From Theory to Practice and its second
edition published in 2022 Analysis of Neurogenic Disordered Discourse
Production: Theories, Assessment and Treatment, this volume is more com-
prehensive and holistic in the topics it covers. The volume also addresses
more specific and contemporary topics on spoken discourse impairments and
allows contributing authors to discuss and highlight clinically relevant and
important details in each chapter.

I sincerely hope that users of this volume will enjoy the curated content.
Constructive input, feedback, and comments are welcomed. More impor-
tantly, suggestions on additional relevant information and/or updates will
allow potential creation of a better edition in the near future.
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Preview of What Is Currently Known
Individuals with aphasia cite improving their
ability to converse—a type of discourse—as a
top priority [1]. Further, researchers and clini-
cians agree that assessing and analyzing dis-
course in aphasia enable comprehensive
characterization of language and its use [2, 3]. It
is therefore unsurprising that discourse has a long
history of study in the field of communication
sciences and disorders, and discourse analysis
has helped to characterize the communication
strengths and weaknesses of individuals with
neurogenic communication disorders. There are
constant improvements to the ways in which we
assess and analyze discourse as it relates to neu-
rogenic communication, improving our ability to
comprehensively understand (and treat) dis-
course in this population.

Objectives

(a) To introduce and define discourse analysis

(b) To provide a historical overview of interest in
studying discourse in neurogenic communi-
cation disorders

(c) To discuss approaches to discourse analysis
specific to neurogenic communication
populations

B. C. Stark (D)

Department of Speech, Language and Hearing
Sciences, Indiana University Bloomington,
Bloomington, IN, USA

e-mail: bestark @iu.edu

(d) To provide an overview of advances for bet-
ter understanding the preservation, break-
down, and treatment of discourse in
neurogenic populations

Introduction

Discourse drives human communication as the
means by which we express our feelings,
thoughts, ideas, and emotions using words. We
tell stories about our lives, we teach others how to
do tasks, we have conversations, we give aca-
demic presentations, and we write fictional sto-
ries. People with neurogenic communication
disorders often find engaging in discourse diffi-
cult and may demonstrate discourse impairments,
which can lead to frustration, lower quality of
life, psychosocial stress, and social isolation.

It is important to establish the definition by
which this chapter approaches discourse. This
chapter aligns itself with three commonly used
definitions of discourse in the communication
sciences and disorders field:

Any language that is “beyond the boundaries of

isolated sentences” (Ulatowska & Olness, 2004,
p- 300) [4]

A set of utterances aimed at conveying a message
among interlocutors ... [it] may be the most elabo-
rative linguistic activity (Ska, Duong, & Joanette,
2004, p. 302) [5]
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Language beyond a single simple clause used for a
specific purpose (Armstrong 2000, Halliday 2004)
(6,71

Discourse can be spoken or written and is typi-
cally accompanied by multimodal communica-
tive elements such as gesture, eye gaze, and facial
expression. Further, discourse can be monologic
or dialogic/conversational. This chapter focuses
on spoken discourse.

Given that discourse is more than just the pro-
duction of a single word and reflects the type of
natural communication we engage in on a daily
basis, many researchers and clinicians in the field
of communication sciences and disorders are
interested in analyzing it. Analyzing discourse is
to closely inspect components within the dis-
course, so that we may better understand them
(e.g., understand how brain injury impacts this
component), as well as accurately measure them.
Accurate measurement enables researchers and
clinicians to use these components as diagnostic
markers, to quantify recovery, and as targets of
treatment.

Discourse can be assessed by employing a
variety of instructions, usually grouped into
genres and tasks. Genre includes the general vari-
ety of discourse, such as a narrative, and task
includes the specific instructions that guide the
discourse, such as “tell me a story about ....”
Genres/tasks employ different cognitive compo-
nents (e.g., telling a personal story requires
access to episodic long-term memory and execu-
tive function to organize its components in addi-
tion to verbal language). As such, anything
extracted from discourse, regardless of which
component it represents, may be specific to type
(monologic/dialogic), genre, and task. It is, there-
fore, often best practice to acquire discourse sam-
ples across genres/tasks. Indeed, Armstrong [6]
highlights that some of the measures extracted
from a single task are not generalizable beyond
that task, and researchers/clinicians are thus cau-
tioned about broader interpretation related to
treatment effectiveness and recovery.

The benefits of acquiring and analyzing dis-
course are many. One can evaluate aspects of lan-
guage structure (e.g., phonology, semantics) as
well as use/function (e.g., topic management,
context appropriateness), thus providing a holis-
tic means of assessing a person’s language capa-
bilities. Discourse appears to have good face and
ecological validity, seeming more like everyday
language than language typically assessed in
standardized batteries. Further, discourse analy-
sis may be more sensitive to picking up language
issues in mildest aphasia, which in turn enables
clinicians to continue to advocate for services for
that population [8, 9]. Discourse has a tendency
to elicit manual gesture (which has been shown
to be produced by individuals with aphasia at a
much higher rate and used to supplement speech
[10-18]), enabling one to assess the use and qual-
ity of multimodal communication in addition to
verbal communication. Analysis of discourse
may help predict severity of dementia [19], being
a sensitive means of detecting early disease and
potentially improving quality of life by engaging
in earlier remediation strategies. Because there
are so many diverse aspects of discourse to evalu-
ate, both qualitative and quantitative analyses
have been used to better understand its break-
down (and its preservation) in the neurogenic
communication populations.

A recent review by Dipper and colleagues [20]
proposes a theoretical framework which concep-
tualizes the building blocks, or components, of
discourse. The goal of conceptualizing discourse
in this way is to aid in developing discourse-
specified treatments, measuring discourse change
during recovery, and conceptualizing the rela-
tionship between discourse levels to better under-
stand complex recovery patterns often
demonstrated in those with neurogenic commu-
nication disorders. Specifically, Dipper and col-
leagues divide discourse into four components:
linguistic, propositional, macrostructural/plan-
ning, and pragmatic (Fig. 1.1). These compo-
nents are derived from several other influential
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Pragmatic

Linguistic
Propositional
Macrostructure
planning

Fig. 1.1 My interpretation of Dipper et al.’s [20] unified
theoretical framework of discourse

theories [7, 21-23] and form a unified framework
for interpretation of discourse in the context of
neurogenic populations. Within each component
of discourse, researchers and clinicians measure
variables that are thought to be representative of
the core function of that level. Dipper et al. [20]
give several examples as follows:

e Linguistic: measuring language variables like
syntax, lexical semantics, lemma and lexemes,
and phonology

e Propositional: measuring sequencing, sen-
tence semantics, cohesion, and semantic
content

* Macrostructural/planning: measuring struc-
ture, gist, story content, framing, and
coherence

e Pragmatic: evaluating context, interpersonal
factors, interactional factors, and influences
on discourse from situational and external
influences

Whilst pragmatics has been described in a
variety of ways, it is largely concerned with the
social appropriateness of language [24].
Examples of actual outcome measures seen in the
aphasia literature from each of these levels
include percentage paraphasias and correct infor-
mation units [25] (linguistic level), main concept
analysis [26, 27] and sequencing [9] (proposi-
tional level), story grammar [28] (macrostruc-
tural/planning), and evaluation of the context’s

influence on discourse, e.g., how discourse is
molded across different tasks or in monologic vs.
dialogic settings [29-33] (pragmatic).
Conversation analysis [34] contains elements that
can fit into each of these levels, as well. Therefore,
researchers and clinicians are able to quantify
preservation, or deficit, in variables within each
component.

A Historical Overview of Studying
Discourse in Neurogenic
Populations

Discourse has been a topic of interest in the field
of communication sciences and disorders since at
least the mid-1900s, with a steep increase in pub-
lications related to discourse, especially in apha-
sia, occurring from the 1970s and 1980s [2]. As
eloquently summarized by Ulatowska and Bond
Chapman in 1989 [35], observations of commu-
nicative competence [via discourse analysis]
reveal a discrepancy between performance on
standardized language tests and functional com-
munication (i.e., communicating in everyday
life), making discourse analysis an especially
sensitive means of fully comprehending the com-
munication ability of individuals with aphasia
[35]. In the following sections, historical
approaches to spoken discourse assessment and
analysis are discussed (non-exhaustively). A
summary of select findings, divided by neuro-
genic population, is also given in Fig. 1.2.

Aphasia

Aphasia is characterized by an impairment of
language, which can affect speaking, listening,
reading, and writing. Aphasia occurs most com-
monly after a left hemisphere stroke but can be
due to other etiologies such as head injury, tumor
(and resection), and viruses/bacterial infections.
Aphasia is acutely present in approximately one-
third of strokes and, in a further one-third of
cases [36], can persist into the chronic stage (i.e.,
present 6 months after the injury). Aphasia is
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Aphasia

o Acquired language disorder,
typically after left hemisphere
damage

e Several marked types (e.g.,
Broca’s) and severities, which
associate with unique
discourse presentations

e Primarily affects linguistic and
propositional components

Right hemisphere
disorder

o Acquired disorder that can
associate with communicative
impairments

e Primarily affects
macrostructural/planning and
pragmatic components

Primary Progressive
Aphasia

» Neurodegenerative disorder
that first affects language, but
which progresses to affect
other cognitive functions

» Three recognized variants,
which associate with unique
discourse presentations

e Primarily affects linguistic and
propositional components in
early presentation

Traumatic brain injury

e Acquired cognitive-
communicative disorder
(though does not always
involve impairments of
communication)

e Primarily affects
macrostructural/planning and
pragmatic components

Fig. 1.2 Four neurogenic communication disorders and the components of discourse that are most affected

characterized as predominantly affecting produc-
tion (often called “non-fluent” or “expressive”
type of aphasia) or comprehension (often called
“fluent” or “receptive” type of aphasia). Some
standardized tests, such as the Western Aphasia
Battery-Revised [37], further delineate aphasia
into specific subtypes, e.g., Broca’s aphasia.

A review by Bryant et al. [2] demonstrated the
sharp increase in discourse studies in aphasia since
the 1980s, which emphasizes growing research
and clinical interest in this area. In Armstrong’s [6]
review of discourse studies in aphasia, she points

out that the bulk of early research in aphasia
involved analysis of “microstructure,” which, for
our purposes, largely contains the linguistic and
propositional components discussed earlier. A
recent review by Linnik et al. [38] emphasizes that
much work still takes place at those levels, with
increasing amounts of research at the macrostruc-
tural/planning and pragmatic levels. Typically,
focus has been on characterizing impairments at
the linguistic level, given that aphasia impacts lex-
ical, syntactic, phonological, and semantic pro-

cesses. We refer readers to each of these
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comprehensive reviews for extended information
about discourse production in aphasia.

Linguistically, individuals with aphasia pro-
duce a variety of paraphasias (word errors) in dis-
course [39, 40] and demonstrate various word
retrieval issues, such as elongated or filled pauses,
false starts, and word fragments, as well as repe-
titions and retracings (for a review, see Linnik
et al. [38]). Syntax can also be impaired, being
either impoverished (agrammatic) [41-43] or
misused (paragrammatic) [44, 45]. As mentioned
in the introduction, context and task have an
impact on discourse production. For example,
increased syntactic complexity within narratives
may result in a higher proportion of syntactic
errors in narrative as opposed to procedural dis-
course [35]. Individuals with aphasia may also
have difficulty with producing core vocabulary
that individuals without aphasia typically pro-
duce (core lexicon [46]) and producing informa-
tive and efficient information [25, 47]. The
linguistic weaknesses demonstrated by individu-
als with aphasia also vary by aphasia type and
severity; for example, individuals with Broca’s
aphasia (a non-fluent type of aphasia, typically
severe to moderate in severity) tend to produce
more nouns than verbs, as well as simpler syntax
due to the prevalence of agrammatism [48].

At the propositional level, individuals with
aphasia have been shown to have difficulties
with cohesion, which refers to the semantic con-
nectedness between propositional elements
[49]. The reason for impaired cohesion may be
due to impairments in coreference [30, 50],
where individuals with aphasia may omit ante-
cedents of pronouns, thus introducing ambigu-
ity [6, 51]. When comparing dialogues and
monologues in two individuals with aphasia, it
has been found that cohesion may be facilitated
in dialogues [52]. Cohesion also involves the
ability to time reference (i.e., shift between past
and present), a concept with which individuals
with syntactic impairments may have difficulty
[53, 54]. For example, individuals with Broca’s
aphasia and agrammatism tend to be selectively
impaired in the use of grammatical morphology
associated with reference to the past (e.g., by

producing a verb that is unmarked for tense, like
“peel the potato” rather than “peeled the potato™)
[53]. Other studies have shown that tense accu-
racy is likely mediated by task, whereas more
challenging tasks (like discourse compared to
sentence completion) had a tendency to reveal a
past tense disadvantage, suggesting that verb
tense impairment is exacerbated in the more
complex environment of discourse in agram-
matic aphasia [55]. Another impairment com-
monly found at the propositional level is the
production of accurate and complete main con-
cepts [27, 56]. Main concept analysis [27] eval-
uates the extent to which utterances provide the
gist of the task and extends into evaluating the
utterance’s accuracy and completeness [57]. As
with linguistic impairments, propositional level
impairments vary by aphasia type and severity
[8, 26].

Within the macrostructural/planning compo-
nent, coherence [58-61] and story grammar/
sequencing [9] may be impaired in the aphasia
population. Coherence refers to the semantic
connectedness across several propositions or the
entire discourse, whilst story grammar/sequenc-
ing is the logical organization of the discourse
into parts (e.g., beginning, middle, end). In a
sample of native Russian speakers with (N = 10)
and without (N = 10) aphasia, it was found that
coherence (as rated on a 4-point scale) was lower
for those with aphasia, and when investigating
further, it was found that different combinations
of linguistic (e.g., syntactic and word-level
errors) and macrostructural variables (e.g., dis-
course structure) likely combined to support (or
impair) coherence [62]. Research using conver-
sation analysis has also explored macrostruc-
tural/planning components, with evidence
indicating that individuals with aphasia may have
issues with topic maintenance and switching [63,
64]. Some research suggests that discourse orga-
nization may be intact independent of aphasia
severity (except in most severe cases) [50, 65].
Olness and Ulatowska [50] suggest that, in many
cases, aspects of macrostructure and pragmatics
can be preserved due to multiple factors that con-
tribute to the overall coherence of a narrative. For
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example, leveraging a small number of agents in
the story (thus limiting the need to constantly
refer to different agents), shared cultural knowl-
edge of the story’s gist or main events, and the
knowledge that past tense tends to be explicitly
marked in personal narratives. The following
example is originally from Olness and Ulatowska:
Man it’s stroke. It’s comin’. Yes okay. After it’s
seure [seizure]. “Uh:”! [sound of having a sei-
zure] Oh Lord, oh Lord. Talking. And now, “Woo:”!
[ambulance sound] An(d) then, “Why?” “I can’t
talking.” It’s and for, for long, not long time. Man
it’s angry! It angry boy. Oh. But it’s okay. It’s
praise God.

The authors rated this story as relatively coherent
overall, given that the topic (stroke) has been
established and is contextually appropriate (the
prompt was to discuss a frightening experience).
The authors also cited that there is temporal-
causal order which is explicit (i.e., “and now”).
Therefore, even with impaired lexical retrieval or
morphosyntax, oftentimes macrostructure and/or
pragmatics can be preserved due to these implicit
factors.

Pragmatics are generally thought to be intact
in this population [66]. However, context and dif-
ferent interlocutors (e.g., at home with familiar
conversation partners vs. in research settings with
an experimenter) can affect aphasic discourse. As
noted by Ulatowska and Olness, a complete
understanding of communicative competence
must outline limitations or boundaries and the
contexts by which these boundaries manifest
[50]. A recent study investigated whether indi-
viduals with aphasia’s discourse benefitted when
completing a collaborative communication task
with a partner that they were familiar with; their
performance was also compared to a group of
neurologically healthy controls [67]. It was con-
cluded that individuals with aphasia showed
faster communication (though similar accuracy)
when a familiar conversation partner was
present.

Whilst I have thus far focused on impairments,
it should be noted that, despite language impair-
ments, individuals with aphasia can be very good
communicators [68]. Indeed, individuals with
aphasia have been shown to use multimodal com-

munication effectively, including manual ges-
tures that supplement speech [13, 14], and to use
strategies that aid in word retrieval issues, such as
circumlocution, singing, and onomatopoeia [69].
This has sometimes been termed as successful
“codification of ideas” [70], referring to the abil-
ity to convey a message with available linguistic
and nonlinguistic cognitive resources. Given suf-
ficient time and space to think [71, 72], many
individuals with aphasia will successfully convey
their intended message.

Primary Progressive Aphasia (PPA)

Primary progressive aphasia (PPA) is a progres-
sive type of aphasia caused by a neurological dis-
ease, most commonly Alzheimer’s disease and
frontotemporal dementia (a group of related dis-
orders affecting the frontal and temporal lobes of
the brain) [73]. Like acquired aphasia, PPA can
affect speaking, listening, reading, and writing.
As of 2023, there are three acknowledged vari-
ants: logopenic, agrammatic/non-fluent, and
semantic (sometimes called semantic dementia)
[74].

Because PPA is a relatively new diagnosis
(first described by Mesulam in 1982 [73, 75]),
analyzing the linguistic and propositional com-
ponents of discourse has played a role in charac-
terizing the speech of PPA, usually by subgroup
or across subgroups [76—81]. Wilson et al. (2010),
evaluated discourse samples in patients with non-
fluent variant of PPA and found that they were
characterized by slow rate, distortions, syntactic
errors, and reduced syntactic complexity [76].
Patients with the semantic variant of PPA, in con-
trast, demonstrated a typical rate and few speech
or syntactic errors but instead showed higher pro-
portions of closed class words, pronouns, verbs
and higher frequency nouns. The authors attrib-
uted this to reduced lexical retrieval typical of
this variant. Finally, in the logopenic variant of
PPA, speech rate was intermediate (between
semantic and non-fluent variants), and this was
also the case for distortions and syntactic errors
(less common than the non-fluent variant) and
lexical access (less common than the semantic
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variant). This early study in PPA demonstrates
the benefits of using discourse to differentiate the
variants of PPA. Similar to aphasia types and
severities differing in the types of discourse
weaknesses (and strengths) that they demon-
strate, PPA variants and severities similarly dif-
fer. Early [82] and more recent research [43, 83]
suggest that, in order to understand how language
degrades over time in PPA, the most sensitive
means may be investigating measures from dis-
course rather than standard batteries (e.g., nam-
ing batteries).

In the macrostructural/planning domain, indi-
viduals with PPA may have trouble with gist and,
in the propositional domain, with main concept
production [84]. Forty individuals with PPA (20
with semantic PPA, 20 with non-fluent/agram-
matic PPA) described a picture and produced
fewer main concepts than a group of matched
controls [85]. Individuals with semantic PPA may
also have issues with coherence, as individuals
with semantic PPA may produce ambiguous or
inaccurate semantic information, which degrades
the coherence of the discourse. This is due to their
selective impairment in semantics and the role of
semantic connectedness in coherence [86].
Individuals with semantic PPA may substitute
superordinate terms (like “animal” instead of the
more appropriate “horse”) and increasingly vague
words (like “that” and “thing”) as time progresses
“horse” or “animal” [81], reflecting increased dif-
ficulty with accessing more specific semantic
information (a linguistic impairment). Even
superordinate terms become difficult for these
patients over time, and as the disease progresses,
the meaningfulness of words becomes increas-
ingly vague and ultimately consists of terms like
“that” and “thing” [81]. There is some evidence
that individuals with PPA can omit episodes in a
narrative (like the Cinderella story) and narrate
other episodes incompletely, perhaps suggesting
an impairment of story grammar [87].

In the pragmatic component, early research (in
14 individuals with frontal lobe dementia without
PPA [N = 3] and those with PPA [N = 5 with non-
fluent PPA and N = 6 with fluent PPA], which
today likely means semantic and logopenic vari-
ants together) suggested that individuals with PPA

produced fewer on-topic phrases than those with
frontotemporal lobe dementia without PPA [88].
Moreover, the non-fluent PPA group produced the
most off-topic utterances and the highest percent-
age of perseverative and intrusive utterances (e.g.,
stereotypies and automatic language) [88]. The
use of coined or automatic phrases that lack mean-
ing (e.g., “you know”) can reflect word-finding
difficulty. More recent research on dyadic conver-
sations between individuals with PPA and their
partners suggested that individuals with PPA have
areduced mean length of turn but maintained their
turn-taking abilities, that conversation partners
often bore a greater burden of highlighting issues
in conversation and initiating their repair, and that
each dyad (pair) demonstrated unique patterns of
language during conversation [89].

The syndrome of PPA highlights the interac-
tion of cognition and language by task, with
many individuals with PPA having more diffi-
culty in more complex tasks (e.g., narratives
[87]). This suggests that complex tasks, in par-
ticular, may be more sensitive to exploring dis-
course production and/or deficits in this
population.

Right Hemisphere Disorders (RHDs)

Right hemisphere disorder (RHD) is an acquired
brain injury (e.g., stroke, traumatic brain injury)
that causes impairments in language and cogni-
tion. Historically, differences in discourse fol-
lowing RHD are thought to be “less obvious”
when compared to left hemisphere brain damage.
RHD rarely leads to aphasia (typically called
“crossed aphasia” when this occurs). In general,
it is thought that linguistic levels are generally
most intact in RHD, with issues arising primarily
at propositional, macrostructural, and pragmatic
levels.

An early study evaluated narrative and proce-
dural samples from individuals with RHD, dem-
onstrating group differences in informativeness,
efficiency, total main concepts, and number of
absent main concepts, compared with age-similar
controls [90]. Individuals with RHD produced
similar language and main concepts as a control
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group during the procedural tasks, but varied sig-
nificantly from controls on the narrative task.
Notably, the RHD group did not differ from the
control group on several cognitive measures, sug-
gesting that it was the interaction of language and
complexity in the narrative that likely produced
the between-group difference. Minga [91] in a
review published in 2016 makes it clear that dis-
course weaknesses seem to be more prominent in
narratives than in other types of tasks, probably
because of the wide-reaching cognitive compo-
nents involved in producing narratives (e.g.,
executive function, episodic memory) [91].
Individuals with RHD are thought to produce
less informative narratives (as perceptually rated
by listeners) [92], which may be due to exclusion
or oversimplifying of core propositions, reflect-
ing an impairment at the propositional level [93].
This is despite narratives of individuals with
RHD having just as many words [94] or more
words [95] compared to controls. In one study of
those with right hemisphere brain damage and
control participants, the numbers of words and T
units (a way of delineating an utterance) were
equal, though the narratives produced by the right
hemisphere brain damage group contained sig-
nificantly less information, in terms of fewer
complex propositions (which contain more than
one piece of information or link two pieces of
information) and number of core propositions
(those expected to be produced in the narrative)
[93]. Cohesion may be impaired following right
hemisphere injury, including impairments in ref-
erential cohesion, logical coherence, and accu-
racy of narration (and again, more obvious with
more complex narrative tasks) [96]. Coherence
and story grammar, too, may be impacted [94].
At the pragmatic level, researchers have found
that participants with RHD were more tangential
in their narratives, with some tending to termi-
nate their script productions prematurely [97]. In
two case studies, the individuals had to be
prompted to return to task, because their scripts
were being taken over by tangential remarks
(e.g., off topic) or excessive script detail. The
authors hypothesized that in these two cases, the

individuals were led away from the topic by an
inability to prevent their intrusive (e.g., tangential
remark) behavior [97]. Conversationally, there
are issues with macrostructure and pragmatics,
including issues with topic choice or mainte-
nance, as well as failure to adhere to turn-taking
rules [98—101]. Individuals with RHD may also
request for additional information less often, may
assert more facts or opinions, and may ask fewer
questions [102].

Traumatic Brain Injury (TBI)

Adulthood traumatic brain injury (TBI) is an
acquired disorder that has several etiologies (i.e.,
closed or open head injury), brain injury presen-
tations (e.g., diffuse axonal injury), and severi-
ties. Because TBI can affect a variety of brain
structures, and be relatively diffuse, the discourse
impairments vary across the TBI population. A
historically difficult thing with interpreting dis-
course impairments in the TBI population is that
many early papers did not discuss whether the
included individuals with TBI also had concomi-
tant aphasia or other motor speech impairments,
such as apraxia of speech. Some studies on dis-
course including individuals with TBI purpo-
sively exclude individuals with concomitant
aphasia.

Carl Coelho has a large body of work in this
area, with an early review of 17 studies suggest-
ing that impairment at the linguistic level of dis-
course was difficult to conclusively identify, due
to unclear presence of aphasia and dysarthria,
but that generally word retrieval issues are com-
mon in TBI [103]. In some cases, total word pro-
duction was found to be similar in individuals
with severe TBI, mild or moderate TBI, and con-
trols, yet differed when evaluating syntax (spe-
cifically, percentages of complete sentences),
where the individuals with severe TBI performed
significantly worse than the control group (but
note that they did not perform significantly dif-
ferent from the mild-to-moderate group) [104].
Individuals with TBI (who typically do not dem-
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onstrate significant deficits based on traditional
clinical language tests, i.e., do not have aphasia)
may have difficulty at the propositional level,
producing fewer propositions per T-unit [105]. A
more recent study in 14 individuals with severe
(though not aphasic) TBI also demonstrated
issues with cohesion and coherence, producing
narratives with frequent interruption of ongoing
utterances, derailments, and extraneous utter-
ances that rendered their discourse vague and
ambiguous [104, 106]. However, some other
studies have not reported issues with cohesion),
though this may be due, once again, to the com-
plexity of the elicitation task [103, 107-109].
Propositional level issues in TBI may be related
to deficient organization and monitoring of lan-
guage representations in working memory [110,
111]. Global coherence during narrative produc-
tion may be impacted in TBI [104]. Errors of
global coherence include production of tangen-
tial utterances, utterances that are incongruent
with the narrative, propositional repetitions, or
simple fillers. The authors gave the example of
the following: /It is a picnic/I like picnics/I have
made several picnics in my life/[104], where the
second and third utterances are tangential, as
they provide information that is irrelevant for the
task and is simply triggered by a specific idea
depicted in the stimulus. Individuals with severe
TBI may produce fewer thematic units (i.e.,
missing more of the story content) than controls
[104]. Further research suggests errors of global
coherence, and less informative speech, can even
be present in mild TBI [112]. Pragmatically, the
production of social norms is thought to be
impaired in TBI discourse [113, 114], and indi-
viduals with TBI may have difficulty with topic
maintenance in both monologic and dialogic
tasks [113, 115, 116].

In general, it is recognized that analyzing dis-
course is fruitful during TBI assessment, as the
sufficiently challenging narrative genre (in par-
ticular, when the narrative involves recall of
events, thus drawing on declarative memory)
enables sensitive assessment of language and dis-
course [117, 118].

Recent Advances in Studying
Discourse in Neurogenic
Populations

Advances in Databases, Technology,
and Analyses

A huge advance in the analysis of discourse has
been the growth of publicly available databases,
like those curated by the TalkBank project [119—
121]. AphasiaBank [122], TBIBank [123],
RHDBank [124], and DementiaBank all contain
discourse from those respective populations, as
well as detailed demographic and neuropsycho-
logical information. There are several languages
represented in these corpuses. As of the writing of
this chapter, AphasiaBank contains speech sam-
ples from over 350 individuals with aphasia and
over 200 individuals without aphasia. The data-
bases contain audio and/or video eliciting dis-
course using their standard protocol (which
includes a free speech sample, autobiographical
narratives, a fictional narrative, several picture
sequence descriptions, a single-picture descrip-
tion, and a procedural “how to” narrative) as well
as contributed audio and/or video files that are
“off protocol” and comprise things like group
therapy sessions, other non-protocol discourse
tasks, and standardized test batteries. Many of
these projects also contain curated Grand Rounds,
which use several samples from the discourse
protocol to educate learners about discourse com-
ponents and how they are impacted by the disor-
ders. Because there is finally a critical mass of
data available (something inherently hard to do in
clinical populations), researchers have been able
to mine data using innovative approaches like
natural language processing and artificial intelli-
gence. CLAN [121], which is the software curated
by the TalkBank team for analysis of the speech
transcripts, has been advancing since its advent in
the early 2000s and is now capable of producing a
variety of automatic analyses such as moving
average type-token ratio (a measure of lexical
diversity) and core lexicon analysis (a measure of
core vocabulary produced for a given sample).
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With a growing understanding of the many lev-
els of discourse (i.e., linguistic through pragmatic)
has come an increased emphasis on measuring
language across those levels. Multilevel analysis
has become increasingly more common [58, 125,
126], and so has analysis focused on higher levels
of discourse, e.g., macrostructure [9]. Multilevel
analysis in individuals with anomic aphasia dem-
onstrated that, despite a more mild type of aphasia,
these individuals tended to make linguistic, propo-
sitional, and macrostructural errors, such as more
semantic paraphasias (linguistic), cohesion errors
(propositional), and global coherence errors (mac-
rostructural) but demonstrated preserved thematic
selection (another aspect of macrostructure) [S1].
Recent research in multilevel analysis has evalu-
ated main concept analysis, sequencing, and story
grammar in aphasia, demonstrating that individu-
als with aphasia differ across all of these areas
when compared to a matched, non-brain-damaged
group, and that this was true across each aphasia
subtype and even for individuals with aphasia who
had a very mild impairment (i.e., scoring higher
than the aphasia cutoff on a standard aphasia bat-
tery) [9]. Continued work in streamlining multi-
level analysis will provide more comprehensive
and sensitive understanding of discourse.

A survey that my team recently completed [3]
coupled with other surveys [127, 128] demon-
strates that a major barrier in discourse analysis is
time, principally time to analyze and interpret the
samples, and a lack of training and/or availability
of tools to analyze discourse. To combat this, we
and others have urged for the creation and valida-
tion of tools which would streamline discourse
analysis. Core lexicon analysis has been one such
way of achieving this goal [46, 56, 129, 130]
(recently, an automated version available in
CLAN [131]). Core lexicon checklists were
developed by analyzing a variety of discourse
genres and tasks in speakers without brain dam-
age, representative of the core vocabulary (inclu-
sive of nouns, verbs, adjectives, adverbs)
produced during these samples. The resultant
lexemes then become a checklist by which sam-
ples from speakers with neurogenic communica-
tion disorders can be compared, e.g., by
demonstrating that a person with aphasia pro-

duces 40% of possible core lexicon items for a
given sample. A perceptual rating scale, the
Auditory-Perceptual Rating of Connected Speech
in Aphasia (APROCSA), was recently developed
to rate acoustic-phonological characteristics of
discourse [132]. This tool rates across several
discourse elements (e.g., anomia, empty speech,
paraphasias, paragrammatism, retracings), using
5-point rating scales (0, not present; 1, mild
[detectable from infrequent]; 2, moderate [fre-
quently evident but not pervasive]; 3, marked
[moderately severe, pervasive]; 4, severe [nearly
always evident]) and has demonstrated good
inter-rater reliability and validity. More research
is needed to evaluate utility of these tools in clini-
cal settings, but they represent a promising future
direction to streamline analysis.

Another critical feature that large sample sizes
have made possible is the improvement of speech
recognition and automatic transcription software.
Automatic speech recognition (ASR) has also
proven to be a fruitful endeavor in aphasic speech,
given that transcription is arguably the most time-
consuming part of and a major barrier to dis-
course analysis [3, 127]. Research leveraging
AphasiaBank’s large database suggests that ASR
for aphasic speech is possible [133-135], and
future work in this area will be a critical step for
cutting down analysis time.

A Focus on Best Practices
for Discourse Analysis
and Collaboration

A critical issue in synthesizing discourse litera-
ture has been a lack of consistency and standard-
ization of what is reported in published articles
[136, 137]. A good example of this is the incon-
sistency with which the literature uses the terms
“microlinguistic” vs. “microstructural” (which
do not necessarily mean the same thing—micro-
linguistic likely means linguistic component, and
microstructural may be both linguistic and prop-
ositional components), as well as the terms “mac-
rolinguistic” vs. “macrostructural.” To address
this, my colleagues and I conducted a three-round
e-Delphi survey methodology, which drew upon
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expert opinion to establish a set of best practice
guidelines for reporting information about dis-
course [138]. The results of this e-Delphi survey
encouraged reporting of 13 necessary and 7 rec-
ommended items in all research evaluating spo-
ken discourse in persons with adult neurogenic
language disorders. Some examples of necessary
items include describing the discourse elicitation
stimulus/task, providing inter-rater reliability
metrics for primary outcome measures, and
including detailed descriptions of any perceptual
rating scale used, accompanied with a copy of the
scale if not previously published. Evidencing
how these guidelines are specialized for the
aphasic population, two necessary items relate to
characterizing the persons eliciting the discourse.
Similar to encouraging the use of the EQUATOR
network for accurate and consistent reporting of
human subject research, scientific investigations
evaluating discourse in aphasia can be improved
by using these types of guidelines, thereby
improving the ability to synthesize across
studies.

Another core future direction in this area is the
creation of working groups where people can net-
work and share information about discourse in
aphasia, which is further discussed in Chap. 21 of
this book, describing the FOQUSAphasia work-

ing group.

Improving Quality of Psychometric
Data Available for Discourse

Psychometric properties, like reliability and valid-
ity, are important components of assessments,
because they provide insights into the assessment’s
appropriateness (a type of validity) and stability (a
type of reliability). A long-standing issue in the dis-
course literature is sparse availability and low qual-
ity of psychometric data on measures [139]. Of
interest, because we evaluate discourse usually at
multiple time points (e.g., pre- and post-therapy),
test—retest reliability is critical. Test-retest reliabil-
ity is the consistency (or absolute similarity) of a
measure when evaluated across a short interval
during a time when no intervention takes place. If a
measure is not reliable across this short duration of

testing, i.e., there is a lot of variation or inherent
error in the measure when retested, then the mea-
sure is unlikely to sensitively reflect treatment-
induced changes. Discourse changes from day to
day and context to context (as discussed above in
relation to tasks, for example), and we therefore
must be confident that any alternations in a mea-
sure after therapy are reflective of intervention-
related change and not this variability. Establishing
this reliability directly improves our ability to
detect intervention-related change in spoken dis-
course, thereby demonstrating which therapies
instill the most improvements to this real-life com-
munication ability. A few studies have explored
test-retest reliability of linguistic measures of
aphasia, finding that, in general, some metrics (e.g.,
correct information units) are reliable over multiple
testing sessions [140-142]. Research in primary
progressive aphasia and Alzheimer’s disease found
excellent test-retest reliability of measures across
lexical content, fluency, and informativeness mea-
sures, with variability across discourse tasks [143].
Recent work from my lab has suggested that flu-
ency and informativeness measures, like correct
information units, may be most reliable in aphasia
especially when collapsing data across different
monologic discourse tasks, but that these may vary
by task, length of sample, and aphasia severity
[144]. A recent study in chronic mild-to-moderate
aphasia found that a variety of measures (including
propositional and macrostructural measures) had
good validity (content, convergent, and groups)
[139]. The field’s renewed interest in evaluating
psychometric properties indicates its commitment
to improving the evidence base of discourse, which
will in turn improve the extent to which we can
sensitively and accurately characterize discourse
and also use discourse as an outcome measure of
intervention.

Development of Discourse-Specific
Treatments

A typical means of treating discourse has been to
treat underlying linguistic deficits and identify if
they translate into linguistic, propositional, macro-
structural and/or pragmatic improvements in dis-
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course (see details in a comprehensive review in
2011 [145]). Relatively few treatments have been
specifically developed with discourse-level trained
items and outcomes, e.g., using discourse as a
treatment stimulus, and training propositional,
macrostructural/planning, and pragmatic aspects
of discourse. Early work by Ulatowska and col-
leagues emphasized the need for and importance
of discourse therapy in aphasia, which highlights
communicative competence rather than only lin-
guistic competence [35]. Recently, two innovative
studies have advocated for discourse-specific
treatment, both creating and validating protocols
for conducting discourse treatment in aphasia
[126, 146]. In the Novel Approach to Real-life
communication: Narrative Intervention in Aphasia
(NARNIA) study, a multilevel intervention was
created to increase awareness of word retrieval,
sentence structure, and macrostructure across a
variety of discourse genres [126]. A single-blind
randomized controlled trial in 14 people with
mild-to-moderate aphasia demonstrated that cer-
tain aspects of macrostructure were significantly
improved in the NARNIA group compared to a
usual care group, although the changes were rela-
tively restricted to narrative discourse [126].
Recent research has also evaluated NARNIA’s
efficacy in primary progressive aphasia (in a man
with semantic variant and a woman with logope-
nic variant), finding significant gains across sev-
eral discourse metrics (e.g., noun and verb usage,
overall output, macrostructural elements) [147].
The Language Underpins Narrative in Aphasia
(LUNA) protocol targets personal stories of
importance to the individual with aphasia whilst
simultaneously targeting language production at
word, sentence, and discourse (coherence, story
grammar) levels [146]. The LUNA project is still
ongoing as of this chapter’s creation, but early evi-
dence suggests that LUNA is both feasible and
effective, with a single case experimental study
demonstrating improvements across all language
levels (word, sentence, discourse), such as
improvements in verb production, predicate argu-
ment structure, local coherence, and story gram-
mar/structure [146]. Importantly, the LUNA
protocol was co-designed with individuals with
aphasia and speech-language pathologists, reflect-
ing yet another up-and-coming future direction for

discourse research, which is that of participatory
research design [148]. Both the NARNIA and
LUNA studies represent promising future direc-
tions for using discourse as the primary stimuli
and/or learning tool throughout therapy.

Interaction of Culture
and Bilingualism in Discourse
Production

Discourse elicitation methods have great poten-
tial to measure language and communication in
more natural settings, yet many have fallen short
due to a variety of issues, one of which is a lack
of cultural and linguistic sensitivity and appropri-
ateness. Picture descriptions are the most com-
mon form of discourse elicitation method
conducted in clinical and research settings to
acquire a discourse sample from the populations
described above [2, 3]. However, the most typi-
cally used ones (like the Cookie Theft picture
description from the Boston Diagnostic Aphasia
Examination and the National Institutes of Health
Stroke Scale) have intrinsic issues. In the original
version, there are several outdated stereotypes
that are perpetuated, e.g., a woman whose role is
in the kitchen and who is meant to be “minding”
the children whilst the father (a heteronormative
assumption) is outside mowing the lawn. A sig-
nificant update to this picture was recently cre-
ated and validated [149]. Work by Olness and
colleagues also demonstrates that ethnicity may
influence discourse in aphasia (beyond age and
education), where features of African American
dialect were observed in picture descriptions as
well as narratives, though the thematic content
was similar when compared to a group of 29
Caucasians with aphasia [150]. Speech-language
pathologists and researchers in this field recog-
nize that cultural and linguistic irrelevance is a
critical flaw in currently available discourse tools.
Qualitative feedback from our recent survey cited
a critical barrier to discourse assessment and
analysis in aphasia as being a lack of culturally
and linguistically appropriate stimuli [3]. Typical
procedures used to elicit discourse, like picture
description instructions (“tell me a story with a
beginning, middle, and end”), are grounded in an
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Anglo-European understanding of discourse and
storytelling. For example, for the Navajo, these
instructions would be less appropriate, since
Navajo storytelling emphasizes a return to the
beginning, or to a new beginning, rather than an
ending [151]. Further, one of the most common
narrative elicitations in our field, the retelling of
the Cinderella story, poses an issue for individu-
als not raised in the USA or those raised in the
USA whose cultural upbringing did not include
this fairy tale. As a field, we are slowly moving
toward addressing these cultural and linguistic
issues because of the clear importance of creating
sensitive and appropriate tools with which to
elicit discourse.

Another imperative step in discourse analysis
in aphasia is the need to understand how dis-
course breaks down in multilingual speakers,
which comprise 40% (with some estimated
>50%) of the world’s population [152]. In the
USA, the number is slightly lower (~20%) though
still considerable (based on the 2019 US Census
American Community Survey [153]). The great
majority of discourse analysis has been con-
ducted on primarily monolingual speakers, as
evidenced by the demographic makeup of large
databases like AphasiaBank, where the majority
are monolingual (as well as non-Hispanic White).
Multilingualism may be particularly important to
evaluate in discourse because of known linguistic
and cognitive characteristics at play, such as code
switching. Recent research evaluated main con-
cepts produced for picture stimuli in 83 young
English and Spanish bilinguals (without apha-
sia), demonstrating that more main concepts
were produced in the dominant language, but in
individuals whose English and Spanish were rel-
atively equal in proficiency, they tended to pro-
duce more main concepts in English [154]. This
research, though not evaluating discourse in
aphasia, clearly demonstrates the importance of
acquiring a measure of language proficiency in
bilingual speakers. Indeed, research in aphasia
has suggested that contextual variation in lexical
retrieval is related to premorbid language skill in
bilingual aphasia [155]. A recent article points
out that cross-language generalization has been
reported in about half of all published cases of

bilingual aphasia treatment, yet the large major-
ity of these studies evaluate single-word naming,
rather than discourse [156]. This study underlines
the need to evaluate cross-language generaliza-
tion during discourse, which, because of its
unique involvement of language and cognitive
processes, may be sensitive to subtle changes that
vary by not only context but also language spo-
ken in those who are multilingual.

A continued focus of our field should be
on ensuring that discourse elicitation methods are
sensitive and appropriate to culture and language
and that discourse analysis is conducted with
emphasis on important sociocultural and linguis-
tic variables, such as multilingualism.

Conclusion

Discourse assessment and analysis are a powerful
technique and highly informative to clinical
application. The treatment of discourse is a par-
ticularly important future direction, with inter-
ventions specialized to improve language at the
discourse level in these neurogenic populations.

Major Takeaways

1. Discourse is the way by which we communi-
cate, and thus discourse analysis offers a way
to measure the complex language processes
associated with neurogenic communication
disorders.

2. Discourse has been studied in neurogenic
populations for many years, with a sharp
increase in studies in the last 10-20 years evi-
dencing enhanced interest in measuring and
remediating discourse.

3. Discourse analysis, and treatment of
discourse-related outcomes (e.g., improving
word finding during discourse), is of interest
to researchers and clinicians, and improving
communication at the discourse level has been
cited by individuals with aphasia to be of high
importance during their recovery process.

4. Recent advances in technology (e.g., speech
recognition), perceptual rating scales (e.g., on-
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the-ground means of measuring discourse),
access to databases and larger populations,
interdisciplinary collaboration, a focus on best
practices for discourse analysis, and an increase
in evidence evaluating the impact of language
and culture on discourse in aphasia will hugely
benefit the ability to measure and remediate
discourse in neurogenic populations.
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Discourse Characteristics

in Aphasia

Stephen Kintz @

Preview of What Is Currently Known

People with aphasia (PWA) present with impair-
ments to the language systems, but the other cog-
nitive systems, such as attention and memory, are
often spared. Due to this, PWA often have intact,
complete thoughts but are unable to express these
thoughts to others. This reduction in communica-
tion ability causes large detrimental effects on
activities of daily living, as well as social, voca-
tional, and emotional well-being. This communi-
cation impairment extends to discourse abilities,
preventing many PWA from producing informa-
tive, coherent discourse. Therefore, analyzing the
discourse characteristics of PWA will improve
the clinicians’ or researchers’ knowledge about
their functional language abilities, as well as pro-
vide a better understanding of how to treat them.

Objectives

(a) Toidentify the different discourse genres and
tasks, as well as the different analysis mea-
sures used when evaluating discourse in
aphasiology

(b) To describe the different levels of discourse
(microlinguistic and macrolinguistic) and
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distinguish between the different linguistic
and cognitive systems used for both levels

To summarize the microlinguistic features of
discourse for PWA, including productivity,

(©

information content, and grammatical
complexity
(d) To summarize the macrolinguistic features

of discourse for PWA, including cohesion,
local coherence, and global coherence

To compare and contrast the discourse char-
acteristics between fluent and non-fluent
PWA

To understand the importance of discourse
genre and task in the performance of PWA
and neurotypical controls

(e)

®)

Introduction

Aphasia is defined as a central nervous system
impairment acquired from stroke or other brain
injury that presents in one or more components of
language (i.e., phonology, morphology, semantic,
syntax, and pragmatics) during comprehension
(i.e., listening or reading) and/or production (i.e.,
speaking, signing, or writing). The pattern of lan-
guage impairment divides aphasia into subtypes.
This chapter uses the classification system from
the American Speech-Language-Hearing
Association (ASHA; [1]), where aphasia is
divided into fluent and non-fluent. Fluent aphasia
is described as having fluent speech that lacks
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meaning and includes the following subtypes: (a)
anomic, (b) conduction, (c) transcortical sensory,
and (d) Wernicke’s aphasias. Non-fluent aphasia
is described as having halting/effortful and tele-
graphic speech and includes the following sub-
types: (a) Broca’s, (b) transcortical motor, and (c)
global aphasias [2].

For people with aphasia (PWA), this language
impairment extends to discourse [3]. Discourse
can be defined in multiple ways. A formalist/
structuralist perspective would consider any unit
of language above a single utterance to be
discourse [4]. A functionalist perspective may
consider any language used within a specific con-
text to convey a message to be discourse, regard-
less of length [5]. This chapter considers
discourse as any unit of language beyond a single
utterance that conveys information [6]. When
analyzing discourse, it reflects more etiological
real and functional language tasks compared to
confrontational naming tasks or sentence repeti-
tions tasks, and it is already an important, but
underutilized, component in the assessment of
aphasia [3], since the Boston Diagnostic Aphasia
Exam-3rd (BDAE-3; [7]) and the Western
Aphasia Battery (WAB; [8]) include a discourse-
based subtest to distinguish between fluent and
non-fluent aphasia subtypes [9].

Theories of Discourse

There are many models/frameworks for under-
standing discourse, such as the construction-
integration model [10] or the multi-level
discourse processing model [11]. These different
models/frameworks cause investigators to exam-
ine discourse in slightly different ways. However,
a common theme across all models/frameworks
is that coherent discourse requires multiple levels
of representations/processing, with most models
specifying, at least, microlinguistic and macro-
linguistic processes. Microlinguistic processes
include the traditional language components,
such as phonology, semantics, and syntax, related
to the bottom-up processes required for accessing
words and using these words to construct phrases
and utterances. Macrolinguistic processes include

cohesion, coherence, and pragmatics related to
top-down processes arranging these linguistic
elements into a meaningful whole. The power of
discourse lies in the analysis of both the micro-
and macrolinguistic levels.

Of course, discourse can be divided into dif-
ferent genres, including conversation, expository,
narrative, and procedural discourse, and these
genres can be subdivided into different types
(e.g., expository may be descriptive/informative
or persuasive). See Table 2.1 for more informa-
tion on the genres and types of discourse [6]. The
different genres and types of discourse require a
different menagerie of linguistic and cognitive
processes/resources to produce a coherent lan-
guage sample. For example, a procedural dis-
course task, such as “How to make a peanut
butter and jelly sandwich,” would require a sim-
pler syntax and tax memory/organizational skills
less than producing a narrative with multiple
characters and scenes that jump around both spa-
tially and temporally. This gets to a crucial aspect
of discourse analysis. People will perform differ-
ently on different discourse tasks. An individual
could perform at normative levels on one task but
do poorly on another. Therefore, to properly
assess discourse in aphasia, clinicians/research-
ers need to understand not only the different dis-
course characteristics of fluent and non-fluent
aphasia, but also the different discourse tasks
used.

In aphasiology, discourse is often investigated
by eliciting monologues using pictures or scripts
due to the ease of administration and interpreta-
tion. Few studies examine conversations or dia-
logues [22]. Bryant and colleagues conducted a
systematic review and found that single-picture
expository descriptions, such as the description
of the “Cookie Theft” [7] and “Picnic” [8] pic-
tures, were the most common discourse tasks
used in research. This was followed by the word-
less picture book Cinderella [15]. Personal
recounts and procedural discourse (e.g., how to
plant a flower) are also common. The authors
also found that a majority of studies (n = 113)
used multiple discourse genres/tasks to elicit lan-
guage samples. Of these, 77 studies collapsed the
different genres/tasks into one large sample
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Table 2.1 Summary of the most common discourse genres, types, and tasks in aphasiology

Genres Types Tasks
Narrative: Stimuli based Single pictures:
Monologues with spatial and temporal Cookie Theft from BDAE [7]
information (e.g., a beginning, middle, Picnic from WAB [8]
and end) Sequential:
Argument and Flowerpot [12-14]
Wordless picture books:
Cinderella [15]
Good Dog Carl [16]
Picnic [17]
Non-stimuli based Personal recounts:
Tell me about your stroke [18]
Tell me about your holiday [19]
Tell me about your weekend [19]
Expository: Informative Picture based:
Monologues used to describe events, Cookie Theft from BDAE [7, 20]
facts, or opinions Picnic from WAB [8]
Persuasive Are you for or against home schooling, and
please explain why?
Procedural: How to mail a letter?
Monologues used to provide instructions How to make a peanut butter and jelly
on how to complete a task sandwich?
Conversation: Structured Interviews
Dialogues with two or more speakers Role-playing scenarios
Unstructured Familiar/unfamiliar conversation partners
[21]

before analysis. The most utilized multitask pro-
tocols were developed by Nicholas and
Brookshire [23], Doyle et al. [24], and
AphasiaBank [18]. These protocols and results
from Bryant and colleagues indicate that multiple
discourse samples should be utilized when
assessing discourse for PWA.

Microlinguistic Processing
in Aphasia

PWA demonstrate more problems with the micro-
linguistic aspects of discourse compared to the
macrolinguistic aspects of discourse production.
Microlinguistic processing is reliant on traditional
linguistic processes, with word access difficulty,
anomia, being the most prevalent symptom [25].
Nevertheless, while many PWA may present with
problems to word access, they may also have prob-
lems utilizing morphology or syntactic construc-
tion. The next sections will cover the most common

microlinguistic aspects of discourse analyzed in
PWA: (a) productivity, (b) information content,
and (c) grammatical complexity.

Productivity

Productivity is defined as the amount and ease of
language produced within a specific sample [26].
This includes count measures, such as the total
number of words or utterances, but also includes
measures of fluency and lexical diversity. Fluency
is defined as the rate and ease at which an indi-
vidual produces language, such as words per
minute [27]. Lexical diversity (LD) is defined as
the variety of words produced for a specific lan-
guage sample, such as type-token ratio [28].
People with non-fluent aphasia (PWNA) consis-
tently produce language samples that are shorter
or less productive than neurotypical controls
[29], which is driven by their inability to access/
produce words or grammatical structures.
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Therefore, discourse samples from PWNA are
described as halting, effortful, and telegraphic.
Excerpt (1) below shows the PWNA producing a
narrative from the wordless picture book, Picnic
[17]:

Excerpt (1):

PAR: all mouse ... um ... [Gestures: gathering]
food and basket ... for picnic.

PAR: um ... mice ... get in truck ... trip.

People with fluent aphasia (PWFA) have more
variability in productivity. PWFA often produce a
similar amount of language compared to neuro-
typical controls [14], especially for milder forms
of aphasia, such as anomic [13]. Some studies
have found that PWFA, especially Wernicke’s
aphasia, produced a higher number of utterances
compared to neurotypical controls [30]. This is
described as logorrhea, which is defined as exces-
sive but incoherent talkativeness or wordiness.
Therefore, discourse samples from PWFA are
described as fluent, maybe even excessive, and
lacking insight about the topic. Excerpt (2) is
from PWFA from the wordless picture book,
Picnic [17]:

Excerpt (2):

PAR: the mouses ... the father, and mother, and
. one, two, three, four ... all the children ...

they’re preparing the basset [: basket] of water-

melon, sandwiches, sweet dea [: tea] and getting

on the truck.

While fluent and non-fluent aphasias differ on
measures of raw productivity in terms of number
of words or utterances, they have similar output
when examining fluency and lexical diversity.
Fluency measures were first applied to discourse
in the 1970s and 1980s to help distinguish
between fluent and non-fluent aphasia [9]; see
Clough and Gordon [27, 31] for a more in-depth
discussion on fluency in aphasia. Overall, PWA
produce less fluent narratives with a slower
speech rate as determined by words per minute
compared to neurotypical controls [27]. This
reduction in fluency is even true when PWFA

produce a similar/greater number of words/utter-
ances [14] and is even true for mild forms of
aphasia, such as anomic aphasia [13].

People with latent aphasia, also known as not
aphasic as determined by the WAB, also demon-
strated a reduction in measures of fluency. Fromm
et al. [32] examined narrative from Cinderella in
latent aphasia, anomic aphasia, and neurotypical
controls and found that latent aphasia had dis-
course samples with fewer utterances, fewer
words per minute, and fewer concepts compared
to neurotypical controls [32]. This reduction in
speech rate was mainly driven by longer pauses
compared to neurotypical controls. The rate of
articulation (i.e., word fluency) was similar
between PWA and neurotypical controls [33]; yet
latent aphasia still has better fluency scores than
the mildest form of aphasia, anomic aphasia [32].
Therefore, fluency not only distinguishes between
fluent and non-fluent aphasias [9] but may be
more sensitive to language change compared to
standardized assessment methods, such as the
WAB.

To explain this reduction in fluency, Clough
and Gordon [31] examined how fluency scores
were explained by scores on measures of word
retrieval, grammatical complexity, and speech
production. The researchers found that specific
fluency measures are affected differently by these
underlying causes. For example, words per min-
ute was best explained by scores for grammatical
processing abilities, while fluency scores on the
WAB were equally explained by scores for lexi-
cal access, grammatical complexity, and speech
production [31]. The researchers also found that
the different subtypes of aphasia had different
causes for their reduction in fluency. For exam-
ple, when classifying the type of problems that
may disrupt fluency, people with latent aphasia
produce more pauses, fillers (e.g., “um,” “uh,”
“you know,”), revisions, and repetitions with an
increase in the number of phonemic errors com-
pared to neurotypical controls. However, people
with latent aphasia still performed better than
people with anomic aphasia, who produced more
phonemic, semantic, and pronoun errors with
less attempts at revisions [32].
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Lexical diversity (LD) is another common
measure of productivity utilized in aphasiology.
LD is defined as the diversity of words produced
for a specific language sample, and it requires a
store of words (i.e., vocabulary) and the retrieval
processes to access said words. There are numer-
ous ways to calculate lexical diversity. This
includes older measures, such as the number of
different words and type-token ratio, but it also
includes newer measures, such as VocD (D),
measure of textual lexical diversity (MTLD), and
moving-average type-token ratio (MATTR), that
address some of the shortfalls of the older meth-
ods. See Fergadiotis et al. [34] and Gordon [35]
for an in-depth discussion on calculating LD.

PWA produce discourse samples with a lower
lexical diversity compared to neurotypical con-
trols [28, 32, 36-38]. Fergadiotis and Wright [36]
examined lexical diversity in PWA and
neurotypical controls for several discourse tasks:
(a) single-picture narratives, (b) sequential pic-
ture narratives, and (c) narrative retell tasks from
a wordless picture book. The researchers found
that LD scores from neurotypical controls gener-
ally increased with the complexity of the tasks.
The increase in LD was probably the result of the
increased complexity required to tell the story.
See Example (1) below:

Example (1):
Lexical Diversity in Controls:
(Higher LD Lower LD)
Wordless Picture Books > Sequential Pictures
> Single Picture.

A similar pattern was seen in PWA. They had
lower lexical diversity scores for single pictures
compared to sequential pictures, but PWA had
similar lexical diversity scores between sequen-
tial pictures and wordless picture books. See
Example (2) below:

Example (2):
Lexical Diversity in Aphasia:
(Higher Lower)
Wordless Picture Books = Sequential Pictures
> Single Picture.

Therefore, PWA have reduced productivity in
terms of sample length [9], fluency [27], and lexi-
cal diversity [34, 36]. This is indicative of their
language samples being less productive and effi-
cient. This makes productivity a useful group of
measures that appear capable of detecting the
presence of aphasia [9] and severity of aphasia
[35] and distinguishing between fluent/non-fluent
subtype [27].

Information Content

Information content is a measure of the informa-
tiveness and content of a language sample. This
may include measures similar to productivity,
such as correct information units (CIUs), propo-
sitional density, and number of main ideas, which
calculate how informative a sample is, but it also
includes measures of lexical and semantic analy-
sis that investigate the types of words produced.
Unlike productivity that differed between fluent
and non-fluent aphasia, PWA consistently dem-
onstrate discourse that is less informative com-
pared to neurotypical controls [29].

Correct information units (CIUs) are defined
as single words, which are considered accurate,
informative, and relevant to the language sample
being produced [23], and it is the most utilized
measure in aphasiology for measuring the infor-
mativeness of discourse samples [22, 26]. CIUs
are significantly correlated with aphasia severity
for both fluent and non-fluent aphasia, and higher
CIUs per minute are correlated with better sub-
jective rating of communicative competence
from naive listeners [39] and can classify PWA
into different severities [40]. Nicholas and
Brookshire [41] found that PWA do produce
fewer CIUs compared to neurotypical controls,
as well as fewer CIUs per minute. Furthermore,
these measures distinguished between PWA and
neurotypical controls better than simple counts,
such as number of words/utterances [41]. These
results have been replicated by other researchers
utilizing content units [42], percent information
units [43], number of propositions, and main
idea/thematic units [12, 13].
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So, PWA produce discourse that has less
informativeness in terms of overall output, but
what about the lexical/semantic content of their
samples? An examination of the content of their
samples also demonstrates some stark difference
compared with neurotypical controls as well as
with the different subtypes of aphasia. Content is
defined as the concepts and words that make up a
discourse sample. When examining the content
of a language sample, structuralists often exam-
ine the category of words produced, such as
nouns, verbs, adjectives, or adverbs.

PWNA often produce language samples with
many missing closed-class words and bound
affixes, such as plurals or tense endings. Kim and
Thompson [44] also found that PWNA had more
difficulty accessing verbs than nouns. Verbs are
the building blocks of utterances, specifying the
number and type of nouns that fill a verb’s argu-
ments. A verb’s argument is defined as an
expression/concept that helps complete a verb
meaning. For example, the verb “run” has a
required “subject/agent” that is “running” and an
optional “location-based” argument. Hence, the
utterances, / run and [ run to the store, are both
grammatical. The verb “slap” has two required
arguments, “subject/agent” that is “slapping” and
an “object/receiver” that is “slapped.” Therefore,
while the girl slapped the boy is grammatical,
*the girl slapped is not. Kim and Thompson [44]
found that verbs with two or more arguments
were harder to access in confrontational naming
tasks and used less often in narrative samples
compared to verbs with one argument. In Excerpt
(1) from above, the PWNA did not produce many
closed-class words or verbs in their utterance. For
example, the individual used 7 nouns to 1 verb.
The individual also gestured ‘“gathering” or
“packing” instead of using a lexical item.

Fluent aphasia is more difficult to classify.
Some studies have shown that fluent aphasia has
a similar pattern to non-fluent aphasia, where
closed-class words are more difficult to access
[12]. However, fluent aphasia is more likely to
produce an error, while non-fluent aphasia is
more likely to make an error of omission.
Wernicke’s aphasia is particularly known for
phonological paraphasias. Paraphasias are lexical
substitutions where a target word (i.e., intended

word) is replaced with a phonological or semanti-
cally related word. See Example (3) below:

Example (3):
Semantic paraphasia: Mouse (target) — rat
(replacement)
Phonological paraphasia: truck (target) — tuck
(replacement)

In Excerpt (2) above, the PWFA produce two
phonemic errors: “basset” for “basket” and “dea”
for “tea.” These paraphasias may improve pro-
ductivity due to the ease that the lexical items
were produced, but they prevent the discourse
from being informative without further inferenc-
ing from the listener. Taken together, PWA pro-
duce less informative discourse samples for most
discourse tasks. PWFA produce more fluent
speech, but it is filled with paraphasias and other
errors. PWNA produce less fluent speech that is
often missing information, such as verbs and
closed-class words.

Grammatical Complexity

Grammatical complexity provides an overall
assessment of the type of morphological and syn-
tactic structures/processes utilized when produc-
ing utterances [45]. The most common measures
include mean length of utterances in terms of
morphemes or words, the types of syntactic units
produced, the number of complete/grammatical
utterances, and the number/type of errors pro-
duced. There is a general consensus that PWA
have reduced grammatical complexity, with a lin-
ear decline in grammatical complexity as severity
increases [37].

Ulatowska et al. [46] were some of the first
researchers to investigate grammatical complex-
ity in PWA for a procedural discourse task. The
authors found that PWA had a significant reduc-
tion in the number of utterances, percentage of
grammatical utterances, clauses per utterances,
and percentage of both dependent and nonfinite
clauses. Overall, the authors concluded that PWA
produce simple, shorter utterances compared to
neurotypical controls. However, PWA did pro-
duce a similar number of words per utterance.
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These results differ from other researchers who
found a significant difference in the mean length
of utterances when comparing single- and
sequential picture tasks [14], which may be
related to the nature of the discourse task.
However, Ulatowska and colleagues did find that
PWNA produced a lower number of utterances,
as well as percentage of correct utterances com-
pared to PWFA. Yet, there was no difference in
measures of complexity, such as clause length or
embedding, though the authors argue that this
may be because of the simple nature of proce-
dural discourse tasks.

The grammar of fluent and non-fluent aphasia
is often described as paragrammatic or agram-
matic, respectively [47]. Agrammatism is defined
as the omission of grammatical morphology and/
or function words. Again, consider Excerpt (1),
where the PWNA produced few closed-class items
helping structure the phrase. Paragrammatism is
defined as a substitution of morphology and/or
function words. Consider Excerpt (2) where the
PWFA produce “mouses” for “mice” or “on the
truck” instead of “in the truck.” For English speak-
ers, this is a rather straightforward distinction
between fluent and non-fluent aphasia. However,
in other languages with more morphological
inflections, such as German or Italian, both fluent
and non-fluent aphasia are more likely to produce
morphological substitutions compared to morpho-
logical omissions [47].

Syntactic complexity is also measured through
the number of morphological and syntactic errors
produced. Andreetta and Marini [14] found that
PWA do produce fewer complete/grammatical
utterances compared to neurotypical controls.
Their incomplete/ungrammatical utterances were

not driven by morphological issues but by omis-
sions of arguments (i.e., concepts/words) as well
as incorrect function words. The authors con-
cluded that the grammatical difficulties faced by
PWA have more to do with lexical access prob-
lems more so than actual syntactic constructions.
Taken together, it is clear that PWA use less com-
plex syntax. Again, PWFA make more errors of
substitution, while PWNA are more likely to pro-
duce errors of omissions. For example, Broca’s
aphasia often misses the past tense inflection
ending for verbs [48]. Further, most researchers
agree that the word access problems due to pho-
nological, semantic, or grammatical processing
issues are the main driver of PWA’s simple, short
utterances. However, working memory has also
been implicated [49].

Microlinguistic Summary

PWA present with strong deficits to many micro-
linguistic processes, including productivity,
informativeness, and grammatical complexity. In
general, fluent aphasia has more productivity in
terms of the number of words or words per min-
ute produced. Non-fluent aphasia is less produc-
tive/fluent with fewer grammatical utterances
overall. While cognitive deficits related to work-
ing memory and attention are possible candidates
for driving these findings, most researchers and
clinicians agree that anomia (i.e., word access)
due to phonological, semantic, or grammatical
processing issues is one of the main drivers of
these microlinguistic issues. See Table 2.2 for a
summary of the microlinguistic processes
affected in aphasia.

Table 2.2 Microlinguistic discourse characteristics for aphasia

Discourse measures Fluent Non-fluent

Productivity Raw production Variable Reduced
Fluency Reduced Reduced
Lexical diversity Reduced Reduced

Informative content Informativeness Reduced Reduced

Lexical errors

Substitution errors Omission errors

Grammatical complexity Complexity

Simple, shorter syntax Simple, shorter

Grammatical errors

Substitution errors Omission errors
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Macrolinguistic Processes for PWA

PWA have less problems with the macrolinguis-
tic processes of discourse compared to the micro-
linguistic processes, and many researchers
believe that microlinguistic impairments contrib-
ute to the disruptions at the macrolinguistic level,
though attention and executive function are also
implicated. Cohesion and coherence are the most
studied aspects of the macrolinguistic level,
though some researchers consider cohesion a
microlinguistic process. Coherence can be fur-
ther subdivided into local and global coherence.
For PWA, cohesion and global coherence are
more impaired than local coherence.

Cohesion

Cohesion refers to how semantic information or
concepts are connected between different phrases
and utterances [50]. Cohesion is maintained through
word choice. Specifically, referential language (e.g.,
pronouns, conjunctions) and grammatical mor-
phemes (e.g., number, gender agreement) coordi-
nate concepts across phrasal/utterance boundaries.
Excerpt (3) below illustrates how the pronouns
“they” and “her” link/reference the concepts “mice”
and “baby mouse” from the previous utterance. It
also demonstrates how the conjunction “but” coor-
dinates between the two utterances.

Excerpt (3):
PAR: the mice start to look for the baby mouse.
PAR: but they can’t find her.

Cohesion is often viewed as both a microlin-
guistic and macrolinguistic process [45]. It pat-
terns with other microlinguistic processes due to
requiring access to referential language [12], but
the coordination of meaning across utterance
boundaries is more similar to macrolinguistic
processes.

PWA often present with an impairment to
cohesion [51]. PWA produce fewer cohesive ties
than neurotypical controls [20, 52], though some
researchers have found a similar number of cohe-
sive ties [51]. Overall, PWA relied on conjunc-

tions (e.g., for, and, nor, but, or, yet, and so) for a
large percentage of their cohesive ties, and these
conjunctions were mainly additive in nature (e.g.,
and), not adversative, causal, or temporal [9, 52].
Another research has also shown that non-fluent
aphasia may be particularly bad at making tem-
poral reference (48). Excerpt (2) above illustrates
the overuse of the conjunction “and.” The PWFA
simply adds to the information already presented
by saying “the mouses” and then naming each
mouse included in “the mouses” by saying “and
the father ... and mother ... and ... children.”

PWA also produce many cohesive errors [12—
14]. Andreetta and Marini [14] found that PWA
produce more cohesive errors compared to neu-
rotypical controls. The errors included missing/
ambiguous pronouns, missing/inappropriate
closed-class words, number/gender disagree-
ment, and incomplete utterances. Excerpt (4)
below illustrates an ambiguous pronoun. “He”
may refer to the “baby mouse” or “older mouse,”
making it ambiguous.

Excerpt (4):

PAR: The baby mouse fell out of the truck.
PAR: and the older mouse kept driving.
PAR: He’s in trouble.

Scores on cohesive errors correlated with
measures of missing information (e.g., complete/
incomplete utterances), suggesting that anomia/
omission explain many of the cohesive errors
[12, 14]. A longitudinal case study further illus-
trates the point. For the individual, cohesion var-
ied across the 12-month period poststroke, but
overall, cohesion scores improved as other micro-
linguistic abilities improved. This improvement
was probably again driven by lexical access
improvements [53]. Even mild forms of aphasia,
such as anomic aphasia, produce more cohesive
errors compared to neurotypical controls, and
these errors are again driven by problems with
word access [13].

There are also differences between fluent and
non-fluent aphasia. According to Zhang et al.
[52], non-fluent aphasia had trouble with gram-
matical processes due to the misuse of articles
and pronouns. Non-fluent aphasia produced a
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similar number of lexical cohesive ties compared
to neurotypical controls, but this was mainly
driven by repetition [29, 52]. Fluent aphasia had
more grammatical ties compared to lexical. In
fact, PWFA produced almost half the number of
lexical ties compared to neurotypical controls.
This may be due to semantic/word access issues.
Therefore, the main difference between fluent
and non-fluent aphasia is that fluent aphasia has
problems with lexical ties, while non-fluent apha-
sia has problems with grammatical ties.

Taken together, these results suggest that
cohesion is strongly tied to microlinguistic abili-
ties. Some research have also shown a link
between cohesion and coherence, where poor
cohesion leads to poor coherence [20]. Other
studies have shown a division between the mor-
phological and lexical aspects required for cohe-
sion and the more semantic processes associated
with coherence [12-14, 51].

Coherence

Coherence is defined as the integration of differ-
ent elements in a logical, consistent manner [54].
In aphasiology, coherence refers to the ability to
organize different story elements (e.g., utter-
ances) so that the topic/theme (i.e., semantic rela-
tionships) is maintained throughout the discourse
[51], and it is an important aspect of effective
communication. Coherent discourse facilitates a
listener’s ability to comprehend and extract
important information from a sample of lan-
guage. Coherence is often divided into local and
global coherence. Local coherence is concerned
with the logical consistency between neighbor-
ing, or almost neighboring, utterances. Local
coherence measures are often concerned about
how/what information is linked, repeated, or
elaborated. Global coherence is concerned with
the consistency of utterances to the overall theme/
purpose of the discourse.

Coherence may be measured in numerous
ways [55]. Some researchers measure the per-
centage of main concepts and details produced,
making these measures similar to measures of
informativeness. Some researchers measure

whether the story grammar is maintained. For
example, a narrative typically needs a beginning,
middle, and end. However, the most common
methods in aphasiology are subjective rating
scale [51, 56, 57] and error analyses [12—14] for
both local and global coherence.

Local Coherence

PWA consistently perform better on measures of
local coherence compared to measures of global
coherence [58]. Glosser and Deser [51] examined
local and global coherence by utilizing a 5-point
rating scale. The authors found no difference
between local coherence scores for PWA and
neurotypical controls. A case study examining a
55-year-old with mild-to-moderate anomic apha-
sia also found that the individual had more prob-
lems with maintaining global coherence
compared to local coherence [53]. So, while
PWA have relatively preserved local coherence
abilities, Andreetta et al. [13] found that PWA
produce more local coherence-disrupting ele-
ments compared to neurotypical controls. The
authors found that these local coherence errors
were driven mainly by missing referents (i.e.,
missing words/concepts) and not topic shifts.
Topic shifts are when an utterance is aborted pre-
maturely, and the next utterance starts a new
topic. Therefore, again, local coherence is mainly
disrupted through lexical access problems. Due
to few topic shifts and adequate scores of infor-
mativeness, the authors suggested that PWA are
capable of understanding and organizing the gist
of the narratives, but lexical access issues cause
small disruptions to local coherence [13].

While microlinguistic deficits for PWA cause
problems for coherence [57], it is not the only
driver of coherence problems. Researchers have
found that declines in working memory, as mea-
sured by word and reading span tasks, are corre-
lated with declines in local coherence [59].
However, local coherence is less disrupted than
global coherence, and local coherence does not
appear to correlate with executive function [60].
Hoffman et al. [61] argued that local coherence
relies on automatic (i.e., priming) activation of
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concepts between utterances, and it appears rela-
tively preserved in PWA. Executive function or
semantic control processes, which are damaged
in aphasia, are more related to global coherence.
Due to these reasons, primed/local semantic con-
nections are maintained, but the damage execu-
tive systems cause drifts over multiple utterances,
impacting global coherence.

Global Coherence

Global coherence has been investigated more
thoroughly than local coherence. Again, one of
the earliest studies from Glosser and Deser [51]
pioneered the rating scale used and adapted by
most other researchers investigating global
coherence in aphasia. While this study did not
find a difference between PWA and neurotypical
controls, leading to the conclusion that macrolin-
guistic skills are more preserved compared to
microlinguistic ~ skills ~ [51], most other
investigations have found that PWA have reduced
global coherence scores [13, 56, 62, 63], includ-
ing an increase in the number of coherence errors
[12, 62, 63].

Andreetta et al. [13] investigated global coher-
ence errors in PWA for single-picture and sequen-
tial picture tasks. The authors found that PWA
produce more coherence errors, but these errors
were not related to tangential or incorrect infor-
mation. Instead, PWA mainly produced repetitive
information and filler utterance (i.e., utterances
with a subjective statement or circumlocution).
See examples in Excerpts (5) and (6):

Excerpt (5): An Example of Repetition of
Utterance:

PAR: the mouse was terrified they lost the baby.
PAR: the mouse was terrified.

Excerpt (6): An Example of Filler Utterances:
PAR: the mouse was terrified they lost the baby.
PAR: the mouse was terrified.

PAR: So scared on such a beautiful, sunny day.

These errors suggest that PWA are able to main-
tain the theme/gist of the text. Leaman and
Edmonds [63] found that almost 60% of utterances
with low coherence scores for their PWA were
associated with ambiguous/nonspecific language.
Only 26% of low-coherence utterances were con-
sidered off-topic, and only 10% were considered as
incorrect information. Between mild and severe
aphasia, the researchers found that severe aphasia
is more likely to use nonspecific language com-
pared to milder aphasia, and mild aphasia uses
more off-topic utterances compared to severe apha-
sia. These results suggest that less severe aphasias
have a greater ability to access more specific lan-
guage that could communicate more pertinent
information but also more off-topic information.
People with severe aphasia sometimes cannot pro-
duce enough information for listeners to under-
stand that the utterance is off-topic.

There are also differences between fluent and
non-fluent aphasia. Fluent aphasia may have
higher global coherence scores compared to non-
fluent aphasia [64]. Unfortunately, most of the
research into global coherence has been conducted
on fluent aphasia [54]. Christensen [62] investi-
gated global coherence errors for several subtypes
of fluent aphasia: (a) Wernicke’s, (b) conduction,
and (c) anomic. People with Wernicke’s aphasia
produced discourse samples that alternated
between narrating a story and describing items in
the picture. The author concluded that Wernicke’s
presentation may be the result of attentional issues.
This is bolstered by the fact that Wernicke’s apha-
sia also produced the most off-topic and incorrect
information. Conduction aphasia produced the
most repetition errors, by constantly repeating
information already provided. Anomic aphasia
had more gaps of information (i.e., missing infor-
mation). Non-fluent aphasia is more likely, again,
to produce errors of omissions: single-word utter-
ances or aborted utterances [64].

Most researchers agree that disruptions to the
microlinguistic processes cause problems for the
macrolinguistic processes. In fact, lexical retrieval
scores correlate with reduced informativeness and
increased global coherence errors. These errors are



2 Discourse Characteristics in Aphasia

33

not tangential or conceptually incongruent errors,
but often repetitive information or filler utterances
(i.e., utterances with subjective statements or cir-
cumlocutions). Again, this suggests that microlin-
guistic processes contribute to the problems
associated with global coherence [13]. However,
declines in other cognitive systems do contribute.
Declines in working memory and executive func-
tion negatively impact global coherence [59, 64],
and preserving these cognitive systems correlates
more strongly with preserved communication
ability, especially global coherence [65].

Summary of Macrolinguistic
Processes

PWA do have problems associated with macro-
linguistic processes of discourse production.
Cohesion is typically impaired because it relies
on linguistic features to link information between
utterances. Global coherence is also impaired in
most studies, and it correlated with declines in
both microlinguistic processes and executive
function processes. Local coherence, related to
semantic priming, is relatively preserved. See
Table 2.3 for a summary of macrolinguistic pro-
cesses for PWA.

Table 2.3 Macrolinguistic discourse characteristics for
aphasia

Discourse measures Fluent Non-fluent
Cohesive | More
Cohesion | ties grammatical | More lexical
Cohesive | More lexical | More
errors errors grammatical
errors
Local Local Relatively Relatively
coherence | rating preserved preserved
Local Ambiguous | Missing
errors referents referents
Global Global Reduced Reduced
coherence | rating (PWFA (PWFA
better than better than
PWNA) PWNA)
Global Repetition, Omission
errors filler, and errors
substitution
errors

Note: PWFA People with fluent aphasia, PWNA People

with non-fluent aphasia

Discourse Task

The presentation of discourse characteristics for
PWA is often based on the specific discourse task
since different tasks require differing levels of
linguistic and cognitive processing. Therefore, it
is important to consider tasks when analyzing
discourse. For example, Stark et al. [66] com-
pared three different discourse tasks: procedural,
narrative, and expositional discourse. The narra-
tive discourse task had the highest number of
ideas per utterance but had the weakest fluency as
determined by the number of words per minute.
The procedural discourse task had the lowest
grammatical complexity and ideas per utterance,
but it had similar fluency to the expository tasks
and more fluency than the narrative task. See
Example (4) below:

Example (4):
Idea Density:
(Higher Lower)
Narrative > Expository > Procedural
Fluency:
(Faster: Slower)

Expository = Procedural > Narrative

Cohesion and coherence also vary by dis-
course task. Unfortunately, most of the research
have been conducted on monologues using either
single or sequential pictures [26]. This is prob-
lematic since a longer narrative, such as wordless
picture books, may be more sensitive to changes
in cohesion and coherence over time. For cohe-
sion, there is a difference between monologues
and conversations. Armstrong et al. [67] exam-
ined cohesive ties in monologues and conversa-
tions for two individuals with aphasia. Both
speakers were able to use cohesive ties and main-
tain cohesion for both discourse tasks, but the
monologue task caused more cohesive problems
overall. This suggests that the cues and support
provided by a conversational partner are benefi-
cial to the discourse macrostructure for PWA.

For coherence, Wright and Capilouto [56]
have even found that the same discourse tasks,
narratives from wordless picture books, differ
based on content and structure of the task. They
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found that productivity best explained the global
coherence scores for Picnic [17], but informa-
tiveness best explained the global coherence
scores for Good Dog Carl [16]. The authors con-
cluded that the structure and content of the story
influenced these results. These above results
illustrate that it is important to consider the spe-
cific discourse task when analyzing discourse
samples from neurotypical controls or
PWA. Moreover, it is important to have multiple
language samples from multiple genres/types of
discourse to properly assess the language abili-
ties of PWA.

Conclusion

PWA present with deficits in discourse process-
ing. PWA are generally less productive and less
fluent, with a restricted vocabulary that reduces
the language sample’s informativeness, cohesion,
and coherence, especially since cohesion and
coherence are mostly related to missing or
ambiguous information. Macrolinguistic pro-
cesses are more preserved due to them relying
more on spared cognitive systems, such as atten-
tion and executive function, instead of the dam-
aged language system. Throughout the chapter,
discourse analysis has been shown to be an excel-
lent way to assess PWA and determine severity
and subtype. It is also more functionally real,
compared to standardized methods like the
WAB. While discourse analysis should become
an important component for clinicians and
researchers, the variety of aphasia subtypes, dis-
course tasks, and analysis methods prevents it
from being easily digestible and useable for many
researchers and clinicians.

Major Takeaways

1. People with aphasia (PWA) have declines in
discourse processing associated with both
microlinguistic and macrolinguistic
processes.

2. Microlinguistic processes include reduced
fluency and a restricted vocabulary that may

drive PWA’s language to be less informative
and grammatical.

3. Macrolinguistic processes include poor cohe-
sion and global coherence with relatively
spared local coherence.

4. Macrolinguistic processes of cohesion are
largely driven by lexical impairments, while
global coherence is driven by both word
access problems and cognitive declines in
working memory and executive function.

5. Fluent aphasia makes more errors of substitu-
tion at both the micro- and macrolinguistic
levels.

6. Non-fluent aphasia makes more errors of
omission at both the micro- and macrolinguis-
tic levels.

7. Discourse task is an important consideration
when assessing aphasic discourse due to dif-
ferent genres/types requiring differing levels
of linguistic and cognitive processing.
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Preview of What Is Currently Known
Neurodegeneration characterizes individuals
with different dementia subtypes, leading to pro-
gressive decline in cognitive, linguistic, and
social functioning. Language and communica-
tion deficits manifest early in the development of
dementia (e.g., Alzheimer’s disease, primary pro-
gressive aphasia, and Parkinson’s disease) affect-
ing the production and understanding of discourse
microstructure (e.g., in grammar, semantics, and
pragmatics) and macrostructure (e.g., discourse
planning, organizing, and structuring). This work
discusses findings on discourse impairments and
suggests that clinical discourse analysis can pro-
vide a comprehensive assessment of language
and communication skills in individuals with
dementia that complements existing neurocogni-
tive assessments for (differential) diagnosis,
prognosis, and treatment efficacy evaluation.

Objectives

(a) To describe the effects of dementia on
discourse.

(b) To identify the language and communication
biomarkers for dementia assessment, diag-
nosis, prognosis, and treatment efficacy valu-
ation elicited through clinical discourse
analysis.
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(c) To determine the impact of dementia on the
cognitive representation of grammar, com-
municative competence, emotions, empathy,
and theory of mind.

To determine whether individuals employ a
socially appropriate language communica-
tion and follow the turn-taking dynamics and
conventions in conversations.

(d)

Introduction

Every year, more than ten million individuals
develop dementia, with almost fifty-five million
people worldwide now living with dementia [1].
Dementia is the progressive deterioration of cog-
nitive, linguistic, and social functioning that
affects the quality of life, including the physical,
social, and economic conditions of individuals,
their families, and society [2-5]. Although there
is no treatment for dementia, early-stage identifi-
cation and assessment of individuals with demen-
tia are of utmost importance to enable
interventions that can delay the progression of
dementia and support family planning. The neu-
rocognitive assessment aims to evaluate individu-
als’ condition and provide early diagnosis,
prognosis, and quantify intervention efficacy.
Speech, language, and communication impair-
ments are early symptoms in individuals with
dementia [6-8]. For example, earlier studies have
shown that discourse narratives in the autobiog-
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raphies of Catholic sisters of the School Sisters of
Notre Dame congregation can be an exceedingly
early predictor of dementia [9]. In addition, stud-
ies of the speeches of the US President Ronald
Reagan [10, 11] and the comparative analysis of
the British novelists Iris Murdoch and Agatha
Christie works showed that narratives could pro-
vide an early prognosis of dementia development
[12].

Clinical discourse analysis (CDA) examines
speech, language, and communication impair-
ments in individuals with dementia and elicits
language and communication measures. These
measures can provide an early, stressless, and
comprehensive assessment of individuals® lan-
guage and neurocognitive functioning (e.g.,
memory, attention, social interaction) and inform
treatment approaches [13, 14]. CDA involves the
characterization of texts produced by individuals
through language, cooperation, and social inter-
action in communicative settings such as conver-
sations, semi-structured interviews [15-17],
role-plays, and monologues [18]. !

In this review, we provide evidence from
recent neurolinguistic and computational devel-
opments and demonstrate that discourse provides
early linguistic biomarkers for (differential) diag-
nosis and prognosis of individuals with dementia.
We discuss the following groups of individuals:

1. Individuals with primary progressive aphasia
(PPA), a progressive neurological condition,
which primarily affects speech and language.
Individuals with PPA are grouped into three
variants based on their distinct underlying
neuropathology and area of brain damage
[20]. According to current classification crite-
ria, their characteristic neuropathology and
damage patterns give rise to different dis-
course deficits across three variants [21, 22],
namely in individuals with the non-fluent PPA
variant (nfvPPA), individuals with the seman-

'A more broad scope of CDA, yet uncommon in clinical
settings, is the study of meaningful symbolic behavior of
individuals in any mode, including social structures
expressed through discourse, e.g., the discourse of race
and power [19].

tic PPA variant (svPPA), and individuals with
the logopenic PPA variant (IvPPA).

2. Individuals with Alzheimer’s disease (AD)
constitute the larger group of individuals with
dementia. They are characterized by a pro-
gressive deterioration of memory, language,
conversation, and ability to perform everyday
activities, unlike individuals with mild cogni-
tive impairment, whose cognitive impair-
ments are incipient and retain their day-to-day
functioning.

3. Individuals with Parkinson’s disease (PD) are
characterized by a progressive deterioration
of movement functioning, which impairs bal-
ance, speaking, language, chewing, and
swallowing.

We identify the effects of brain damage due to
neurodegeneration on discourse microstructure
(e.g., phonology, morphology, and syntax) and
macrostructure (e.g., cohesion of linguistic forms
to determine whether individuals produce a text
that follows the grammar and coherence of mean-
ings and whether text productions make sense)
[23, 24]. Macrostructure and microstructure are
intertwined, and often the attempt to disentangle
them is difficult as the same constituents can per-
form both microstructure and macrostructure
functions, yet the distinction is necessary for the
description of discourse structure. However, most
language impairments associate with left hemi-
sphere damage [21, 25], as discourse involves
speech (and writing [26, 27]), language, emo-
tions, social cognition, and cognitive domains,
such as memory and attention; discourse impair-
ments can result in neurodegenerative effects on
the left and right hemispheres [28-31].

Here, we will discuss findings concerning the
following three areas: (i) language function, cog-
nitive representation, and impairment,> and
examine how dementia impacts the cognitive
representations of grammar (rules and principles)

*Researchers often use the word “errors” to refer to incor-
rect productions with respect to correct productions (tar-
gets) in typical speakers; however, individuals produce
language that follows their own grammatical system or
interlanguage as it has developed after the brain damage.
Moreover, the term error conceals the systematicity of
these productions.
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that enable speakers to produce grammatically
correct sentences [32]; (ii) communicative com-
petence, emotions, empathy, and theory of mind
[33], and evaluate whether individuals employ a
socially appropriate language communication;
and (iii) falk in interaction to identify how indi-
viduals with dementia follow the turn-taking
dynamics and conventions in conversations
[34-36].

Language Function, Cognitive
Representation, and Impairment

Discourse Microstructure
and Dementia

Individuals with dementia produce speech with
deficits that affect speech and articulation (e.g.,
prosodic patterns and rhythmical patterns), pho-
nology (e.g., phonological errors, such as inser-
tions, deletions, syllable structure simplifications),
prosodic phonology (stress, rhythmical errors,
intonation), morphology (e.g., morphological
errors in verb and noun inflections, tense and
number agreement, grammatical and content
word production, and parts of speech) [37], lexi-
con [38], syntax (e.g., phrase structure and
embedded phrases) [16, 39, 40], and semantics
(e.g., lexical semantics, naming) [6, 41-48].
These deficits can characterize individuals with
other speech and language disorders as well, such
as stroke aphasia [49-52]. Discourse analysis
employs both manual analysis and computational
methods, such as acoustic analysis, natural lan-
guage processing, and machine learning to auto-
mate the analysis [20, 53-60].

Traditionally, these discourse microstructure
impairments are assessed during conventional
neurophysiological examination with standard-
ized language assessment tasks and neurolinguis-
tic batteries, such as the Boston Naming Test
(BNT; [61]), Western Aphasia Battery-Revised
(WAB-R; Kertesz [62]), Boston Diagnostic
Aphasia Examination (BDAE; [63]),
Psycholinguistic  Assessment of Language
Processing in Aphasia (PALPA; [64]); and the
Verb and Sentence Test (VAST;, [65]).

Nevertheless, single-domain standardized tests
(cf., articulation and conformation naming) are
not meant to assess broad language communica-
tion skills (e.g., articulation, morphosyntax,
semantics, pragmatics, turn-taking), which alter-
natively require the application of multiple sepa-
rate time-consuming and stressful language
assessment tests. Thus, CDA aims to provide a
comprehensive analysis and assessment of
speech and grammar in context without requiring
lengthy evaluation tests to target specific lan-
guage domains. Here, we will review the primary
microstructural deficits in individuals with PPA,
AD, and PD, using combined information from
studies employing discourse and standardized
test evaluations.

In individuals with PPA, the primary language
deficits correspond to the effects of neurodegen-
eration on the left hemisphere [43, 66-70].
Specifically, neuroimaging data shows that the
peak atrophy site in individuals with nfvPPA is
the posterior inferior frontal gyrus (pIFG), also
known as Broca’s area. In individuals with
svPPA, the peak atrophy is the left anterior tem-
poral lobe, and in individuals with 1vPPA, the
peak atrophy is located in the left posterior tem-
poral and inferior parietal regions [21, 44, 71,
72].

More specifically, the individuals with
nfvPPA, svPPA, and 1vPPA differ in their dis-
course microstructure deficits. First, the individu-
als with nfvPPA are characterized by
agrammatism resulting in telegraphic speech pro-
ductions, namely they omit grammatical words,
such as conjunctions, particles, and prepositions.
Often, their speech is accompanied by Apraxia of
Speech (AOS), which is associated with slow
effortful speech with speech errors and pauses
[73-77]. Individuals with nfvPPA with agram-
matism are characterized by substantial deficits
in function word production [17, 78, 79].
Consequently, in the context of producing dis-
course, individuals with nfvPPA produce more
filled pauses than individuals with the semantic
variant as they strive to construct grammatical
structures and words [56]. Studies of the con-
nected speech productions showed impaired pro-
duction of sentence structure components, such
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as verb and noun phrases [7, 40]. In addition,
individuals with the nfvPPA are characterized by
syntactic comprehension impairments, especially
during the perception of syntactically complex
sentences [80]. Supporting evidence from naming
tests showed that single-word comprehension
and object naming are retained [21].

Although AOS and agrammatism are the two
key diagnostic features in individuals with
nfvPPA, agrammatism often occurs without AOS
[78] and AOS without agrammatism [81].
Consequently, many studies distinguish individu-
als with the agrammatic variant of PPA [78] and
individuals with PPA and AOS (PPAOS) [82-84].
Often, the classification is unclear as symptoms
progress, leading to different degrees of language
deterioration [85].

Moreover, individuals with nfvPPA produce
selectively fewer verbs than healthy individuals
[17,78,79], but verb perception can be preserved
[86]. Verb production may be preserved in indi-
viduals with other PPA variants, although indi-
viduals with IvVPPA show deficits during discourse
in noun production [17, 78, 79]. In a computa-
tional study of morphology in individuals with
PPA, Themistocleous et al. [37] have shown dif-
ferential usage of parts of speech in individuals
with different PPA variants [20].

Second, individuals with svPPA are character-
ized by impaired confrontation naming and
single-word comprehension, impaired object
knowledge, dysgraphia, and dyslexia [37, 43,
87]. However, unlike individuals with nfvPPA,
speech production is spared in individuals with
svPPA. Individuals with svPPA are also charac-
terized by deficits in inflectional morphology. For
example, Wilson et al. [88] showed that individu-
als with svPPA are impaired in inflecting low-
frequency irregular words [89]. Nonetheless,
inflectional morphology can be impaired in indi-
viduals with the other two PPA variants as indi-
viduals with nfvPPA show difficulties in
inflecting pseudowords and individuals with
IvPPA display morphophonological deficits [88].

Third, individuals with 1IvPPA are character-
ized by impaired single-word retrieval in sponta-
neous speech and naming and impaired sentence
and phrase repetition, often with phonological
errors. Further analysis of discourse has the

potential to reveal interactions between lexical
and morphosyntactic categories as suggested by
task-based assessments [90].

Individuals with AD and MCI are impaired in
discourse microstructure; however, these are
incipient deficits in individuals with MCI and
become progressively more severe in individuals
with AD, which may end into mutism, and this
mutism is more common in individuals with fron-
totemporal dementia [91, 92]. Studies using signal
processing have shown that individuals with AD
and MCI produce connected speech productions
with significantly different patterns in segmental
acoustic structure (i.e., vowels and consonants),
prosody, voice quality, speech fluency, and speech
rate; it was also demonstrated that speech acous-
tics not only can be employed for both diagnosis
and differential diagnosis of individuals with AD
and MCI from healthy controls, but also provide
classification models for diagnosis or subtyping
[54, 93-96]. For example, a recent study by
Themistocleous et al. [57] found significantly
slower speech productions in Swedish individuals
with MCI than healthy controls, manifested as
slower speech rate and long syllables. Moreover,
they found that the speech of individuals with MCI
is characterized by a greater degree of breathy
voice, dysphonia, center of gravity, and shimmer
than in healthy controls. They argue that the acous-
tic differences of individuals with MCI from
healthy individuals indicate a physiological
impairment in the fine control of vocal fold vibra-
tion, pulmonary pressure, respiration, and coordi-
nation of phonation and articulation [15, 50-53].
However, other studies show mixed results. More
specifically, studies on emotional prosody showed
impaired prosody in expressive speech produc-
tions, such as less pitch modulation and slower
speech rate in individuals with dementia than in
healthy controls, but their ability to control pitch
and speech rate was normal [97].

Although phonology is relatively intact in
individuals with MCI and AD, several studies
showed phonetic and phonological errors, such
as incorrect phoneme production, false starts,
phonological paraphasias, and articulatory diffi-
culties [98, 99]. Compared to healthy controls,
individuals with AD can exhibit deterioration or
simplification of grammar and semantics [100].
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For example, an early study of narratives and
constrained tasks showed significant errors in
open and closed lexical classes, pronouns, and
morphosyntax (e.g., inflection and agreement)
between individuals with AD and healthy elderly
individuals [101]. Similarly, a study with Greek
individuals showed that individuals with proba-
ble AD were more impaired in verb aspect than in
tense and agreement compared to healthy con-
trols, in both production and grammaticality
judgement; in contrast, verb agreement was in
general retained [102]. Furthermore, individuals
with AD can produce discourse with word find-
ing and lexical retrieval difficulties [103], redun-
dant words, and a higher proportion of
closed-class words [98, 104].

Individuals with PD are characterized by speech
acoustic differences in speech production and into-
nation identified from both discourse and non-dis-
course data [105, 106] and in other linguistic
domains, such as syntax and sentence production
[107]. Moreover, individuals with the behavioral
variant of frontotemporal dementia (bvFTD) mani-
fest progressive changes in personality, behavior,
and social cognitive functions [108, 109] but can
also manifest language impairments in their lexi-
con, semantics, prosody, reading, and writing
[110]. At the same time, they may preserve motor
speech production and morphosyntax [110].

Discourse Macrostructure
and Dementia

In conversations, individuals with dementia,
especially those with PPA, display impairments
in discourse planning and macrostructure.
Glosser and Deser [111] suggested that individu-
als with dementia are selectively more impaired
in discourse macrostructure (e.g., thematic coher-
ence and cohesion) than microstructure (e.g.,
phonology, morphology, lexicon, and syntax).
Moreover, as dementia develops, text cohesion
and coherence [112] become progressively more
impaired [113].

Cohesion impairments manifest as irregulari-
ties in how individuals establish cohesive rela-
tionships in the text [114]. For example,
individuals with dementia produce text with

impaired lexical cohesion (i.e., lexical repetition
and lexical chains, collocation) and discourse
markers, which connect post-sentential constitu-
ents, having additive (e.g., and, furthermore, in
addition), adversative (e.g., but, however, never-
theless), causal (e.g., so, consequently), and tem-
poral meaning (e.g., then, after that, finally).
Moreover, they display compromised application
of cohesive devices, such as anaphora and cata-
phora [115], namely referencing usually with
pronouns to an earlier (anaphora) or subsequent
(cataphora) name or entity in discourse, substitu-
tion, conjunction, and replacement [116].

Furthermore, individuals with dementia dis-
play deficits in making cohesive associations
with adjacency pairs, such as question-answer
pairs, enumerations, greeting-greeting pairs,
invitation-acceptance or rejection, and request-
acceptance or rejection. When speakers employ
adjacency pairs, the first part of the adjacency
pair creates expectations that an ensuing part
should satisfy; for example, in a question-
answering pair, listeners expect an answer to a
question and in an enumeration, an utterance,
such as “I am going to state three things,” should
be followed by a list of three things; missing
these associations is common in patients with
dementia. For example, Ramanathan [117] notes
that the expectations developed by Tina, an indi-
vidual with AD, are not fulfilled by her, and the
communication collapses:

Tina's talk here does not allow stanza parsing. Her
talk starts off as a narrative (...) where she talks
about how her India trip came about ("I had
always wanted to go to India ...”), but she does not
sustain her effort. In fact, in some instances she
does not respond at all. (...) she does not pick up
my prompts as cues for her to keep talking and (...)
she is non-responsive to my question (...) but, once
again, she does not develop her utterances into
narratives [103].

Coherence is the structuring and continuity of
meanings and the semantic relationship of oral
(or written) productions to their context includ-
ing the situational conditions related to space,
time, participants, and sociocultural meanings
[118]. Coherence deficits reveal impairments in
memory and semantic-linguistic interface,
including impairments in recalling and organiz-
ing semantic meanings, such as past experiences
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and knowledge about the world [119]. Individuals
with AD and MCI produce discourse with
impaired semantic meaning and structure [119].

In addition, individuals with svPPA manifest
semantic impairments in discourse affecting the
production of lexical items and particularly content
words [120]. A recent study by Seixas Lima et al.
[121] on individuals with svPPA showed that
although they produced episodic information
related to the discourse topic, the semantic informa-
tion was unrelated to discourse topic. The authors
argue that, for individuals with svPPA, impairment
depends on the selection of relevant semantic infor-
mation and the inhibition of irrelevant ones. These
findings are consistent with the evidence from con-
frontational naming tasks, such as the Boston
Naming Test (BNT) [61] and the Hopkins
Assessment on Naming Actions (HANA) [122].

Furthermore, individuals with dementia pro-
duce speech with impaired information packag-
ing, concerning the new and old information,
contrast, and pragmatic implicatures [123].
Specifically, information packaging is achieved
using linguistic means such as syntax and pros-
ody [124, 125]. Information packaging using
syntax is manifested with cleft structures, where
constituents are moved to a different position in
the sentence to express contrast, emphasis, etc.,
as in the following examples in (1):

(D

(i) Itis George[F] * who went to the movies last
week.

(i1) It was to the movies[F] that George went last

week.

It was yesterday[F] that Jerry went to the

movies.

(iv) What I need is a nice milk chocolate.

(iii)

The cleft structures in the examples above can
imply a contrasted constituent as:

2)

(i) It was GEORGE who went to the movies last
week [not Maria].

3[F] indicates the focused or highlighted constituent.

Moreover, prosody (e.g., intonation and phras-
ing cues) expresses information structure in English
and other languages. For example, new-information
focus and contrast are manifested using nuclear
pitch accents that highlight the prominent or con-
trasting constituent [126—129], whereas preceding
words, if any, are marked with a different type of
accent, a.k.a. prenuclear pitch accents.

In English, syntax expresses information
structure (cf. examples above (1) and (2)) com-
bined with a nuclear pitch accent at the end mani-
festing broad focus (3):

3)
(i) George went to the movies last week.

These cases demonstrate an interplay between
prosody and syntax. Dementia can impair pros-
ody and syntax in individuals with non-fluent
PPA with agrammatism [124] and individuals
with MCI and AD [54, 95, 110, 130].

Using rhetorical structure theory, Abdalla et al.
[131] showed the effects of AD on discourse rhe-
torical mechanisms [132]. RST evaluates various
relationships and how they are constructed in dis-
course, e.g., elaboration, circumstance, solution-
hood, cause, restatement, presentational relations,
motivation, background, justify, and concession
[132, 133]. Studies of discourse in the nun study, a
longitudinal study of cognitive decline, also
showed that nuns with AD produced discourse
with impaired idea density; in fact, research on the
nun study showed that discourse deterioration is a
very early predictor of dementia [134].

Overall, discourse macrostructure impair-
ments can correlate with the deterioration of lan-
guage and cognition, such as working memory,
planning, generation, problem-solving, and
abstraction [111].

Dementia and Communicative
Competence, Emotions, Empathy,
and Theory of Mind

Communication assessment aims to determine
how individuals employ language in the appro-
priate social context, follow social norms, and
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make connections with participants and settings.
Therefore, Hymes [135] suggests that utterances
should be evaluated concerning their discourse
context. In other words, the communicative com-
petence of individuals is assessed based on
whether they produce utterances that consider the
following discourse settings, namely:

. The other participants.

. The roles they assume.

. The conversational topic.

. The communicative channel (e.g., writing and

speaking).

5. The language code (e.g., language variety,
dialect, language style).

6. The message form (e.g., lecture, a conversa-
tion, a fairy tale, narrative).

7. The situation (e.g., a ceremony, a friendly
conversation).

8. The purpose of the speech.

9. The key (e.g., tone and manner).

A W N =

Therefore, there is a fundamental distinction
between CDA and standardized language assess-
ment in that CDA assesses language communica-
tion, which involves several distinct components
at once, such as the following: (i) the intentional-
ity of discourse and whether individuals perceive
utterances as intentional and actively make a
cooperative effort to produce and understand the
discourse content [114, 136]; (ii) the situational-
ity of discourse and whether individuals produce
utterances that are related to the immediate dis-
course context; and (iii) the intertextuality of dis-
course and whether individuals’ utterances
connect discourse productions to the broader
intertextual context correctly [114].

Kong et al. [137] employed story grammars,
which consider information such as the conversa-
tional background, participants, and time and
place of conversation to analyze discourse pro-
duced by individuals with fluent aphasia, non-
fluent aphasia, and AD and healthy controls.
Their study showed significant differences in the
production of situational discourse information
in individuals with AD and healthy controls.
Interestingly, their study showed similarities in
the use of situational information between indi-

viduals with AD and individuals with fluent
aphasia.

Individuals with dementia can exhibit dis-
course impairments in communicative compe-
tence [138]. However, individuals with the
behavioral variant of frontotemporal dementia
(bvFTD) show communicative competence
impairments more predominantly than other indi-
viduals with dementia. These individuals display
impairments in early behavioral disinhibition,
which is the distinguishing symptom of individu-
als with bvFTD clinical syndrome from individu-
als with AD, dementia with Lewy bodies, and
vascular dementia [108]. Inappropriate language
accompanies an overall loss of manners of deco-
rum, such as cursing, speaking loudly, expressing
offensively and sexually, obscene remarks, jokes,
and opinions [108]. In addition, apathy, failure to
initiate or sustain a conversation, loss of empathy,
insight, and executive dysfunction are associated
with frontal and temporal atrophy [108]. The
speech of individuals with bvFTD is also charac-
terized by selective impairments linked to an
overall degraded communicative competence, as
reflected by poor organization discourse, simpli-
fication of grammatical production, selective
impairments in word use, and changes in acoustic
properties [110, 138—142].

Notably, the assessment of communicative
competence brings language to the fore as the
connecting link between the social context, para-
linguistic expression and emotion, empathy/sym-
pathy, and theory of mind (ToM). ToM is the
ability of individuals to attribute mental states to
other individuals and employ the states to under-
stand and predict actions and discourse contribu-
tions. Using standardized tests for memory,
comprehension, and general inferencing ques-
tion, Youmans and Bourgeois [143] found that
individuals with mild-to-moderate AD exhibit
mild but specific ToM impairment. Again, ToM
impairments are more severe in individuals with
bvFTD. However, standardized neurocognitive
testing of ToM can only modestly distinguish
between individuals with FTD and AD [144], as
these tests create an artificial environment that
does not provide the necessary social context to
adequately evaluate ToM. In contrast, discourse
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can provide a natural environment and compre-
hensive assessment of ToM.

These findings from discourse provide quanti-
tative measures of communicative competence
and assess social and behavioral symptoms using
more naturalistic and conversational interactions
than standardized language tests (e.g., identify-
ing pictures in cards or picture books and repeat-
ing words and sentences).

Dementia and Talk in Interaction
(Turn-Taking)

As discourse is used in conversations between
individuals and other individuals (e.g., clini-
cians and other individuals), conversation anal-
ysis can be employed as a method to identify
how dementia influences both language and
social interaction. Conversation analysis studies
the social conventions that facilitate the interac-
tion of interlocutors and the passing of conver-
sational turns from one participant to another.
The conversational turns are the basic units of
any conversation [36]. The aim of conversation
analysis in the clinic is twofold: first, it aims to
determine whether the basic properties that
characterize social interaction break down in
individuals with dementia and quantify the com-
municative characteristics of their speech, and
second, it aims to identify how individuals with
dementia construct the conversational turn, vis-
a-vis other groups of speakers (e.g., healthy
controls, individuals with different conditions
or with respect to an earlier stage of the same
individual). Examining how individuals with
dementia engage in conversations in the clinic
provides information about the language and
social interaction impairments.

First formulated by Sacks et al. [36], conver-
sation analysis aims to determine whether speak-
ers follow the social conventions that regulate the
exchange of turns in conversations. In particular,
the authors formulated a set of simple principles
that determine conversation [36]: speaker change
recurs; one party speaks at a time; occurrences,
when speakers talk simultaneously, are common

but brief; turn transitions with a slight or no gap
make the majority of turn transitions; the turn
order and size are not fixed; and the length and
content of transitions vary. Moreover, the selec-
tion of speakers in the conversation follows con-
ventionalized turn-allocation techniques, which
are a core component of any conversation. The
conversation exchange consists of turns struc-
tured from turn-constructional units (cf. sen-
tences consisting of phrases and words). A
conversational unit contains turn-transition points
where the current speaker can select the next
speaker or decide to continue, known as self-
selection, using gestures such as prosody or into-
nation, hand and head gestures, body posture,
glance, and eyebrow movement. Lexicogrammar
can also indicate transitions, such as specific lexi-
cal units or the right end of a sentence. For exam-
ple, conversation exchange involves the
identification of the appropriate places to
exchange the conversational turn, such as passing
it to the next speaker and resolving conflicts that
may occur.

Individuals with PPA display interactional dif-
ficulties during communication. For example, a
study of individuals with svPPA showed that
although these individuals participated actively
in the conversation, they had problems maintain-
ing the flow of interaction, such as requesting for
confirmation, and displayed an inability to keep
with the conversation, such as to initiate or con-
tinue the conversational topic [145]. In addition,
individuals with AD differ in the construction of
turns from healthy controls. For example, a study
of conversations in individuals with AD showed
that individuals with AD produced fewer word
per turn and fewer speech acts—especially,
requestives, and assertives—than healthy indi-
viduals [146].

The types of conversations, e.g., casual con-
versations [147], telephone conversations [148],
map task navigation, computer-mediated
decision-making interactions, and spontaneous
dialogue data [149], determines the role of
exchange between speakers. However, a common
complaint is that individuals with dementia often
have difficulty following conventional patterns,
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such as ring-greeting-message-greeting, that
characterize phone conversations [150].

Moreover, reduced conversational skills char-
acterize individuals with dementia, including
PPA, MCI, AD, and PD [151-154]. For example,
studies showed that individuals with PPA could
“maintain turn-taking but had reduced amount of
talk and were able to request confirmation and
actively repair their own and their partners’ trou-
ble in talk” [155]. Nevertheless, studies using
conversational analysis usually rely on a few par-
ticipants. Thus, it is far from straightforward to
generalize on the population.

Whitworth et al. [156] employed conversa-
tional analysis and showed that individuals with
PD display impairments in turn initiation, turn-
taking, and repair, such as failing or delaying
responding to conversational cues when turns are
allocated to them by the current speaker. As a
result, in individuals with PD, conversational dif-
ficulties arise regarding speaker coordination
during turn-taking and turn resolution [157, 158].
These failures may occur due to a failure to per-
ceive a turn-taking cue during the interaction.
Several studies in talk in interaction benefit from
analyzing multimodal cues from speech language
and video. However, these studies generally rely
on very few participants [159]; thus, it is essential
to employ conversation multimodal analytic
research on larger individual groups to safeguard
the generalizability of the findings.

Conclusions

This chapter has discussed discourse and conver-
sation in the context of assessment and diagnosis
and demonstrated that CDA provides information
about speech communication impairments across
discourse domains. The multimodal information
highlights the value of CDA as an approach that
provides measures that can complement those
from current standardized language evaluation
batteries [160—164] for assessment, diagnosis,
prognosis, and therapy efficacy estimation [159,
163-165].

Major Takeaways

1. Dementia affects speech, language, and com-
munication in most individuals with demen-
tia, but these are especially evident in
individuals with primary progressive aphasia.

2. Deficits characterize the microstructure (e.g.,
phonology, morphology, syntax) and dis-
course macrostructure (e.g., cohesion, coher-
ence), theory of mind, and conversation.

3. Discourse analysis in individuals with demen-
tia provides comprehensive linguistic bio-
markers for speech, language, communication,
and cognition assessment (differential), diag-
nosis, prognosis, and treatment efficacy
valuation.
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Preview of What Is Currently Known

Both retrospective and prospective studies of indi-
viduals at risk for dementia have shown linear
declines in discourse measures across stages of
cognitive decline and dementia [1-3]. While many
studies on discourse changes in people with mild
cognitive impairment (MCI) and dementia have
been based on clinical signs and symptoms, a
smaller subset of evidence has linked discourse
changes with the etiology of cognitive decline
from participants with either autopsy- or in vivo
biomarker-confirmed AD [1, 4, 5]. By studying
discourse changes in individuals with biomarker-
confirmed AD, particularly before the onset of
clinical symptoms, we may be able to intervene
earlier, measure disease progression, and monitor
response to treatment in clinical trials.

Objectives
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(c) To describe the discourse measures that are
likely to be sensitive to pathological amy-
loid, tau, and neurodegeneration.

(d) To propose potential future applications of
discourse analysis across the AD biomarker
continuum.

Discourse Analysis Within
the Alzheimer’s Disease Research
Framework

Alzheimer’s disease (AD) is defined neuropatho-
logically by the presence of amyloid-beta (Ap)
plaques and tau neurofibrillary tangles. The stag-
ing of AD according to neuropathology was
established by Braak and Braak in 1991 [6] and is
determined at autopsy. Clinical criteria for “prob-
able” and “possible” AD were first introduced in
1984 and include a gradual onset of memory and
other cognitive decline, leading to a loss of inde-
pendent function and dementia [7]. Criteria for
mild cognitive impairment (MCI), often a precur-
sor to AD dementia, include a decline in cogni-
tion with concern, but without loss of
independence in activities of daily living [8].
Definitions and key terms for defining AD and
MCI are presented in Table 4.1.

Most studies examining discourse in AD thus
far have been based on clinical definitions of AD,
i.e., “probable AD dementia” or “MCI due to
probable AD,” where participants are diagnosed
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Table 4.1 Key terms and neuropathological versus clini-
cal definitions of Alzheimer’s disease

Term or concept Definition

Alzheimer’s disease

The presence of extracellular

(AD)— accumulations of amyloid-beta
neuropathological (Ap) peptides in the form of
definition plaques, and intracellular

tangles, consisting of
hyperphosphorylated tau
proteins [6]

“Probable” or
“possible”
Alzheimer’s
disease—clinical
definition

Cognitive impairment in at
least two domains (memory,
executive function, language,
visuospatial skills, problem-
solving, personality/behavior)
severe enough to interfere with
independent activities of daily
living; must have an insidious
onset and must not be due to
any other causes [7, 8]

A syndrome defined by
clinical, cognitive, and
functional criteria, including
(1) concern regarding a change
in cognition; (2) impairment in
one or more cognitive
domains; and (3) preservation
of independence in functional
activities [8]

Misfolded peptide proteins that
clump together to form
plaques, which collect between
neurons and may disrupt brain
cell function [6]

Mild cognitive
impairment (MCI)

Amyloid-beta (Af)

Neurofibrillary tau Insoluble, twisted fibers

tangles containing tau protein that
collect inside neurons [6]

Neurodegeneration | Neuronal injury leading to cell

death; may be due to a variety
of etiologies including AD
processes and/or
cerebrovascular injury [15]

based on the signs and symptoms and progres-
sion of cognitive impairment [9—14]. These stud-
ies have led to a detailed understanding of the
stages of speech, language, and communication
declines across the symptomatic dementia con-
tinuum and have undoubtedly contributed to the
development of  successful cognitive-
communication interventions. For example, dis-
course studies have informed communication
caregiver training interventions that empower
caregivers with education about communication
changes along the disease continuum and provide

strategies for success. Although it is possible that
the participants in these studies may have had a
dementia etiology different from or in addition to
AD, such as vascular or Lewy body disease, the
understanding of how MCI and dementia impact
discourse and communication have led to major
advances in dementia diagnosis and care.

Other studies have examined discourse
changes retrospectively in individuals with
autopsy-confirmed AD. In these instances, the
discourse changes can be viewed as specific to
the neuropathology of AD using the “gold stan-
dard” diagnostic criteria. For example, Ahmed
et al. [1] collected longitudinal discourse samples
in life from 15 participants with autopsy-
confirmed AD and showed linear declines in
semantic, lexical, and syntactic content across
the progression from MCI to moderate AD
dementia. Similarly, Garrard et al. [2] retrospec-
tively analyzed the writing of renowned British
novelist, Iris Murdoch, who also had autopsy-
confirmed AD, and showed a similar deteriora-
tion of lexical and syntactic content years prior to
diagnosis. The latter example may be considered
as one of the first studies to show changes in dis-
course—in this case, written prose—in the
asymptomatic phase of AD, or “preclinical AD.”

The potential benefits of evaluating discourse
changes in the preclinical phase of AD are numer-
ous. First, because discourse depends upon a
complex interplay of multiple cognitive pro-
cesses, including semantic and episodic memory,
working memory, and executive function, dis-
course may in fact be a more sensitive measure of
cognitive decline due to AD than other neuropsy-
chological tests that work to isolate various cog-
nitive functions. The ability to identify individuals
who are most at risk for developing cognitive
decline and dementia, early on the AD contin-
uum, may help to identify individuals who will
reap the most benefit from clinical trials. Second,
despite the dozens of metrics and functions that
discourse analysis can yield for research, the task
presents relatively low time and cognitive burden
on the research participant. The tasks lend them-
selves to mobile technology and can be done in
an unsupervised, home-based setting; as a result,
discourse sampling can lead to increased diver-
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sity of research participants due to the removal of
logistic and other barriers. Third, because dis-
course is an ecologically valid tool for measuring
speech, language, and communication, it may
serve as an ideal functional outcome measure of
response to treatment in clinical trials.

An Alzheimer’s Disease Research
Framework: Rationale

In 2018, the National Institute on Aging and the
Alzheimer’s Association (NIA-AA) developed a
research framework for defining and studying
AD [15]. Importantly, because of the changing
landscape of biomarker development, i.e., the
development of new assays and the need to fur-
ther refine and validate existing ones, this frame-
work was not designed to be implemented in
clinical practice; rather, it was meant to be uti-
lized solely for research, particularly longitudinal
cohort studies and randomized placebo-
controlled trials. Rationale for this approach is
rooted in the fact that the historical approach to
diagnosing “probable AD” based on clinical
signs and symptoms is not always specific to
AD. Between 10% and 30% of individuals diag-
nosed with probable AD based on this approach
do not display AD neuropathology at autopsy
[16]. Furthermore, since it is well established that
AD pathology often begins at least 10 years prior
to the onset of clinical symptoms [17-19], the
ability to define preclinical AD with biomarkers,
before an individual has experienced significant
neurodegeneration and resulting cognitive
impairment, provides a crucial window for study-
ing the temporal relationships between disease
progression, cognitive change, and pharmaco-
logical interventions.

What Are AD Biomarkers?

Various imaging, cerebrospinal fluid (CSF), and
blood plasma AD biomarkers are widely used in
research studies, and new discoveries are rapidly
emerging. The NIA-AA framework organizes
these biomarkers with the descriptive classifica-

tion scheme labeled AT(N): AP plaques (A),
fibrillar tau (T), and neurodegeneration, which is
notated as (N) due to the lack of specificity of
neurodegeneration biomarkers to AD [15]. Below
is a list of currently validated AD biomarkers;
also see Table 4.2.

Amyloid-beta biomarkers. Multiple validation
studies comparing amyloid positron-emission
tomography (PET) to autopsy results show that
amyloid PET is a valid in vivo proxy for AP
deposits in the parenchymal and vessel walls of
the brain [20-22]. PET imaging of amyloid
deposits utilizes radioligands that cross the
blood-brain barrier and bind to amyloid in the
brain; two commonly used ligands include
"C-Pittsburgh compound B (PiB) [23] and
BE-florbetapir [24]. Another type of amyloid bio-
marker includes assays that measure Af,, in CSF
acquired by lumbar puncture, which have shown
good concordance with amyloid PET [25]. At the
time the NIA-AA research framework was
released in 2018, PET and CSF biomarkers were
the only biomarkers for “A” listed; however, at
the time of this writing, there have been major
advances in assays for measuring amyloid in
blood plasma [26]. Plasma collection offers a
more available and tolerable means of measure-
ment for patients and clinicians than PET imag-
ing or lumbar puncture. Although assays continue
to be validated, the present research suggests that
plasma measures of phosphorylated tau at Thr181
(p-tauyg;), Thr217 (p-tau,;7), and Thr231 (p-tau,s)
have high diagnostic accuracy in differentiating
AD from other forms of dementia, are concor-
dant with amyloid PET [26], and have been vali-
dated against autopsy-confirmed AD [27].

Fibrillar tau biomarkers. One widely used
biomarker of tau pathology includes elevated lev-
els of p-tau in the CSF [28]. P-tau,;; has been
shown to correlate with postmortem neurofibril-
lary tangles and neuritic plaques [29], and CSF
p-taug; has been correlated with both amyloid
PET and incipient cognitive decline [30]. Tau
PET is a newer tau marker: radioligand tracers
have been developed to bind to pathologic tau in
the brain, including !8F-flortaucipir, !8F-
THKS5351, and "F-MK6240 [31-33]. Plasma
assays of tau (p-taul81, p-tau217, and p-tau231)
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Table 4.2 Examples of currently validated and/or potential Alzheimer’s disease biomarkers by modality

Alzheimer’s disease
component Modality Biomarker measure
Amyloid-beta (Ap) Positron-emission | Continuous or dichotomous value denoting the degree of binding to
tomography (PET) | a distribution volume ratio average across AD-specific regions of
interest; tracers include /[ C] Pittsburgh compound B;
18F-florbetaben
Cerebrospinal fluid | AB,, or AP,y ratio (lower values indicate increased levels of AB in
(CSF) the brain)
Blood plasma A4 and AP, 4 using mass spectrometry or immunoassays
Tau PET Continuous or dichotomous value denoting the degree of binding to
a distribution volume ratio average across AD-specific regions of
interest; tracers include "8/ F] R0948; "*F-flortaucipir; MK6240
CSF Phosphorylated tau: p-tau,g; p-tau,,; total tau (t-tau)
Blood plasma p-tauyg;; p-tauy;; p-tauys;; may be more strongly correlated with
early Ap-PET pathology
Neurodegeneration Magnetic T1- and T2-weighted imaging; gray matter volume, cortical
resonance imaging | thickness
(MRI)
PET 18[F] fluorodeoxyglucose (FDG) regional glucose metabolism
CSF Neurofilament light (NfL); neurogranin
Blood plasma NfL
Genetics® Apolipoprotein e-4 (APOE-¢-4)

Note. Adapted from Hansson, O. (2021). Biomarkers for neurodegenerative diseases. Nature medicine, 27(6),

954-963

3Genetic biomarkers only for Late Onset Alzheimer’s Disease (LOAD); PSEN-1, PSEN-2 and APP mutations are deter-

ministic for Dominantly Inherited Alzheimer’s Disease

are a proxy of cortical tau and do not represent
the same components of tau accumulation pro-
cesses as those measured with tau-PET;
furthermore, plasma tau markers appear to repre-
sent early pathological presentation and have
been recommended as a screening tool for identi-
fying Ap-positive individuals [26, 34].

Neurodegeneration or neuronal injury bio-
markers. Extensively used measures of neurode-
generation include measuring volumetric changes
on magnetic resonance imaging (MRI), particu-
larly in the medial temporal lobes and posterior
cingulate and temporoparietal cortices [35, 36].
Fluorodeoxyglucose-PET (FDG-PET) measures
metabolic dysfunction via glucose uptake and
has been a valid predictor of neurodegeneration
in AD [37, 38]. In the CSF, total tau (t-tau) has
been correlated with neuronal injury across mul-
tiple degenerative conditions, including AD [39].
In plasma, longitudinal p-tau;s; and neurofila-
ment light (NFL) have been associated with pro-
gressive neurodegeneration in AD [40].

Genetic AD biomarkers. Genetic factors play
an important role in late-onset AD as evidenced
by twin data indicating heritability in the range of
58-79% [41]. The epsilon 4 allele of the APOE
gene (APOE-e4) confers up to a 50% increased
risk of developing AD dementia and is associated
with higher rates of AP and tau positivity in cog-
nitively unimpaired adults [42]. Considerably
rarer (<1% of all cases) is the early-onset, autoso-
mal dominant form of AD resulting from fully
penetrant mutations in the Af precursor protein
(APP) and presenilin genes (PSENI, PSEN2)
[43, 44].

The NIA-AA Framework for Biomarker
Profiles and Cognitive Staging

The 2018 NIA-AA research framework defines
AD as the presence of abnormal levels of both A
and pathologic tau defined by in vivo biomarkers
(A+, T+). Individuals who are biomarker amy-
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loid positive and tau negative are classified as
showing “Alzheimer’s pathologic change,” and
those who are amyloid negative but tau positive
are defined as having “non-Alzheimer’s patho-
logic change” [15]. Neurodegenerative/neuronal
injury biomarkers and cognitive symptoms are
not exclusive to Alzheimer’s disease and are uti-
lized solely to gauge the degree of severity rather
than to confirm the existence of the Alzheimer’s
continuum.

Cognitive syndrome categories in this model
for the purpose of research are defined as cogni-
tively unimpaired (CU), MCI, or dementia, the
definitions of which are similar to the NIA-AA
2011 guidelines [8] but are independent of bio-
marker status. The framework also provides cog-
nitive staging to those whose biomarker profiles
place them on the Alzheimer’s continuum. Of
note, while Stage 1 describes individuals who are
cognitively unimpaired with no measurable
decline, Stage 2 is described as “transitional cog-
nitive decline,” whereby the individual’s perfor-
mance is normal based on test norms, but there
are subtle declines in cognition evidenced by lon-
gitudinal testing or self- or care partner reports.
This stage has also been referred to as “cogni-
tively unimpaired-declining” in longitudinal
cohort studies [45] and embodies the concept of
“preclinical” cognitive decline associated with
biomarker-defined AD.

Known Associations Between
Biomarker Positivity and Cognitive
Decline

Verbal learning and memory and language.
Accruing evidence shows associations with vari-
ous biomarkers and cognitive decline, even in
individuals who are cognitively unimpaired
according to test norms and self-report. For
example, in multiple longitudinal cohort studies,
higher [M'C]PiB retention has been linked to
lower scores or steeper declines in verbal learn-
ing and memory [46—49] and in tests of semantic
verbal fluency [50]. Such rates of decline were
shown to accelerate in individuals with elevations
in both amyloid and tau PET imaging [42, 51].

Furthermore, a sample of 282 individuals with
both CSF and PET amyloid and tau found that
tau PET alone was the strongest predictor of
decline on a memory composite than any of the
other biomarker modalities [52].

Executive function. A study including 316 CU
individuals with multimodal AD biomarkers sug-
gested that elevated Af, regardless of modality
(CSF or PET), was independently associated
with worse performance on an executive measure
(trail making test) but not with memory perfor-
mance, while tau pathology was independently
associated with worse memory. These findings
were confirmed in a separate cohort of 361 CU
individuals [53].

Visuospatial skills. Evidence for associations
between amyloid and tau biomarkers in CU indi-
viduals and performance on tests of visuospatial
function is limited, but more recently developed
measures, such as the digital clock drawing test,
have shown promising results linking spatial rea-
soning with early amyloid PET accumulation
[54].

Discourse Analysis and AD
Biomarkers

Early pathologic tau accumulation in AD tends to
occur in the hippocampal complex but not in the
hippocampus itself. Evidence for lexical-
semantic deficits early in the AD continuum, as
well as in the semantic variant of primary pro-
gressive aphasia, shows direct correlations
between severity of neuronal injury in perirhinal
cortices and severity of lexical-semantic retrieval
[55]. Thus, it stands to reason that discourse anal-
ysis may be an excellent candidate for measuring
cognitive and communication declines in preclin-
ical, biomarker-defined AD.

Discourse studies linking linguistic measures
with in vivo AD biomarkers are beginning to
emerge at the time of this writing. Following is a
list of discourse features that have been associ-
ated with AD biomarkers in people who are CU
or diagnosed with MCI. Figure 4.1 depicts these
early discourse findings on a hypothetical AD
biomarker continuum.
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Potential Number and type of discourse markers

Cognitively Unimpaired

Mild Cognitive Impairment

—_— ’
| Dementia >
’

Fig. 4.1 Potential discourse markers across a hypothetical
Alzheimer’s disease biomarker and cognitive continuum

Note. The filled gray arrows indicate a hypothetical cogni-
tive status across the biomarker continuum; the arrows
with dashed lines indicate that each cognitive status could
potentially exist anywhere along the hypothetical bio-
marker continuum. Potential discourse measures are

Lexical-semantic measures from discourse.
Hajjar et al. (2022) collected discourse samples,
neuropsychological testing, and CSF markers of
APy, total tau, and p-tau,s, from 92 CU individu-
als and 114 individuals with MCI (mean
age = 64 years). Using machine learning
approaches, results showed that lexical-semantic
features distinguished MCI participants from CU
(area under the curve = 0.80) and those with
higher CSF-Ap,,; these same features were sig-
nificant predictors of change in functional cogni-
tion at a 2-year follow-up visit [56].

Similarly, both Verfaillie et al. (2019) and
Mueller et al. (2021) showed that in CU individu-
als with either CSF-Ap,, or amyloid PET, lexical-
semantic indices from picture description were
significantly associated with amyloid positivity
[4, 5]. Another study showed associations with
fewer prepositions, nouns, and word frequency
indices and levels of CSF-p-tau [57].

hypothesized from the extant literature on discourse in
Alzheimer’s disease and dementia

Figure adapted from Jack Jr., C. R., Knopman, D. S.,
Jagust, W. J., Petersen, R. C., Weiner, M. W., Aisen, P. S.,
... & Trojanowski, J. Q. (2013). Update on hypothetical
model of Alzheimer’s disease biomarkers. Lancet
Neurology, 12(2), 207

Macrolinguistic measures. “Global coher-
ence,” or the ability to organize discourse around
a central theme or topic [58], is an example of a
macrolinguistic skill that has been linked to indi-
viduals with evidence of AD biomarkers. Mazzon
et al. (2019) studied narrative discourse produc-
tion in individuals with MCI, 15 of whom had
CSF biomarker-confirmed AD. The authors
found that global coherence and lexical informa-
tiveness identified individuals with AD CSF bio-
marker positivity versus those without [59].
Similarly, Pistono et al. (2019) showed that indi-
viduals with MCI and CSF biomarker-confirmed
AD produced less informative utterances with
less global coherence than controls without AD.

Fluency measures from discourse. Fluency
measures including pause rate, pause duration,
filled pauses, and words per minute likely reflect
lexical-semantic retrieval, executive function, or
both. Therefore, the theoretical neural bases for
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declines in semantic processing in preclinical AD
may be reflected in disruptions to fluency in dis-
course, but frontotemporal regions involved in
planning and working memory may also be indi-
cated. For example, a study showed that elevated
levels of CSF-p-tau were correlated with lower
speech segment durations and higher pause rates
in CU individuals [57]; early pathologic tau tends
to accumulate in entorhinal cortices and associa-
tion cortices [60], which may explain these dis-
ruptions. Another study showed that the location
of  pauses—specifically, between-utterance
pauses—was higher for individuals with MCI
and positive AD biomarkers than control partici-
pants [61]. This study also showed that pause use
was negatively correlated with the frontopolar
gray matter density, suggesting a compromised
executive function component to discourse
planning.

Syntax, pragmatics and other measures from
discourse. At the time of this writing, there is
limited exploration of relationships between
in vivo AD biomarkers in cognitively unimpaired
individuals and other measures of discourse, such
as syntax complexity, pragmatic language mea-
sures, and discourse comprehension. It is possi-
ble that these functions remain stable during the
preclinical AD phase; however, as discourse sam-
pling becomes more widely implemented in lon-
gitudinal cohort studies, these facets may in fact
show subtle declines and are worth exploring.

Caveats, Summary, and Future
Directions for Discourse Analysis
in Preclinical Alzheimer’s Disease

The sections above describe the most studied AD
biomarkers in 2023 and place them in a 2018
framework proposed by the National Institute on
Aging-Alzheimer’s Association working group
[15]. Even within the past two years, validation
studies of blood plasma assays of amyloid, tau,
and neurodegeneration have multiplied in num-
ber [62]. Thus, the field of identifying and under-
standing Alzheimer’s disease is changing at a
rapid pace, and researchers who are interested in
exploring discourse changes within an AD bio-

marker framework are encouraged to stay abreast
of the new developments that are sure to come.

A Dbiomarker framework for research in
Alzheimer’s disease is not without criticism;
although intended only for research and not for
clinical practice, some fear that the adoption of
this nomenclature and way of thinking about AD
may seep into clinical practice before enough
validation has occurred. One of the inherent dan-
gers of labeling someone who is amyloid and tau
positive but cognitively unimpaired with
“Alzheimer’s disease” is that there are numerous
autopsy studies showing individuals with AD
pathology who never went on to experience symp-
toms. Thus, an individual labeled as “cognitively
unimpaired, with AD,” while there is no cure or
known prevention for AD, could be psychologi-
cally or emotionally damaging to the individual,
with harmful downstream physical effects [63].

Another potential problem with viewing
biomarker-defined AD as a gold standard for
research is that of access to collection and analy-
sis of these biomarkers. Groups with important
research questions for individuals with clinical
evidence of disease, but who do not have the
resources or access to lumbar puncture, MRI,
PET, or advanced blood plasma assays, should
not be discouraged from studying individuals
with subtle or overt cognitive decline or genetic
risk based on family history, particularly with
respect to discourse analysis. The complexity of
discourse coupled with the increased number of
open-access tools for analysis can yield new dis-
coveries globally. Furthermore, there is an urgent
need for understanding declines in discourse in
MCI and dementia in diverse populations; dis-
course is a culture-fair means of measuring
within-person change, regardless of etiology.

Focusing on biomarker-defined Alzheimer’s
disease, if utilized in a clinical setting without
further validation, could also harmfully shift cli-
nicians’ focus from the individual’s signs, symp-
toms, subjective concerns, and objective test
results to a biomarker profile that may or may not
be validated or accurate. This can lead to a lack of
personalized care and could potentially lead to
missed opportunities for early intervention for
cognitive decline.
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While keeping these caveats in mind, research-
ers who have the opportunity to study aspects of
discourse alongside AD biomarkers, particularly
in the preclinical phase, may be able to make
great contributions to the field. First, as noted
above, since discourse samples can be collected
frequently and remotely with little burden placed
on participants and staff, validated discourse
metrics with early AD pathology can improve
reach to participants who are most likely to ben-
efit from pharmacological and nonpharmacologi-
cal clinical trials. Importantly, several new
protocols have been proposed to add discourse
procedures to longitudinal cohort studies involv-
ing CU individuals and biomarker collection [64,
65]. Specifically, the Alzheimer’s Disease
Neuroimaging Initiative-4 (ADNI-4) will imple-
ment a “digital biomarker”” component to remote
testing, in which the Novoic Ltd. “Storyteller
task” will be self-administered by ADNI partici-
pants at home. The task, similar to other story
recall tasks, is embedded in a mobile application
and utilizes automatic speech recognition and
machine learning approaches for analyzing tran-
scripts [64, 66]. Some of the speech-language
data collected from ADNI-4, along with all other
data such as AD biomarkers and neuropsycho-
logical testing data, will be available to research-
ers worldwide to utilize for analyses (https://adni.
loni.usc.edu/data-samples/access-data/).
Similarly, the Speech on the Phone Assessment
(SPeAk) study is a prospective observational
study recruiting patients who are aged 50 and
older from a cohort of individuals who previ-
ously provided MRI, PET, and CSF biomarkers.
Participants will complete cognitive and speech
tasks over the phone which will be digitally
recorded; speech tasks include responding to
conversational prompts, such as “What animal
makes the best pet?” and engaging in a game of
“20 Questions.” Cognitive testing will also be
recorded and used for acoustic and linguistic
analyses; the study plans to utilize automatic
speech recognition and other automated proce-
dures for acoustic analyses [65].

Another potential benefit of studying dis-
course alongside AD biomarkers is the potential
development of outcome measures: the FDA

emphasizes the need for performance-based,
functional outcome measures for drug trials, ver-
sus global cognition measures such as the MMSE
[67], in order to really know if a drug is improv-
ing daily life [68]. Developing discourse analysis
to serve as a functional outcome measure for
clinical trials that may be targeting amyloid and
tau accumulation could substantially move the
fields of AD and discourse analysis forward.
Finally, discourse analysis early in the AD con-
tinuum has the potential to uncover aspects of
communication change that could serve as early
targets for speech-language pathology assess-
ments and interventions.

Major Takeaways

1. This chapter provided a brief introduction to
Alzheimer’s disease biomarkers and a research
framework for studying discourse in the con-
text of biologically defined AD.

2. Evidence for what is known about the validity
of each type of biomarker was presented.

3. Emerging studies showing subtle changes to
discourse in cognitively unimpaired partici-
pants with evidence of AD neuropathology
were discussed. Only a handful of studies
have shown early declines in discourse in cog-
nitively unimpaired participants, but the find-
ings thus far are promising.

4. The cautions and caveats for using biological
versus clinical AD frameworks were described.
Advantages of the biological framework
include being able to link the specific etiology
of cognitive decline, MCI, and dementia to
discourse changes, as well as the ability to
identify at-risk individuals who may not be
showing frank cognitive decline. Advantages
of the clinical framework include taking
advantage of widely accessible technologies to
develop new ways of analyzing discourse in
people with MCI and dementia, to further elu-
cidate targets for assessment and intervention,
as well as ensuring a more person-centered
approach in clinical settings. Future studies
using discourse analysis along the AD contin-
uum are needed under both frameworks.
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Preview of What Is Currently Known
Traumatic brain injury (TBI) causes disruption to
communication at the level of discourse.
Discourse impairments following TBI are now
well characterized in the literature across multi-
ple genres, such as conversational, narrative, pro-
cedural, expository, and written discourse. These
impairments are distinct from those observed in
aphasia. Deficiencies in discourse ability impact
functioning across multiple life domains, includ-
ing socialization, work/school, psychosocial
functioning, and quality of life. Discourse impair-
ments often do not resolve over time and have
been shown to persist for decades after TBI. Over
the past 20 years, the development of discourse
treatments (further explored in Chap. 24) has
emerged as a new frontier.
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(a) To describe major discourse characteristics
in TBIL

(b) To explain the functional impact of discourse
impairments on life domains.
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(c) To examine discourse impairments in TBI
across common discourse genres.

To review the cognitive bases of discourse
impairments.

To present the structure building framework
(SBF) as a cognitive discourse model with
potential utility in TBI.

To discuss relationships among discourse
and mental health (MH) factors and consid-
erations for veterans with TBI and comorbid
MH conditions.

(d)

(e)

®)

Introduction

The incidence of traumatic brain injury (TBI) in
the United States increased more than 50% from
almost two million per year to almost three mil-
lion per year from 2006 to 2014 [1]. The overall
lifetime economic burden of TBI is estimated at
$76.5 billion [2]. Civilians living with a long-
term TBI-related disability account for 1-2% of
the US population [3]. However, TBI dispropor-
tionately affects veterans at higher rates and, con-
sequently, has been deemed the “signature
wound” of the Iraq and Afghanistan wars [4]. An
estimated 20% of military service members have
sustained a TBI [5, 6]. Cognitive-communication
disorders following TBI occur in an estimated
80-100% of cases and disrupt communication at
the level of discourse and related social interac-
tion [7].
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Discourse refers to “a series of connected sen-
tences or related linguistic units that convey a
message” [8]. As such, discourse impairments
are breakdowns in meaningful, connected lan-
guage, such as narratives and conversation,
beyond the level of words and sentences and are
a hallmark of cognitive-communication disorders
in TBI. Discourse impairment is common across
all levels of TBI severity, including mild TBI
(mTBI), which comprises the largest TBI severity
group in both veterans and civilians. A national
study of Iraq and Afghanistan veterans with TBI
found that more than 85% had mTBI [9]. Prior
prevailing wisdom was that individuals with
mTBI return to baseline functioning shortly after
injury. However, emerging literature has chal-
lenged this notion and shown that while individu-
als with mTBI may perform comparably to
neurotypical peers on isolated cognitive or lin-
guistic tasks, they consistently demonstrate
breakdowns at the level of discourse [10, 11].

Cognitive-communication disorders, such as dis-
course impairments, are undertreated in mTBI
[12].

Discourse impairments often do not resolve
over time. Various studies have shown that
impaired discourse persists several years post-
injury. Discourse impairments present at 2 years
post-injury have been found to persist at 10-year
follow-up [13]. In a study of Vietnam War veter-
ans with TBI, almost 50% of the group had
impaired discourse more than three decades after
injury [14]. MacDonald’s model of cognitive-
communicative competence (Fig. 5.1) provides a
framework for understanding the functional
impact of discourse impairments on individuals
with TBI and offers guidance for evidence-based
cognitive-communication interventions after TBI
[15]. The model identifies seven interconnected
domains of functioning that influence communi-
cation success: the individual, context/environ-
ment, cognition, communication, physical/

——

—
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Contextual Domain

G ation Partners (F

iliarity, Role, Tenor) + Task Factors (Goals, Demands), Environment

Self Regulation/Control Functions

MacDonald, 5. (2017) Introducing the Model of Cognitive-Communication Competence.:A model to guide evidence-based communication intervention after brain inury.

Brain Injury. 31(13-14% 1760-1780.

Fig.5.1 Model of cognitive-communication competence
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sensory functioning, and emotional/psychosocial
functioning, all of which contribute to the last
domain of communication competence.
“Functional communication” can be operational-
ized based on MacDonald’s definition of commu-
nication competence as “the strategic and
effective employment of communication percep-
tion and production skill ... to meet the individu-
al’s participation goals within family, community,
social, work, academic, and problem-solving
contexts.” In contrast to people with aphasia fol-
lowing a stroke who are often described as com-
municating better than they speak because they
can often convey their message despite signifi-
cant deficits in language fundamentals (e.g., syn-
tax or lexical skills), people with discourse
impairments following TBI have been described
as speaking better than they communicate
because they often do not get their message
across to communication partners despite seem-
ingly  preserved language fundamentals.
Discourse skills require the integration of multi-
ple skills, including linguistic, cognitive, and
social abilities, deployed in the individual’s natu-
ral environments, to achieve functional commu-
nication. Consistent with MacDonald’s model,
the disruption to discourse ability following TBI
has predictably and systematically resulted in
failures of functional communication in the liter-
ature as described in the following section.

Discourse impairments impact functioning
across a number of life domains, presenting sig-
nificant challenges to occupational functioning,
social reintegration, and quality of life (QoL) fol-
lowing TBI. Discourse impairments have been
shown to predict hospital length of stay and over-
all disability outcome in people with TBI [16]. A
systematic review study found that less than half
of individuals with TBI secure stable work after
their injury [17]. Discourse functioning has been
tied to return to work and job stability [18, 19].
For example, in one study, discourse ability in
combination with auditory processing ability
classified employment status of individuals with
TBI with 85% accuracy [18].

In parallel with the loss of work and difficulty
maintaining employment associated with dis-

course impairments, many struggle with finding
another role that provides a sense of purpose and
meaning [20]. Individuals with discourse impair-
ments after TBI also routinely report struggles
with maintaining social relationships, loss of
social contact, and social isolation [21, 22] (see
Table 5.1). Empirical research now also shows
that effective discourse skills play an important
role in social reintegration [21, 22]. In one study,
not only did discourse variables predict social
reintegration and QoL after TBI, but also only
discourse variables, rather than psychosocial
variables, predicted social reintegration follow-
ing TBI [22]. Social communication measures
reflecting discourse ability have uniquely
accounted for employment and social reintegra-
tion outcomes over and above the contribution of
cognitive measures [28]. A recent randomized
controlled trial (RCT) involving both veterans
and civilians with TBI provided training of dis-
course skills as a key part of social competence
treatment; the collective TBI group demonstrated
gains in social and functional communication,
reduction in psychological distress, and improved
QoL following treatment [29].

Examination of discourse ability in TBI can
identify communicative impairments, which are
sometimes subtle, that often elude traditional
standardized language tests. Frank aphasias are
rare in TBI, and decontextualized language bat-
teries that focus on word- and sentence-level per-
formance often overestimate communication
ability in TBI. Non-standardized, functional
assessments (e.g., discourse analyses, pragmatic
rating scales, and communication checklists),
further explored in Chap. 14, have offered a more
fruitful evaluation approach to the detection and
characterization of discourse impairments and
determination of treatment goals.

Discourse impairments have been observed
across multiple genres and modalities. The two
most common and studied genres are conversa-
tion and narrative, but people with TBI also have
challenges with procedural, expository, and
descriptive discourse. While the majority of stud-
ies have focused on spoken discourse, there is
now emerging evidence that TBI disrupts written
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Table 5.1 Common characteristics and functional impact of discourse impairments in TBI

Common discourse impairments

Life domains

Functional impact on people with TBI

Word- and sentence-level
(microlinguistic) problems:
» Fewer propositions * Social
* Frequent mazes
* Reduced productivity and
communicative efficiency
* Inadequate cohesion
Global (macrolinguistic and
superstructural) problems:

e Family

» Community

relationships

e Strained relationships with family
members due to communication problems
[23]

Fear and anxiety related to communication
and communicative situations [23, 24]
Social exclusion [23, 24]

Difficulties developing friendships and
romantic relationships

Problems navigating the legal system

* Omission of critical information » Work * Difficulties using language for context-
* Reduced coherence » Employment dependent communicative intents (e.g.,
* Poor topic management ¢ Academic negotiating, collaborating) [25]

* Choppy, disconnected utterances
* Disorganized information
Pragmatic problems:
* Inappropriate comments
* Reduced ability to understand and
address communication partners’

Conflicts with peers and colleagues due to

communication problems [26]

Problems with using complex language in

presentations and discussions

Challenges with writing essays and reports
Difficulty securing and keeping work

needs * Quality of life

 Paucity or verbosity of speech
¢ Problems understanding social cues
Reading and writing problems:

« Difficulty with paragraph
comprehension

e Slower reading speed

* Sparser writing

¢ Challenges with complex writing
(e.g., expository discourse)

Reduced participation in life activities
Poorer psychosocial outcomes [27]
Mental health factors may influence and
exacerbate communicative functioning
Reduced quality of life

discourse as well. Although discourse production
impairments are now well characterized, less is
known about discourse comprehension ability in
TBIL

Discourse Comprehension

Discourse comprehension studies in TBI, while
limited, have identified problems in understand-
ing auditory-verbal, written, and pragmatic infor-
mation. TBI impacts the ability to understand
spoken stories, especially for implicit informa-
tion [30, 31]. A review of reading ability in TBI
found significant deficits in comprehension and
speed of reading [32]. Furthermore, individuals
with TBI have difficulty with understanding
paraphrases of written expository text and are
less productive during free recall of read pas-
sages [33]. In complicated mTBI, lower Glasgow
Coma Scale (GCS) scores have predicted poorer

reading comprehension with right frontal lobe
damage associated with worse auditory and read-
ing comprehension [34]. Preliminary electroen-
cephalogram (EEG) findings suggest that TBI
alters neural activity associated with sentence
processing as evidenced by lack of a reliable
P600 response, a language-relevant event-related
potential [35]. Moreover, reading comprehension
deficits can affect academic and vocational func-
tioning in TBI. A related concern is the impact of
discourse comprehension impairments on navi-
gating the legal system given that people with
TBI have demonstrated reduced accuracy and
speed in grasping legal language and social-legal
interactions [36, 37]. Individuals with TBI are
also less discerning of written social cues [38].
Pragmatic deficits in TBI are well documented,
revealing problems with processing the context
and paralinguistics of discourse interactions,
including theory of mind (ToM), tone of voice
(e.g., sincerity, sarcasm), figurative language, and
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communicative intent [39—41]. In summary, anal-
ogous to findings on expressive discourse ability,
the evidence suggests that receptive discourse
skills are also disrupted following TBI.

Narrative Discourse

Narrative involves the telling of a story in which
characters and actions are presented following a
logical sequence constructed through temporal
and causal links [42]. Narrative discourse impair-
ments are common in TBI and can manifest at the
word- and sentence-level (microlinguistic),
global text-level (macrolinguistic), and global
organizational-level (superstructural) overarch-
ing. Studies examining discourse at the microlin-
guistic level often involve lexical, semantic, and
grammatical analyses or productivity and effi-
ciency measures, and findings from these studies
have been inconsistent. Some studies found no
significant differences in syntactic ability as
reflected on measures of sentential complexity
and grammatical accuracy [43—45], while others
challenged this notion [46, 47].

In contrast, propositional analyses have
yielded greater consensus that individuals with
TBI struggle on informational measures.
Propositions refer to the set of semantic relations
(i.e., meaning) specified by an utterance’s predi-
cate and associated arguments. At the microlin-
guistic level, essential content is often measured
by essential propositions or content information
units (CIUs). Several studies have demonstrated
that individuals with TBI consistently omit criti-
cal microlinguistic elements of information in
narrative discourse [48, 49]. Furthermore, studies
have also revealed that stories from individuals
with TBI contain fewer propositions overall [46,
50, 51]. These results are somewhat tempered by
findings of another study in which people with
TBI and a neurotypical comparison group pro-
duced comparable numbers of explicit proposi-
tions [52]. However, the TBI group performed
more poorly in producing implicit propositions,
suggesting particular difficulty with information
that must be inferred, which is a common obser-
vation in TBIL.

Findings on productivity and communicative
efficiency in narrative discourse TBI have been
somewhat variable. A review of discourse pro-
duction in TBI identified consistent reductions in
verbal output and decreased communicative effi-
ciency in monologic discourse, which includes
narratives [53]. A variety of productivity and
communicative efficiency measures (e.g., tallies
of total words, T-unit or C-unit counts, lexical
errors, tangential utterances) have distinguished
discourse functioning between individuals with
TBI and neurotypical individuals [45, 54, 55].
However, some studies have found no differences
in similar measures [56]. Elicitation task may
also influence productivity and communicative
efficiency as demonstrated by a study in which
participants with TBI produced more utterances
and fewer words per utterance on monologic nar-
ratives but were on par with neurotypical partici-
pants on cooperative narratives produced with a
familiar communication partner [48].

Cohesion refers to the extent to which utter-
ances are meaningfully linked in a text and
reflects inter-sentential organization that lies at
the intersection of discourse microstructure and
macrostructure. Cohesive markers or ties bridge
meaning between utterances and can only be
understood by searching another utterance for the
meaning (e.g., The curry is too spicy. I'll make it
milder next time.). Cohesion measures can
include counts of cohesive ties and adequacy rat-
ings [57]. Examinations of narrative cohesion in
TBI have been inconclusive. Preserved cohesion
has been found in some studies [43, 58, 59] and
impaired cohesion in others [48, 60].

Macrolinguistic discourse deficits are a con-
sistent finding in TBI. Global coherence, gist
summarization (i.e., extrapolation of key infor-
mation and meaning), and story completeness are
macrolinguistic components that are often evalu-
ated when assessing narrative discourse for story
content. Global coherence, which identifies
meaningful relationships between an utterance
and the discourse as a whole, has been studied
extensively in TBI. With few exceptions [58], the
literature substantiates disruption in global coher-
ence in discourse following TBI [45, 61].
Individuals with TBI struggle with establishing
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logical connections between their utterances and
the topic of discussion, resulting in poorer global
coherence.

Deficiencies in story completeness and accu-
racy of story information are a frequent occur-
rence after TBI, reflecting impaired discourse.
Individuals with TBI have difficulty judging the
importance of story information [62, 63]. During
storytelling, they frequently omit critical infor-
mation and key details and provide irrelevant or
inaccurate information [14, 30, 64]. On a picture
story sequencing task, individuals with impaired
discourse following TBI performed more poorly
than neurotypical peers on arranging the pictures
in logical order [65]. Even when the pictures
were presented in correct order, the people with
discourse impairments following TBI still pro-
duced inaccurate accounts that reflected a failure
to identify the important components of the pic-
ture story.

Beyond story content, TBI also disrupts story
organization ability, which is considered a global
aspect of discourse referred to as the superstruc-
tural level. Global analyses of story organization
focus primarily on the overarching framework
that organizes discourse content (i.e., story
schema). Story grammar, the causal and temporal
rules that specify and guide the connections
between characters and events, provides the logi-
cal ordering of story information that aids com-
prehension and production and gives rise to the
narrative framework [42]. The episode, a
sequence of events, is central to many measures
of story grammar. A complete episode consists of
three main elements:

1. An initiating event that provides the impetus
for a character’s action (e.g., “The farmer’s
prize tomato plant was not growing due to the
surrounding bushes blocking the sunlight.”)

2. An attempt by the character to achieve the
goal (e.g., “So, he chopped down the bushes
to allow the plant more light.”)

3. A direct consequence of the attempt (e.g.,
“The plant flourished, much to the relief of the
farmer.”)

Breakdowns in story organization, as evi-
denced by poor performance on story grammar

measures, are frequently observed following
TBI. Narratives produced by individuals with
TBI often contain fewer story grammar elements
and a lower proportion of utterances organized
into episodes [46, 59]. Story organization may
vary depending on elicitation condition with
some evidence showing that in people with TBI,
the extent of disorganization for the generation of
spontaneous stories is greater than that in story
retelling [59].

Impairments in story content and story organi-
zation in TBI diminish the overall goodness of
narratives. Story goodness has been operational-
ized as the combination of story content and story
organization [66]. The analysis of narrative dis-
course integrating measures of story content and
story organization has demonstrated utility. Such
an approach has provided a way to quantify
diminished goodness of story following TBI and
enabled identification of categories of disordered
discourse [14]. While some individuals have
greater deficiencies in story content, others have
greater deficiencies in story organization, and
some have comparably poor performance in both
content and organization. The quantification and
categorization of story goodness in TBI have
potential clinical implications as they can help
focus treatment and monitor discourse changes
over time. Ecological validity of diminished story
goodness has been supported by listener percep-
tions of narratives produced by individuals with
TBI as deficiencies in story content and story
organization have been associated with poorer
ratings in overall story quality [62].

One long-standing view of discourse impair-
ments is the construct of a dissociation between
microlinguistic and global discourse (macrolin-
guistic and superstructural) ability in TBI with
impairments primarily affecting the former and
sparing the latter. More recently, a compelling
alternative view has emerged, offering a more
unifying construct [67, 68]. Through a series of
studies, Peach and colleagues demonstrated sup-
port for a resource allocation model of discourse
production in TBI. They identified an association
between sentence planning deficits in narratives
and problems in working memory (WM) and
executive functions (EF) [69]. They then found a
significant relationship between inter-sentential
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(i.e., cohesion) and intra-sentential (e.g., pauses,
mazes, errors) measures, as characterized by syn-
chrony of typical cohesion and well-formed
utterances, with disruption to intra-sentential
processing. In a recent study, they found that
cohesive adequacy and sentence planning ability
highly predicted story grammar outcomes,
strongly implicating that the various layers of
discourse processing are dependent on one
another [68]. The collective findings from the
studies support a resource allocation model of
discourse performance and highlight the poten-
tial cost to aspects of discourse processing (e.g.,
microlinguistic) to achieve meaningful and orga-
nized discourse in TBI.

Conversational Discourse

Conversation is discourse in which two or more
people exchange thoughts and feelings, or dis-
cuss ideas. Conversation enables individuals to
negotiate their needs and wants. Proficiency in
conversation is critical not only in education and
vocational performance but also for establishing
and maintaining social relationships [22, 70]. It is
well established that individuals with TBI gener-
ally present with cognitive-communication disor-
ders characterized by discourse deficits [71-73].
In casual interactions, individuals with TBI are
often perceived as being off-target, disorganized,
and tangential, and, in some cases, they offer lit-
tle specific information. These deficits are par-
ticularly apparent in conversational discourse.
The success of any conversational interaction
is dependent on the mutual contributions of all
participants. The conversation of individuals with
TBI is characterized by decreased initiation,
problems maintaining the topic of discussion,
and content errors [74, 75] as well as a greater
number of turns and shorter, less complex utter-
ances [76]. Due to these difficulties, interactions
involving individuals with TBI may evolve into
interviews, that is, a question/answer format, as
opposed to natural conversation. The effective-
ness of such interactions is frequently more a
function of the skill of the neurotypical commu-
nication partner at sustaining the flow of the con-
versation than that of the person with

TBI. Consistent with this notion, recent work in
TBI rehabilitation has focused on the training of
neurotypical conversational partners to improve
such interactions [77].

There are a number of issues to consider when
a clinician is preparing to sample and analyze
conversational discourse. These include conver-
sational partners, topic, where the interaction
takes place, duration of the conversation, how it
is recorded, and length of the interaction. For
example, a conversation between an individual
with a brain injury and a clinician during a diag-
nostic evaluation will be very different from one
involving family members or close friends dis-
cussing a favorite activity at home. In addition,
the use of audio-video recording devices may
impact the comfort and naturalness of a conver-
sation. If conversation samples are to be used to
monitor communicative change longitudinally, it
is critical that the format of each conversation
remains the same (i.e., participants, topic, locale).

Once a sample of conversation is obtained,
there are a myriad of analyses that can be applied.
The particular measure selected will be deter-
mined by the purpose of the language assess-
ment. Analyses of conversation can be relatively
informal such as pragmatic rating scales [78, 79]
or formal, more complex multicomponent proce-
dures such as conversational analysis or systemic
functional linguistics [80, 81]. Regardless of the
approach taken, key aspects of conversation
should always be considered such as turn taking,
response appropriateness and adequacy, topic
management, and conversation repair [82].

Turn taking in conversation involves frequent
speaker changes, ideally with one individual
speaking at a time. If two individuals speak
simultaneously, it should be of short duration. As
speakers shift from one to another, there should
be minimal delay. The overall length of a conver-
sation is variable, as is the order of speakers and
duration of turns. Typically, allocation of turns
and content are not established prior to the con-
versation. Turns may follow in succession (con-
tinuous talk) or there may be pauses during which
no one talks (discontinuous talk). Measures of
turn taking include number and length of speak-
ing turns for each participant and appropriateness
of the alternation of turns. Ineffectual turn taking
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can disrupt communication. Therefore, instances
of faulty turn taking should be noted in tran-
scripts of conversational samples to help identify
potential sources of breakdowns.

Response adequacy refers to the appropriate-
ness of an utterance within the context of an
ongoing conversation. The concept of response
appropriateness (and adequacy) has been studied
within the psychiatric literature on neurotic and
psychotic patients [83] and more recently in
research on rehabilitation of cognitive-
communication disorders following brain injury
[76, 84]. Once again, transcripts should be coded
to identify the adequacy of speaker responses
over the course of the conversation.

Topics pertain to what is talked about in a con-
versation and how the topic may shift during the
interaction. Topic management pertains to how a
topic is initiated and how it is maintained. A topic
may be introduced by a single speaker or in con-
junction with the conversational partner. Topics
may be changed by one of the following means,
and the examination of conversation should
include tallies of such topic management behav-
iors [82]:

1. Novel introduction, either at the beginning of
a conversation or at the ending of a discussion
of one topic and initiating another.

2. A smooth shift, in which the topic of discus-
sion is subtly changed to another.

3. A disruptive shift in which the transition is
abrupt or irrational.

Finally, conversational repair pertains to how
effectively a speaker can modify or clarify an
utterance when their dyadic partner does not
fully understand the message. Four types of
repair mechanisms have been described [85]:

1. Other-initiated other-repair: the listener indi-
cates a problem and repairs it.

2. Other-initiated self-repair: a clarification is
requested by the listener and the speaker pro-
vides it.

3. Self-initiated other-repair: the speaker recog-
nizes a problem and the listener repairs it.

4. Self-initiated self-repair: the speaker recog-
nizes a breakdown and explains the message.

The ability to manage communication break-
downs is critical for independent functioning in a
variety of everyday environments. Highlighting
such skills in conversational transcripts is partic-
ularly helpful for monitoring change and treat-
ment planning.

Descriptive, Procedural,
and Expository Discourse

While the majority of discourse studies in TBI
have focused on narrative and conversation, find-
ings from examinations of other discourse genres
(e.g., descriptive, procedural, and expository)
have provided further insights into cognitive-
communicative functioning following
TBI. Descriptive discourse involves the enumera-
tion of features and concepts about an item (e.g.,
picture, object) or experience (e.g., hobby).
Procedural discourse entails explanations of a
series of actions to perform a task and instructs
the communication partner about how to carry
out an activity. Expository discourse is meant to
inform the listener about a topic through facts or
interpretation and encompasses comparison and
contrast, cause and effect, and generalization [8]
that are critical to academic success.

Findings from investigations of descriptive,
procedural, and expository discourse are analo-
gous to those of narrative discourse with more
variable findings at the microlinguistic level and
more consistent evidence of disruption at the
macrolinguistic level. In descriptive discourse,
minimal differences have been discerned on
grammatical complexity or cohesive adequacy
between TBI and neurotypical comparison
groups, but deficits in global coherence were
identified, underscoring a pattern of greater
impairment in macrolinguistic processing [45,
86]. Propositional analyses in procedural dis-
course have yielded conflicting results, with
some studies finding typical performance [87]
and others finding impaired performance, such as
too few or too many propositions [62]. Reductions
in communicative efficiency have been observed
in the face of typical productivity (i.e., words,
utterances) and consistent challenges with delin-
eation of essential steps of a procedure [88].
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Studies of expository discourse in TBI have
revealed both sentence- (e.g., poorer sentence
planning, sparser discourse) and global-level
(e.g., poorer overall quality of text) impairments
[89, 90]. These collective findings would support
a resource allocation model of discourse produc-
tion as proposed by Peach and colleagues [68].
Drawing upon more complex reasoning ability,
expository discourse often places greater cogni-
tive demands on the individual in comparison to
procedural or descriptive discourse, thus result-
ing in disruption to multiple levels of discourse
processing.

Written Discourse

Despite the importance of written communica-
tion across life domains, written discourse ability
following TBI is still an emerging area of
research. Early work in this area found written
discourse in TBI to be sparser in words and
impaired in local coherence (thematic unity
between sentences) but on par with neurotypical
participants for other indices, such as cohesion
and global coherence [91]. These findings are
consistent with reports from individuals with TBI
themselves, who endorse substantial challenges
with writing that interfere with daily functioning
[92, 93]. Analogous to spoken discourse, the
application of multi-level assessment of written
discourse has revealed various profiles of impair-
ment, highlighting the importance of examining
different aspects of writing [94]. College students
with mild TBI have improved aspects of their
writing in preliminary evidence from early-stage
interventions [93, 95]. However, those with mod-
erate and severe TBI and limited awareness of
deficits are unlikely to be successful in learning
and implementing writing strategies while insight
into their functioning is impaired [96].

Cognitive Factors Underlying
Discourse

Discourse can be considered as the intersection
of cognition and communication, and multiple
cognitive processes are deployed at various

stages (microlinguistic, macrolinguistic, super-
structural) in the synthesis and comprehension of
discourse. It is widely accepted that discourse
impairments have cognitive underpinnings. Like
discourse impairments, cognitive impairments
are also a hallmark of TBI and encompass but are
not limited to disruption in major cognitive
domains, including attention, memory, and exec-
utive functions (EFs). The research literature has
strongly substantiated a relationship between dis-
course ability and each of these cognitive
domains.

A recent systematic review identified several
research studies that linked discourse with atten-
tion [97]. Given the multifaceted nature of atten-
tion, multiple types of attention were connected
with discourse, including attention control, exec-
utive attention, working memory (WM), and
information processing. Problems with sustained
attention, in particular, were associated with tan-
gentiality as well as deficits in verbal reasoning,
topic maintenance, and social inference. Further
support for attention as a key factor in discourse
performance emerged from a recent narrative dis-
course treatment study that resulted in greater
generalization when combined with attention
process training [98].

Similar to attention, various aspects of mem-
ory are associated with discourse functioning in
TBI with WM being the most well studied. WM
involves storage and transformation of informa-
tion and has been implicated in both discourse
production and comprehension in TBI. WM has
correlated with measures of cohesion, content,
and organization in narrative discourse produced
by people with TBI [46, 99, 100]. There is evi-
dence to support WM as a constraining factor in
grammatical and figurative language processing
[101, 102], and individuals with TBI who have
higher WM scores are better discourse compre-
henders than those with lower WM scores [103].
Although less well studied in relation to dis-
course, declarative memory is also thought to
underlie discourse performance in TBI. In par-
ticular, episodic memory, related to event knowl-
edge, has predicted narrative completeness of
critical information and narrative organization
(i.e., story grammar) [55, 104]. In a meta-
analysis, declarative memory surpassed other
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major cognitive domains in accounting for prag-
matic comprehension [41].

Executive functions (EF) are higher order
cognitive processes that underpin goal-directed
behavior and include components, such as
planning, monitoring, inhibition, and flexible
problem-solving. In several constructs of EF, EF
subsumes WM. EF measures are numerous and
diverse, tapping components of EF differently,
and exemplar tasks comprise card-sorting, verbal
learning and fluency, and trail-making. As dis-
course synthesis is a goal-directed process, EF
impairments should cause disruption to discourse
functioning. Indeed, relationships between vari-
ous EF measures and multiple aspects of dis-
course production have been identified at both
the microlinguistic and global levels and across
genres [69, 105, 106]. For example, card-sorting,
which involves monitoring and flexible problem-
solving, has correlated with narrative organiza-
tion [107], and trail-making has correlated with
conversational abilities [106].

In summary, the research evidence across
major cognitive domains of attention, memory,
and EF highly substantiates the cognitive bases
of discourse ability. The relationships between
cognition and discourse have been observed at
multiple levels of discourse processing and across
multiple discourse genres. Given the co-
occurrence of and relationship between cognitive
deficits and discourse processing impairments, a
discourse model that accounts for the cognitive-
communicative impairments in TBI and harmo-
nizes with the construct of resource allocation
would be of immense theoretical and clinical
utility.

The Structure Building Framework
(SBF)

One discourse model with the potential to explain
discourse impairments in TBI is the Structure
Building Framework (SBF) [108]. The SBF is a
cognitive discourse processing model that posits
that discourse comprehension involves creation
of mental representations (i.e., structures)
through the following processes: (1) laying a

foundation, (2) mapping relevant information
onto that foundation, and (3) shifting, as needed,
to initiate a new substructure when incoming
information is unrelated to the currently activated
substructure. Enhancement of relevant informa-
tion and suppression of irrelevant information are
purported to be the general mechanisms at work
in creating mental structures. Applied to dis-
course, mental structures could represent micro-
linguistic aspects of discourse, such as formation
of single sentences, or global aspects, such as
story grammar.

The SBF is a normative discourse comprehen-
sion model that was developed to account for
how neurotypical individuals understand dis-
course, but it has been argued that the same
mechanisms function in discourse production
[109]. SBF is the only cognitive model that has
been applied to explain both discourse compre-
hension and production in neurologic and psychi-
atric populations and has gained increasing
attention in accounting for discourse impairments
in TBI [33, 104]. Such a cognitive model would
also be compatible with the construct of resource
allocation as cognitive resources are finite. If
cognitive demands are exceeded and resources
for enhancement and suppression are inadequate,
this could potentially result in incomplete or
poorly formed mental structures.

Discourse Ability, Mental Health,
and Considerations for Veterans
with TBI

Although TBI is a known disruptor of discourse
ability, other factors can potentially influence dis-
course production and exacerbate discourse
impairments, including premorbid factors, such
as education and premorbid language ability, and
comorbidities, such as mental health (MH) con-
cerns [59, 110-112]. MH disorders, such as
PTSD, anxiety, and depression, often co-occur
with TBI in veterans and may further exacerbate,
or even be a primary cause of, discourse impair-
ments in this population. Research on the rela-
tionships among discourse, TBI, and MH is in a
nascent stage, but the few studies on this topic
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suggest that it may be a promising area for fur-
ther exploration. Veterans with comorbid TBI
and PTSD produce narratives with fewer words
than their peers with TBI only or neurotypical
peers and perform more poorly on
neuropsychological measures than those with
only a singular diagnosis of TBI or PTSD [113,
114]. Veterans with PTSD take longer to read
paragraphs and answer questions about them
compared to those without this condition, despite
comparable test accuracy between groups [115].
These findings implicate PTSD as a potential fac-
tor in changes in language comprehension, pro-
duction, and cognitive performance following
TBI.

There is evidence that telling well-formed sto-
ries may have therapeutic effects and facilitating
particular aspects of language production in
trauma narratives may improve outcomes in
trauma recovery [116, 117]. For example, in a
nonclinical sample where participants were asked
to write about the most traumatic event of their
lives repeatedly over intervals, coherence
increased over time [117]. Increased organization
and decreased fragmentation have been associ-
ated with reduction in PTSD symptoms [118].
Findings from such studies may be of particular
importance to veterans with TBI and concomitant
PTSD, as their MH challenges may concurrently
impact their discourse functioning and their dis-
course impairments may impact their ability to
benefit from MH treatment.

The manner in which discourse tasks are
implemented in intervention may also influence
MH outcomes. In a study examining expressive
writing in veterans with self-reported reintegra-
tion difficulties following return from deploy-
ment, veterans in the expressive writing group
were asked to describe their transition to civilian
life through expression of feelings and insights
into challenges [119]. Those in the factual writ-
ing group were instructed to describe information
needs of veterans in transition. Veterans who
wrote expressively experienced greater reduc-
tions in physical, psychiatric, and emotional
symptoms than those who wrote factually or not
at all, underscoring the potential influence of dis-
course expression on functioning. In summary,

the implications from these studies for TBI are
twofold. One implication is that PTSD and other
MH factors may influence and exacerbate dis-
course functioning in TBI, and the other implica-
tion is that the use of discourse tasks may be
therapeutic for improving not only communica-
tion but also MH outcomes.

Conclusions, Future Directions,
Implications for Treatment

Discourse impairments are characteristic of the
disruption to cognitive-communicative function-
ing prevalent following TBI. Competence in dis-
course has a clear and significant impact on
functioning, social reintegration, QoL, and life
satisfaction in people with TBI. Breakdowns in
discourse ability in TBI occur at multiple levels
of processing, across genres, and in both com-
prehension and production. Discourse perfor-
mance is dependent on the integrity of various
cognitive networks. The SBF is a cognitive dis-
course model that may have potential utility in
explaining discourse deficits in TBI and guiding
treatment. Consideration of factors that may
influence discourse ability, such as PTSD and
other MH challenges, is an area for further
exploration.

Given the functional impact of discourse
impairments, development of discourse interven-
tion in TBI is a needed and growing area of
research. Further discussion of discourse treat-
ment is explored in Chap. 24. A recent systematic
review of discourse and social communication
interventions in TBI identified five “essential”
treatment components that were found in inter-
ventions with durable treatment effects [120].
These treatment “building blocks” comprised
feedback, simulated or actual social contexts,
functional practice, training in metalinguistic/
metacognitive strategies, and hierarchical train-
ing. Inclusion of these components is likely to
increase efficacy and extent of therapeutic effects.

In addition to discourse treatment develop-
ment, current gaps in the literature present oppor-
tunities for further investigation in understanding
discourse ability following TBI. Potentially
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promising areas for continued exploration in TBI
include spoken discourse and reading compre-
hension, writing impairments and writing inter-
ventions, relationships between discourse and
other less well-studied cognitive factors (e.g.,
declarative memory), and potential influences of
TBI comorbidities.

Major Takeaways

1. Discourse impairments are a hallmark of TBI,
disrupting communication at multiple levels,
across genres, and across modalities.

2. Reduced discourse competence negatively
impacts the ability to participate in a number
of major life activities.

3. Discourse impairments are thought to have
cognitive underpinnings, which may be
explained through the lens of resource alloca-
tion and the structure building framework.

4. There is emerging evidence that mental health
conditions may affect discourse functioning
in TBI. The manner in which discourse tasks
are implemented may have potential effects
on mental health in addition to cognitive-
communicative functioning.
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Preview of What Is Currently Known

Spoken discourse can be disrupted at multiple
levels leading to changes that impact the lives of
people with right hemisphere damage (RHD).
“He seems to go well with old friends but add
their partners to the mix with unfamiliar topics
and he is lost. He then tends to just change the
topic and can say embarrassing things.” Some of
the impairments that occur following RHD
related to discourse meaning, appropriateness,
cohesion, and efficiency are evident in this quote
from the partner of a person with RHD. This
chapter summarizes the current and emerging
evidence related to spoken discourse impair-
ments in people with RHD. It also emphasizes
the need for future research to adopt standardized
approaches to assessing discourse in this popula-
tion to support work that aims to establish pro-
files of impairment, or subtypes, and establishing
intervention efficacy.

Objectives

(a) To define the scope of spoken discourse
within right hemisphere damage (RHD).

(b) To describe the presenting spoken discourse
features following RHD.
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(c) To discuss considerations related to assess-
ment of spoken discourse post-RHD.

(d) To highlight the impact of spoken discourse
deficits.

Introduction

Our understanding of the role the right hemi-
sphere of the brain plays in the comprehension
and production of language is in its relative
infancy. First reports suggesting that right hemi-
sphere damage (RHD) results in unique commu-
nication impairments compared to those caused
by left hemisphere damage (LHD) emerged in
the 1960s [1, 2]. Descriptions of communicative
interactions with people with RHD paint a pic-
ture of someone disinterested, concrete, or literal
in their use of language, verbose, and tangential,
and unable to respond to or use emotion in con-
versations [3]. These post-injury communication
changes occur in more complex linguistic con-
structs such as discourse and pragmatics despite
deceptively normal foundation linguistic skills
(e.g., phonology, morphology, and syntax) [2, 4].

Communication is more than the words and
sentences we produce to express our thoughts
and ideas; it is an interactive, complex task reli-
ant on discourse and pragmatic abilities [5].
Pragmatics refers to the context-determined use
of linguistic, paralinguistic, and extralinguistic
skills during communicative interactions, while
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discourse draws on a person’s ability to sequen-
tially and logically convey or comprehend lin-
guistic content beyond the level of the sentence
[5, 6]. There is a close relationship between these
concepts, with intact pragmatics being funda-
mental to meaningful and appropriate spoken
discourse [7]. A multitude of meanings from var-
ious fields of study exist for the term discourse,
but the ensuing discussion will draw on a multi-
disciplinary framework incorporating the fields
of linguistic, cognitive, and social sciences.
Discourse is a multilevel representation of our
thoughts situated within a given context (genre).
A meaningful, appropriate, cohesive, and effi-
cient spoken discourse utilizes cognitive strate-
gies to organize linguistic and interactional
structures [8]. Discourse is multimodal with
comprehension and production occurring in both
spoken and written modalities. This chapter
explores how spoken discourse in people with
RHD is impaired considering context (genre),
linguistic skills, and structural influences. An
overview of assessment options to determine if
spoken discourse is meaningful, appropriate,
cohesive, and efficient in individuals with RHD
is provided.

Heterogeneity of RHD
Communication Presentation

The communication presentations of the RHD
population are known to be heterogeneous and
evident across communication domains of dis-
course, prosody, semantics, and pragmatics [5,
9]. The centrality of spoken discourse deficits, as
a characteristic of communication disorder after
RHD, is evident in four clinical communication
profiles [9, 10]. Changes in narrative and/or con-
versational discourse production were evident, to
different degrees, in three of the four profiles
[10]. Differing discourse impairments across the
four clinical profiles highlight the importance of
considering discourse production abilities across
discourse genres with several reports that the
elicitation task, stimulus, and manner of analysis
can impact the deficits that are identified [11-14].
On analysis across discourse genres, further het-

erogeneity is evident. Blake and colleagues [3]
noted varying patterns of efficiency and appropri-
ateness of spoken discourse in their hyperrespon-
sive (e.g., verbosity, talkative, tangential,
impulsive, disinhibited) and hyporesponsive
(e.g., paucity of speech, slow responses, poor ini-
tiation, unelaborated speech) profiles. The preva-
lence rate of each profile was relatively equal at
41.5% and 39%, respectively, and replicated ear-
lier findings of variation across different genres.
Earlier work on discourse profiles on a descrip-
tive task that analyzed the efficiency and appro-
priateness of content identified five patterns of
discourse production: (1) irrelevant, (2) paucity,
(3) digressive, (4) verbose, and (5) normal [15].
Additionally, in a study of narrative discourse,
Joanette and colleagues [16] described two dis-
tinct profiles of production based on an analysis
of informativeness.

Context in Spoken Discourse

Discourse grouping into different types or genres
is based on “recurrent actions” [17 , p. 181] asso-
ciated with a specific communication goal. These
typified forms of discourse constitute the contex-
tual level of spoken discourse. Discourse genres
are goal-oriented social processes that have sets
of conventions or expectations that inform not
only the required elements but also the sequence
of such elements [18]. There are four key dis-
course genres to consider when describing spo-
ken discourse after RHD: procedural, descriptive,
narrative, and conversational. The conventions
for each genre are relatively stable and based on
social life or nature of interpersonal interactions
in a particular culture or historical time. For
example, narratives may be identified based on
the presence of typical parts such as an orienta-
tion, a complicating action, an evaluation, and a
resolution [19]. Each of the discourse genres pro-
vides different contextual support for the speaker
ranging from the relatively constrained tasks of
procedural and descriptive discourse through
narrative tasks to conversational discourse, which
involves the interaction with at least one commu-
nication partner. Investigation of discourse pro-
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duction after RHD has led to an understanding
that not only genre [20] but also method of elici-
tation including stimulus and instruction influ-
ence performance [13]. To explore further the
types of genre and stimuli that have been used to
elicit them, please refer to Appendix 1.

The following will summarize key points from
our current understanding of how spoken dis-
course abilities differ across context (genres)
after RHD with reference to the meaning, appro-
priateness, cohesion, and efficiency of output.

Exploring Meaningful, Appropriate,
Cohesive, and Efficient Discourse
Production

Meaningful

People with RHD have been described as produc-
ing concrete and literal discourse, which Myers
[21] succinctly summarizes as they falk better
than they communicate. This points towards peo-
ple with RHD unsuccessfully imparting their
intended meaning despite apparently intact lin-
guistic skills. It is, however, acknowledged that
the linguistic domain of semantics is often
impaired in this population [10, 11]. In fact, mul-
tiple theories of semantic processing such as
coarse coding, suppression deficit, and graded
salience hypotheses have been proposed to
explain difficulties in comprehension of meaning
(see Blake [5] for an overview), yet the extension
of these models to production of meaning occurs
less frequently.

Conceptualizing the impact of semantic deficits
on discourse production requires us to consider
two sub-areas: lexical semantics and structural
semantics. Lexical semantics focuses on the mean-
ing of words considering the semantic features,
fields, and ambiguity [22]. Structural semantics is
how we create meaning at the level of the sentence
including word order and grammatical markers.
Early work seeking to explore the linguistic basis
of communication breakdown after RHD explored
the role of lexical-semantics in verbal output
through picture naming [12, 23-25] and sentence
completion tasks [2]. Significantly lower scores on

picture naming were recorded for those with RHD
compared to non-brain-damaged (NBD) people
[12, 23, 24]. Despite beliefs that co-occurring
visual neglect and visuoperceptual deficits were
the cause of errors, error analysis identified a
visuosemantic or semantic basis [24]. Furthermore,
the complexity of the linguistic task influenced
performance with generation of abstract concepts
causing the most difficulty [2]. Divergent naming
tasks have also shown that people with RHD per-
form significantly worse than controls [12, 26]
with additional evidence of a task complexity
effect [12]. These divergent naming studies high-
lighted that people with RHD used fewer strate-
gies when completing the tasks which may reflect
a disruption in cognitive processes rather than lexi-
cal deficit.

The relevance of findings at the single-word
level to the structural semantics (i.e., meaning con-
veyed at sentence level) or spoken discourse pro-
duction has rarely been investigated. The structural
units within sentences (e.g., phrase, clause, or sen-
tence) carry key content or information, thus play-
ing a crucial role in expressing meaning.
Examining links between lexical-semantics and
structural semantics at the discourse level, Diggs
and Basili [12] identified the number of message
units conveyed by individuals with RHD across
convergent and divergent discourse tasks. As with
convergent and divergent naming tasks, units car-
rying informative content at the discourse level
was significantly less than controls. They also
found a task complexity effect mirroring early
findings that discourse produced using an abstract
stimulus was less informative (fewer message
units) than for concrete stimuli [2].

Descriptions of the ability to convey meaning
in spoken discourse have centered around the
accuracy of these information units, with limited
investigation of the lexical-semantic content
(e.g., concrete versus abstract words). To date,
information on the use of vocabulary to convey
meaning in discourse is limited; however, people
with RHD are less likely to include emotional
content [27]. Limited research has also been con-
ducted to describe discourse production based on
communication profiles. The absence of litera-
ture documenting discourse production based on
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profiles perhaps not surprisingly has resulted in
mixed findings. Some studies have reported that
people with RHD are able to include the essential
steps for a procedural discourse as one way of
considering task accuracy [20, 28], but others
have found the opposite [29, 30]. These latter
findings align with accuracy ratings for proce-
dural discourse when using correct information
units (CIUs) [20, 28], main concept analysis
(MCA) [31], and inclusion of unnecessary or
irrelevant detail as the measures [32, 33] with
people with RHD less accurate in conveying
meaning. This same inaccuracy in meaningful-
ness has been noted in narrative discourse using
story generation stimuli [11, 13, 20, 31].

Appropriate

Appropriate discourse production is linked to
how meaningful content is organized to achieve a
communication goal. Different constructs such as
the genre structure (e.g., story grammar), rele-
vance of content to the topic (global coherence),
and use of interactional structures (e.g., provid-
ing or taking turns) contribute to the perception
of appropriate discourse. The inclusion of off-
topic comments, responding in ways that did not
align with questions posed, and failing to follow
turn-taking conventions during conversations are
examples of difficulties with appropriate dis-
course reported following RHD [7, 34].

Global Coherence

Discourse described as tangential, unrelated, or
egocentric likely contributes to problems with
topic maintenance reflecting breakdown at the
level of global coherence. Considering conversa-
tional discourse, topic maintenance and turn-
taking quantity were impaired in 40% and 50%
of a group of ten people with RHD, respectively
[35]. Other studies have reinforced this finding of
heterogeneity where global coherence was not an
issue for all individuals with RHD at a conversa-
tional discourse level. In Kennedy’s study,
approximately a quarter of individuals with RHD
included off-topic or misplaced content [36, 37],

while Brady and colleagues observed the use of
meta-statements (comment on the topic, about
the task, or task performance) and topic shading
(relevant antidote or personal opinion) as issues
of global coherence [37].

Procedural, descriptive, and picture sequence-
based narrative discourse tasks provide greater
constraints around structure and topics to be dis-
cussed. Task constraints have been proposed as
an explanation to the absence of issues with topic
coherence and management across these genres
[28]. As with much of the literature on communi-
cation after RHD, there is however variation in
reports of how global coherence is impacted at
the group versus individual level. Despite topic
maintenance being essentially intact during pro-
cedural and descriptive discourse, Brady and col-
leagues noted differences when examining how
topic maintenance occurred. In comparison to
NBD individuals, people with RHD used either
an increased number of modalizing fillers (i.e.,
personal comments, or comments about the task)
or fewer utterances per topic due to failure to
introduce subtopics to continue the broad topic of
discussion. Kim and colleagues [38] in a struc-
tured conversation task similarly noted that peo-
ple with RHD were less likely to add related
content to the conversation, rather than changing
to a new topic. The result of using modalizing
fillers would be discourse that could be perceived
as overly personalized or inappropriate for the
context. Failing to extend conversation on a topic
might make the speaker appear disengaged or
bored with the topic which is a characteristic
reported in the RHD population. Using the
Global Coherence Rating Scale (GCRS) [39],
Minga and colleagues [31] found that people
with RHD presented with global coherence defi-
cits that were significantly below those of NBD
individuals on a procedural task and approaching
significance on story generation, although the
error profiles were quite different across tasks.
Approximately one-third of people with RHD
produced a procedural discourse marked by con-
tent unrelated to the stimuli, tangential or ego-
centric information, while for the narrative task,
the same issues were only evident in around 17%.
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Adhering to Expected Genre Structure
Conventions that underpin the structures used to
produce discourse across discourse genres vary,
are dependent on the speaker’s knowledge of
societal expectations of the task, and are reliant
on different cognitive and linguistic skills [40].
Narrative and conversational discourses both
have consistent structures and expectations;
however, procedural and descriptive structures
are less clear and dependent on individual task
instructions [13, 40].

Narrative discourse generally consists of three
elements such as the setting, complicating event,
and resolution. Difficulty in aspects of the narra-
tive structure may result in a loss of meaning and
coherence. The accuracy or completeness of nar-
rative elements has been explored in people with
RHD on a story generation task with varying
results. Impairments were found in the compli-
cating event only [16], the resolution component
only, or both elements leading to discourse being
evaluated as inaccurate or confused [41].
Conversational discourse also tends to contain
three broad elements: the initiation phase, topic
maintenance, and termination phase [36]. Similar
to the narrative discourse findings, it has been
suggested that structural components of conver-
sational discourse are retained after RHD, but
where the emphasis is placed in the conversation
may differ. Observations have shown inequal
production of content in the topic maintenance
and termination phases when compared to NBD
individuals [36]. Little to no literature has focused
on adherence to the structural frameworks for
procedural and descriptive discourse, most likely
due to lack of clarity around expectations.

Interactional Level

The appropriateness of discourse may also be
determined at an interactional level by analyzing
interactional structures that allow for or signal
opportunities for recipient contributions.
Impairments at an interactional level would be
most evident in conversational discourse; how-
ever, it might also be seen during other genres.
During story production, we would expect to see
evidence that the listener understands that a par-

ticular cue will signal the end of the story and to
wait for the speaker to complete the story before
taking their own turn. Beyond these contextual-
izing cues that signal turn change, we can also
consider self- and other-repair strategies when
analyzing interactional level difficulties.

There is an order to interactional sequences
that includes turn construction and expansions of
turns [42]. A turn constructional unit (TCU) [43]
consists of grammar, prosody, and action that
allows speakers to anticipate completion of a turn
to achieve smooth transitions in discourse.
Speakers and listeners use and interpret linguistic
(e.g., the use of a personal name), paralinguistic
(e.g., rising intonation to signal a question), and
extralinguistic (e.g., gaze directed to a particular
individual during small group conversations) to
signal that a turn should be taken. Normative
expectations associated with well-known actions
exist such as greetings in the initiation phase of a
conversation [44]. Most spontaneous interactions
beyond structured sequences require a greater
degree of processing of mutually communicated
interactional structures. Inappropriate interac-
tional structures may be evident when a failure of
interpretation of and/or adjustment to interper-
sonal variables (such as conversational partner
familiarity) and situational variables (such as the
goal of the interaction) occurs.

Speech acts are verbal utterances that convey
meaning and perform an action with an underly-
ing intention and likely effect. Speech acts could
be an apology, a complaint, a greeting, or a
request. In a study of five people with RHD, it
was found that three produced less explanatory
supportive material and one more information
than required compared to NBD individuals [45].
Failure to clarify, or excessive clarification of
why a request is made, had a negative impact on
the appropriateness and efficiency exchanges.
Question-use is another TCU where individuals
with RHD perform differently to NBD controls.
Frequency of question use has been found to be
significantly reduced [46], while Minga and col-
leagues [47] noted different patterns of question
use on an unfamiliar object task, with the RHD
group using more content questions (what/where)
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and fewer polar (yes/no) questions than control
participants.

Repair strategies are efforts made to counter
problems in signaling or taking a communica-
tion turn, which can be initiated within the same
turn or after, by the speaker (self-initiated) or lis-
tener (other-initiated), and similarly resolved by
either self-repair or communication partner
repair [48]. Communication breakdown patterns
and repair strategies of individuals with RHD
have not received much research attention. In
one study, a conversational breakdown index
was used with 11 individuals with RHD to ana-
lyze performance on a structured conversational
discourse task [38]. Individuals with RHD had
higher rates of conversation overlap (one partner
interferes with the other’s turn) than NBD indi-
viduals. Findings from an examination of 112
individuals with RHD using the Protocole
Montréal d’Evaluation de la Communication
(Protocole MEC) [49] revealed that conversa-
tional discourse, together with aprosodia, is the
most frequent impairment highlighting the
importance of assessing this genre including the
use of interactional structures [9].

Cohesive

Cohesion in spoken discourse is achieved when
a speaker not only produces the correct words
within a syntactically correct sentence but also
ensures reference to previously introduced con-
tent to support the listener in making accurate
connections between sentences [6]. In examin-
ing cohesion within discourse, we look for the
use of words such as conjunctions (and, but),
demonstrative (this, that), personal (he, together),
and lexical (e.g., the cat) referents that create a
link across sentences [6]. Evidence suggests that
individuals with RHD use similar numbers of
complete cohesive ties to their NBD and LHD
counterparts; however, the type or patterns of
use differ [6, 11, 13, 50]. Cognitive and linguis-
tic skills together have been proposed as integral
to achieving cohesion in discourse, with Balaban
and colleagues [50] finding a potential relation-
ship between theory of mind and referential

cohesion difficulties. Their finding links to pre-
vious proposals that social cognitive theory
offers one explanation for some of the communi-
cation changes after RHD (see Blake [5] for an
overview).

Discourse cohesion relates to how words or
phrases are used across sentence; therefore, it
could be suggested that syntactic level deficits
may play a role. Research to date has failed to
identify syntactic deficits in people with RHD
[13] including those with diagnosed impaired
cohesion [51]. People with RHD tend to use
shorter sentences during discourse production
[6]; however, the number of cohesive markers
was comparative to both NBD and LHD groups
[6, 11, 13]. Different patterns in use of cohesive
markers are noted with a tendency in the RHD
group to use lexical markers to create cohesive
ties, while those with LHD use conjunctions or
personal pronouns [6]. Overuse of lexical mark-
ers would be considered an error in cohesive tie
contributing to a perception of excessive detail
where other cohesive markers would suffice.
People with RHD made significantly more cohe-
sive errors than NBD individuals in narrative dis-
course based on story retell [6, 11] but not story
generation using picture stimuli [11]. Again,
these findings highlight the importance of choice
of discourse elicitation method and analysis in
the assessment of the RHD population.

Efficient

Hypo- and hyper-responsive discourse patterns
have been identified in people with RHD alluding
to impairment at an efficiency level of spoken
discourse production. To examine efficiency, we
should consider time and quantity of content.
Examples of time-based efficiency measures
include total length of sample in minutes, sylla-
bles per minute, and content units per minute,
while quantity-based measures might include
total number of words and syllables per content
unit.

Limited information is available on time-
based efficiency measures with significantly
more research focus dedicated to quantity. With
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regard to time, Minga and colleagues [31] ana-
lyzed performance of a single individual with
RHD and found that overall words per minute
were above an NBD control group on a narrative
discourse task. Despite findings of the ability to
produce many words in a specified time,
producing accurate content in a timely manner
(correct information units per minute: CIU/min)
was significantly reduced following RHD com-
pared to NBD controls on narrative discourse
[20, 52].

Efficiency measures looking at quantity of
content have shown mixed results across dis-
course genres, with early studies finding RHD
speakers to be less efficient than controls based on
total syllable/word count, lower numbers of con-
tent units (CUs), or more syllables required to
produce essential content (SyllICU) [12, 15]. A
greater number of syllables per content unit found
during a descriptive discourse task (Cookie Theft)
was associated with topic digressions and tangen-
tial content in one subgroup and replicated in
another study on the same picture (Cookie Theft)
[15, 51]. Discourse genre or elicitation method
may be contributing to variation in reported find-
ings. Only a potentially emotive personal narra-
tive resulted in substantially longer samples in
RHD participants than controls, while sample
lengths were comparable across groups on proce-
dural and narrative tasks using picture sequences
[30]. Berube and colleagues [52] reported a sig-
nificant group difference on total syllables on the
Modern Cookie Theft picture descriptive dis-
course task for a large sample of individuals with
acute RHD compared to NBD controls. Within
the RHD group, impaired quantity of information
occurred with varying frequency seen in lower
total syllables (28%) and lower CUs (45%), while
an abnormally high quantity of content or verbos-
ity (syllCU) was seen in 19% of the RHD partici-
pants [52]. The presence of potential clinical
subgroups is highlighted by such patterns of either
verbosity/digressiveness or paucity of verbal out-
put [15, 52].

A different pattern of efficiency was found on
narrative discourse where quantity, using total
number of words, was similar between people
with RHD and NBD controls and between RHD

and LHD groups [20, 50]. While individuals with
RHD produced a comparable total number of
words to NBD controls on a narrative task using
an abstract stimulus (where participants were
instructed to suppose they are living in the world
where only feet are visible through dense fog),
RHD participants’ productions were considered
insufficient in meaning units and due to inclusion
of nonessential content [12]. Similarly, although
total number of words and T units did not distin-
guish between an RHD and control group on a
sequential image narrative task, a significant dif-
ference was found when considering the inclu-
sion of essential content, with the RHD group
producing fewer core or essential pieces of infor-
mation [16].

Assessment of Spoken Discourse
in RHD

The heterogeneous presentation of communica-
tion post-RHD and the multidimensional nature
of discourse require assessment to be compre-
hensive with inclusion of a range of tools and
tasks. A comprehensive assessment will support
differential diagnosis and provide specific guid-
ance on treatment targets. As noted by Tompkins
[53, p. 120], cognitive impairments that often co-
occur with communication impairments follow-
ing RHD necessitate an assessment approach that
gathers information across genres representing
varying levels of complexity—“Multiple narra-
tive discourse samples, elicited with multiple
methods, will help provide a complete picture of
patients’ abilities, especially since deficits in per-
ceptual, attentional, or memorial domains may
confound performance on any single elicitation
task.” An account of these co-occurring and con-
tributing factors is beyond the scope of this chap-
ter—the reader is referred to Blake [54]. This
section considers assessment tools and tasks that
have been used to diagnose and describe spoken
discourse in those with RHD with a particular
focus on aspects of discourse discussed in the
preceding sections.

In the field of speech-language pathology, the
assessment of discourse after an acquired brain
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injury may involve gathering samples of different
discourse genres followed by quantification of
linguistic elements, and determining if discourse
is efficient and effective in meeting contextual
requirements. Some tasks (such as descriptive
discourse) may use a standard picture, offering a
consistent referent, thus enabling quantification
and comparison against normative data. However,
such highly constrained tasks may not identify
impairments across all genres, notably in those
that place higher cognitive demand on the speaker
such as conversations. Blake [54] described a
myriad of measures (e.g., productivity, coher-
ence, cohesion, content, structure, appropriate-
ness, and pragmatics), using a variety of tasks
including storytelling, picture description, proce-
dural discourse, and conversation being used in
clinical practice. As highlighted in this chapter,
research seeking to describe spoken discourse in
the RHD population has failed to find consistent
deficits across discourse genres likely due to the
existence of subgroups or profiles [9, 37] high-
lighting the need to consider what discourse
assessment should look like in clinical practice.
The Protocole MEC assesses two discourse
genres: conversational and narrative [49], and
through its application to the RHD population,
four clinical profiles of communication have
emerged with three including impairment in dis-
course production [9]. A standard assessment
battery has until recently not been present that
would ensure that all aspects of discourse known
to be impaired in this population were systemati-
cally evaluated. In the absence of standardized
approaches, speech-language pathologists have
relied on clinical judgement and opinion of what
normal performance might look like in discourse
[55]. The establishment of RHDBank (https://
rhd.talkbank.org) in 2015 was motivated by the
need to systematically evaluate discourse.
RHDBank consists of a standard protocol repre-
senting different genres with recommended anal-
yses drawing on previously established protocols
and methods [31].

An important overarching consideration when
evaluating spoken discourse is the premorbid
abilities of the person with RHD. Achievement of
a shared meaning or communication outcome
through discourse should be evaluated beyond

structure and content, incorporating information
on appropriateness and efficiency from a com-
munication partner’s perspective. Consequently,
comprehensive discourse assessment warrants
inclusion of information drawn from communi-
cation partners based on communication occur-
ring in naturalistic settings to supplement
clinician observations. Clinical experts in a study
supporting the development of a screening
assessment for the RHD population rated com-
munication partner rating of conversational dis-
course as more important than clinician evaluation
of procedural and narrative discourse [56]. Based
on family report using the Communicative
Effectiveness Index [57], supplemented by five
items relevant to RHD, a quarter of people with
RHD had impaired discourse abilities [58].
Participating in a fast conversation with multiple
communication partners was the most frequently
identified communication impairment by family
members [58]. Replication of discourse produc-
tion in a fast-paced group conversation in most
clinical contexts creates challenges, highlighting
the need to support clinical discourse assessment
with either naturalistic observation or informant
report. Examples of assessment tasks and analy-
ses that have been used to describe spoken dis-
course post-RHD are provided in Appendix 2.
Throughout this chapter, we highlighted how
different analysis methods have been used to
describe spoken discourse production of people
with RHD as meaningful, appropriate, cohesive,
and efficient. Clinically, we may be tempted to
make judgements about “normality” of some-
one’s discourse. It is worth noting that while a
clinician’s judgement of impairment after RHD
is relatively accurate in highly deviant samples,
accuracy reduced for individuals with milder
changes or where other relevant factors such as
age of the individual were not considered [55].
To diagnose discourse impairment and inform
treatment planning, it is imperative that a sys-
tematic approach be undertaken which might
incorporate a structural approach by analyzing
the constituents of discourse or a functional
approach focusing on the information conveyed
[59]. The nature of impairments seen in spoken
discourse after RHD summarized to date sug-
gests that analysis that focuses on informative-
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ness, global coherence, use of cohesive markers,
and efficiency appears particularly relevant.
Discourse informative measures examine the
meaning of discourse by quantifying the amount
of information relayed. Analysis can be under-
taken using measures such as correct informa-
tion units (CIUs) or by recording the presence of
main concepts or propositions [60]. Measures of
efficiency seek to determine whether the speaker
uses too much, too little, or just the right amount
of content to be considered. It needs to be noted
that the evaluation of efficiency such as quantity
of information produced, without inclusion of
significant other input on pre-injury communica-
tion style, might result in false positives or false
negatives [55]. Global coherence analysis exam-
ines the speaker’s ability to organize discourse
and to maintain the theme, which could be ana-
lyzed using a tool such as the 4-Point Global
Coherence Rating Scale [31, 39]. At a conversa-
tional level, an analysis of TCUs holds value.
Tools can be grouped across action (normative
expectation), design (use of prosody to signal a
question), allocation (active selection of next
speaker), and embodiment (positioning, gaze
towards a recipient) [44]. Beyond determining
the presence or absence of a TCU, consideration
should also be given to whether use was timely
or delayed, appropriate or misaligned with the
interactional requirements.

Summary and Future Directions

Undoubtedly, consensus exists that discourse-
level impairments develop for some individuals
after RHD and, importantly, such impairments
are not uniform for those affected and vary across
discourse genres. At present, many studies
include participants based on the presence of
RHD irrespective of lesion site and size, diagno-
sis of communication change, or profile of com-
munication impairment. Moving forward, it is
imperative that a diagnosis of communication
impairment is confirmed, and specific communi-
cation profiles are considered when investigating
the existence, characteristics and impact of dis-
course deficits. Additionally, use of a systematic
approach to discourse assessment and analysis,

utilizing normative data, will progress the field to
more effectively support people who have com-
munication impairment after RHD. As Mackenzie
suggested, it is not possible to appropriately rec-
ommend intervention without knowledge of nor-
mality [61]. Furthermore, the lack of clarity
around the basis of discourse deficits, in particu-
lar the role of co-occurring cognitive impairment,
in this population has led to a relative dearth of
evidence to guide clinicians on intervention.

Preserved discourse ability is important for
long-term outcomes following an acquired brain
injury, but to date, there have been limited reports
about the impacts of communication impairment
after RHD. Literature focused on the traumatic
brain injury population found moderate disability
arising in those with communication disorder,
with conversational discourse being predictive of
social outcomes inclusive of return-to-work suc-
cess [62]. While the presence of communication
impairment after RHD has been shown to be pre-
dictive of poor social participation, most notably
in maintaining interpersonal relationships, the
exact role of spoken discourse impairments is
unknown [63]. Furthermore, there is evidence
that many people with communication difficul-
ties after RHD are not identified during hospital
stays [3] and not referred for speech-language
pathology services in the community [64].
Ongoing work to categorize the discourse pro-
files of this population and standardized
approaches to diagnosing the communication
impairment that occurs subsequent to RHD is
important to ensure that the right rehabilitation is
received.

Major Takeaways

1. Spoken discourse impairments exist in people
with RHD, and access to speech-language
pathology services for assessment and man-
agement should be provided.

2. Comprehensive assessment of RHD requires
elicitation of spoken discourse across genres.

3. Analysis of spoken discourse needs to incor-
porate measures targeted to address concerns
related to meaning, appropriateness, cohe-
sion, and efficiency.
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4. Further exploration of spoken discourse after
RHD with detailed assessments is required to
progress our understanding of communication
and discourse profiles.

Appendix 1. Overview of Discourse
Genres

A procedural discourse is a form of expository
discourse that is generally brief with a specific
focus on explaining how something is done in a
chronological or logical order [65]. The cognitive-
linguistic demands of this discourse genre relate
to its purpose to inform or instruct, which conse-
quently influences its structure and cohesion
characteristics [66]. Elicitation procedures for
procedural discourse usually involve asking the
speaker to explain either a simple or a complex
everyday task such as how to make a sandwich,
although modifications to this are required based
on cultural considerations.

Descriptive discourse, a further form of
expository discourse, centers around presenting
information (e.g., outlining facts, properties, or
functions) about a referent such as an object or a
picture. A picture description task is commonly
used in clinical practice to elicit this genre [67].
The generic structure of verbal output required
for this type of task is sensitive to the use of cohe-
sive ties but less clear than for narrative discourse
[66]. The most reported picture used to elicit a
descriptive discourse for research purposes is the
Cookie Theft (CT) [68] with Berube and col-
leagues [52] updating the image to remove out-
dated biases and is known as the Modern Cookie
Theft (MCT) picture.

Narrative discourse involves conveying an
experience or a series of events as a story. The
elicitation of narrative discourse can be under-

taken across two broad approaches: story retell
and story generation. Many different instructions
and stimuli are used for story generation, e.g.,
generating a story about a personal experience,
using pre-ordered picture sequences versus unor-
dered pictures, and concrete versus abstract
images. Compared to picture-based discourse
tasks, personal narratives are considered more
representative of spontaneous communication
[69]. The cognitive processing demands for the
different tasks should be considered in interpret-
ing the discourse produced. As an example, tell-
ing a story based on a series of novel images
requires interpretation of each image and integra-
tion across the images to formulate a coherent
narrative, as opposed to generating a story about
a single static image.

Conversational discourse. Levelt [70] high-
lighted aspects that are key to the nature of con-
versation, that a conversation is an interaction
between speakers with a particular purpose. In
most conversations, there is an interdependence
as one person’s contributions are based not only
on what has been said previously but also on
the verbal and nonverbal contributions made by
conversational partner(s). Conversations occur
in multiple settings, be that email exchanges,
telephone calls, or intake interviews in a hospi-
tal setting. Each of these conversational set-
tings will require slightly different skills. As an
example, turn sequences are faster paced dur-
ing face-to-face conversations and highly reli-
ant on in-the-moment interpretation and
revision than during asynchronous email con-
versations [71]. Despite variation in planning,
timing, and revision across conversational set-
tings, all conversations are assumed to be orga-
nized along  principles that  allows
conversational partners to achieve a common
purpose through sequences of actions such as a
question-answer sequence [72].
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Appendix 2. Example Assessment
Tools and Task Used

in the Literature to Diagnose
Impaired Verbal Discourse
Post-RHD

Analysis: method (source/protocol listed
Task/tool Task overview and citation examples | if stated)

Procedural discourse
How to change a lightbulb/make | The person is asked to describe how | Appropriate: Topic introduction and

your favorite sandwich [73]? they would change a lightbulb or maintenance [74], macro- and micro-
make their favorite sandwich [28, level analyses of topic use, e.g., %
75] on-topic, off-topic, and intrusive
utterances [75]
How would you change a tire/ The person, who is not familiar with | Appropriate: Relevance [76], discourse
replace the glass in a window/ the task in the absence of visual grammar [69], cohesion [77]
teach someone to ride a bike stimuli, is asked to describe how to, | Efficient: Total words, mean T-unit
[6]? e.g., change a tire [31, 70] length, clarity disruptors (e.g., empty
phrases, repeated words) [69]
How to make a peanut butter The person is asked to describe how | Appropriate: Global coherence [47],
and jelly sandwich [47]? he/she would make a peanut butter main concept analysis (MCA) [60]

and jelly sandwich [31, 48]

Descriptive discourse
Concrete: Descriptive After being shown a black-and-white | Meaningful: Content units [78], MCA
Cookie theft picture [68] line drawing, the person is asked to [79]

tell the examiner everything that he/ | Appropriate: Cohesive ties—Adequacy
she sees happening in the picture [6] | and count [80]

Efficient: Word count [79], content
units/minute [78]

Concrete: Descriptive After being shown a color line Meaningful: Total content units (if
Modern cookie theft picture [81] | drawing, the person is asked to tell included in discourse produced by at
the examiner everything that he/she | least three healthy controls) [81]

sees happening in the picture [52] Efficient: Total number of syllables (Syll
count), SylICU [81]

Other: Left/right CUs (LRCU) to
explore the impact of neglect [52, 81]

Abstract: Descriptive/problem After being shown a picture of fog Meaningful: Number of information
solution covering the world with only feet units [12]

Just suppose activity from the visible, the person is asked to Efficient: Total number of words [12]
Torrance test of creative consider how life might change and | Other: Divergent thinking [12]
thinking [82] what would happen if this picture

represented the world [12]

Narrative discourse

Personal narrative The person is asked to tell the Appropriate: Clausal structures,
Personal experience narratives examiner about a frightening/ relevance [76], number and types of
[69] embarrassing/happy/funny cohesive ties

experience that he/she has had at any | Efficient: Length in total words, T-unit
time in their life [30, 70] length
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Task/tool

Task overview and citation examples

Analysis: method (source/protocol listed
if stated)

Story generation with one
composite image
Cat Rescue picture [83]

While shown a black-and-white line
drawing, the person is instructed to
look at everything that is happening
and to tell a story with a beginning, a
middle, and an end of what they see
[31,47]

RHDBank discourse protocol [47]
Meaningful: Communicative
informativeness (CIU) [84], MCA [6,
79]

Cohesive: Number or % of parts of
speech/cohesive ties

Appropriate: Story grammar
components [85], global coherence [39]
Efficient: Total words and words/minute
[47]

Story generation with sequential
visual stimuli
Cinderella story [78]

After being encouraged to look at
sequential visual stimuli from the
Cinderella storybook, the person is
asked to tell the Cinderella story in
own words [20, 31]

RHDBank discourse protocol [47]
Meaningful: Communicative
informativeness (CIU) [84], MCA [6,
79]

Cohesive: Number or % of parts of
speech/cohesive ties

Appropriate: Story grammar
components [85], global coherence [39]
Efficient: Total words and words/minute
[47]

Story generation with sequential
visual stimuli
The cowboy story [16]

After being shown a black-and-white
8-frame drawing, the person is asked
to tell a story about the 8 pictures
[16]

Meaningful: Propositional analysis [86],
core propositions [16]

Appropriate: Story grammar [87]
Efficient: T-units [16]

Story generation with sequential
visual stimuli

Six picture sequences depicting
a father and his son

After being shown a picture
sequence, the person is asked to tell
a story about the father and son that
is seen in the picture sequence [70]

Appropriate: Relevance [76], discourse
grammar [69], cohesion [77]

Efficient: Total words, mean T-unit
length, clarity disruptors (e.g., empty
phrases, repeated words) [69]

Story generation
Old McDonald had an apartment
house [88]

After being shown a 16-frame story
sequence, the person is asked to tell
a story [91]

Appropriate: Macrostructural,
coherence, and superstructural (story
grammar)

Cohesive: Microlinguistic,
microstructural, intersentential cohesion

Story generation with 13 sets of
pictures, each representing a
situation (e.g., a boy picking
flowers) and its development
(giving them to his mother) [20]

The pictures are placed side by side,
one pair at a time, and the person is
asked to tell the examiner what is
happening in the first picture and
then how the story ends based on the
second picture [20]

Meaningful: Microlinguistic analysis,
e.g., % lexical informativeness
Appropriate: Macrolinguistic analysis,
e.g., % global coherence errors
Efficient: Number of words, MLU

Story retell
MEC [89]

Task 1: a story is read out, one
paragraph at a time, with the person
asked to retell it.

Task 2: Then the person retells the
story again, this time in its entirety
[89]

Meaningful: MCA [79] with comparison
against norms across age and years of
education

Appropriate: Qualitative observations of
appropriateness and story grammar
Efficient: Qualitative observations of
efficiency

Conversational discourse

Semi-structured
Topic structured clinical
conversation [90]

10-minute topic-directed interview
in which three topics are introduced
as open-ended questions [75]

Appropriate: Verbal disruption;
cohesion [90]; topic coherence [74]
Efficient: Number of words, total time
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Task/tool

Task overview and citation examples

Analysis: method (source/protocol listed
if stated)

Semi-structured
Hallym conversation and
pragmatics Protocol [38]

Three topics are sequentially
introduced, supported by associated
picture stimuli, and followed by
open-ended questions [38]

Appropriate: Conversational
participation index [38] (#turns,
#utterances/turn); topic manipulation
index [38] (#topics, #turns/topic, %
topics initiated, % topics maintained, %
topics switched), conversational
breakdown index [38] (% overlap, %
discontinuance)

Unstructured
First encounter conversation
with a stranger [46]

After being introduced to an
unfamiliar person and instructed that
it is not an interview, the person is
told to get to know the stranger [31,
46]

Appropriate: Interactional level—
Conversational turn-taking skills, e.g.,
frequency of introducing, maintaining,
or terminating a topic [42]; turn
construction units, e.g., question asking
[47]

Unstructured

Conversation with assessor (e.g.,
D-MEC conversation discourse
subtest: MEC) [89]

Ten-minute conversation with
assessor on everyday topics [95]

Appropriate: Scales of conversational
parameters that are present/absent, e.g.,
initiation, turn taking, topic
maintenance, intonation, eye contact

Informant report
Communication screening
questionnaire [89, 91]

14-item questionnaire that can be
administered as an interview [97]

Appropriate: Rating scales of
conversational parameters scored as
present or not by significant other

Unstructured with familiar
communication partner

Evaluation of a recorded
conversation with a familiar
communication partner [98, 99]

Appropriate: Conversational analysis
(CA) to identify impairments at an
interactional level [92]

Note: This table is not intended to be a comprehensive summary of prior literature or assessment tools; rather, it offers
examples of assessment tasks and analyses/methods across discourse genres
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Preview of What Is Currently Known
Language sample analysis (LSA) for clinical
populations has relied for decades on careful, but
difficult, methods for hand analysis of transcripts
with limited access to samples for comparisons.
To address these problems, TalkBank provides
open access to hundreds of samples of spoken
discourse from participants with neurogenic
impairments and methods for automatic analysis
of the transcripts of these interactions. Disorders
being covered include aphasia, dementia, stutter-
ing, traumatic brain injury (TBI), and right hemi-
sphere brain damage (RHD). These methods
have resulted in a flowering of research on spo-
ken discourse in these populations, much of
which is described in this volume.

Objectives

(a) To explain the structure and goals of
TalkBank.

(b) To show how TalkBank methods improve on
earlier approaches to language sample analy-
sis (LSA).

(c) To describe the TalkBank principles of open
data sharing, a consistent transcription for-
mat, software that relies on the format,
interoperability, responsivity to research
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group needs, and adoption of international
standards.

(d) To illustrate uses of TalkBank methods for
the analysis of spoken discourse.

(e) To describe TalkBank methods for creating
individual profiles of participants with lan-
guage disorders.

(f) To present new methods for Collaborative
Commentary and database analysis.

Introduction

Language sample analysis (LSA) provides an
ecologically valid way to understand and assess
language disorders. However, when done by
hand, LSA can be tedious, incomplete, unrepli-
cable, and inaccurate. The TalkBank Project
(https://talkbank.org) has provided a series of
methods that automate and systematize many of
the most tedious steps in this process. These open
and free methods can be applied to language
samples from any clinical population (e.g., child
language disorders, stuttering, aphasia, dementia,
traumatic brain injury, psychosis, and right hemi-
sphere brain damage), as well as to control par-
ticipants without communication impairments.
TalkBank is a shared, multimedia database for
the study of spoken language [1]. It includes sep-
arate databanks for 15 population types. Of these,
the six that focus on adult neurogenic language
disorders are AphasiaBank, DementiaBank,
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FluencyBank, PsychosisBank, RHDBank, and
TBIBank. The data and methods contained in
these banks have been used in thousands of pub-
lications, many of which focus on spoken dis-
course in neurogenic populations—the topic of
this volume. In this chapter, rather than summa-
rizing all this work, we will focus on reviewing
the methods that support the research. In the three
major sections of this chapter, we will review (a)
the six core principles guiding TalkBank, (b) the
current shape of the TalkBank clinical databanks,
and (c) the different analytic tools provided by
TalkBank.

TalkBank Principles

The TalkBank system is grounded on six basic
principles: maximally open data sharing, use of
the CHAT transcription format, CHAT-consistent
software, interoperability, responsivity to
research group needs, and adoption of interna-
tional standards.

Maximally Open Data Sharing

In the physical and biological sciences, the pro-
cess of data sharing is taken as a given. However,
data sharing has not yet been adopted as the norm
in the social sciences and particularly in the study
of language disorders. This failure to share
research results—much of it supported by public
funds—represents a huge loss to science.
Researchers often cite privacy concerns as rea-
sons for not sharing data on spoken interactions.
However, as explained at http://talkbank.org/
share/irb/options.html, TalkBank provides many
ways in which data can be made available to
other researchers while still preserving partici-
pant anonymity (e.g., de-identification, audio
bleeping, password protection, controlled view-
ing). Fortunately, many researchers have man-
aged to conform to these standards, allowing
them to contribute large amounts of data to
TalkBank.

CHAT Transcription Format

Individual researchers and research groups often
develop idiosyncratic methods for language tran-
scription and analysis, thereby complicating
cross-corpus analysis. To provide maximum har-
monization across these formats, TalkBank has
created an inclusive transcription standard, called
CHAT, that recognizes the many features of spo-
ken language. These features and codes are docu-
mented in the CHAT manual, which can be
downloaded from https://talkbank.org/manuals/
chat.pdf. Although the overall system is quite
extensive, individual projects usually only need
to use specific subsections of the full format.

CHAT-Compatible Software

Because all transcripts in TalkBank use the same
format, it is possible to create analysis programs
and facilities that make maximally systematic
use of the format. These include 24 CLAN analy-
sis commands, a system for automatic morpho-
syntactic tagging, eight programs to produce
clinical profiles, methods for automatic speech
recognition (ASR) processing, Phon program for
phonological analysis, a system for doing conver-
sation analysis (CA) transcription, TalkBank
Browser for study of transcripts in the web
browser, TalkBankDB database search system, a
system for Collaborative Commentary, and
Grand Rounds web pages with teaching tools.

Interoperability

TalkBank emphasizes the use of CHAT format.
However, there are other important transcript for-
mats that are well adapted to uses in specific com-
munities. To unify the data coming from these
other formats, we have created a series of 14 pro-
grams for translating to and from these formats to
CHAT. These other formats include Anvil, CA,
CONLL, DataVyu, ELAN, LAB, LENA, LIPP,
Praat, RTF, SALT, SRT, Text, and XMARaLDA.
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Responsivity to Research Community
Needs

TalkBank seeks to be maximally responsive to
the needs of individual researchers and their
research communities. Our most basic principle
is that we attempt to implement all features that
are suggested by users in terms of software fea-
tures, data coverage, documentation, and user
support. We provide this support through con-
struction of web pages for each corpus, index
pages for databanks, manuals for CHAT and
CLAN, YouTube screencast tutorials, Google
Groups mailing lists, article publications, confer-
ence presentations, and conference workshops.
We receive overall guidance for the project from
the TalkBank Governing Board.

International Standards

The sixth basic TalkBank principle is adherence
to international standards for database and lan-
guage technology. In particular, we strive to
adhere to the FAIR standards [2] for open access

to data. These standards hold that data should be
Findable,  Accessible, Interoperable, and
Reusable.

TalkBank promotes findability by making data
discoverable through Google Search, Virtual
Linguistic Observatory (VLO), Open Language
Archives Community (OLAC), Digital Object
Identifiers (DOIs), and permanent identifiers
(PIDs) and by providing index pages in each
databank with descriptions of datasets and cross-
listings to related datasets.

TalkBank promotes accessibility by providing
fully open access to all TalkBank tools, codes,
and programs, by documenting all aspects of the
tools in online manuals and YouTube tutorial
screencasts and by readily providing passwords
for data access. In no cases are any special data
use agreements (DUAs) required for data access.

TalkBank promotes interoperability through
the 14 data conversion programs mentioned ear-
lier. It supports reusability through methods for
analysis replication. In accord with recent empha-
ses on reproducibility of experimental [3] and

computational analyses [4], TalkBankDB is con-
figured to allow researchers to download data for
accurate replication from any given time in the
past back to 2018.

TalkBank also adheres to the TRUST stan-
dards [5] for maintenance of reliable digital data-
bases. These standards require transparency,
responsibility, user focus, sustainability, and
technology. To comply with these and other stan-
dards, TalkBank conforms to the 16 requirements
for peer-reviewed CoreTrustSeal certification
(https://www.coretrustseal.org).

The Databanks

To understand the ways in which the TalkBank
tools automate LSA, it helps to understand the
current contents of the databanks. We will focus
here on AphasiaBank, although the features we
describe for AphasiaBank apply equally well to
the other clinical databanks. AphasiaBank [6] is
the only openly available data source for spoken
language and communication in aphasia. It has
served as a model for the development of several
other adult language databases: TBIBank,
RHDBank, and DementiaBank. Currently,
AphasiaBank has over 1280 members from more
than 55 countries. Hundreds of published
research articles have utilized AphasiaBank data
and methods (e.g., see https://aphasia.talkbank.
org/publications/). Additionally, many confer-
ence presentations (https://aphasia.talkbank.org/
posters/) and graduate theses/dissertations have
relied on the use of the AphasiaBank database
and methods.

AphasiaBank contains corpora that use a stan-
dard discourse protocol and test battery with
large numbers of participants, allowing for the
development of new discourse assessment tools
and norms. Briefly, the discourse protocol
includes personal narratives, picture descriptions,
storytelling, and a procedural task. Detailed
administration instructions and a script for the
investigator were developed to ensure consistent
implementation across sites. Most of the data col-
lected since AphasiaBank’s initial funding in
2007 is in English and includes over 450 videos


https://www.coretrustseal.org
https://aphasia.talkbank.org/publications/
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and transcripts of people with aphasia (PWA) and
more than 250 videos and transcripts for controls.
The participants come from 26 different sites in
the United States and one site in Canada. The
standard discourse protocol has been translated
into Cantonese, Croatian, French, German,
Italian, Japanese, Mandarin, Romanian, and
Spanish. These corpora are smaller but also avail-
able at the website.

Originally, the standard discourse protocol
was administered in person and with materials
downloaded from the website. It has recently
been adapted for computer-based administration,
making it easier and more efficient for clinicians
and researchers to collect data using these tasks.
A web page (https://aphasia.talkbank.org/proto-
col/english/) provides various scenarios and
hyperlinks for administering the protocol to PWA
and controls using web-based or PowerPoint
instructions and materials. Recording can be
done directly from the program (e.g., Zoom) or
the computer, avoiding the need to acquire and
manage recording equipment and transfer media
files. Currently, this is available for English only.

In addition to the large corpus of data using
the standard discourse protocol, AphasiaBank
contains over 20 corpora contributed by research-
ers who collected language data specific to their
research goals. Examples include (a) the QAB
corpus, which contains video files for 19 PWA
doing the Quick Aphasia Battery with transcripts
for the 5-min conversation segment (Wilson et al.
2018); (b) the Olness corpus, which contains
transcripts and audio files from 50 PWA and 30
controls, half of whom are Caucasian and half
African American, doing a wide variety of dis-
course tasks and an ethnographic semi-structured
interview; and (c) the SouthAL corpus, which
contains transcripts and media files for 9 PWA
and 8 controls reading passages from the Gray
Oral Reading Test (Wiederholt and Bryant 2012).

TalkBank Tools

We now turn next to a description of the ways in
which TalkBank tools can facilitate LSA for adult
neurogenic language disorders. Due to space lim-

itations, we will not discuss the use of TalkBank’s
Phon program (https://phonbank.talkbank.org)
for detailed phonological analysis [7], although
researchers interested in analyzing phonology
will find that program indispensable.

CLAN Commands

CLAN is the core desktop program for analysis
of TalkBank data. It can be freely downloaded
from https://dali.talkbank.org. It includes 30
analysis commands and 25 utility commands,
each documented in the CLAN manual that is
freely downloadable from https://talkbank.org/
manuals/clan.pdf. CLAN commands can be
divided into five groups:

1. Analysis commands: These provide basic cor-
pus linguistic analysis functions, such as fre-
quency lists, pattern searches, n-gram analysis,
keyword and line (KWAL), mean length of
utterance (MLU), lexical diversity, and others
for a total of 27 commands.

2. Profiling commands: These include EVAL,
KIDEVAL, FluCale, C-NNLA, C-QPA,
IPSyn, and DSS. Each of these will be dis-
cussed in detail below.

3. Morphosyntactic commands: These include
the MOR, PREPOST, POST, POSTMORTEM,
and MEGRASP commands, which will be
discussed in detail below.

4. Interoperability commands: These include the
14 commands for format conversion that were
mentioned earlier.

5. Utility commands: These include 19 com-
mands used to check, adjust, and improve the
format of CHAT files.

The CLAN Editor and CHAT

In addition to providing access to these various
commands, CLAN can also serve as an editor. As
much as possible, the functions of the CLAN edi-
tor mirror those that are familiar to users from
MS Word. However, unlike MS Word, the files
created by the CLAN editor are pure text files


https://aphasia.talkbank.org/protocol/english/
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ﬂ [fUsers{macwfDesktop/adlerida.cha

! @Begin

? [@Languages: eng

: @Participants: PAR adler14a Participant, INV Investigator

4 @ID: eng|Adler|PAR|71;04.|male|Conduction||Participant||83.0|

s @ID: eng|Adler|INV|||||Investigator|||

& @Media: adler14a, video

’ @G: Speech

2 *INV: I'm gonna be asking you to do some talking . *

¢ %mor:  pro:sub|l~aux|be&1S partjgo&PRESP~inflto aux|be partjask-PRESP pro:per|you inflto v|do gn|some
n:gerund|talk-PRESP .

1 %gra:  1|3|SUBJ 2|3]AUX 3|0JROOT 4|6|INF 5|6|AUX 6|3]COMP 7|9|SUBJ 8|9|INF 9|6|COMP 10]11]QUANT

2 11]|9|0BJ 12|3|PUNCT

3 *PAR:

+< &=head:yes . *

14 *INV: how do you think your speech is these days 7 =
= %mor:  pro:intjhow mod|do pro:per|you vithink det:poss|your n|speech cop|be&3S det:dem|these n|day-PL ?
¢ %gra:  1]4JCT 2|4|AUX 3|4|SUBJ 4|0|ROOT 5|6|DET 6|7|SUBJ 7]4|COMP 8|9|DET 9|7|PRED 10|4|PUNCT
7 *PAR:  my speaks [: speech] [* s:r:der] is (.) &=ges:okay &-um (.) fifty |frfty . [+ gram] =

& %mor:  det:poss|my n|speech cop|be&3S det:numififty det:numlfifty .
19 %gra:  1]2|DET 2|3|SUBJ 3|0|ROOT 4|5|QUANT 5|3|PRED 6|3|PUNCT

" *PAR:  sometime | speak fairly vrel@u [: well] [* pin] . «
21 %mor:  advitem|sometime pro:sub|l v|speak adv|fair&dadj-LY adv|well .
22 %gra:  1|3JJCT 2|3|SUBJ 3|0|ROOT 4|3|JCT 5[3|JCT 6|3|PUNCT
22 *PAR:  sometimeit'sinarush .-
24 %mor:  adv:tem|sometime pro:per|it~cop|be&3S prep|in det:art|a n|rush .
s Y%gra:  1|3JJCT 2|3|SUBJ 3|0|ROOT 4|3|JCT 5|6|DET 6|4|POBJ 7|3|PUNCT
26 *PAR:  gotta slow [/] slow down my spits@u [: speech] [* p:n] &=head:yes . [+ gram] «
27 %mor:  mod|got~inflto v|slow adv|down det:poss|my n|speech .
22 %gra:  1|3JAUX 2|3|INF 3|0|ROOT 4|3|JCT 5|6|DET 6|3|0OBJ 7|3|PUNCT

Fig. 7.1 An AphasiaBank transcript opened in the CLAN editor

encoded in UTF-8 that can be read directly by
other text editors. Figure 7.1 displays a CLAN
editor window with a transcript from
AphasiaBank.

The first 6 lines in this example display header
tiers that describe the participants and media.
Line 7 indicates the beginning of the segment of
the AphasiaBank protocol that asks the partici-
pant to describe “how your speech is these days.”
The “@G:” is a gem marker that facilitates later
retrieval and analysis of specific segments from
one or multiple transcripts. After that, the lines
marked as *INV for the investigator and *PAR
for the participant give the spoken words. Speaker
IDs like *INV and *PAR can be quickly inserted
through keystroke shortcuts. Each utterance ends
with a little bullet mark that encodes the begin-
ning and end time of the utterance in millisec-
onds for direct playback from the audio or video.
The actual time stamp can be shown if these bul-
lets are expanded, and the bullet on the investiga-

tor’s first utterance would look like this: ¢0_2927e.
Under each utterance are dependent tiers. In this
transcript, they include the %mor and %gra lines,
which provide the automatically computed mor-
phological and grammatical relation analysis,
respectively, both of which are explained below.

Transcript files in TalkBank have a “.cha” or
CHAT extension, which allows them to be opened
directly in CLAN by double-clicking. The editor
provides four methods to speed transcription
through direct linkage to the audio, a system for
checking the correct use of CHAT, and a variety of
other methods to speed transcription. The default
font for CHAT files is Arial Unicode, which allows
for representation of the characters of all lan-
guages. Entry of characters from languages that
write from right to left is possible. However, com-
bining right-to-left script with the left-to-right fea-
tures of CHAT can be tricky. For that reason, we
recommend the use of romanization for languages
with right-to-left orthographies.
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CHAT has many other codes for special fea-
tures of spoken language, some of which can be
seen in Fig. 7.1. Commonly used codes in
AphasiaBank transcripts include &- for fillers,
& + for sound fragments, & = for gestures, [/] for
repetitions, [//] for revisions, +... for a trailed-off
utterance, xxx for unintelligible content, @u
placed at the end of phonetic transcriptions,
+ < to indicate overlapping speech, [*] to indicate
an error production, [: target] for the target word
following an error production, [+] for optional
utterance-level coding, and (.) for a short pause.
In addition, there are 32 special Unicode charac-
ters with keystroke entry methods (https://ca.
talkbank.org/codes.html) for CA coding. There is
also a comprehensive system for coding errors
using the [* code] format shown in Fig. 7.1.

Compared with other computer-based pro-
grams, word/text files, or spreadsheets, transcrip-
tion in CHAT has several advantages. First,
because morphology and syntax can be automati-
cally analyzed through the MOR program dis-
cussed below, there is no need for special marking
of these features, and transcription can just use
standard orthography. Second, because the
CLAN editor allows direct linkage to the media,
transcription can be faster and more accurate.
Third, the use of consistent systems for marking
of behaviors such as revisions, repetitions, fillers,
and sound fragments allows for tabulations and
searches of these features. Most importantly,
transcription in CHAT makes it possible to
include the results of the work in the shared open
science TalkBank database with all its additional
methods for analysis and profiling.

ASR and Transcription

For many years, practical use of automatic speech
recognition (ASR) seemed like a promise that
was always disappearing over the horizon.
However, in the last 8 years, there have been
steady improvements in the word-level accuracy
of ASR, driven by new computational methods
implemented on increasingly powerful hardware
that uses huge collections of spoken language
derived from web platforms. These advances now

make it possible to use web-based ASR systems
to create the initial version of a transcript for fur-
ther human-driven checking and formatting.
There are various commercial systems for this.
We have tested ten of them and found that Rev-Al
ASR was able to provide the best accuracy for
our purposes. Our methods for going from
Rev-Al output to CHAT transcripts can be found
at https://talkbank.org/info/batchalign.docx/.
However, these methods only work for well-
recorded audio from nonclinical adult partici-
pants speaking standard American English
(SAE). When recording quality goes down, when
other versions of English are involved, or when
the participants are children or adults with a lan-
guage disorder, ASR accuracy is no longer
acceptable. Once large training sets for these
other populations become available [8], we hope
that this situation can continue to improve.

MOR/Post/MEGRASP

After creating a transcript, the user can run
CLAN’s MOR command to automatically insert
two lines under each utterance: the %mor tier,
which has morphological and part-of-speech
parsing, and the %gra tier, which encodes pair-
wise grammatical relations between words. To
illustrate how to read items on the %mor line, con-
sider the first word in line 9 in Fig. 7.1. This code
analyzes the word I'm as pro:sub|l ~ aux|be&1 s.
The tilde sign (~) in the middle of this analysis
indicates that this is a cliticization of the auxiliary
onto the pronoun. The first person pronoun is
coded as pro:sub|l where pro:sub stands for sub-
ject pronoun and the form after the bar is the
lemma or stem. For the auxiliary, the form after the
bar is the lemma be, which is marked as being in
the first person singular.

In the %gra tier on line 11, the first word is
tagged as 113ISUBJ. Here, the “1” indicates that
this is the first word. The “3” indicates that the
word is grammatically related to the third word
which is the verb “go.” For the syntactic analysis,
the cliticized auxiliary is treated as an item. One
can double-click the %gra line to fire up a web
service that throws a graphic display to the screen


https://ca.talkbank.org/codes.html
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Fig. 7.2 Dependency graph for the first utterance in Fig. 7.1

of the utterance’s dependency structure with arcs
labeled for the relevant grammatical relations, as
in Fig. 7.2.

The creation of the %mor and %gra lines
depends on the automatic running of a series of
five commands (MOR, PREPOST, POST,
POSTMORTEM, and MEGRASP). This whole
series of commands can analyze a single file in
seconds or a folder with 100 CHAT files in 2 min.

Profiling

Clinical profiling has a long history in the field of
speech-language pathology with systems such as
DSS [9], IPSyn [10], and LARSP [11, 12] target-
ing child language and systems like NNLA [13]
and QPA [14] targeting language in aphasia.
These systems are based on hand analysis of spe-
cific lexical and structural items found in an LSA
transcript. The results for the target participant
are compared with a control reference group
matched for age, gender, and other features.
However, these reference groups generally
included as few as 20-30 subjects. CLAN’s pro-
filing commands offer automated versions of
these earlier commands, along with comparison
to a much larger comparison database. For adult
neurogenic populations, the relevant systems
include EVAL, C-NNLA, C-QPA, CoreLex, and
FluCalc.

EVAL

EVAL produces a language profile for PWA
with 34 output measures such as total utter-
ances, total words, mean length of utterance,
type-token ratio, words per minute, percent or

raw number of various parts of speech, noun-
verb ratio, and open-class to closed-class word
ratio [15]. An important aspect of this command
is the option to compare an individual’s perfor-
mance to the full AphasiaBank database for any
of the six tasks in the standard AphasiaBank dis-
course protocol. For example, one could com-
pare a client’s description of the Cat in Tree
picture [16] to controls or to other PWA with the
same type of aphasia. The comparison group
can also be specified by age and sex. Results, in
spreadsheet format, show means and standard
deviations for the client and the comparison
group, with asterisks indicating where the target
transcript differs from the group mean by one or
two standard deviations. Another feature of this
command is the option of comparing a given
individual’s performance pretreatment and post-
treatment to see where changes occurred.
Researchers have used this command to gener-
ate large datasets and select the variables of
interest for their studies. For example, Boucher
et al. [17] assessed the relationship between
quantitative measures of connected speech and
performance in confrontation naming in 20 indi-
viduals with early poststroke aphasia and 20
controls. EVAL was used to extract 10 micro-
linguistic variables such as duration, speech
rate, total number of words, mean length of
utterance, and lexical diversity from CHAT
transcriptions of a picture description task.
Stark [18] used the EVAL command to extract
six primary linguistic measures including prop-
ositional density, verbs per utterance, and type-
token ratio in her large study comparing three
discourse elicitation methods in 90 PWA and 84
controls.
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C-QPA and C-NNLA

C-NNLA and C-QPA commands automatically
compute outcome measures from two well-
established grammatical analysis systems, the
Northwestern Narrative Language Analysis [19]
and the Quantitative Production Analysis [14,
20]. These systems have been used in aphasia
research for decades, providing highly detailed
analyses of aspects of morphological content
(number of regular and irregular plurals, posses-
sives), general language measures (mean length
of utterance, number of words and utterances),
lexical variables (e.g., number of nouns, verbs,
pronouns), and structural analysis (e.g., number
of utterances, embeddings, verb phrases, subject
noun phrases) that have advanced the science,
specifically in our understanding of agrammatic
speech. When scored by hand, both systems
require considerable training, linguistic exper-
tise, and time. The automated commands can be
of huge benefit to researchers for efficient and
reliable analyses of large numbers of discourse
samples. These analyses require CHAT transcrip-
tion with full error coding and may therefore be
less practical for busy clinicians.

CoreLex

CoreLex computes the number of core lexicon
words used based on normed core lexicon lists
for the five AphasiaBank discourse protocol tasks
[21]. This command produces a spreadsheet
showing how many and specifically which core
lexicon words were used in a language sample or
a set of language samples. These results can be
used to assess typical language usage [22, 23]. A
recent study compared automated and manual
CoreLex scoring and found them to be highly
correlated, with automated scoring again requir-
ing a small fraction of the time that it takes to
train scorers and score manually [24].

FluCalc

FluCalc provides analysis of raw and propor-
tioned counts of disfluencies (e.g., prolongations,
silent pauses, filled pauses, phonological frag-
ments) marked in the transcript. This command
was originally developed for use in studies of
childhood stuttering [25], but can be applied to

aphasia as well, given that fluency is central to
aphasia diagnosis and treatment. Transcripts
need to have specific markings in them to capture
the behaviors such as prolongations, blocks,
filled pauses, and unfilled pauses. The FluCalc
command then provides an analysis of raw and
proportioned counts of individual types of dys-
fluencies, average repetition unit frequency for
word and part-word repetitions, and overall
counts and proportions of dysfluencies. In addi-
tion to providing data on fluency behaviors in
aphasia, FluCalc could be used on transcripts
from individuals with apraxia of speech, where
speech may be slow and halting, with effortful
groping, lengthened and repeated sound seg-
ments, and disturbed prosody [26]. Automated
analyses of larger shared datasets may contribute
useful information to the differential diagnosis of
these and related disorders.

Advantages of Automated Analyses

The advantages of automated analysis of the
types described above cannot be overstated. They
allow for faster analysis (in seconds) on one or as
many transcripts as desired, less demand for
training and expertise of coders and scorers,
excellent replicability, and comparisons to exist-
ing databases. For researchers, the combination
of large datasets and automated analyses has
allowed for the application of multivariate and
machine learning approaches to aphasia classifi-
cation [27-29]. In the DementiaBank database,
the Pitt corpus [30] has been used in hundreds of
projects to create tools that automate the detec-
tion of dementia directly from audio files using
various computational speech processing and
machine learning methods [31, 32].

The combination of large, shared databases
and automated analyses has allowed researchers
to develop new tools and norms, examine psy-
chometric properties of discourse measures, and
answer some basic questions with robust, power-
ful statistics. For example, Richardson and
Dalton [33] created checklists of main concepts
(MCs) from the five discourse tasks in the
AphasiaBank discourse protocol by using the
large set of control data. The checklists show the
MCs used by 33%, 50%, and 66% of the
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respondents. Clinicians can use these checklists
to get an objective measure of a PWA’s ability to
provide “essential content” on these tasks.
Fergadiotis et al. [34] were able to use Cinderella
storytelling transcripts from 101 PWA in the
AphasiaBank database to examine the validity of
four measures of lexical diversity and determine
which ones yielded the strongest evidence for
producing unbiased scores. Their findings led to
a strong recommendation for using either the
moving-average type-token ratio (MATTR) or
the measure of textual lexical diversity (MTLD)
as the best measures of lexical diversity in apha-
sia. Stark [18] explored differences in language
produced in three different AphasiaBank stan-
dard discourse tasks in 90 PWA and 84 controls.
Results demonstrated that each discourse type
tapped different aspects of language output in
both groups. For example, propositional density
was highest and speech rate was reduced in nar-
rative discourse (Cinderella storytelling) com-
pared with the expository (picture description)
and procedural discourse tasks. These are just a
few examples of the ways researchers have
advanced the science of discourse in aphasia by
taking advantage of these rich resources.

Finally, an overarching advantage of shared
databases is also the greater transparency it afford
for clinical and scientific endeavors. The media
files, transcripts, and analyses are available for
purposes of replication or testing alternative the-
ories and analysis methods.

Conversation Analysis (CA)

When it was introduced in the 1960s [35], con-
versation analysis (CA) relied on transcription
through either pen and paper or typewriter. To
mark special features such as overlaps, the type-
written transcript was marked up afterwards by
hand. The introduction of Unicode made it pos-
sible to create a fully computerized approach to
CA by using Unicode symbols for CA features.
The web page at https://ca.talkbank.org/codes.
html presents 32 Unicode symbols for marking
changes in volume, tempo, and pitch, along with
markings for whispering, creaky voice, laughter,

yawning, and other vocal characteristics. By
using these features, CA transcriptions can be
analyzed by all TalkBank facilities.

TalkBank Browser

The custom TalkBank Browser (https://sla.talk-
bank.org/TBB/aphasia) provides direct access to
the entire collection of media files (video and
audio) and transcripts. After a transcript is
selected, the user enters the database password.
Then the linked audio or video can be played by
pressing the play arrow on the video screen or by
pressing the play arrow at the end of any speaker
tier in the transcript. As the video plays, a yellow
highlighting line shows the transcript line that
corresponds to what the speaker is saying. This
facility opens the entire TalkBank database to
direct analysis for both teaching and research.

Collaborative Commentary (CC)

Collaborative Commentary (CC) allows research-
ers, instructors, and clinicians to form groups to
comment directly on materials in the TalkBank
Browser. A step-by-step manual in the browser
walks users through the various CC functions; a
set of CC screencasts also provides instructions
with demonstrations (https://talkbank.org/scre-
encasts/). Group members and managers can cre-
ate a set of codes for features they need to tag.
For example, the code $SUP could be used to
mark a contribution by a clinician that provides
support for a production by a PWA. The code is
inserted by clicking on the line number for the
relevant utterance or range of utterances and
selecting the relevant code from the set. Once the
code is inserted, the user can add a comment
explaining how that conversational or linguistic
feature functions at that point in the dialog. The
codes and comments can then be searched by
comment creator or code type for reliability and
agreement checks, development of coding sys-
tems, detailed CA analysis, and various quantita-
tive analyses. Figure 7.3 shows the insertion of an
interesting comment made by a student who
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@PAR: yeah &=head:shake +... b

INV:

nothing's the same . »

INV: can you tell about changes you've made in your life since the stroke ? »

SGESX conflict of positive "yeah" with negative head nod, but the
yeah really represents uptake of the question and the head nod

the fact that nothing is the same.

Fig. 7.3 A comment in the Collaborative Commentary system

noticed that the PWA was saying “yeah” while
shaking her head “no.”

This is a new technology with many potential
applications. For example, a clinic director may
ask her clinical staff to watch the videos of apha-
sia group therapy sessions and identify (by mark-
ing directly in the transcript) behaviors that
contribute to effective group management. A pro-
fessor teaching a course on aphasia may give stu-
dents a set of videos and transcripts representing
different types and severities of aphasia and ask
students to identify specific examples of behav-
iors such as word-finding difficulties, agramma-
tisms, paragrammatisms, phonemic paraphasias,
semantic paraphasias, jargon, neologisms, perse-
verations, circumlocutions, empty speech, self-
corrections, conduite d’approche behaviors, and
comprehension difficulties. A research team may
use this to establish reliability for identifying and
scoring measures of interest such as correct infor-
mation units, main concepts, local coherence,
global coherence, story grammar components,
and gestures. All of these and many other appli-
cations of this technology will directly and posi-
tively impact the field and ultimately the quality
of care provided to PWA and their families.

TalkBankDB

To provide support for quantitative analysis of the
entire TalkBank database, we have developed a
web-based PostgreSQL system called
TalkBankDB at https://talkbank.org/DB. This sys-
tem supports structured queries, as well as down-
loading of large segments of the database in
spreadsheet format in seconds. The manual for this

tool can be accessed by clicking on the manual
icon in the upper right next to the Login button.
For example, a search for all the tokens (words)
produced by English-speaking PWA AphasiaBank
matches 926,626 words. Clicking on the Save but-
ton downloads this matched set in 4 s in spread-
sheet form to the desktop, and it then takes another
5 s to open in Excel or 12 s to open in R.

TalkBankDB supports n-gram and CQL
(Corpus Query Language) searches across all
tiers in CHAT and allows for a variety of visual-
izations and analyses of data. Users can down-
load datasets directly from Python or R. Features
such as utterance length, lexical variables, mor-
phological content, or error production for differ-
ent demographics or aphasia types can easily be
selected, output, plotted, and analyzed through
the web interface.

Learning Resources

Beginning users may find themselves over-
whelmed by all the methods, data, and resources
available in TalkBank. To help guide users toward
the methods and data most relevant to their inter-
ests and to help them learn how to use the tools,
we provide six types of learning resources.

1. Grand Rounds: For each of the clinical data-
bases, we provide a set of Grand Rounds
pages to familiarize students with various pre-
sentations of the disorders. For AphasiaBank,
these include case histories of individuals
with different types and severities of aphasia,
40 captioned video clips of these individuals’
discourse and performance on different tasks,
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as well as clinically oriented questions to
stimulate thought and discussion. For
TBIBank, the Grand Rounds learning mod-
ules begin with a pre-learning quiz that allows
for measurement of new knowledge and skills.

2. Examples: To further supplement the materi-
als in Grand Rounds, AphasiaBank provides a
page at https://aphasia.talkbank.org/education/
examples/ linked to short video examples of
common features from the connected speech
of PWA at the word level (e.g., anomia, cir-
cumlocution, paraphasias) and at the sentence
level (agrammatism, empty speech). Two addi-
tional examples at the discourse level highlight
how PWA manage to communicate success-
fully despite having language filled with neol-
ogisms and jargon (the one with Wernicke’s
aphasia) and very limited language output (the
one with Broca’s aphasia). Further develop-
ment of these types of examples of common
behaviors can be useful for the other clinical
language banks as well. Instructors have con-
tributed additional materials and assignments
that use the Grand Rounds, examples, and
Collaborative Commentary systems.

3. Screencast tutorials: To guide learning about
the database and tools themselves, we have con-
structed over 50 screencast tutorials that last
between 3 and 8 min (https://talkbank.org/scre-
encasts/). These are available both from our
website and through YouTube. Topics covered
include transcribing, linking transcripts to media
files, running various commands, and more.

4. Manuals: We have produced detailed manu-
als for CHAT, CLAN, and MOR, along with a
special manual for speech-language patholo-
gist (SLP) practitioners and translations of the
manuals into other languages. These materials
are updated regularly as new tools are added
to the program.

5. Discussion lists: We maintain Google Groups
mailing lists for aphasia, child language, bilin-
gualism, and CA. These have proven to be
very useful in a variety of ways, such as keep-
ing users up to date on new features and new
recording technologies, discussing IRB issues
around new ASR technologies, answering
questions from users about analysis command

options, and receiving bug reports or requests
for new features.

Conclusion

Construction of the TalkBank databases has ben-
efited from the commitment of participants and
scores of colleagues to open data sharing.
Development of the programs and systems
described here has also benefited from advances
in computer software and hardware, hard work
of our programmers, and support from NIH and
NSF. These automated analyses provide many
advantages that can improve the quality and
quantity of information clinicians and research-
ers obtain from language samples. As a result,
important strides are being made in understand-
ing learning, recovery, disfluency, and problems
in language disorders. We encourage a wide
range of academic and clinical communities to
contribute datasets to these shared databases and
to make use of these tools to advance science.

Major Takeaways

1. TalkBank provides data and methods to sup-
port a wide range of uses in research, educa-
tion, and clinical practice for spoken discourse
in neurogenic impairments.

2. TalkBank resources are open and free.

3. The movement in many fields toward open
science is also impacting clinical studies,
which must now emphasize open data shar-
ing, along with clear informed consent.

4. TalkBank subscribes to the FAIR and TRUST
principles for data validity and accessibility.

5. Reliance on a uniform transcription system
(CHAT) has made possible the construction of
a wide range of TalkBank tools.

6. The CLAN programs permit automatic con-
struction of analyses that would take hours by
hand and which are easily replicated.

7. The systems of Collaborative Commentary
and TalkBankDB open up possibilities for
new ways of viewing language disorders and
therapy.
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The Structural Neural Correlates
of Spoken Discourse
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Preview of What Is Currently Known

There is a dearth of neuroimaging studies on dis-
course production, with a particular shortage of
studies that have assessed multiple aspects of
spoken discourse and/or considered the intercon-
nected processes that underpin the production of
discourse. Furthermore, the discourse features
that have been used as behavioral measures of
interest in structural neuroimaging studies are
heterogeneous and tap into different linguistic
and cognitive processes, making it challenging to
compare the limited number of existing studies.
Nevertheless, the available literature indicates
that spoken discourse relies on a widely distrib-
uted neural network that involves an array of
brain regions, which extend beyond the tradi-
tional left perisylvian areas, and includes frontal,
anterior and posterior temporal, and parietal
regions, and their underlying white matter tracts.
This suggests that spoken discourse is supported
by interconnected mechanisms of language and
cognitive domains.
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Objectives

(a) To outline the neuroimaging methods used to
study language and cognitive processing.

To provide an overview of the mechanisms
associated with the production of spoken
discourse.

To synthesize and discuss the structural neu-
roimaging literature on the neural correlates
of spoken discourse.

To consider the reasons behind the limited
literature on the neural correlates of spoken
discourse.

To highlight the challenges that should be
addressed when conducting experiments
aiming to investigate the neural underpin-
nings of discourse production and challenges
to be considered when interpreting findings
from these experiments.

(b)

(©

(d)

(e)

Background

Research into the neural underpinnings of lan-
guage processing has spanned over a century.
Initially, the focus of this field of research was
language comprehension, whereas studies on
language production were relatively scarce and
often limited to single word production rather
than spoken discourse (for a review, see [1]).
Although understanding the neural underpin-
nings of spoken discourse has important theoreti-
cal and clinical implications, it has received less

m
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attention in the literature. This is due to method-
ological challenges related to the complexity of
the processes associated with discourse produc-
tion and the neuroimaging techniques used to
investigate language production tasks. In this
chapter, the different neuroimaging methods
used to study language processing are outlined.
Furthermore, an overview of the mechanisms that
support the production of spoken discourse are
provided. This is followed by a highlight on, and
a discussion of, the challenges associated with
investigating the neural underpinnings of spoken
discourse. Finally, the neuroimaging literature on
the structural neural correlates of spoken dis-
course in relation to the mechanisms that support
discourse production are synthesized and
discussed.

Neuroimaging Methods

A key source of data to understand the structural
neural correlates of language processing has been
individuals with language deficits post-brain
damage. Early studies that related language defi-
cits to brain lesions were obtained through post-
mortem dissection [2, 3]. Original models of the
structural and functional underpinnings of lan-
guage processing had attributed production to the
anterior parts of the left perisylvian brain regions
and comprehension to the posterior parts of these
regions [2-5]; these models were precise but
oversimplified. It has been realized that the neu-
ral correlates of language processing, both pro-
duction and comprehension, are more complex
[6, 7]. More recently, the technological advance-
ments of neuroimaging have allowed researchers
to precisely correlate certain anatomical brain
areas with specific language processes noninva-
sively using computerized tomography (CT) and
magnetic resonance imaging (MRI). These meth-
ods allow identification of the structural neural
correlates of language by characterizing the neu-
ral regions that have been damaged in brain-
injured populations and relating these lesioned
regions to language deficits using lesion-
symptom mapping techniques, such as voxel-

based morphometry (VBM: [8]), voxel-based
lesion-symptom mapping (VLSM: [9]), and other
multivariate methods (e.g., support-vector regres-
sion lesion symptom mapping: [10]). These
sophisticated techniques have been developed to
identify the structural relationships between
brain lesions and impaired cognitive processes.
Typically, a structural anatomical scan is acquired
from all participants using CT or MRI; these
images are then processed, and abnormal, dam-
aged brain regions are identified, before the
impact of the lesion is related to performance on
a cognitive or language function. In the context
of spoken discourse, the presence of damage in a
brain region might be correlated with a discourse
measure extracted from out-of-scanner discourse
samples.

In contrast to structural lesion methods, the
functional neural correlates of language are typi-
cally assessed using functional neuroimaging
methods with healthy and/or brain-injured popu-
lations. Specifically, changes in brain activities
during cognitive or language processing can be
estimated, in vivo, using functional MRI (fMRI),
positron-emission tomography (PET), magneto-
encephalography (MEG), or electroencephalog-
raphy (EEG). Functional neuroimaging methods
typically identify brain regions that activate dur-
ing a given task, but do not demonstrate that such
regions are necessary for the performance of that
cognitive or language process, as they might
identify neural regions that are unrelated to that
process but which are inadvertently involved
with the task due to peculiarities of the in-scanner
task (e.g., processes related to decision-making
or attention required to perform a demanding in-
scanner task, or related to error monitoring if the
individual has impaired performance on that
task). Conversely, lesion-symptom mapping
techniques provide critical evidence on whether
certain brain regions are necessary to perform a
given cognitive or language function. The focus
of this chapter is the structural neural correlates
of spoken discourse, whereas the use of func-
tional neuroimaging methods to identify the
functional neural correlates of spoken discourse
is addressed in Chap. 9.
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The Mechanisms of Spoken
Discourse

Producing discourse is highly demanding; as sev-
eral complex processes need to be engaged,
including conceptual preparation of the intended
message, activation of semantic knowledge, word
retrieval, syntactic processing, phonological
encoding, and motor articulation [11-14]. This is
in addition to engaging other cognitive processes
that are involved with organizing and regulating
the content of spoken discourse and monitoring
spoken output as the discourse unfolds to ensure
that it is informative and relevant to the topic
under discussion [15, 16].

The mechanisms that support spoken dis-
course production can be divided into two sets of
interconnected processes: (i) microlinguistics,
related to phonological, lexical, and syntactic
processing, and (ii) macrolinguistics, which are
concerned with processes at the message level to
organize and maintain appropriate and meaning-
ful concepts that convey a coherent and informa-
tive discourse [15—17]. Impairments at the level
of microlinguistics and/or macrolinguistics can
contribute to deficits in discourse production. For
instance, individuals with aphasia and disrup-
tions to language skills at the microlinguistic
level could also present with limited discourse
production (e.g., [14, 18, 19]). Other patient
groups with cognitive impairments could experi-
ence discourse deficits at the macrolinguistic
level (e.g., reduced discourse coherence) in the
absence of deficits to microlinguistic language
processes, such as those with right hemisphere
stroke (e.g., [20, 21]), traumatic brain injury
(e.g., [15, 22]), Alzheimer’s disease (e.g [15]),
and schizophrenia (e.g., [23]). This suggests that
higher cognitive functions might be more rele-
vant to discourse at the macrolinguistic level.
Other cognitive processes not typically associ-
ated with language production, such as working
and declarative memory, might be involved with
certain types of discourse such as storytelling or
personal narrative (e.g. [24, 25]). It has been
shown that patients with bilateral hippocampal
damage and severe selective memory impairment
can also experience deficits in spoken discourse

[24]. Perhaps this is because they have severe
memory loss and might not remember the events
related to the spoken narrative.

Challenges Using Neuroimaging
to Study Spoken Discourse

There is a dearth of neuroimaging studies that
have investigated the neural underpinnings of
spoken discourse. The limited number of studies
might be due to technical and methodological
challenges related to investigating connected
speech production. The conventional approach
utilized in structural and functional neuroimag-
ing studies involves using highly structured tasks
that require a single response to a linguistic stim-
ulus (e.g., picture naming, semantic judgement).
Other studies have employed sentential stimuli
and have identified the neural correlates associ-
ated with processing sentences that possess a
complex syntactic structure (e.g., [26, 27]),
which is more closely related to naturalistic lan-
guage production than single words. Such well-
controlled tasks have expanded our understanding
of the relationship between brain regions and lan-
guage processing. However, they do not reflect
the entirety of the complex processes associated
with connected speech production, and particu-
larly spoken discourse, which extends beyond the
level of single words and sentences. Thus, it is
likely that such studies, which have correlated
brain regions with language production at the
level of single words and sentences, might fail to
identify the neural underpinnings of higher level
aspects related to spoken discourse.

Studies into the neural correlates of spoken
discourse should consider the full array of micro-
linguistic and macrolinguistic processes involved
in spoken discourse. Moreover, researchers study-
ing the neural correlates of spoken discourse must
pay special attention to the discourse measures
they opt to use to quantify discourse production,
and they must consider the linguistic and cogni-
tive processes that tap into each discourse mea-
sure. Additionally, one should take these processes
into account when interpreting findings from neu-
roimaging experiments that aim to identify the
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neural correlates of spoken  discourse.
Furthermore, cautions must be taken when inter-
preting findings from some neuroimaging studies
that have employed interview tasks to explore the
neural correlates of discourse production (e.g.,
[28]), as these tasks typically involve autobiogra-
phy, and thus the revealed brain areas might be
related to memory processes rather than spoken
discourse per se [29]. The vast majority of studies
have limited their investigation to exploring only
one aspect of discourse production and have typi-
cally related structural neuroimaging to microlin-
guistic features, such as speech fluency (e.g.,
[30-33]) and syntactic complexity (e.g., [34, 35]),
with few studies addressing macrolinguistic fea-
tures, such as discourse coherence (e.g., [20, 36]).
It could be argued that no neuroimaging study has
fully captured all aspects of spoken discourse.
The current body of research on this topic is dis-
cussed in the next section.

The Neural Correlates of Spoken
Discourse

Microlinguistic Features

The vast majority of neuroimaging studies that
have explored the structural neural correlates of
spoken discourse, beyond single words and sen-
tences, have focused on speech fluency. Speech
fluency relates to the smoothness, speed, and
effortlessness with which words and sentences
are produced. This focus on speech fluency is
perhaps due to difficulties measuring the other
levels of processes involved in spoken discourse,
especially in patient populations where language
deficits can vary considerably across the patient
cohort, and researchers might want to design
tasks that can be attempted by both mildly and
severely impaired individuals. Earlier lesion
studies associated reduced fluency with frontal
lesions in the left hemisphere covering the frontal
operculum, anterior insula, cortical motor areas,
and their underlying white matter tracts [37-39].
Studies using advanced lesion-symptom map-
ping techniques have supported but enhanced
these findings and identified a relationship

between reduced fluency in people with post-
stroke aphasia and damage to the left frontal lobe
including the middle and inferior frontal gyri
(pars operculum) and precentral and premotor
cortices, as well as the anterior insula, supramar-
ginal gyrus, and anterior and superior temporal
regions [30, 40]. The involvement of the left
insula and precentral gyrus with speech fluency
was identified again in a recent meta-analysis of
lesion-symptom mapping studies, which included
coordinate-based structural neuroimaging data
for 2007 individuals with post-stroke aphasia
from 25 studies [41]. Additionally, the same left
frontal regions have been implicated with verbal
fluency tasks (e.g., [42, 43]). The brain regions
that have been identified in association with dis-
course fluency are illustrated in Fig. 8.1a. Lesions
to certain white matter tracts were also identified
as predictors of reduced fluency in people with
post-stroke aphasia, apraxia of speech, and pri-
mary progressive aphasia [31-33]; this includes:

(i) The anterior and long segments of the arcu-
ate fasciculus (white matter tracts connect-
ing the parietal and temporal lobes to the
inferior frontal gyrus and precentral gyrus).
The frontal aslant tract (a white matter tract
connecting the superior and inferior regions
of the frontal lobe and supplementary motor
areas).

The left uncinate fasciculus (a white matter
tract connecting the middle and anterior
temporal lobe with the pars triangularis of
the inferior frontal lobe).

(i)

(iii)

These studies, however, have used a single flu-
ency measure, such as words per minute (e.g.,
[32]), or a fluency rating scale from the Western
Aphasia Battery [44] (e.g., [31, 33, 45]). To
account for this limitation, other lesion-symptom
mapping studies have used a combination of
microlinguistic measures, including token
counts, words per minute, and utterance length
(e.g., [30, 34]). These studies found an associa-
tion between the ability to produce more words
and to produce words quickly with left frontal
regions. Since neuroimaging techniques are
extremely task sensitive, studies using fluency
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Fig.8.1 An illustration
of the structural brain
regions related to
discourse production,
based on the findings
from the studies
reviewed in this chapter:
(a) fluency during
spoken discourse; (b)
structural and syntactic
complexity during
spoken discourse; (¢)
macrolinguistic features
of spoken discourse
including
informativeness,
coherence, semantic
diversity, and content
word production

Note. The figures were
created using masks
from the Harvard-
Oxford atlas

measures might reflect the speed and amount of
connected speech produced, but they are unlikely
to capture other microlinguistic and macrolin-
guistic processes involved with spoken discourse,
such as lexical retrieval, semantic diversity, struc-
tural complexity, and discourse content. Thus,
while they provide certain information, they
might be insufficient to capture the neural corre-
lates that underpin the entirety of spoken
discourse.

Other microlinguistic processes involved with
spoken discourse have been the focus of rela-
tively few lesion-symptom mapping studies.

115

a Discourse Fluency

Recent investigations have explored the struc-
tural complexity of spoken narratives in stroke
patients using a combination of measures related
to the mean length of utterance, proportion of
grammatical words, and production of complex
sentences [30, 34, 35]. Impaired grammatical
complexity during discourse production was
associated with damage to the left inferior and
middle frontal cortices, insular cortex [30, 34,
46], left frontal aslant tract [35], left temporal and
parietal regions including the inferior parietal
lobule, posterior superior temporal gyrus, and
middle temporal gyrus [30, 34]. Similar left fron-
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tal regions were also identified in association
with syntactic structure and sentence complexity
during discourse production in people with pri-
mary progressive aphasia [47]. Other studies
have identified the superior longitudinal fascicu-
lus (a white matter tract that connects the frontal,
temporal, parietal, and occipital lobes), as being
associated with syntactic processing during dis-
course production [48, 49]. These studies suggest
that the structural neural correlates associated
with syntactic processing during spoken dis-
course align with the large body of evidence on
the involvement of an extensive left frontal, tem-
poral, and parietal network in producing sen-
tences with accurate syntactic structure (for a
review, see [1]). The brain regions that have been
identified in association with structural complex-
ity during spoken discourse are illustrated in
Fig. 8.1b.

Macrolinguistic Features

Studies utilizing measures of structural complex-
ity might capture the syntactic aspects of spoken
discourse, but they do not provide information on
the neural correlates that relate to the content and
meaning of spoken discourse. Therefore, further
lesion studies have attempted to capture macro-
linguistic features of spoken discourse by includ-
ing content-related measures, such as:

(i) Informativeness, a measure of information

accuracy and appropriateness during dis-

course production [14].

Global coherence, a measure of the degree

to which each statement of the discourse

relates to the current topic under discussion

[36, 50, 51].

Semantic diversity, a measure of the number

of words in the discourse that carry different

meanings [30, 34].

Narrative words, a measure of the number of

words that directly contribute to the narra-

tive [34].

(v) Content words, a measure of content/relevant
word retrieval during spoken discourse [18].

(ii)

(iii)

(iv)

A couple of these studies have accounted for
the possible interconnection between different
language processes using principal component
analysis, in an attempt to tease apart the influence
of other language and cognitive process while
exploring the neural correlates of spoken dis-
course using content-related measures [14, 34].
Results from these studies found an association
between reduced semantic diversity during spo-
ken discourse and lesions to posterior regions,
including the middle and superior temporal gyri,
angular and supramarginal gyri, posterior insula,
and inferior fronto-occipital fasciculus in people
with post-stroke aphasia [30, 52]. Furthermore,
damage to the insula had been associated with
impaired lexical selection [34, 53]. Moreover, the
findings from these studies have related a wide
range of cortical regions spanning the left frontal,
temporal, and parietal lobes and their white mat-
ter connections to the macrolinguistic features of
spoken discourse. Specifically, lesions to the left
inferior frontal gyrus (pars triangularis and pars
opercularis), frontal orbital and operculum corti-
ces, insular cortex, superior temporal gyrus, and
frontal aslant tract have been associated with
deficits in content word production, informative-
ness, and global coherence during spoken dis-
course [14, 18, 36, 51]. The brain regions that
have been identified in association with macro-
linguistic features of spoken discourse are illus-
trated in Fig. 8.1c. The role of the left inferior
frontal gyrus with spoken discourse has been fur-
ther explored in an experiment that applied an
acute virtual lesion through neuro-stimulation to
the left inferior frontal gyrus, which led to
reduced coherence and informativeness during
discourse production in healthy adults [54].

The involvement of the left prefrontal cortex
with macrolinguistic processes of spoken dis-
course might be related to higher cognitive func-
tions, including attention and executive functions
[55, 56]. Executive control processes are essen-
tial to ensure that spoken discourse contains the
intended information and that it remains focused
on the topic being discussed by avoiding the pro-
duction of irrelevant information [57]. It has been
suggested that regulating and organizing the con-
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tent of spoken discourse depend, at least partially,
on representational and executive processes [20,
58] and that the left inferior frontal gyrus is
involved in regulating and organizing the content
of spoken discourse [36, 50, 51]. Indeed, nonlin-
guistic cognitive processes, including executive
functions and attention, are implicated in the con-
ceptual preparation, organization, and generation
of spoken discourse. Studies have highlighted the
role of domain-general cognitive and executive
systems in the planning and regulation of spoken
discourse [59].

Conclusions

There is a dearth of neuroimaging studies not
only probing spoken discourse, but also tapping
into the numerous aspects of discourse produc-
tion and considering the interconnected processes
that underpin the production of discourse.
Furthermore, discourse measures that have been
used in structural neuroimaging studies have
been heterogeneous and tapped into different lin-
guistic and cognitive processes, making it chal-
lenging to compare across the limited number of
existing studies. Nevertheless, the available liter-
ature indicates that spoken discourse relies on a
widely distributed network of neural regions that
extends beyond the traditional left perisylvian
areas, which are typically associated with the
production of single words and sentences. This
extensive network includes frontal, anterior and
posterior temporal, and parietal regions, as well
as their underlying white matter tracts. This sug-
gests that spoken discourse is supported by inter-
connected mechanisms of language and other
cognitive domains. These processes relate to
semantic processing, lexical retrieval, syntactic
complexity, speech fluency, and organizing and
maintaining coherent, informative, and accurate
discourse.

The compelling findings from the structural
neuroimaging literature tend to indicate that
widespread and shared brain regions subserve

different features of spoken discourse. For
instance, the left inferior frontal gyri, insular cor-
tex, and frontal aslant tract have all been associ-
ated with fluency, lexical and semantic diversity,
syntactic processing, informativeness, and global
coherence of spoken discourse. Moreover, the
left superior temporal gyrus has been associated
with content word production, informativeness,
lexical and semantic diversity, structural com-
plexity, and speech fluency during spoken dis-
course, while the left supramarginal gyrus is
involved with fluency and semantic diversity dur-
ing discourse production. While the conclusion
drawn from existing literature has not identified
specific brain regions that uniquely support spe-
cific aspects of spoken discourse, it is not possi-
ble to conclude that such associations might not
exist. This conclusion could not be made unless
all processes of spoken discourse are well con-
trolled and investigated in a single study; this
could be the aim of future research.

Major Takeaways

1. There is a dearth of neuroimaging studies on
spoken discourse.

2. Discourse production relies on a widely dis-
tributed neural network that covers an array of
brain regions, which extend beyond the tradi-
tional left perisylvian areas, and includes
frontal, anterior and posterior temporal, and
parietal regions, as well as their underlying
white matter tracts.

3. Spoken discourse is supported by intercon-
nected mechanisms that involve language and
cognitive domains.

4. Several features of spoken discourse that tap
into different language and cognitive pro-
cesses must be considered when interpreting
findings from neuroimaging studies.
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Preview of What Is Currently Known

Functional neuroimaging studies of the macrolin-
guistic properties of spoken discourse have pri-
marily focused on the brain regions associated
with the ability to maintain the main topic across
the discourse, known as global coherence. The
brain regions associated with global coherence
during spoken discourse include bilateral frontal
cortices, which contribute to the selection of
semantic representations and the sequencing and
organization of discourse, while temporal and
parietal regions support semantic representa-
tions, retrieval of episodic memories, and poten-
tially self-monitoring. Behavioral evidence
converges with functional neuroimaging evi-
dence implicating differential involvement of
cognitive and linguistic processes during dis-
course production. However, smaller sample
sizes, differences in age between subject popula-
tions, elicitation methods, and derived discourse
properties all point to a rich path forward to con-
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tinue to explore the cognitive and linguistic pro-
cesses and brain regions involved when producing
discourse.

Objectives

(a) To describe discourse elicitation methods
used in functional neuroimaging studies.

To outline approaches which quantify higher
level discourse properties.

To contrast cognitive and linguistic task
demand differences across discourse elicita-
tion methods.

To provide overview of functional neuroim-
aging methods.

To summarize brain regions and their func-
tional roles during higher level discourse
production.

To relate functional neuroimaging with con-
verging behavioral evidence.

(b)

(©)

(d)

(e)

®

Background

When combining multiple utterances to convey a
message during language production, which
brain regions and their interactions are function-
ally involved? How is the ability to produce
coherent discourse assessed when mapping
behavior with brain function? In this chapter,
the behavioral and neuroimaging methods and
evidence which address the functional brain
topography related to discourse production are
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discussed. Mapping functional brain correlates
provides converging evidence with brain struc-
ture and behavioral studies to identify the cogni-
tive and linguistic abilities we use to successfully
produce discourse. This information is relevant to
theoretical models of language use. Further, it
can address the clinically important question of
why different clinical populations have varying
difficulties with discourse production.

Eliciting and Measuring Discourse
in Functional Neuroimaging Studies

Elicitation Methods

In functional neuroimaging studies, discourse is
elicited using different methods which differen-
tially influence the produced discourse.
Consequently, elicitation methods vary in the
degree of cognitive and linguistic demands,
which affects the patterns of brain activation we
observe during functional neuroimaging of spo-
ken discourse. For example, one approach to
elicit discourse involves presenting visual stim-
uli. Participants describe objects (e.g., [1]) and
scenes (e.g., [2]) or produce fictional narratives
(e.g., [3]) prompted by a picture or a series of
pictures. Eliciting discourse using picture
prompts reduces cognitive load as it provides a
visual aid to support discourse generation [4]. In
another approach, discourse is elicited through
non-picture prompts which vary in the type of
knowledge required. For example, participants
may produce personal narratives recounting an
autobiographical experience (e.g., “Tell me about
your last holiday” [5]) or provide exposition in
the form of opinion (e.g., “Which is your favorite
season and why?”), procedural instructions about
completing a task (e.g., preparing a cup of coffee
[6]), or conversation [7]. Elicitation methods dif-
fer in the linguistic demands they place on speak-
ers. For example, when describing a pictured
scene in comparison to producing a fictional nar-
rative, unimpaired participants produced fewer
and less lexically diverse words [8—10] and par-
ticipants in the acute phase of stroke produced
less syntactically and structurally complex lan-

guage [11]. Thus, by virtue of their varying cog-
nitive and linguistic demands, elicitation methods
can differentially recruit brain regions involved
in vision, memory, emotion, language, and motor
processing.

Discourse Quantification

Despite varying methods, the different elicited
discourse types share features which one can
quantitatively assess to measure discourse qual-
ity. At the microlinguistic level, we can measure
the degree of structural and syntactic complexity
(e.g., the number of words and the number of
embedded clauses within a sentence; cf. [12,
13]), lexical diversity (e.g., the variety of the type
of words used such as words with higher or lower
age of acquisition or different grammatical class),
and fluency (e.g., the number of words produced
per minute). At the macrolinguistic level, we can
assess discourse quality by quantifying the
degree to which a person effectively conveys a
message. For example, discourse informative-
ness can be assessed by measuring the proportion
of words produced that convey relevant informa-
tion, the proportion of themes produced like the
required steps for a procedural discourse, or the
number of predetermined main concepts essen-
tial to a fictional narrative (cf. analyses of dis-
course structure through story grammar analysis
[14, 15]; for a review, see Stephens et al. [16]).
However, the most common macrolinguistic
dependent measure in functional neuroimaging
studies is related to global coherence, the ability to
maintain the main topic across the discourse [17].
In behavioral studies of impaired discourse, global
coherence has been defined by the proportion of
utterances that contained tangents, conceptually
incongruent information, and fillers or were repeti-
tive [18-20]. However, functional neuroimaging
discourse studies quantified global discourse using
measures related to a qualitative scale whereby
utterances are rated as to how closely related they
are to the intended topic on a 14 scale ( [21]; cf.
Van Leer and Turkstra [22] for a 1-5 scale; see
section “Studies Correlating Discourse Properties
with BOLD fMRI Signal” for further detail). In
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sum, although there are different approaches to
assess discourse quality, functional neuroimaging
studies of the macrolinguistic level have primarily
focused on the brain patterns associated with dis-
course global coherence.

Functional Neuroimaging
of Discourse Production

In this section, studies that examined the func-
tional neural correlates of macrolinguistic
properties of overt, unrehearsed multi-
utterance speech are reviewed. We focused on
adult nonclinical populations to capture the
functional neural correlates of discourse with-
out the influence of reorganization of function
as a result of brain injury or disorder (cf. [23,
24]). The review is constrained to studies
focused on higher level processes during dis-
course production (for a list, see Table 9.1)
beyond what is involved when retrieving words
and combining them to produce phrases and
sentences (for a list, see Table 9.2). For sys-
tematic reviews of the latter, see Indefrey [25]
and Walenski et al. [26] as well as more recent
functional neuroimaging studies of sentence
production (e.g., [27, 28]).

Functional Neuroimaging Methods

Studies mapping brain regions functionally
related to discourse production use methods that
estimate neuronal activity via changes in brain
blood flow based on the degree of oxygen uptake.
The most common method is blood oxygen level-
dependent (BOLD) functional magnetic reso-
nance imaging (fMRI). fMRI detects differences
in the magnetic properties of oxygenated and
deoxygenated blood. BOLD signal is measured
during tasks or alternatively at rest. When task
related, participants perform a task while BOLD
signal is measured. This task-related neural activ-
ity is often contrasted with activity recorded dur-
ing another task to control for baseline processes
that are incidental, researchers assume, to the
processes of interest during the primary task. In
block designs, activity is averaged across blocks
of presentations of a single type of trial. In event-
related designs, activity is time-locked to events
within a specific trial and condition, like the pre-
sentation of a stimulus, and then averaged across
trials for each subject. Spontaneous activity can
also be measured using resting-state (rs)
fMRI. Here, participants leave their eyes open or,
alternatively, closed while not participating in a
task. Analyses using rsfMRI often measure the

Table 9.1 Functional neuroimaging studies of macrolinguistic features of discourse production

Participant | Discourse
Study Method | no. task Discourse prompt(s) Contrast baseline(s)
Hoffman fMRI 15 Expository | For example: “What would it be like to | Automatic speech
(2019) [6] discourse live in Antarctica?” “What sort of things | (nursery rhyme)
do you have to do to look after a dog?”
Morales fMRI 25 Expository | For example: “Describe how you would | Automatic speech
et al. (2022) discourse make tea or coffee.” “Do you think the | (nursery rhyme)
[29] internet has improved people’s lives?”
Tagamets fMRI 11 Expository | “Who or what do you think god is, and | One-back
et al. (2014) (controls) | discourse why do you think people believe in word-matching
[24] god?” task
Troiani et al. | fMRI 13 Fictional Narrative picture sequence Picture
(2008) [3] narrative description;
pseudoword
production
Wau et al. fMRI 25 Expository | For example: “Which is your favorite Automatic speech
(2022) [30] discourse season and why?” “Describe the steps (nursery rhyme)
you would need to take if going
somewhere by train.”
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Table 9.2 Functional neuroimaging studies of discourse production

Study Method Participant no. | Discourse task | Discourse prompt(s) Contrast baseline(s)
AbdulSabur PET, fMRI | PET =17, Fictional Narrative sequences of Automatic speech
etal. (2014) fMRI =18 narrative black and white illustrations | (nursery rhyme)
[31]
Awad et al. PET 13 Personal For example: “Tell me what | Automatic speech
(2007) [32] narrative you did last weekend.” (counting)
Blank et al. PET 8 Personal For example: “Tell me Automatic speech
(2002) [5] narrative about your last holiday.” (counting, nursery
rhymes)
Cannizzaro fNIRS 10 Procedural For example: Prompts Automatic speech
etal. (2019) [7] discourse; related to planning a trip to | (counting)
personal new York City, telling a
narrative; story about an injury,
fictional creating a story from a
narrative; painting, conversing with
conversation examiner
Geranmayeh fMRI 19 Object Monosyllabic, concrete Nonspeech tongue
etal. (2012) [1] description nouns, e.g., cake movements
Grande et al. fMRI 18 Scene Black-and-white Rest
(2012) [2] description illustrations
Kuhlen et al. fMRI 17 Expository Instruct partner to move Expository
(2017) [33] discourse with | pieces on a gameboard discourse without
visual feedback visual feedback
from partner from partner
Simmonds fMRI 16 Object Monosyllabic, concrete Automatic speech
et al. (2014) description nouns, e.g., branch (counting)
[34]
Spiegelhalder fMRI 22 Personal For example: “Please speak | Narrative speech
et al. (2014) narrative about: Winning an award” comprehension
[35]
Wilbers et al. fMRI 17 Personal For example: Describe a Fictional narrative
(2012) [36] narrative time you met an important
person/partner

degree to which spontaneous activity in one brain
region varies with the activity in others.
Functional connectivity across brain regions can
also be measured during task-related fMRI. Other
fMRI approaches include fMRI adaptation,
correlation, and univariate and multivariate pat-
tern analyses.

A second most common method to measure
brain functional activity is positron-emission
tomography (PET). This technique also measures
changes in blood flow in experimental vs. control
tasks but measures the absorption of radioactive
isotopes related to neuronal energy consumption
like oxygen or glucose. Researchers inject radio-
active tracers into participants’ blood streams
immediately before the beginning of a block of
trials of the same type of task (i.e., experimental

and baseline). The PET regional cerebral blood
flow (rCBF) method has disadvantages in com-
parison to BOLD fMRI in that it is more invasive,
limited by the maximum amount of radioactive
tracers safe for humans, and is significantly lower
in spatial (centimeter vs. a few millimeters) and
temporal resolution (~30 s vs. ~1 s). However,
PET may be advantageous to some degree as it
can better reveal activation in brain regions for
which fMRI has problems measuring BOLD sig-
nal, referred to as susceptibility artifacts. For
example, BOLD signal drops in brain regions
near air-filled cavities like frontal orbital cortex
(adjacent to the sinuses) and ventral anterior tem-
poral lobes (near the ears) and can be sensitive to
motion artifacts, particularly problematic when
producing speech. That said, advanced fMRI
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analytic techniques continue to be developed to
deal with these issues [37, 38].

The assumption across functional neuroimag-
ing methods is that regional changes in brain
blood flow are indicative of increased processing
in that region required for executing the task at
hand. It should be noted that the relationship
between task performance and brain blood flow
changes is correlational, not causal. Although
brain regions may be more active, it remains
unknown as to whether these identified regions
are epiphenomenal, that is, incidentally involved
but not required for the task. Thus, it continues to
be important to establish converging evidence
from brain structure-behavior studies (e.g., stud-
ies using voxel-based lesion symptom mapping,
voxel/surface-based morphometry, diffusion ten-
sor imaging), which reveal a more direct relation-
ship between brain and behavior by demonstrating
the necessity, not just the involvement, of a region
for a specific behavior.

Functional Neural Correlates
of Discourse Production

In the first functional neuroimaging study isolat-
ing the functional brain correlates of higher mac-
rolinguistic level properties of discourse, Troiani
and colleagues [3] compared fictional narrative
production with baseline tasks which controlled
for lower level lexical-semantic, syntactic, pho-
nological, and articulatory language processes.
Among other conditions, 13 participants narrated
a story from a sequence of 24 pictures (Frog,
Where Are You? [39]), described the events within
the pictures when randomly presented, and
repeatedly produced a pseudoword while
instructed to pay attention to the pictures pre-
sented in narrative order. Comparing semi-
structured story narration with picture description
better localized the processes unique to narrative
production while reducing the influence of lower
level processes. It should, however, be noted that
previous work using PET examined the produc-
tion of discourse via autobiographical prompts
[5, 40] but did not isolate higher level discourse
properties as the discourse condition was com-

pared with much lower level baseline conditions
targeting simple to complex motor movements or
overlearned speech acts (e.g., random move-
ments of the articulatory apparatus, nonsense syl-
lable production, and learned nursery rhyme
production; cf. [26]).

At the time Troiani and colleagues [3] con-
ducted the experiments, BOLD fMRI approaches
to control for susceptibility-related artifacts dur-
ing longer duration speech acts were less
advanced compared to today. Consequently, the
researchers adopted the continuous arterial spin
labeling (CASL) MRI approach to measure
changes in blood perfusion. The CASL MR tech-
nique directly measures cerebral blood flow
(similar to PET), but noninvasively, by magneti-
cally labeling blood before it reaches brain
regions of interest. Labeled and unlabeled blood
signal is then compared to provide an estimate of
regional blood flow. When comparing semi-
structured story narration to picture description,
blood flow increased in bilateral inferior frontal
and orbitofrontal cortices, Brodmann areas (BAs)
47 and 11, respectively. Other comparisons were
less targeted where narrative vs. pseudoword pro-
duction revealed, unsurprisingly, general lan-
guage areas including left inferior frontal and
precentral gyri (BAs 44, 6), bilateral temporal-
parietal regions (BAs 39, 22), and left temporal-
parietal (BAs 21, 40) and right temporal-occipital
(BAs 22, 19) specific regions (cf. [31, 32]). In
sum, a subtraction analysis approach using perfu-
sion fMRI comparing narrating a story from pic-
tures to describing those pictures out of order
suggests that bilateral ventral inferior frontal
regions are involved when we organize and
sequence ideas for narrative production.

Studies Correlating Discourse

Properties with BOLD fMRI Signal
Subsequent studies directly related changes in
BOLD fMRI with discourse properties estimated
via  semantic  distribution = model-related
approaches (latent semantic analysis, LSA [41]).
Distributional semantic models (DSMs) [42, 43]
like LSA analyze how words are distributed
across different contexts. These models estimate
the likelihood of a word appearing in a natural
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language corpus (e.g., the British National
Corpus) by considering the context of the preced-
ing and following words. DSMs calculate the
semantic similarity between words by examining
how frequently words co-occur with surrounding
words that exhibit similar global distributional
patterns [44]. Each word is embedded as a vector
in space, where words with similar distributional
contexts are closer together in geometric terms.
To determine similarity, the angular distance
(usually cosine similarity) between word vectors
is measured. According to the distributional
hypothesis [45, 46], words that appear in similar
contexts are likely to have similar meanings,
sharing similar semantic properties. In support of
this hypothesis, these kinds of word similarity
estimates predict behavioral performance and
subjective ratings related to lexical-semantic
knowledge (e.g., [47-50]). Taking this approach
a step further, the linear combination of the vec-
tors of words produced together within a narra-
tive discourse provides an estimate of the overall
semantic similarity or meaning space of the nar-
rative. The DSM similarity metric for a narrative
is generally understood to reflect macrolinguistic
properties that relate to the underlying concep-
tual organization of the discourse (cf. [6, 24]).
Adopting the DSM-LSA approach as part of a
study examining formal thought disorder and
executive control in people with schizophrenia,
Tagamets and colleagues evaluated discourse in a
group of 11 control participants outside the scan-
ner [24]. Semantic similarity vectors of answers
to the prompt “Who or what do you think God is,
and why do you think people believe in God”
were compared with the averaged vectors for the
words “myself” and “ourselves.” The comparison
similarity score was argued to reflect the degree
to which the discourse integrated these two
themes. To target speech monitoring brain regions
potentially disrupted in formal thought disorder,
Tagamets et al. measured BOLD fMRI activity as
participants completed one-back word-matching
tasks (matching the identity, written forms, or
sounds of words) in comparison with a baseline
fixation condition. Critically, discourse similarity
scores from control performance outside the
scanner correlated with BOLD fMRI during one

of the three word-matching tasks, matching the
sounds of words, primarily in regions of the right
hemisphere: the right inferior to middle frontal
gyri (BAs 45/46), right anterior insula (BA 13),
and right anterior cingulate cortex (BA 24).
Although consistent with Troiani et al. [3] in
terms of general lobule laterality (i.e., right fron-
tal cortex), foci were in different regions, poten-
tially because the fMRI task involved a word
reading identification task, as opposed to lan-
guage production.

In a series of studies in older and younger
adults, Hoffman and colleagues related LSA-
derived discourse semantic similarity scores with
BOLD fMRI activity during an overt discourse
production task [6, 29, 30]. Twenty-five younger
participants (average age 24 years; reported in
both Morales et al. [29] and Wu et al. [30]) and
15 older adults (average age 78 years [6]) read
either 12 or 20 discourse-eliciting prompts,
respectively (five overlapped with Hoffman [6]).
Participants produced 50 seconds of discourse to
expository prompts (e.g., “Describe how you
would make a cup of tea or coffee”; “What sort of
things usually happen at a wedding?”). For the
baseline condition, participants repeated a com-
mon English nursery rhyme, “Humpty Dumpty”
for 15 sec (cf. [31]). By subtracting the memo-
rized nursery rhyme baseline from the discourse
task, differences in BOLD fMRI reflected dis-
course production for both microlinguistic pro-
cesses including word meaning retrieval,
lexical-selection, and phonological processing
and macrolinguistic processes including main-
taining the main theme across the discourse
(global coherence). Of interest here is where
these BOLD signal changes were modulated by
changes in the global coherence of the partici-
pants’ responses.

Hoffman and colleagues estimated global
coherence properties in multiple steps which are
outlined here to allow the reader to compare the
coherence measure with other approaches for
estimating global coherence [6, 29, 30]. First,
each participant’s response was compared to a
“typical” response. To generate the LSA-derived
semantic similarity value of a “typical” response
to a prompt, for each participant, word vectors
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were averaged across words that constituted the
participant’s response, and then these word vec-
tors were averaged across all participants. To
estimate the semantic similarity vector of an
individual participant’s response, responses were
first divided into moving windows of 20 words,
advancing one word at a time. The vectors for
words within a window were calculated, aver-
aged across the window, compared with the
semantic similarity vector of the typical response
(the average of the group not including the par-
ticipant), and then assigned to the last word of the
window. Hoffman et al. [51] validated this
approach with ratings from a group of 20 naive
raters who qualitatively scored responses from a
different group of participants on a 1-4 scale fol-
lowing Wright et al. [21]. LSA-derived semantic
similarity scores were positively correlated with
human ratings of global coherence (r = 0.68).
However, to create the global coherence-
dependent measure to correlate with BOLD sig-
nal, the 50-s narratives were divided into 5-s
blocks, and the similarity values for words within
the 5-s block were averaged, constituting about
10 words per block.

When participants produced discourse in
comparison to reciting a nursery rhyme, changes
in the global coherence score correlated with
changes in BOLD activity bilaterally in frontal
regions in older adults, but for younger adults,
changes were observed in left hemisphere tempo-
roparietal regions [6, 29, 30]. In older adults,
increasing discourse coherence was correlated
with increased activation in both right and left
hemispheres [6]. Bilaterally, coherence related to
parts of the inferior frontal cortex, pars triangula-
ris on the right (BA 45), and pars triangularis/
orbitalis on the left (BAs 45/47). Specific to the
right hemisphere, regions included frontopolar
cortex (BA 10) and more laterally in anterior
middle frontal cortex (BA 46). In the left hemi-
sphere, the inferior frontal region extended near
to the anterior cingulate (BA 32) and anterior
insula (BA 48). Although Morales et al. [29] did
not publish the specific neural foci for the same
contrast in younger adults, the general reported
pattern was different, localized posteriorly in the
left hemisphere. Increasing coherence was cor-

related with increasing activation in left hemi-
sphere temporal-parietal regions (supramarginal
gyrus, posterior inferior, and middle temporal
gyri) and a frontal focus in the precentral gyrus.
Further, in contrast to older participants who
demonstrated no negative correlations, decreas-
ing coherence in younger participants correlated
with increasing activity in temporal-parietal
regions including the angular gyrus, anterior
middle, and superior temporal cortex, as well as
posterior cingulate and ventromedial prefrontal
cortex. In individual difference analyses uncor-
rected for comparisons across voxels (explor-
atory analyses), the relationship between
coherence (averaged across the discourse for
each participant) and BOLD signal yielded again
a right hemisphere inferior frontal locus in older
adults (pars triangularis and orbitalis, BAs 45/47
[6]) but a left hemisphere inferior frontal locus in
younger adults (pars triangularis, BA 45 [29]). In
sum, voxel-level whole-brain analyses demon-
strated that producing increased global coherence
during overt responses to prompts increases acti-
vation in bilateral frontal regions in older adults
and decreases activation in temporal-parietal
regions in younger adults.

To provide a broader view of the contribution
of distal but functionally connected brain regions
to discourse coherence, Morales et al. [29] and
Wau et al. [30] examined the relationship between
changes in global discourse and BOLD signal in
the principal connectivity gradient, a network of
brain regions differentiated from other brain net-
works by varying degrees of connectivity simi-
larity (gradient connectivity analysis; cf. [51,
52]). The different brain regions within the prin-
cipal connectivity gradient proceed from primary
sensory and motor regions and move to more
medial and posterior regions involved in abstract
processing, the latter set identified as part of the
default mode network (e.g., middle temporal
gyrus, anterior angular gyrus, and middle and
superior frontal gyri) [53]. Morales et al. [29]
found that greater activation near the gradient’s
primary sensory and motor regions was associ-
ated with greater coherence during discourse pro-
duction, while decreased coherence was
associated with greater activation in regions asso-
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ciated with the default mode network. Wu et al.
conducted similar but exploratory analyses con-
trolling for the contribution of microlinguistic
features of discourse which yielded a generally
similar pattern of results.

Summary and Future Directions

Across the functional neuroimaging studies
reviewed here, three patterns of associations
between functional activity and discourse coher-
ence can be highlighted. First, regions within the
general language network were associated with
global coherence during discourse production,
including left inferior frontal gyrus (LIFG) and
left anterior and posterior temporal cortex. The
LIFG may be responsible for the selection of
semantic content appropriate to maintain the gen-
eral theme when producing discourse (e.g., [54]).
Regions in the left temporal cortex likely support
the conceptual world knowledge representations
we access to generate the overall message we
wish to convey during discourse [55, 56],
although the specific roles of anterior vs. poste-
rior cortex in global coherence need to be
differentiated.

Second, several regions outside the language
network were also associated with global dis-
course. In both younger [3] and older speakers [6,
24], the right inferior frontal gyrus related to
global coherence, although this was not seen in
the other group of younger adults [29, 30]. Future
research should explore whether the RIFG pro-
vides compensatory support when discourse
becomes more difficult. The orbitofrontal regions
may support the organization and sequencing of
discourse (cf. [57]). However, the small sample
sizes of several studies (n’s < 15) [3, 6, 24] sug-
gest future efforts to replicate effects in right
frontal regions with larger samples to understand
whether they are typically involved for both
younger and older adults and how these regions
contribute to global coherence of discourse.

Third, what to make of the default mode net-
work’s increased activation when speakers pro-
duced less globally coherent discourse? The
negative correlation may relate to processes

related to self-monitoring, intrusion of unrelated
thoughts, or difficulties generating a general
schema for discourse [29]. The left angular gyrus
in the parietal lobe may be involved in episodic/
autobiographical memory retrieval (e.g., [58]) or
alternatively semantic events more broadly (e.g.,
[56, 59]). However, other studies also point to a
role of the angular gyrus and posterior temporal
regions in semantic control (e.g., [60, 61]; cf. [62,
63]) in addition to the LIFG, so their roles in the
global coherence of discourse will need to be
more specifically determined, such as in patient
lesion studies or by creating virtual lesions using
for example transcranial magnetic stimulation in
unimpaired speakers (cf. [64]).

Behavioral evidence converges with func-
tional neuroimaging evidence implicating differ-
ential involvement of cognitive and linguistic
processes during discourse production. Healthy
older and younger adults demonstrated signifi-
cant correlations between discourse coherence,
executive function, and semantic skills [50], and
for older adults, a relationship between off-topic
comments and attention problems [65]. In indi-
viduals with mild traumatic brain injury, the
informativeness of narratives related to executive
functioning [66], and for stroke survivors, atten-
tion abilities significantly correlated with global
coherence [67, 68] and completeness of narra-
tives [69]. The ability to rapidly process informa-
tion correlated with global coherence after stroke
[68] and was the strongest predictor of global
coherence scores in a mixed group of individuals
with Parkinson’s disease without dementia and
healthy older adults [70]. Further, certain dis-
course genres lead to differences in macrolin-
guistic processing. For example, producing
personal narratives yielded the lowest overall
global coherence scores compared to single-
picture description and story retell [4], while con-
versation yielded higher informativeness than
either personal or fictional narratives [7].
Macrolinguistic differences may be due to task
differences in cognitive demands (e.g., attention
and retrieval from episodic and long-term mem-
ory) [9] as well as general differences in task
demands. For example, personal narratives tend
to have less clearly established beginnings and
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endings, making them more susceptible to tan-
gential utterances, whereas narratives elicited
from picture descriptions are more predictable
(cf. [4]). Because speaker age and discourse
genre affect the cognitive and linguistic processes
recruited during discourse, future investigations
should experimentally vary in how these differ-
ences affect functional involvement of different
brain regions.

Conclusions

The functional neuroimaging studies reviewed
here point to a network of regions which support
both linguistic and cognitive processes involved
during the production of coherent discourse. This
network involves bilateral frontal cortices, which
contribute to the selection of semantic representa-
tions and the sequencing and organization of dis-
course, while temporal and parietal regions
support semantic representations, retrieval of epi-
sodic memories, and potentially self-monitoring.
However, smaller sample sizes and differences
across studies in subject population age, elicita-
tion methods, and derived discourse properties all
point to a rich path forward to continue to explore
the cognitive and linguistic processes and brain
regions involved when producing discourse.

Major Takeaways

1. Elicitation methods vary in the degree of cog-
nitive and linguistic demands, which affects
the patterns of brain activation observed dur-
ing functional neuroimaging of spoken
discourse.

2. Functional neuroimaging studies which relate
discourse changes with BOLD fMRI used
semantic distribution model-related approaches
to estimate global discourse coherence.

3. The brain regions associated with global
coherence during discourse production
include bilateral frontal cortices, which con-
tribute to the selection of semantic representa-
tions and the sequencing and organization of
discourse, while temporal and parietal regions

support semantic representations, retrieval of
episodic = memories, and  potentially
self-monitoring.

4. Behavioral evidence converges with func-
tional neuroimaging evidence implicating dif-

ferential involvement of cognitive and
linguistic ~ processes  during  discourse
production.

5. Smaller sample sizes and differences across
studies in subject population age, elicitation
methods, and derived discourse properties
suggest multiple research avenues to better
understand the cognitive and linguistic pro-
cesses and brain regions involved when pro-
ducing discourse.
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Gesture production is often impaired in people
with acquired language disorders. In left hemi-
sphere stroke, gesture impairments may affect
the rate of production, type of gesture produced,
and quantity of information transmitted via ges-
ture and speech channels. In right hemisphere
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terns of co-speech gesture production deficits are
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Objectives

(a) To provide a classification of co-speech ges-
tures produced by typical and atypical
populations.

(b) To outline key features of co-speech gestures
produced by patients with acute (stroke) and
chronic (dementia and Parkinson’s disease)
neurological conditions.

(c) To discuss gesture production in clinical
populations within existing theoretical mod-
els of speech-gesture interaction.

(d) To identify key challenges in gesture studies
and make suggestions for future research.

Background

Communication is multimodal: when we talk, we
also gesture. These gestures are time-locked to
speech, and speakers flexibly distribute informa-
tion across speech and gesture channels to
achieve maximum efficiency in information
transmission [1]. Gesture is ubiquitous in human
communication and has been shown to support
language development in children [2] and lan-
guage processing in neurologically healthy adults
[3], yet surprisingly little is known about gesture
production in the presence of acquired language
deficits resulting from neurological damage. In
this chapter, co-speech gestures are defined, and
the features of co-speech gesture production in
people with language impairment caused by
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stroke are described. The far sparser literature on
Alzheimer’s disease, primary progressive apha-
sia, and Parkinson’s disease is also reviewed.
This is followed by the description of two models
of gesture production that account for how speak-
ers can benefit from gesture production. Finally,
challenges facing the field of gesture studies are
considered.

What Are Co-Speech Gestures?

Although multiple gesture classification systems
exist, one of the earliest and most influential
attempts at distinguishing co-speech gestures
from other communicative hand and body move-
ments was proposed by Kendon [4] and elabo-
rated by McNeill [5], who suggested that such
movements comprise a “continuum.” This ranges
from gesticulations at one end—which are inter-
actional in nature and require the presence of
speech to be understood—to sign languages,
which are full linguistic systems independent of
speech. Co-speech gestures, which Kendon origi-
nally termed “language-like gestures,” fall some-
where in the middle: they carry semantic content
and are fully integrated into utterances, but like
gesticulations, their interpretation relies upon the
presence of speech. Co-speech gestures differ
from emblems, which express a conventionalized
meaning within a community (such as the “OK”
or thumbs-up symbols), and full pantomimes (for
example, imitating using a hammer), both of
which do not require speech to be understood.

While Kendon’s continuum is useful in pro-
viding a global overview of manual communica-
tion, it should be noted that there is often no clear
boundary between different gesture categories in
everyday communication: a speaker may move
their index and middle finger back and forth
while talking about cutting a piece of paper (i.e.,
a language-like gesture) and may then use the
same gesture when mimicking the movement of
the blades of scissors without speaking (a panto-
mime gesture).

McNeill subsequently divided Kendon’s
“language-like” gesture category into four sub-
types, termed ‘“‘speech accompanying” (or co-

speech) gestures. These subtypes are iconic,
metaphoric, deictic, and beat gestures [5] and
have largely been studied in typical populations.
Iconic gestures represent a concrete referent
imagistically by manner of movement or shape,
such as depicting “ball” by moving the hands in a
circle to mimic its shape or showing the swinging
movement of a hammer. Metaphoric gestures
typically represent abstract concepts, such as
moving the index finger upwards while talking
about the concept of inflation. Other metaphoric
gestures include number gestures, which indicate
a number on the fingers, and time gestures, which
use space to differentiate between the past and
future, such as using the front of the body to indi-
cate the future and the back to indicate the past
[6]. Iconic and metaphoric gestures may be
depicted from a character viewpoint, where the
speaker depicts an event as though performing it
themselves (such as moving the arms through the
air as though swimming), or from an observer
viewpoint, where the speaker depicts an event as
though seeing it from afar (e.g., moving the fin-
gers back and forth to mimic a person running)
[3, 6].

In neurologically healthy adults, production of
iconic gestures alongside speech facilitates
speech comprehension in listeners, and this effect
persists across the life span [7]. In connected
speech, iconic and metaphoric gestures tend to
precede the words they refer to, allowing for pre-
diction of the following word [8]. Iconic and
metaphoric gestures may also support speakers in
word production; for example, there is evidence
that neurologically healthy adults learn novel
words faster when they are paired with meaning-
ful gestures, and gestures may also support more
effective schematizing of information, particu-
larly spatial information [9, 10].

Deictic gestures are typically points (which
include both points produced with the index
finger and points produced using the thumb, the
whole hand, pointing using an object, etc.) and
may refer to concrete visible referents, such as
pointing to a house while talking about it or
pointing to the self; concrete displaced or
absent referents, such as pointing towards the
door to indicate where someone has gone; or
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abstract referents, such as pointing backwards
to refer to some time period in the past. Deictic
gestures are used to disambiguate speech and to
direct the listener’s attention to a specific refer-
ent [11].

Beats are small, often repetitive up-and-down
hand movements that follow the rhythm of
speech. Unlike the former three categories of
gesture, beats have traditionally been assumed to
carry no semantic content. However, more recent
studies have suggested that beats may carry spa-
tial information; Yap et al., for example, found
that the upwards and downwards timing of beats
correlated with spatial semantics in some utter-
ances, such as saying “The ship sank” with a
time-locked downward beat or “The balloon
went up” with an upward beat [12]. The commu-
nicative purpose of beats is unclear: they may be
used for emphasis or to introduce new informa-
tion [5], as visual markers of lexical stress [13],
or to manage the flow of discourse [14]. In people
with acquired language impairments, there is
some evidence that beats function to regulate the
pace of speech and generate rhythm, similar to a
metronome [15, 16].

In the context of co-speech gesture production
in people with acquired language disorders spe-
cifically, it has been argued that additional ges-
ture types exist, used either to compensate for
impaired speech production or to facilitate word
retrieval [17]. A prime example of this is letter
gestures, where the speaker traces single letters
or strings of letters in the air or on a flat surface
and then “reads” the traced word aloud. Indeed,
De Beer et al. found that letter gestures were
exclusively used by people with poststroke lan-
guage impairment [17]. A second example is
homophone gestures, in which the speaker pro-
duces a gesture indicating a homophone of the
word they want to say, for example by indicating
their wedding ring when trying to retrieve the
word “ring,” as in “I need to ring [telephone] the
doctor” [18].

In total, at least 13 different co-speech gesture
types have been identified (see Table 10.1): refer-

Table 10.1 Summary of identified gesture types

Gesture type | Description

Referential Indicates an absent/displaced concrete
referent [19]

Concrete Indicates a present concrete referent

deictic [5]

Points to self | Indicates the speaker, typically with a
point [6]

Iconic Speaker depicts an event as though

observer observing it from a distance, e.g.,

viewpoint using fingers to indicate someone
running from left to right [5, 6]

Iconic Speaker depicts an event as though

character they are performing it themself, such

viewpoint as moving arms as though swimming
(5. 6]

Pantomime Use of the hand/body to enact a part
in a narrative; may not require speech
to be understood [5]

Metaphoric Represents a (typically abstract)
referent imagistically [5]

Time Uses space to differentiate the past
and future [6]

Beats Small repetitive movements, may
carry spatial content [5, 15, 16]

Emblems Conventionalized meaning within a
community or language group; does
not require speech to be understood,
e.g., thumbs-up or “OK” symbols [4]

Letter Traces individual letters or strings

gestures [20]

Number Indicates a number with the fingers

gestures [20]

Homophone | Indicates a spoken word that is a

gestures homophone to the gestured meaning,
e.g., pointing to a wedding ring to
indicate a “ring” on the telephone
(18]

Note: Adapted from Sekine K, Rose ML. The relationship
of aphasia type and gesture production in people with
aphasia. Am J Speech Lang Pathol. 2013;22(4):662-72

ential; concrete deictic; points to self; iconic
observer viewpoint; iconic character viewpoint;
pantomime; metaphoric; time; beats; emblems;
letter gestures; number gestures; and homophone
gestures. It should be noted, however, that there
is little agreement on how reliably these catego-
ries can be identified and coded, and researchers
vary in how they classify gestures.
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Co-speech Gesture Production
in Neurogenic Populations

Having briefly described categories of gestures
produced by both neurotypical and language-
impaired populations, the focus now turns to the
specifics of how people with acquired language
impairment caused by acute (poststroke aphasia
and right hemisphere damage) and chronic
(Alzheimer’s disease, primary progressive apha-
sia, and Parkinson’s disease) conditions produce
co-speech gestures. Patterns of impairment are
discussed, and areas for further research are
identified.

Poststroke Aphasia

Left hemisphere stroke typically results in apha-
sia, a primary language impairment.! The major-
ity of research into co-speech gesture production
in neurogenic populations is drawn from patients
with poststroke aphasia (PWA). Severity of lan-
guage dysfunction in aphasia varies depending
on lesion size and location and often involves
both expressive and receptive language abilities
[21]. The classical model categorizes aphasia
into subtypes depending on the degree of lan-
guage impairment across three dimensions: flu-
ency of speech, auditory comprehension, and
repetition [22, 23]. This yields eight aphasic vari-
ants: anomic, conduction, transcortical motor,
Broca’s, transcortical sensory, Wernicke’s, trans-
cortical mixed (also known as isolation aphasia),
and global aphasia. The boundaries between vari-
ants are not clear cut, and indeed, it is estimated
that up to a quarter of PWA may present with an
aphasia type that is unclassifiable, although the
classical model remains the most commonly used
system in English-speaking countries [24].

Most research into co-speech gesture produc-
tion in PWA is drawn from studies of individuals
with (relatively) unimpaired auditory compre-
hension (i.e., those with anomic, conduction,

'Other less common causes of aphasia include brain
tumors and epilepsy. Temporary aphasia can also occur
after a transient ischemic attack or “mini-stroke.”

transcortical motor, and Broca’s aphasias under
the classical model) or with Wernicke’s aphasia.
Research into gesture use in PWA with global,
isolation/transcortical mixed, and transcortical
sensory aphasias is sparse.

Evidence suggests that gestures produced by
PWA may vary as a function of aphasia subtype.
In a study of narrative production in PWA with
non-fluent Broca’s and fluent Wernicke’s apha-
sias, Carlomagno and Cristilli found that just as
speaking rate differed significantly between PWA
groups with Broca’s aphasia producing fewer
words per minute, gesture rate also varied,
although in the opposite direction: the Broca’s
group produced more gestures per word than the
Wernicke’s counterparts [25]. However, contrast-
ing results were found by Pritchard et al., who
also included PWA with anomic and conduction
aphasias as well as Wernicke’s and Broca’s in
their sample, with no difference in gesture rate
found between groups [26]. The reason for these
differing findings is unclear, although as both
studies included very small numbers of Broca’s
participants (five and three, respectively), further
research is required to determine if there is indeed
a significant difference in gesture rate between
fluent and non-fluent aphasic groups.

Beyond gesture rate, there is some evidence
that the relative frequency of gesture types used
by PWA differs both from neurologically healthy
adults and indeed within people with different
aphasic variants. PWA with preserved auditory
comprehension and semantic processing (i.e.,
anomic, conduction, transcortical motor, and
Broca’s aphasias) have been found to produce
more iconic and pantomime gestures than do
PWA with other aphasic subtypes. By contrast,
PWA with Wernicke’s aphasia produce relatively
more referential, metaphoric, deictic, and beat
gestures. For example, in an early study of ges-
ture production in unstructured discourse in PWA
of Wernicke’s and Broca’s subtypes, Le May
et al. found that PWA with Wernicke’s aphasia
used significantly more metaphoric gestures
(referred to as “kinetographs™) in unstructured
conversation and picture description tasks than
Broca’s participants, who used significantly more
iconic gestures (referred to as “ideographs”) [27].
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Similar results were found by Sekine and Rose in
a study of 46 PWA in a story retell task, with
Wernicke’s participants found to use significantly
more metaphoric gestures than PWA with other
aphasic subtypes, in particular PWA with Broca’s
aphasia who used more iconic gestures [6].
Speakers with Wernicke’s aphasia have also been
found to produce more gestures per minute
(though not necessarily per word) than other
aphasic groups, but their gestures have been
described as vague and difficult for interlocuters
to interpret, mirroring characteristics of their
speech output [6, 27, 28].

Iconic gesture use in particular has been found
to be more common in PWA with anomic and
Broca’s aphasias during episodes of word-finding
difficulty than during fluent connected speech.
This could be because gestures may have a facili-
tatory effect on lexical retrieval (which will be
discussed in more detail below) or as a compen-
satory measure to replace speech [29]. Akhavan
et al. demonstrated that in PWA with anomic and
Broca’s aphasias of varying severity, iconic ges-
ture use was strongly associated with successful
word retrieval in a story retell task: 88% of epi-
sodes of successful word retrieval were associ-
ated with production of an iconic gesture [30].
However, the vast majority of word-finding epi-
sodes in the sample remained unresolved, sug-
gesting that even if iconic gestures were used,
they were not always facilitatory of lexical
retrieval and were sometimes used to replace
speech. Indeed, this alternative role for gesture
use is supported by evidence that PWA with
Broca’s and transcortical motor aphasias use co-
speech gestures significantly more frequently
alongside production of nonwords and word
truncations, indicating that in at least some cases,
gesture use is a compensatory strategy for
impaired speech production [15].

The broad gesture production patterns for dif-
ferent aphasic variants described in the previous
paragraphs are summarized in Table 10.2.

Unsurprisingly, because the speech modality
is typically impaired in aphasia, evidence sug-
gests that PWA transmit relatively more informa-
tion via the gesture channel compared with
neurologically healthy adults. Rose et al. demon-

Table 10.2 Summary of aphasic subtypes and gesture
production characteristics

Aphasia subtype
Anomic

Key features of gesture production

— Gesture production profile
broadly similar to
neurologically healthy adults
but may produce more iconic
gestures and beat gestures
during episodes of word-
finding difficulty [6, 15, 30].

Broca’s; — Produce significantly more

conduction iconic gestures than
neurologically healthy adults
and people with fluent aphasia
[25,27].

— Produce relatively more iconic,
pantomime, and deictic
gestures than other gesture
types [6, 28].

— May produce more iconic
gestures and beat gestures
during episodes of word-
finding difficulty [15, 30].

— May produce gestures slowly
and haltingly in line with
speech production [31].

Global; — Limited data available, may

transcortical use emblems more frequently

mixed/isolation than other gesture types [32].

Transcortical — Gesture production profile

motor broadly similar to
neurologically healthy adults
[6].

— Produce a high number of
semantically rich gestures [6].

— May use beat gestures to get
the pace of speech and
generate rhythm, particularly
during episodes of word-
finding difficulty [15].

Transcortical — Limited data available.

sensory

Wernicke’s — Use a more restricted range of
gesture types than other
aphasic groups [6].

— Gestures may be vague and
difficult for interlocuters to
interpret [6].

— Use relatively more
metaphoric, referential, deictic,
and beat gestures and relatively
fewer iconic gestures [6, 27].

— Produce fewer iconic gestures
per word than PWA with
Broca’s aphasia [25].

— May produce gestures
relatively rapidly in line with
speech production [31].




138

I. Chick et al.

strated that listener comprehension was greater
when PWA with conduction, Broca’s, transcorti-
cal motor, and anomic aphasias combined speech
and gesture to transmit messages, compared to
when messages were transmitted via speech or
gesture alone [33]. For PWA, gestures may carry
more of the intended meaning relative to speech
than they do for neurologically healthy adults;
Pritchard et al. found that in a procedural dis-
course task, PWA with anomic, conduction,
Wernicke’s, and Broca’s aphasias relied on ges-
tures to convey information absent from speech
to a significantly greater degree than neurologi-
cally healthy adults, presumably because the
speech channel was less available to them,
although it was not clear whether gesture useful-
ness varied between aphasic groups [26]. In turn,
interlocuters also rate gestures produced by PWA
to be essential to the successful transmission of
the message more frequently than they do for
neurologically healthy adults [32, 34, 35]. For
instance, van Nispen et al. found that on average
22% of co-speech gestures (specifically emblems,
deictics, and iconic gestures) produced by PWA
with conduction, transcortical motor, Wernicke’s,
anomic, and Broca’s aphasias of varying severity
were deemed to be essential for successful com-
munication compared with around 5% for neuro-
logically healthy adults, although sample size for
each subtype was small (5-10 per group) [35].
Effective use of the gesture channel does how-
ever appear to be of considerable importance in
successful communication for at least some
PWA.

Limb Apraxia and Communicative
Gesture

A key confound in studies of gesture production
in PWA after stroke (and indeed, in people with
neurological conditions in general) is the pres-
ence and severity of upper limb apraxia. Apraxia
commonly co-occurs with poststroke aphasia and
is characterized by deficits in skilled movements,
which cannot otherwise be explained by motor or
cognitive deficits [36]. There are, broadly speak-

ing, two major types of limb apraxia character-
ized by differing underlying mechanisms, lesion
profiles, and performance patterns, though the
literature is inconsistent. The first type, ideational
or conceptual apraxia, reflects loss of conceptual
information about actions and manipulable
objects. In stroke as well as in the semantic vari-
ant of primary progressive aphasia (discussed in
more detail below), the disorder most often
occurs following damage that includes the left
posterior temporal cortex and temporoparietal
junction. This region is critical for knowledge of
action meaning (“action semantics”) and appear-
ance of gestures associated with manipulable
objects (e.g., what a “hammering” gesture looks
and feels like, or how the hand looks and feels
when using scissors). The second type, produc-
tion or ideomotor apraxia, reflects a deficit in
transforming relatively intact action semantic
knowledge into a motor plan for positioning the
body in space over time. It is most often associ-
ated with damage that includes the frontoparietal
cortex but spares the temporal lobe [37]. Both
subtypes are associated with impaired perfor-
mance on gesture production tasks and are thus
difficult to distinguish behaviorally with most
clinical assessment tools, but ideational apraxia
is additionally characterized by poor perfor-
mance on gesture recognition tasks and poor pro-
duction of both meaningful and meaningless
gestures (i.e., meaning does not benefit gesture
production). A functional-neuroanatomic frame-
work has not, to our knowledge, been applied in
prior studies of communicative gesture in PWA
but may be helpful in making sense of at least
some of the contradictions in the literature.

Early studies of gesture production in PWA
identified impairments in pantomime gesture
imitation, meaningless gesture imitation, and tool
use, leading to suggestions that gesture produc-
tion deficits in PWA may be attributable (at least
partly) to apraxia [38, 39]. However, these stud-
ies did not test the informativeness of gestures
produced by individuals with and without
apraxia, leaving unresolved the question of
whether apraxia influences gestural communica-
tion. Other studies have concluded that apraxia



10 Co-speech Gesture Production in Spoken Discourse Among Speakers with Acquired Language...

139

may indeed affect the comprehensibility of ges-
tures produced by PWA [40]. For example,
Feyereisen et al. reported that although patients
with more severe apraxia used the gestural
modality to communicate more frequently than
patients with less severe apraxia in a referential
communication task, their gestures were more
difficult for interlocuters to comprehend [41].
Similar results were found by Borod et al., who
asked nurses and speech-language pathologists to
rate the spontaneous gestural communication of
patients with apraxia: the more severe the
patient’s apraxic deficit, the less effective their
use of gestures to communicate [42]. More
recently, van Nispen et al. found in a group of
PWA that impairments in the production of
manipulable object use gestures on an apraxia
test were associated with substantial reductions
in the informativeness of gestures in conveying
information to interlocuters [43]. Hogrefe et el.
also demonstrated that impairment on a panto-
mime to command test strongly predicted com-
prehensibility of gestures and weakly predicted
gesture diversity in a story retell task in individu-
als with severe aphasia [44].

Taken together, the literature suggests that
limb apraxia may be associated with reductions
in the communicative content that can be con-
veyed through the gesture channel. Of interest for
future studies will be assessment of whether
apraxia profiles (i.e., and in particular, the status
of semantic knowledge about actions and manip-
ulable objects) mediate this effect. Based on the
prior studies in PWA, it may be the case that
patients whose aphasia is associated with damage
to the middle and posterior temporal lobe (e.g.,
Wernicke’s) will exhibit conceptual (ideational)
apraxia and reduced comprehensibility of the
communicative gestures produced, whereas
patients with non-fluent aphasias (e.g., Broca’s)
and relative preservation of the posterior tempo-
ral lobe will exhibit production (ideomotor)
apraxia and relatively preserved gesture compre-
hensibility. Additionally of interest will be
assessment of whether apraxia profile predicts
the ratio of iconic to metaphoric and other ges-
ture types employed by PWA; based on their loss
of conceptual knowledge of actions and manipu-

lable objects, it might be predicted that individu-
als with ideational apraxia may exhibit reductions
in at least some types of iconic gestures.

Right Hemisphere Damage (RHD)

As the language and praxic control centers in the
brain are usually left lateralized, right hemisphere
stroke does not generally cause a primary lan-
guage or gesture production impairment, but
typically results in prosodic and discourse pro-
cessing deficits in at least 50% of patients [45].
Deficits include monotone speech production,
impaired turn-taking, atypical eye-gaze behav-
iors, and poor comprehension of nonliteral lan-
guage and emotional prosody [46, 47].
Visuospatial processing deficits are also common
[48]. Compared with the literature available on
co-speech gesture production in aphasia, far less
is known about co-speech gesture production
deficits following right hemisphere stroke.

Early case studies suggested that RHD
resulted in an “agestural” presentation in which
patients were unable to express emotional states
through gesture, although imitative pantomime
gesture production was spared [49]. More recent
studies have concluded that people with RHD
produce fewer iconic gestures than neurologi-
cally healthy controls, especially in contexts of
high emotional content [50-52]. Akbiyik et al.
found no difference in overall gesture rates
between people with RHD and neurologically
healthy controls and indeed found that gesture
rate was correlated with overall narrative compe-
tence in this group [53]. Interestingly, some stud-
ies have found that people with RHD show
increased rates of noncommunicative manual
behaviors during interaction, such as self-
touching, scratching, or grooming [52, 54].

To summarize, patients with RHD demon-
strate reduced production of iconic gestures, par-
ticularly alongside speech with higher emotional
content, while their gesture rate is comparable to
that of neurologically healthy adults. Patients
with RHD may also produce a greater number of
noncommunicative hand movements during
speech.
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Gesture Production in Chronic
Neurogenic Populations

In this section, co-speech gesture production in
two other populations of adults with acquired
communication impairment will be briefly
reviewed: dementia (Alzheimer’s disease and pri-
mary progressive aphasia) and Parkinson’s dis-
ease. These conditions are chosen because of
their known impact on verbal communication.
Compared with research into co-speech gesture
production in poststroke aphasia, there have been
relatively few studies of co-speech gesture pro-
duction in progressive neurological conditions.

Gesture Production in Dementia

Communication impairment occurs across a
range of dementia subtypes. We have chosen here
to focus on two in particular: Alzheimer’s dis-
ease, the most common form of dementia, and
primary progressive aphasia, a presentation of
frontotemporal dementia which is characterized
(in the early stages) by selective deficits in lan-
guage processing.

Alzheimer’s disease (AD) is a progressive
neurological condition in which impairments in
memory and learning are the dominant clinical
features. Neural degeneration in AD is diffuse but
usually starts in mesial temporal regions, account-
ing for the early memory deficits typical of the
condition [55]. In later stages, however, global
deficits develop as neural degeneration becomes
more widespread. Speech production impair-
ments have been well studied in AD, and in the
initial stages, significant word retrieval deficits,
circumlocutions, and semantically “empty”
speech (i.e., Wernicke’s aphasia) are often evi-
dent [56, 57]. In late-stage AD, generalized
semantic deficits appear and speech production
decreases and/or becomes distorted; in the very
late stages, people with AD may have minimal or
no speech output at all [58].

In contrast to the relatively well-studied
speech deficits that occur in AD, gesture produc-
tion deficits have received less attention. Upper
limb apraxia is known to occur early in AD but is

particularly evident during late-stage disease [59,
60]. Research into the efficiency of co-speech
gesture production in AD is mixed. Overall rates
of gesture production have been found to be com-
parable between people with moderate AD and
neurologically healthy adults, but gesture infor-
mativeness may be variable [61, 62]. In people
with AD, the evidence suggests that gesture pro-
duction breaks down in parallel with speech, with
gestures devoid of semantic content mirroring
similarly “empty” speech production [63, 64]. In
summary, while overall gesture production fre-
quency is comparable to that of neurologically
healthy adults in at least the early-to-moderate
stages of AD, production of semantically rich
gestures may be impaired alongside the lexico-
semantic deficits seen in speech production in
this population.

Compared to AD, significantly less is known
about gesture production in PPA. PPA is a pre-
sentation of frontotemporal dementia in which
impairment of language processing is the pri-
mary deficit. Currently, three subtypes are recog-
nized: semantic (svPPA), logopenic PPA (IvPPA),
and non-fluent (nfvPPA)? [65], with a fourth type,
mixed PPA, encompassing those whose profiles
do not fit readily into any of the aforementioned
categories [66]. Because neural degeneration is
(initially) localized to the frontal and temporal
lobes in PPA, patients may experience minimal
or no other symptoms for several years. However,
disease progression eventually results in global
dementia and, in some cases of 1VPPA and
nfvPPA, degenerative syndromes involving the
motor system such as corticobasal degeneration
[67].

To our knowledge, there is to date no compre-
hensive analysis of co-speech gesture production
in any subtype of PPA. In a single case study,
Macoir et al. demonstrated that a verb cueing
technique utilizing gesture observation improved
action naming in an individual with svPPA, with

Note that in the literature, multiple terms are used to refer
to each subtype of PPA. svPPA is also known as semantic
dementia and PPA-S; IvPPA is also known as logopenic
progressive aphasia and PPA-L; nfvPPA is also known as
progressive non-fluent aphasia, non-fluent/agrammatic
variant PPA, agrammatic PPA, and PPA-G.
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the treatment effect lasting for at least four weeks
after the intervention. However, the effect of ges-
ture production on action naming was not
assessed [68].

Limb apraxia is common in PPA, occurring in
all three variants, and is associated with decreased
volume of the left anterior inferior parietal cortex
extending into the posterior superior temporal
gyrus [69, 70]. Upper limb apraxia, rigidity, and
extrapyramidal features like those seen in corti-
cobasal syndrome and progressive supranuclear
palsy have been found in patients with more
advanced nfvPPA. In svPPA, loss of semantic
knowledge results in progressive lexico-semantic
deficits in speech production. A single case study
of an individual with svPPA showed evidence of
significantly reduced iconic gesture production
with predominant use of deictics indicating loca-
tion, suggesting a gestural presentation similar to
that seen in poststroke Wernicke’s aphasia [71].
People with svPPA also show increased produc-
tion of conceptual gesture errors (e.g., vague or
unrecognizable gestures), and a recent case series
demonstrated that individuals with svPPA—
unlike IvPPA and nfvPPA—showed reduced ben-
efits of meaning in gesture imitation accuracy,
consistent with conceptual apraxia [72, 73]. In
IvPPA, decreased speech output with phonemic
paraphasias is common, with co-occurring
apraxia and other clinical features reminiscent of
AD [67]. Finally, two further case studies showed
that two people with IvPPA and mixed PPA,
respectively, were able to use gestures as replace-
ments for impaired speech, compensating for
word-finding difficulty [74].

Taken together, it may be hypothesized that
co-speech gesture production in PPA is impaired
along the lines of the deficits seen in speech pro-
duction, as in some studies of people with
AD. However, further research is needed in this
population to confirm this.

Gesture Production in Parkinson’s
Disease

Parkinson’s disease (PD) is a progressive neuro-
logical condition which is regarded as primarily a

disorder of movement, due to the dominance of its
three major clinical features: rigidity, tremor, and
brady-hypokinesia (slowness and reduced ampli-
tude of movement). Impairments in co-speech ges-
ture production in this population have therefore
been assumed to relate to motor deficits. More
recently, however, it has been recognized that cog-
nitive deficits are also present in PD, including
impairments in memory, executive function, atten-
tion, visuospatial processing, and language pro-
cessing [75, 76]. In particular, processing of action
words is impaired in PD, including in early stages
of the disease before significant cognitive impair-
ment is present, one explanation for which is that
people with PD may have a specific action seman-
tics deficit that contributes to production difficul-
ties for action-related language [77].

There is some evidence that the putative action
semantic deficits in patients with PD may differ
from that seen in posterior temporal stroke or
svPPA, in that PD is associated with abnormali-
ties in motor simulation rather than visual seman-
tic feature processing [78]. In one of the few
systematic studies of gesture production in PD,
Humphries et al. found a difference in the spe-
cific type of iconic gestures produced by people
with PD compared to neurologically healthy con-
trols: although overall rates of iconic (as well as
metaphoric and deictic) gesture production did
not differ between groups, people with PD pro-
duced more gestures from a character viewpoint
(i.e., in which the speaker depicts an event as
though they are performing it themselves), com-
pared to healthy controls who described the same
event from an observer viewpoint (in which the
speaker depicts an event as though observing it
from afar) [79]. A possible reason for this finding
is that patients with PD have difficulty mentally
representing performing actions themselves and
need to rely instead on visual information (which
largely relates to extra-personal space) to activate
motor patterns for gestures [79, 80]. In terms of
the rate of gesture production in PD, evidence is
mixed, with some studies finding reduced gesture
rate per 100 words (taking into account the mark-
edly slower speech production rate in PD)
compared with neurologically healthy controls,
and others finding no difference [81-83].
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To summarize, specific gesture production
impairments found in people with PD cannot
solely be attributed to motor symptom severity
and may instead reflect a more subtle deficit in
implicit simulation of motor actions. Reduced
gesture rate has been found in this population,
along with a tendency towards producing action
gestures from a character viewpoint perspective.
However, the frequency of production of iconic,
metaphoric, and deictic gestures mirrors that pro-
duced by neurologically healthy adults overall.

How Are Co-speech Gestures
Integrated with Speech?

To account for the characteristics of gesture pro-
duction in neurogenic populations described
above, this section now turns to cognitive models
that have been proposed to explain how speech
and gestures interact during language production.
Two highly influential psycholinguistic models
are briefly reviewed: the lexical retrieval hypoth-
esis (LRH) [84] and the information packaging
hypothesis [85]. Both models are predicated on
the idea that co-speech gestures have a speaker-
oriented function: for the LRH, this is related to
lexical retrieval, and for the information packag-
ing hypothesis to efficient chunking of informa-
tion. However, the models differ in the point in
time at which they conceive speech and gestures
to interact: according to the LRH, speech and
gestures interact at later stages of word produc-
tion, while the information packaging hypothesis
assumes interaction from the earliest, conceptual
stage.

The Lexical Retrieval Hypothesis
(LRH)

The lexical retrieval hypothesis proposes that the
function of co-speech gestures (referred to in this
model as “lexical gestures”) is to facilitate the
speaker’s lexical retrieval and word production.
Word production is hypothesized to be a nonlin-
ear process in which semantic units (concepts),
lexical units (words), and phonological structure

(phonemes, syllables, etc.) interact multi-
directionally. Activation spreads from the seman-
tic level (conceptualization) to the word level
(lexical selection) and to the phonological level
(phoneme selection), resulting in a state that
enables the word to be articulated [86]. According
to the LRH, gestures interact with speech after
the conceptualization stage and accompany activ-
ity at the level of either lexical selection or pho-
neme selection. Gestures encode spatial
representations that may prime word retrieval, at
least when the content of speech is spatial in
nature. For example, when describing a trip to the
seaside, the speaker activates imagistic mental
representations of the paths taken during the trip.
These mental representations lead to the retrieval
and production of gestures that correspond to
features of the motion along these paths. In turn,
during lexical and phoneme selection, these ges-
tures support the retrieval and articulation of the
corresponding words. Constraining a speaker
from gesturing should therefore result in dysflu-
ent and anomic speech production, particularly
for words with spatial content, because the facili-
tatory effect of gestures on lexical or phoneme
selection is absent [84].

Evidence for the facilitation of word retrieval
by gestures in both neurologically healthy adults
and adults with acquired language impairment is
mixed. In studies of “tip of the tongue” states,
where lexical retrieval failure is typically phono-
logical, preventing neurologically healthy adults
from gesturing significantly reduces the fre-
quency of successful lexical retrieval [87]; neuro-
logically healthy adults have also been found to
produce speech significantly more fluently when
they are permitted to gesture, compared with
when they are constrained from doing so [84].
However, a more recent study by Kisa et al. in
which neurologically healthy adults were pre-
vented from gesturing found no effect of gesture
on fluency or word retrieval in a story retell task,
for words with either concrete (e.g., “The scuba
diver went down”) or metaphoric (e.g., “My opin-
ion of him went up”) spatial content [88].

In populations with acquired language impair-
ment, the picture is equally unclear. In broad
terms, those with primarily phonological deficits
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have been found to benefit from production of
gestures during word retrieval; for those with lan-
guage impairment linked to conceptual or lexico-
semantic deficits, gesture effects on word retrieval
are either absent or inconsistent [89-94]. For
example, in a novel word learning paradigm,
Kroenke et al. found that successful word
retrieval was associated with iconic gesture pro-
duction in PWA, but only those with phonologi-
cal deficits benefited. PWA with impaired
semantic processing did not [95]. Comparable
results were found by Akhavan et al. and Kistner
et al.,, with iconic gestures facilitating word
retrieval for PWA with intact semantic process-
ing in both studies, in a story retell task and in
spontaneous conversation, respectively [30, 96].
This suggests that where gesture is effective in
facilitating lexical retrieval, it does so across
communicative contexts. In contrast, Kong et al.
reported an association between increased ges-
ture use and episodes of word-finding difficulties
in some native Cantonese-speaking PWA, but a
minimal facilitatory effect of iconic gestures on
lexical retrieval. In fact, iconic gestures were
found to play a greater role reinforcing content
already present in speech than in facilitating its
production [97, 98]. Indeed, where gestures do
accompany successful lexical retrieval, this may
not be due to the facilitatory effect of the gestures
themselves: an alternative hypothesis is that lexi-
cal items with stronger conceptual representa-
tions simply give rise to both speech and gestures
[30].

In summary, it is unclear as to what extent ges-
tures may facilitate lexical retrieval. While it is
indeed the case that successful word retrieval
may be accompanied by gestures, this is not uni-
versal. Particularly in neurogenic populations,
alternative functions of gesture, such as its com-
pensatory role in replacing or enhancing verbal
information, should be considered alongside the
possibility that gestures facilitate word retrieval.

Information Packaging Hypothesis

In contrast with the LRH, the information pack-
aging hypothesis assumes that interaction

between speech and gestures occurs from the ear-
liest phase of conceptualization of the message.
According to this hypothesis, gestures help
speakers to organize or “package” spatial infor-
mation via “spatio-motoric” thinking, a method
of information processing distinct from analytic
thinking, in which information is organized hier-
archically into words and phrases. Analytic
thinking is the mode by which speech is pro-
duced, and its templates for speech comprise lin-
guistically specified information, such as
semantic and pragmatic features of words and
how words can be combined into phrases. In con-
trast, spatio-motoric thinking, which underlies
gesture production, relies on information orga-
nized according to action schemas, specifying
how the body interacts with the environment,
both physical and imaginary. When producing
speech and gestures simultaneously, the speaker
therefore has access to two modes of information
processing, which continuously influence each
other during production of the utterance and
enable more effective “packaging” or chunking
of complex information during communication
[85].

Unlike the LRH, the information packaging
hypothesis assumes that speech and gesture are
separate and independent systems, which contin-
ually interact in the service of a common com-
municative goal. The model is compatible with
the production of gestures in the absence of
speech, and with incongruities between speech
and co-speech gestures, both of which occur in
people with acquired communication disorders.
For example, in studies of narrative production in
people with poststroke language impairment,
Dipper et al. and Pritchard et al. both found evi-
dence for a particular gesture-language incongru-
ence in discourse production in PWA: the pairing
of “empty” or “light” verbs (i.e., those that con-
tain minimal semantic information) with seman-
tically rich gestures, such as pairing the verb “go”
with gestures indicating the manner and direction
of movement [26, 99].

To summarize, co-speech gestures are hypoth-
esized to perform speaker-oriented functions dur-
ing discourse, including aiding lexical retrieval
and facilitating effective packaging of communi-
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cative information. Both the LRH and the infor-
mation packaging hypothesis may account for
some findings from the neurogenic communica-
tion disorder literature. However, the models dif-
fer in their respective conceptions of the starting
point of gesture integration with speech: in the
LRH, in line with gesture’s role in facilitating
speech production, gestures interact with speech
at the level of lexical or phoneme selection,
whereas according to the information packaging
hypothesis, gestures and speech bidirectionally
interact from conceptualization of the message.
Further research is required to refine our analyses
of the timepoint at which speech and gestures
interact, and indeed to determine whether and
how this differs between neurologically healthy
speakers and those with acquired communication
impairments.

Challenges in Researching
Co-speech Gesture Production
in Neurogenic Populations

Despite the ubiquitous nature of co-speech ges-
ture production, it will be clear from the review
above that characterizing features of gesture pro-
duction in neurogenic populations is challenging,
particularly in less common conditions such as
PPA. Here, we identify key challenges in con-
ducting gesture research and make suggestions
for future progress.

First, constructing appropriate experimental
methodologies to capture gestures integrated
with speech remains difficult. Neuroimaging
techniques such as fMRI are problematic; gestur-
ing inevitably results in movement artifacts
which affect data analysis, while attempts to
reduce artifacts may result in artificial gesture
environments compromising the ecological
validity of findings [53]. Consequently, much
evidence is based on lesion studies, accounting
for the fact that studies involving people with
poststroke aphasia dominate the gesture produc-
tion literature [100]. However, lesions may be
large and frequently involve multiple brain
regions, making it difficult to identify the precise
neuroanatomical networks subserving gesture

production. This limitation may be overcome
with the use of more recently developed lesion
analysis approaches such as support vector
regression lesion-symptom mapping, in which
behavioral symptoms are related to mapped
lesions across the brain, although these analyses
require large sample sizes [101].

Second, as mentioned above, limb apraxia
remains a major confounding factor in many ges-
ture production studies. Comprehensive assess-
ment of apraxia severity should be incorporated
into background testing for research participants
from clinical populations and, depending on the
research question, may be included in data analy-
sis as a mediating or control variable. Further
research into the effect of apraxia profiles on ges-
ture intelligibility, and how apraxia affects pro-
duction of specific gesture types in clinical
populations, would be beneficial.

Task design is an additional confounding fac-
tor. That task demands affect gesture production
is well known; for example, both neurologically
healthy adults and PWA gesture more frequently
when producing narratives with spatial content
[26, 102], and iconic gestures are more likely to
be produced than other gesture types during pro-
cedural narratives [103]. Gesture production
studies usually elicit gestures using one or at
most two tasks, which may or may not involve
spontaneous face-to-face interaction. It is unclear
whether such studies accurately capture how peo-
ple with acquired communication disorders ges-
ture in daily life [104]. Ideally, gesture production
studies should assess gesture performance across
a range of elicitation tasks including naturalistic
conversation.

As communication involves at least two peo-
ple, the use of confederates in study design can
also be problematic unless their behaviors are
specifically accounted for in data analysis. A
speaker will flexibly adapt their communication
to the audience, providing more or less informa-
tion across speech and gesture channels based on
the common ground between them [105]. People
with acquired neurological conditions also do
this: patients with hippocampal amnesia use ges-
tures more frequently when describing proce-
dural narratives to children than to adult listeners,



10 Co-speech Gesture Production in Spoken Discourse Among Speakers with Acquired Language...

and PWA use more iconic gestures when interact-
ing with unfamiliar listeners than with familiar
listeners [96, 106]. Both the confederate and par-
ticipant may therefore adapt their communication
styles to each other, resulting in an artificial inter-
action. In studies where the researcher is interact-
ing directly with the patient, they will inevitably
be familiar with the experimental manipulations
and predictions involved and may engage in
unintentional “microbehaviors” that influence
participant performance [104]. As a result, it may
be necessary to elicit gesture production across
multiple contexts and with a variety of familiar
and unfamiliar interlocuters.

Lastly, gesture coding is typically inconsistent
between studies. No single system for coding the
form and function of gestures exists, and
researchers use varying definitions for gesture
types. As a result, conclusions are not necessarily
generalizable across studies, particularly if
experimental tasks also differ. Using computer
software packages and advanced machine learn-
ing techniques may help to reduce inconsistency.
Programs like ANVIL and ELAN enable detailed
frame-by-frame gesture annotation, and tools
such as OpenPose employ machine learning to
semiautomatically code gestures, reducing the
time-consuming task of manual coding [107-
109]. Finally, unified gesture coding systems
such as the MultiModal MultiDimensional (M3D)
labeling system are in development, which can be
used to flexibly code gestures across both neuro-
logically healthy adults and patient groups,
including traditional categorical coding of ges-
ture types and enabling continuous coding of
gesture speed and trajectory [110]. Consistently
employing these technologies has the potential to
significantly improve our understanding of ges-
ture production in a range of neurogenic
populations.

The challenges described above notwithstand-
ing, greater insight into impairment patterns and
the neural substrates underlying gesture produc-
tion could have important benefits for neuroreha-
bilitation. Gesture production is an integral part of
certain therapy programs for improving communi-
cation in patients with acquired language disor-
ders, such as gestural facilitation of naming,
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Promoting Aphasics’ Communicative
Effectiveness (PACE), and Multi-Modality

Aphasia Therapy (M-MAT) [92, 111, 112]. In con-
trast, other therapy programs specifically restrict
the use of gesture (e.g., constraint-induced aphasia
therapy) [113]. Recent comparative studies sug-
gest that both approaches may be effective in
improving communication, in at least some
patients [114-116]. However, there remain signifi-
cant individual differences in treatment response,
and there is currently limited understanding of
behavioral and lesion markers to identify and pre-
dict which patients are likely to derive greater ben-
efit from a particular treatment pathway [116].
Identifying these markers has the potential for sig-
nificant impact on patient quality of life and should
be a primary focus of research moving forward.

Major Takeaways

1. Co-speech gesture production deficits are
commonly observed in populations with
acquired language impairments.

2. Patterns of impairment are heterogenous and
poorly understood, particularly in progressive
neurological conditions.

3. Multiple barriers exist in developing a com-
prehensive understanding of gesture impair-
ments in acquired neurological conditions.

4. Improving experimental design and develop-
ing unified gesture coding methods may help
to reduce inconsistencies.
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Introduction

Multilingual people who acquire aphasia due to
brain damage challenge monolingual-based clin-
ical practices and scientific investigations. In this
chapter, the characteristics of discourse produc-
tion in multilingual people with aphasia (MPWA)
and the value of using discourse production in the
assessment of their languages will be discussed.
It will start with a brief overview of the manifes-
tation of aphasia in multilingual people, followed
by a discussion of the challenges of assessing
language and communication impairments in
multiple languages. A brief introduction to dis-
course analysis as a measure that captures com-
munication strengths and weaknesses in aphasia
in multilingual people will then be given, sum-
marizing results from recent studies. After argu-
ing for the usefulness of assessing discourse
production in all languages relevant to the person
with aphasia, the chapter will conclude with ave-
nues for future study.

Aphasia

Aphasia is an acquired language disorder, result-
ing from brain damage due to stroke, tumor, or
degenerative disease. The profile of the acquired
impairment varies across individuals in terms of
severity and scope. For example, people with
mild aphasia can engage in meaningful commu-
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nicative exchanges despite their word-finding
difficulty and reduced ability to comprehend
multiple-person conversations, whereas people
with severe aphasia can struggle to produce
simple phrases and sentences, experience notable
word-finding difficulties, and have difficulties
comprehending spoken language and engaging in
a conversation. Different aphasia profiles are
associated with differential or comparable diffi-
culty in language production versus language
comprehension, and in the degree to which the
linguistic impairment hinders functional commu-
nication [1].

When aphasia is experienced by multilingual
people—individuals who use more than one lan-
guage to communicate—it can affect all of their
languages. Research reports on multilingual peo-
ple who have aphasia demonstrate that in many,
albeit not all cases, parallel impairments are evi-
dent in the languages of the multilingual person
[2-4]. A couple of definitions are in order here.
The term multilingualism encompasses people
who have high proficiency in both or all their lan-
guages, as well as those who have different levels
of proficiency in one—their dominant lan-
guage—than in the other language(s) they use.
Some multilingual people acquire all their lan-
guages simultaneously, from an early age, and for
some—as in sequential multilingualism—there
is one first language, the one acquired from birth,
and other languages are learned in later child-
hood or in adulthood [5]. According to Grosjean,
multilingual people are those who use more than
one language to communicate, regardless of their
proficiency levels [6].

The term parallel impairments refers to the
relationship between the impairment observed
post-onset relative to the abilities (reported) pre-
onset [3, 7]. The literature has seen a lively dis-
cussion regarding the question of whether parallel
levels of impairments and recovery in aphasia are
the norm rather than the exception, and, when
non-parallel patterns are observed, what vari-
ables determine which language will be better
spared and better recovered [2, 8]. At least three
factors often interact here—the age (and manner)
of the language learning, the proficiency achieved
in each language, and the degree that each lan-

guage is used throughout the life of the individual
and at the time of the aphasia onset [7]. For
example, many people with aphasia demonstrate
better post-onset abilities in their earlier acquired
language(s) [8, 9], but if a later learned language
becomes the one most used post-onset, its perfor-
mance can surpass that of an early acquired one
[10, 11]. Furthermore, languages that are not
used much post-onset may undergo attrition
which will compound the effects of the aphasia
[12].

Critical to this line of research is the method in
which the abilities of each language are assessed.
Assessment in MPWA is challenging not only for
theoretically driven investigations but also in the
clinic. Challenges include potential confounds
associated with the procedure of administrating
the assessment (e.g., establishing a language
mode, administering the assessment by monolin-
gual vs. multilingual examiners) and those asso-
ciated with using comparable tests in all the
languages assessed [13].

Assuring comparable materials across lan-
guages has been an ongoing effort in the field.
One of the most used assessment tests designed
specifically for assessing MPWA is the Bilingual
Aphasia Test (BAT) [14]. The BAT, a comprehen-
sive assessment of word, sentence, and paragraph
level production and comprehension tasks is
available in over 70 languages. The different lan-
guage versions are constructed to be comparable
in the range of abilities they test and in levels of
difficulty within the subtests. However, the valid-
ity of the BAT and all its versions has not been
established and the contribution of proficiency
versus aphasia to the observed performance in
each language is difficult to disentangle [15, 16].
Furthermore, certain aspects of syntax and mor-
phology, verb retrieval, and detailed analysis of
connected language production are not suffi-
ciently included in the test [17, 18]. Another
available tool is the Comprehensive Aphasia Test
(CAT), which was developed in English while
taking into account psycholinguistic and psycho-
metrics properties. The CAT has been adapted to
multiple additional languages, taking into
account language-specific characteristics [19,
20]. Here, too, careful construction of the differ-
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ent language versions of the test is a strength, but
these versions were developed and normative
data were collected by and large from monolin-
gual speakers of each language. Multilingual
individuals’ familiarity with specific items, pic-
ture stimuli, and structures is difficult to estab-
lish. Furthermore, the functional communication
consequences are difficult to appraise on the
basis of the standardized assessment, a challenge
for many aphasia batteries and tests.

Indeed, a key question in the presence of
aphasia is the degree to which the linguistic defi-
cits affect daily communication. People with
aphasia experience difficulty using language to
tell their stories and engage in meaningful con-
versations. This difficulty is related to the degree
of the aphasia severity and to the specific aphasia
profile, and varies across individuals. The use of
discourse—language beyond single words and
sentences—is fundamental to communication:
We tell each other what happened to us, what we
saw or heard happened to others, what we plan to
do in the future, etc. Effective, informative dis-
course contains well-formed sentences that are
organized in a coherent manner and are tied to
each other. Impairments of any number of lin-
guistic aspects will contribute to difficulty com-
municating via discourse production.

Discourse Production in Aphasia

The ubiquitous word-level measures and inter-
ventions in aphasia, while informative, have their
limits. In assessment, performance at the word
level and at the discourse level do not always
align, with some persons with aphasia (PWA)
performing better at single-word retrieval tasks
and others at connected language production
tasks [21]. Moreover, generalization from single
word performance to discourse level performance
following intervention has proven difficult to
achieve [22, 23]. If the goal is to understand
discourse-level impairment and to affect
discourse-level improvement, discourse needs to
be targeted directly.

Impairments of discourse production in apha-
sia may include reduced overall output, reduced

variety of words used, incomplete or ungram-
matical sentences, reduced cohesion and coher-
ence, reduced complexity, and presence of
dysfluencies, including pausing, rephrasing, and
abandoned utterances [24, 25]. Increased atten-
tion has been given in the aphasia literature to the
analysis of discourse and the specific outcome
measures used [25-30]. As these review papers
reveal, great variability characterizes the mea-
sures reported across studies that focus on dis-
course production. For example, in their review,
Bryant et al. [24] found a variety of elicitation
methods and of linguistic analysis measures. The
review, which included 175 studies, found over
50 different individual measures and little agree-
ment across studies. Several recent studies have
attempted to provide psychometric information
and validation to a subset of such outcome mea-
sures [25, 31]. The measures that have received
much attention as well as validation span micro-
analyses of words and sentences and macroanal-
yses of coherence and content. These include, for
example, lexical measures (e.g., lexical diver-
sity), syntactic measures (e.g., sentence complex-
ity and grammaticality), coherence measures
(e.g., local and global coherence), measures of
productivity (e.g., total number of words and
total number of content units), and measures of
dysfluency (e.g., pauses, reformulations, and
mazes) [24, 32-34].

Scholars have recognized not only the impor-
tance of measuring discourse-level performance
in aphasia but also of targeting it directly in apha-
sia treatment. As well, the use of discourse pro-
duction as a measure of treatment outcome has
become more common as researchers and clini-
cians have emphasized the importance of aphasia
treatment generalization to functional language
outcomes. A recent review of discourse-level
aphasia treatment demonstrates the plethora of
studies that have employed discourse-based treat-
ment and discourse-based measurements [28]. At
the focus of the review was script training—an
intervention that comprises repeated production
of discourse tailored to the interest, needs, and
level of impairment of the individual [35].

Whereas the analysis of discourse in aphasia
has been explored primarily in English, addi-
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tional languages have been investigated, includ-
ing Cantonese [36], Japanese [37], Norwegian,
and Italian, among others [29, 38]. Cross-
linguistic differences can affect the analyses of
specific micro- and macrostructures of discourse,
as languages vary in how, for example, they mark
cohesion between sentences, their use of verb
morphology, and in their anaphora use. For PWA
who are users of more than one language, assess-
ing discourse performance in all languages, for
the purpose of assessing aphasia severity as well
as for the purpose of measuring treatment gener-
alization within- and across-languages, is critical,
although challenging. The next section will dis-
cuss in detail the study of discourse production in
MPWA.

Eliciting and Analyzing Discourse
Production in MPWA

In addition to selecting the outcome measures
which best reflect the degree of impaired and
spared communication abilities in aphasia, three
considerations unique to the discourse produced in
the multiple languages of MPWA need attention.
One is the common practice of multilingual people
to mix elements from more than one language in
their language production; another is the presence
of cross-linguistic influences; and, finally, the
challenge of dissociating characteristics of the dis-
course production that are related to the aphasia
versus to language proficiency levels prior to and
following the aphasia onset. These considerations
are addressed through examples from the litera-
ture. The relatively few existing studies that focus
on discourse production in MPWA illustrate these
three considerations and demonstrate the impor-
tance of including discourse production as a mea-
sure of communication abilities in aphasia and as
an outcome measure to evaluate treatment efficacy
[32,3941].

Consider the study of Neumann et al. [39],
which analyzed several aspects of discourse pro-
duction in each of the two languages of their
bilingual participant. Neumann and colleagues
elicited narratives from a Yiddish-English bilin-

gual participant with moderate stroke-induced
non-fluent aphasia and focused their analysis on
sentence grammaticality and complexity, the use
of discourse markers, and language mixing. The
narratives were elicited in each language sepa-
rately, using cue words (e.g., “custom,” “acci-
dent”). The authors found that the participant
produced longer narratives in his first language
(L1, Yiddish) than in his early acquired second
language (L2, English), and that more of his sen-
tences were grammatical in L1 than in L2. This
was consistent with his better performance in L1
on several of the BAT subtests (e.g., following
complex commands; derivational morphology).
In contrast, language mixing was more frequent
during narrative production in L1 than in L2,
contrary to the authors’ prediction. The direction
of language mixing observed, however, is consis-
tent with the participant’s report of using primar-
ily English since the aphasia onset. The study
demonstrates the importance of examining fre-
quency and direction of language mixing in con-
nected language production and the potential
dissociation between measures of specific lin-
guistic impairments and communication abilities.
The topic of language mixing is addressed fur-
ther below.

Another study that demonstrates the unique
contribution of analyzing discourse reports on a
bilingual participant with progressive aphasia
[18]. The authors elicited and analyzed data from
an English-Norwegian bilingual person with the
logopenic variant of primary progress aphasia
(PPA). The connected language production was
elicited with a picture sequence description task
(from the BAT), an autobiographical interview,
and during small talk before and after the formal
testing tasks in each language. The authors noted
the participant’s ability to engage in conversa-
tion, especially in his L1, despite marked word
finding difficulties observed during picture nam-
ing. The difference between the single word tasks
and the connect language production was espe-
cially true for the conversation assessment, dur-
ing which the interlocutor could play an active
part in the communication exchange. Of note, in
most studies that report on discourse production
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in MPWA, elicited narratives—monologues—
are utilized. Monologues may be easier to score
than dialogues on a variety of linguistic measures,
but dialogues may be more reflective of real-life
communication [42, 43]. A recent review of the
use of conversation as an outcome measure in
aphasia revealed great variability in the way con-
versations with PWA were analyzed [44].

Several studies in the growing literature on
treatment effects following intervention with
MPWA included in their outcome measures elic-
ited language production [32, 38, 40, 45]. For
example, three studies, each reporting on
treatment-related changes in a multilingual per-
son, focused on the connected language produc-
tion measures and demonstrated the contribution
of measuring discourse production to language
intervention outcomes in aphasia [32, 40, 45]. In
one, Lerman et al. [40] used a comprehensive
battery of tests at the word, sentence, and dis-
course levels to examine language production in
their Hebrew-English speaking participant with
mild-moderate non-fluent stroke-induced apha-
sia. The participant was assessed in each lan-
guage and then administered 36 hours of
intervention in his L2 English, targeting his word
retrieval and sentence production. Following
intervention, the authors observed improved per-
formance in the treated language, English, on
measures of word retrieval including object and
action picture naming and sentence generation.
Improved performance was noted in the untreated
language, L1 Hebrew, only in the discourse mea-
sures (picture sequence description, elicited nar-
ratives). The study demonstrates that skipping
the discourse-level measures would have resulted
in a partially inaccurate profile of the treatment
outcomes.

A similar conclusion was reached by Altman
et al. [32] who studied a Hebrew-English-French
trilingual person with mild aphasia. Here, too,
intervention was administered in L2 English, and
assessment was conducted in all three languages
with a variety of measures. Whereas minimal
change was observed in the participant’s L1 on
several tasks following treatment in L2, discourse
analysis revealed positive response to treatment

in L1 as well. The importance of including dis-
course measures may be especially true for the
less-impaired language in MPWA. In a treatment
study that focused on discourse-level treatment,
Grasso and colleagues [45] administered a com-
puterized version of script training in each of the
two languages of a Spanish-English bilingual
person with stroke-induced aphasia. The authors
measured accuracy of script words, grammatical
errors, speech rate, and intelligibility in trained
and untrained scripts and found improvement in
all measures in the trained scripts in each lan-
guage, and little generalization to untrained
scripts. They also found improvement of perfor-
mance on the trained scripts when tested in the
non-treated language (cross-language
generalization).

In the studies described above, discourse was
used as an outcome measure and the productions
obtained by the participants were coded for a
number of variables. In some studies, language
mixing was also coded (e.g., counting the num-
ber of words produced in the non-target language
[35]). The topic of language mixing has been at
the core of several investigations with MPWA
[46, 47]. One recent study specifically examined
language mixing in discourse production in
MPWA [46]. The participants, 11 multilingual
individuals of varied language background and
aphasia severity, each produced discourse in
response to picture sequences and narrative
prompts. The authors found that the frequency of
language mixing was related to the severity of the
aphasia generally as well as to the degree of rela-
tive impairment in each of the languages of the
participants. Namely, greater language mixing
was observed for individuals with more severe
compared to milder aphasia, and mixing ele-
ments from a less impaired language was more
common than mixing elements from the more
impaired language. The more common mixed
word type was nouns (e.g., using the English
word “airplane” while telling a story in Spanish),
as has been found for neurotypical multilingual
speakers and for PWA in earlier studies [48, 49].
Other common word types include verbs (e.g.,
using “argue” in English while describing a pic-
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ture in Hebrew) and discourse markers (such as
“s0”).

Typically, analyses of discourse produced by
MPWA treat each language, elicited separately,
as the target language. Words and phrases from
the non-target language are not counted toward
correct content units, or in measures of sentence
completeness and discourse coherence. Counting
the relevant content and function words in each
language separately likely results in more
impaired performance as compared to when
counting all elements from either language [50].
Considering elements from all language is akin
to the conceptual scoring reported for bilingual
children, who typically score better when words
they demonstrated knowing in any one of their
languages are counted toward their vocabulary
knowledge [51]. Moreover, many multilingual
speakers habitually mix elements from their
complete linguistic repertoire rather than use
only one language when speaking to interlocu-
tors who use the same languages. Therefore, it
may be that not only scoring, but also eliciting
mixed language discourse during testing—
approximating what is common for the MPWA in
their daily communicative interactions—may be
a more ecologically valid approach than eliciting
discourse in each language separately [52].

One study with MPWA directly compared the
discourse production elicited when the partici-
pants were told they were telling the story to a
monolingual person and when they were told
they were speaking with a bilingual person [49].
The findings suggest that the MPWA were sensi-
tive to the communicative situation, and mixed
their languages more when it was pragmatically
appropriate than when they were attempting to
speak to a monolingual interlocutor. The study
did not find that the narratives produced in the
bilingual conditions were superior to those pro-
duced in the monolingual condition in terms of
measures such as total number of words pro-
duced, number of dysfluencies, and coherence.

Two related phenomena that can affect the
analysis of discourse data are cross-linguistic
influences in the production of MPWA, and
aspects of the discourse that may be attributed to
a less than complete mastery of the language

rather than to the aphasia. Both are rather diffi-
cult to identify when measuring lexical diversity,
grammaticality, and dysfluency measures of the
connected language production. For example,
sentences with verb agreement errors are com-
mon in the production of both people with apha-
sia and second language users. As well,
word-finding difficulties during connected lan-
guage production are a hallmark in aphasia but
are also typical of second language users and of
language attrition, and what may be coded as
semantic paraphasia could also be word choice
influenced by the multilingual’s other language
[12, 41]. Existing measures of discourse for
aphasia do not include those aspects of analysis
needed for MPWA.

Future Directions: Discourse
Analysis as an Alternative
to Standardized Testing in MPWA

With increasing attention to ecologically valid
assessment and intervention in aphasia and to
PWA’s wellbeing, the need to assess all the lan-
guages that are relevant to an MPWA is no longer
controversial. To overcome many of the chal-
lenges associated with the administration of stan-
dardized tests to assess MPWA’s multiple
languages, and to examine functional aspects of
communication, discourse production measures
emerge as an excellent choice. Validation studies
for a number of the outcome measures that can be
extracted from discourse production help make
the process of discourse analysis increasingly
more standardized. Additional research studies
are needed to assure that these measures can be
used comparably across multiple languages.
Phenomena that are specific to the discourse
production of MPWA include language mixing,
that is, the use of elements from the complete lin-
guistic repertoire of the multilingual person
rather than from one language at a time [53].
Conceptualizing language mixing as the norm is
at the core of the translanguaging approach to
multilingualism, which encourages multilingual
people to use their complete linguistic repertoire
in various communication situations. Similarly,
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for multilingual people with aphasia who com-
municate with other multilingual people, there is
little reason to restrict discourse production to
one language or to separate the languages in the
analysis. Studies that examine assessment and
treatment procedures that encourage the use of
multiple languages by MPWA are needed, to
establish administration and analysis protocols.
Additionally, multilingual people experience
cross-language influences that can affect how
they use each of their languages and can mistak-
enly be taken as errors if considered from a
monolingual-centric view.

Finally, pre-onset language proficiencies can
affect all aspects of language abilities as observed
post the aphasia onset and can be challenging to
dissociate [12]. This is true for all levels of lan-
guage production, including discourse. Taking into
account a detailed language background history
from MPWA can help disentangle the influence of
pre-onset proficiency levels and of the acquired
aphasia on performance. Additional research stud-
ies will help generate strategies for dissociating
proficiency-related versus aphasia-related aspects
of performance in aphasia. Finally, further research
studies that examine discourse production of
MPWA in naturalistic settings while language mix-
ing is not discouraged will help generate ecologi-
cally valid data on mixing phenomena in MPWA.

Major Takeaways

1. Assessing conversation abilities and impair-
ments in multilingual people with aphasia is a
viable alternative to standardized testing.

2. Considering responses in all languages rather
than separately in each language is helpful in
assessing communication abilities in multilin-
gual people with aphasia.

3. Translanguaging can be a useful framework in
eliciting and analyzing discourse production
in multilingual people with aphasia.

4. Multilingualism-related phenomena include
language mixing, cross-linguistic influences,
and pre-onset proficiency-related performance
differences.
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It has long been acknowledged that there is a mis-
match between the outcomes that individuals
with aphasia desire, and the outcomes most com-
monly targeted in research and therapy. Discourse
ability better matches the desired outcomes of
people with aphasia to re-engage in meaningful
conversation and relationships. However, several
barriers exist to implementing discourse analysis
in clinical practice including lack of time for
training and implementation and lack of psycho-
metrically validated measures. Researchers have
begun to address these barriers, and there are now
several measures that may be clinically feasible.

Objectives

(a) To provide an overview of potentially tran-
scriptionless discourse analysis measures.

(b) To highlight psychometric data for the
reviewed measures.

(c) To provide an overview of potential uses of
measures in stroke-induced aphasia.

(d) To provide an overview of potential uses of
measures in progressive aphasia.
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e-mail: sarahgrace.dalton @marquette.edu

J. D. Richardson
Department of Speech and Hearing Sciences,
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Background

Boyle [1] outlined a procedure (see Table 1 in
Boyle [1]) by which clinicians could more effec-
tively determine the most appropriate methods,
procedures, and analyses to use when measuring
their clients’ discourse. She asserts that one must
have a clear goal for their analyses, and that they
must be aware of both the strengths and weak-
nesses of various measures to utilize them appro-
priately. This chapter will serve as a resource that
will help to answer one of the questions Boyle
poses in her procedure, namely “Can you imple-
ment the outcome measure in your workplace?”
by addressing a major consideration for clinical
utility—transcription of discourse [1].
Transcription allows for the precise and thor-
ough quantification of discourse behaviors of
interest and is therefore attractive to many, espe-
cially within the research community. However,
transcription is generally not clinically feasible,
given high productivity requirements and casel-
oads in many clinical settings. Therefore, dis-
course measures that can be analyzed with no or
minimal transcription will be the focus of this
chapter. For each measure, key research evi-
dence, including availability of materials, train-
ing, and psychometric data for both stable and
progressive aphasia will be highlighted. More
complex measures available at more advanced
levels of transcription, which may be valuable in
specific settings or under unique circumstances
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will also be briefly reviewed. Finally, a discus-
sion with some recent advances that should facil-
itate increased utilization of discourse analysis in
clinical settings is given, with a highlight on what
problems still need to be addressed in order to
truly make clinical discourse analysis feasible at
all levels.

No Transcription

The least effortful option to analyze a discourse
sample is to use measures that do not require
transcription. This option is often preferred in
clinical practice due to limited time for assess-
ment and clinical documentation.

Perceptual Measures

Recent surveys indicate that most speech-
language pathologists (SLPs) who conduct dis-
course assessment rely on their perceptions to
determine the quality of discourse production
[2-4]. Some SLPs use formal, standardized
scales while others rely on informal impressions.
In this section, research findings regarding per-
ceptual measures, in particular listener judgments
or ratings will be reviewed. In our opinion, these
are ecologically valid discourse measures since
communication partners’ perceptions of an indi-
vidual’s language will affect if/how they engage.
Similarly, if communication partners do not per-
ceive changes in communication following ther-
apy, we must consider whether we are targeting
the most appropriate behaviors. Given such eco-
logical validity, there is a large body of work on
this topic. While it is outside the scope of the
chapter to systematically review it, key studies to
illustrate potential uses of listener judgments in
clinical practice will be highlighted. Discussion
of rating scales such as those available on aphasia
assessments (e.g., Western Aphasia Battery
[WAB-R] [5]) are not included since readers may
be more familiar with these scales.

Listener Judgments of Discourse

Many studies using listener judgments of dis-
course are descriptive in nature [6—15]. These
studies have typically investigated differences in
listener judgments between healthy controls and
persons with aphasia (PWAs) [6-8] or between
different groups of PWAs [9, 10]. Listeners have
been asked to rate aspects such as content and
clarity of procedural [7] and narrative [8] dis-
course; coherence and clarity of personal narra-
tives [12]; or ease of understanding, speaker
enjoyment, believability, and whether the story
was interesting [6]. Ulatowska, Olness, and col-
leagues have examined differences in discourse
production between African American individu-
als with and without aphasia [13], between
African American and Caucasian individuals
[14], and have examined relationships between
discourse production and performance on stan-
dardized aphasia assessments for African
Americans with aphasia [15]. Across these differ-
ent types of investigations, listener judgments
have demonstrated good sensitivity, consistently
identifying differences between controls and
PWAG, different features of aphasia, and dialectal
differences in discourse and its relationship to
standardized testing.

Several studies have used listener judgments
to identify potential changes in response to treat-
ment [16-20]. The rationale for this is that lis-
tener perceptions of change should have good
ecological validity—if a potential communica-
tion partner rates post-treatment discourse sam-
ples higher than pre-treatment samples they may
be more likely to engage in conversation with the
individual with aphasia or may find communica-
tion easier. Hickey and Rondeau [19] demon-
strated that individuals with varying levels of
knowledge of aphasia are sensitive to changes in
discourse following treatment, and that raters
with no experience or knowledge of aphasia had
lower initial ratings than those with more experi-
ence, but that post-treatment ratings were similar
to those with more experience. From this, the
authors suggest that studies of social validity may
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have greater power when inexperienced raters are
used. Cupit and colleagues [18] demonstrated
that changes in ratings for both naive and experi-
enced raters were only present in individuals who
had completed therapy, further highlighting the
validity of listener ratings for evaluating treat-
ment change. Ratings used in these studies are
similar to those used in descriptive studies (e.g.,
coherence, informativeness, clarity).

Qualitative Ratings of Discourse

in Primary Progressive Aphasia (PPA)

In comparison to the body of literature on listener
ratings in stroke-induced aphasia, there is rela-
tively little research on perceptual and/or listener
ratings in primary progressive aphasia (PPA).
Pattee and colleagues [21] investigated the impact
of two augmentative and alternative communica-
tion interventions (AAC; American Sign
Language and speech generating device use) on
discourse informativeness. They demonstrated
that inexperienced raters who read transcripts of
discourse samples rated almost all post-treatment
samples as more informative than pre-treatment
samples, across both conditions. Similarly,
Rebstock and Wallace [22] demonstrated that lis-
teners were better able to identify communicative
attempts following a treatment which included
semantic feature analysis and multimodal com-
munication strategies. Qualitative ratings of lis-
tener perceptions may be a powerful method for
ensuring that treatment targets functional com-
munication outcomes, which is particularly criti-
cal for this population of individuals with
progressive language impairment. Additional
research is needed to determine the validity of
listener judgments (and perceptual ratings) for
persons with PPA (PwPPAs).

General Considerations

A common characteristic of studies for listener
ratings is the varying methodology and focus of
ratings. Many of the studies do not provide the
rating response form for replication or use by
other clinicians and researchers. More recently,
the Discourse Rating Scale for Aphasia (DRSA)
[23] was created to elicit listener ratings of
discourse-specific behaviors. It includes items

related to high-level discourse features such as
completeness and relevance, as well as items
seen on other perceptual ratings scales, such as
grammar, word-finding difficulties, and parapha-
sias. A unique characteristic of the DRSA is that
there are two versions available, one for the lis-
tener, and one for the individual with aphasia.
Navarro [23] reports good construct validity of
the DRSA, with correlations observed between
the DRSA and several standardized aphasia
assessments. However, the DRSA currently has
limited psychometric data available with respect
to reliability or validity (other than construct
validity) and could benefit from expansion to
include additional macrostructural ratings.

Perceptual and listener ratings provide a refer-
ence or metric of discourse abilities that can be
easily communicated with clinicians, patients,
and other support communities. These analyses
generally have good face and ecological validity,
but the limited scope of rating scales and listener
judgments may lead to a lack of specificity or
detail needed for treatment planning, goal set-
ting, and prognosis. For example, two individuals
could receive low informativeness ratings, but
severe non-fluent aphasia limits verbal output in
one individual, while logorrhea and semantic jar-
gon render the discourse incomprehensible in the
other individual. On a rating scale these individu-
als might present similarly but would require sig-
nificantly  different ~management. Careful
consideration of the information needed from the
discourse analysis should inform selection of
perceptual rating scales or features for listener
judgments. Further information regarding the
psychometrics of specific, standardized rating
scales are needed to increase the utility of this
analytic approach.

Finally, considerations should be given to the
method of rating. The studies discussed above
use a variety of rating measures, from discrete
Likert scales (i.e., rating 1-5, with no midpoints)
to visual analog and anchor-based measures (i.e.,
marking a line with or without endpoints such as
1-100 or “clear”—"“unclear”), where generally an
example is provided, and then all other ratings
are completed in relation to that example (either
better than or worse than). It is important to
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consider the strengths and weaknesses of various
rating methodologies when choosing how indi-
viduals will record their ratings.

Quantitative Measures

Core Lexicon Analysis

The core lexicon analysis (CoreLex) [24, 25]
developed out of investigations aimed at under-
standing the vocabulary used by PWAs, and how
that is compared to peers without language
impairments [26-29]. A core lexicon is the set of
lexical items most frequently used by healthy
controls when producing a structured discourse
(e.g., story retell, picture scene/sequence descrip-
tion, procedure) [25, 30]. CoreLex measures the
typicality of words used to produce a structured
discourse task, in comparison to the word choice
of adults without language impairment, provid-
ing insights into lexical retrieval (including for
specific parts of speech). Some CoreLex check-
lists have been developed with both content
(noun, verb, adjective, adverb) and function (pro-
nouns, determiners, prepositions, etc.) lexemes in
a single list [30], while other checklists have been
developed for specific parts of speech separately
[31]. A recent compendium of CoreLex check-
lists was published [24] detailing methods of
development, elicitation procedures, stimuli, full
checklists, and available psychometrics for all
available CoreLex lists.

A major benefit of CoreLex is its simple scor-
ing, with one point given for each lexical item on
the checklist (regardless of how many times an
item is produced). Importantly, CoreLex check-
lists require that the individual produce the spe-
cific lexical item, rather than a semantically
similar concept (so if “run” is a CoreLex item, a
production of “jog” or “sprint” would not receive
credit). Inflected forms of a CoreLex item do
receive credit since they are the same lexeme
(e.g., run, runs, running, ran or she, her, hers). In
addition, for CorelLex checklists that combine
content and function lexemes, the part of speech
of a produced lexeme is not important. For exam-
ple, if the lexeme “dress” were on a CoreLex
checklist, then for productions such as “she wore

a beautiful dress,” and “she dressed up to go to
the ball,” either could receive credit.

Regardless of the specific formulation, studies
of CoreLex have demonstrated its high inter-rater
and intra-rater reliability [32]. It also has good
ability to distinguish between PWAs and healthy
controls [30, 33, 34] and between different sub-
types of aphasia [30, 31, 34]; it also correlates
with other microlinguistic [32], macrolinguistic
[32], and hybrid [30] discourse measures. With
respect to clinical applicability, there is prelimi-
nary evidence that CorelLex is sensitive to
changes in response to treatment [33, 35] and in
recovery from acute to chronic stages [36].
Finally, automated analysis of CoreLex is avail-
able for the AphasiaBank stimuli [37], and origi-
nal [38] and modern [39] Cookie Theft images
using the  AphasiaBank’s  Computerized
Language ANalysis (CLAN) [40] program.
However, this automated analysis does require
transcription, so it may not be most time effective
unless additional quantitative analyses are
planned.

CoreLex may provide a rough estimate of
grammatical adequacy since some checklists
include both content and function lexemes.
However, given its relative simplicity and word-
level analysis, CoreLex should not be over-
interpreted with respect to high-level discourse
behaviors such as informativeness, coherence, or
organization. This simple, checklist-based scor-
ing system should enable clinicians and research-
ers to use CorelLex in ‘“real time,” or from an
audio- or video-recording. However, studies to
date have primarily relied upon previously tran-
scribed discourse samples, so the accuracy and
reliability of implementing CoreLex without
transcription is unknown at this time.

Content Units

Yorkston and Beukelman [41] developed the con-
tent unit (CU) analysis to quantify the informa-
tiveness of discourse samples. Using the Cookie
Theft image [38], Yorkston and Beukelman cre-
ated a list of words and phrases produced by at
least one (out of 78) healthy controls when
describing the image [41]. Single words were
identified when a word was produced in multiple
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contexts while phrases were groupings of words
that were always produced as a unit. In addition,
acceptable alternatives for some CUs were iden-
tified as they were judged by the authors to com-
municate the same concept. In this manner, 57
CUs were identified. French and English CU lists
for the Bank Theft image from the Protocole
Montreal-Toulouse d’Examen Linguistique de
I’ Aphasie (MT-86) [42, 43] have also been devel-
oped, along with new derived measures—num-
ber of different CUs and number of different CUs
divided by the length of the sample [44]. These
studies and others also found that CUs are sensi-
tive to differences between healthy controls
speakers and PWAs, as well as to differences due
to aphasia severity [41, 44, 45], but may not be
sensitive to changes due to spontaneous recovery
[44]. These studies also demonstrated good test-
retest and inter-rater reliability. Finally, CUs are
sensitive to changes in response to a variety of
interventions, ranging from AAC [46], to app-
based [47], to intensive therapy [48].

More recently, Berube and colleagues [39]
developed an updated, or “modern” Cookie Theft
image, which includes representation of diverse
races and ethnicities and less rigid gender roles.
Berube and colleagues also changed the elicita-
tion prompt in order to elicit a longer discourse
sample. An updated list of CUs was developed to
reflect these changes, with a total of 96 CUs iden-
tified. In addition, Berube and colleagues sepa-
rated their CUs into those that appear on the left
and right sides of the image, to better extend the
utility of the measure for individuals with right
hemisphere damage [49]. Research using this
updated stimulus demonstrates that CUs pro-
duced shortly after a stroke can predict long-term
recovery, identify differences between left and
right hemisphere stroke [50], and are associated
with lesion site, lesion size, and other language
measures [50, 51]. Finally, an adaptation for use
with semi-structured discourse tasks (e.g., public
speaking) has recently been made available [52].

Information Units

McNeil, Doyle, and colleagues developed the
Information Unit (IU) [53] in association with
their Story Retell Procedure (SRP) [54]. Similar

to the measures above, IUs represent a closed
set of words and phrases needed to (re)tell a
minimally informative story. Essentially, IUs
are defined as content relevant words except
articles, conjunctions, and auxiliary verbs (see
Appendix A for full definition) [53]. Importantly,
good inter-rater reliability [55], concurrent reli-
ability, and known group validity has been
established for %IUs and %IUs/min [53, 56,
57]. Georgeadis and colleagues [58] demon-
strated the validity of conducting the SRP proto-
col through videoconferencing. No significant
differences were found between the face-to-face
and telerehabilitation settings for PWAs. Finally,
IUs are sensitive to change in response to com-
pletion of an intensive comprehensive aphasia
program [59]; however, this study only included
military members (active duty or retired) and
the sample was 92% male, so caution must be
used when applying to non-military and female
individuals.

A unique aspect of IUs is that four equivalent
forms of the SRP have been validated [54, 60],
which decreases concerns about learning effects
on repeated assessment. Each form of the SRP
consists of three stories, with stimuli taken from
the 2 practice and 10 test items of the Discourse
Comprehension Test (DCT) [61]. While the
DCT is no longer in print, the SRP materials
(checklists and stimuli) are available at: https://
computerizedrevisedtokentest.com/
story-retell-procedure/.

Quantitative Measures in PPA

Both CUs and CoreLex have been used to inves-
tigate discourse production in PwPPAs. Both
measures are sensitive to differences between
healthy controls and PwPPAs [33, 62] while CUs
are also sensitive to differences between PPA
subtypes [62] and have been used to track longi-
tudinal change in an individual with logopenic
variant PPA [63]. Of note, Gallée and colleagues
developed new CU lists (with some modifica-
tions) for the WAB-R picnic scene, further
expanding the utility of this approach. The new
CU lists are reported in Table 2 of the article [62].
At this time, there are no psychometric data avail-
able for either measure in this population.
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General Considerations

For the three quantitative analyses discussed
above, checklist scoring procedures increase
clinical feasibility and yield high scoring reliabil-
ity. Although not fully discussed (but see IUs dis-
cussion above), derived efficiency scores, either
production over time (e.g., CoreLex/min) or per
word (e.g., CUs/total words), can be calculated
for each measure. For clinical feasibility, we rec-
ommend using derived efficiency scores over
time since timing the discourse sample is far eas-
ier than counting total number of words, unique
words, etc. Derived efficiency scores have good
sensitivity to group differences, and potentially
to treatment response [33].

Since these measures do not provide informa-
tion about the organization and structure of dis-
course per se, it is possible that an individual
could receive a high score on one of these mea-
sures while not actually attempting to produce a
discourse (e.g., simply producing a list of words
related to the stimulus with no attempt to produce
sentences). However, in our experience, even
severe non-fluent PWAs will often use extra-
linguistic and paralinguistic channels to construct
a discourse (e.g., varying prosody, repeating
words for emphasis, supplementing spoken
words with gestures). The CoreLex analysis
attempts to guard against this concern by includ-
ing both content (nouns, verbs, adjectives,
adverbs) and function (e.g., determiners, preposi-
tions, pronouns, copulas) words in the checklists.
This allows an examiner to make some quantita-
tive observations regarding the grammaticality of
the discourse sample by comparing the number
of content vs. function words produced. However,
individuals could have very disorganized or
poorly sequenced discourse samples but remain
on topic; scores on these measures would not be
sensitive to such disruptions. On the other hand,
research on all three measures has demonstrated
that they are related to high-level discourse
behaviors suggesting they may be fast and effi-
cient ways to estimate discourse performance
and more functional communication abilities.

Finally, since CoreLex checklists only include
the most frequently produced lexemes it is most
accurately conceptualized as a measure of word

retrieval typicality. It may not fully reflect infor-
mativeness since synonyms or semantically
related lexemes are not scored. In contrast, both
CU and IU accept alternative lexemes, making
them a more direct measure of informativeness.
A new related measure, “content word fluency,”
was first reported by Alyahya and colleagues
[64]. While CoreLex, CUs and IUs score a single
point per item on their checklists, the content
word fluency scores one point for every produc-
tion of each word on the checklist. For example,
if an individual produced the following when
asked how to make a peanut butter and jelly
sandwich:
Well first you gotta get out your ingredients. You’ll
need the peanut butter, the jelly—I like blackberry
best—the bread, a knife, and either a plate or a
paper towel. So first get two slices of bread and put
them on the paper towel. Then, open up the peanut
butter and spread it on one side of both slices of
bread. That part’s super important, cause you
don’t want soggy bread from the jelly. Then open
up the jelly and spread it on top of the peanut but-
ter. Next you gotta put the two pieces of bread
together, peanut butter and jelly sides together.
Then if you want you can cut it in half and eat and
enjoy!

Using CoreLex scoring rules, the individual
might score one point for each of these CoreLex
items: you, get, the, a, peanut, butter, jelly, bread,
knife, and, plate, slice, two, spread, put, together,
cut, eat. This yields a CoreLex score of 23. In
contrast, the content word fluency scoring system
would give 5 points for “bread,” 4 points for
“jelly,” 2 points for “put,” etc. This is an impor-
tant distinction since an informative and under-
standable discourse will require repetition of
specific content words. However, future research
on content word fluency is needed before recom-
mending it for clinical use.

Orthographic Transcription

The next level of transcript complexity, ortho-
graphic transcription, faithfully represents the
words produced in a discourse sample, without
concern for detailed coding of errors, parts of
speech, or other features. Oftentimes filled pauses
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and partial word productions are included in the
transcript. Some orthographic transcripts may
use widely recognized codes such as “xxx” to
indicate unintelligible speech, or “.” to indicate
informal utterance boundaries for simplicity or to
increase readability. Phonological paraphasias
and neologistic productions are often represented
with an approximate orthographic spelling, rather
than close phonetic transcription. While this is a
relatively simple transcription procedure, it opens
the door to more detailed quantitative discourse
analysis, in addition to the analysis options dis-
cussed in the previous section.

Word-Level Measures

Informativeness

Many of the discourse measures compatible with
completing only orthographic transcription are
measures of informativeness. These are primarily
word-level measures that count unique, informa-
tive words that are related to the task. In addition,
word-level analyses that rely on frequency counts
or percentages of words or word types can be cal-
culated (e.g., number/percent word classes). If
the duration of the discourse sample is recorded,
measures of how efficiently an individual pro-
duces the discourse or behavior of interest are
available (e.g., words per minute).

Correct Information Units

The correct information unit (CIU) [65] is per-
haps the most utilized informativeness measure
in aphasia. Due to the large body of research, key
psychometrics and data needed for clinical
implementation along with examples for use will
be highlighted here.

CIUs are single words that are “accurate, rel-
evant, and informative relative to the eliciting
stimulus” but that do not have to be grammati-
cally correct (pg. 340) [65]. This initial study
reported the total number of CIUs, percent CIUs
(%ClIUs), and CIUs per minute (CIUs/min) pro-
duced by healthy controls and PWAs, with sig-
nificant differences between groups observed on
all measures. Nicholas and Brookshire also pro-
vided scoring rules and examples (see Appendix

B in the article [65]) to aid in accurate and reli-
able application of CIUs by others. Multiple
studies have reported good intra-rater [65-70]
and inter-rater reliability [65—73] although others
report lower inter-rater [74] and test-retest [67]
reliability.

Boyle [66] reported that test-retest reliability
for total CIUs was high enough to be used in
group studies but may not be stable as a treatment
outcome measure for individual clients. In con-
trast, CIUs/min was reported to have adequate
stability for both group results and individual
treatment outcome use, and Boyle [66] reports
that changes of 12 or more CIUs/min are likely
attributable to treatment effects rather than ran-
dom variability. Interpretation of the results for
%ClIUs is less straightforward due to the pres-
ence of an outlier who significantly affected reli-
ability. Ultimately, %CIUs may be appropriate
for group results, but Boyle urged users to exer-
cise caution given the presence of the outlier,
suggesting that some PWAs might not be stable
on this measure. In their review, Pritchard and
colleagues [75] suggest that CIUs demonstrate
good validity in that it measures what it intends to
measure (i.e., content validity) and is sensitive to
differences between PWAs and healthy controls
[65], as well as to differences between discourse
genres (i.e., construct or known groups validity)
[71]. Studies have also identified differences in
response to various treatments [20, 70, 71, 76]
and suggest that CIUs may be sensitive to aphasia
severity [72].

Use in PPA

As stated above, relatively little research on the
discourse abilities of PwPPAs has been con-
ducted. Of that body, a fair amount has used
CIUs, mirroring its popularity in stable, stroke-
induced aphasia. One of the earliest investiga-
tions demonstrated that various discourse
measures, including %CIUs, are sensitive to
changes over time [77]. Interestingly, the authors
found that different discourse measures did not
decline in tandem. Instead, they observed initial
output deficits (decreased speech rate followed
by decreased MLU) before finally observing
content-based deficits as measured by %CIUs.
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This highlights the importance of considering
which discourse domains are assessed when
monitoring change over time or measuring treat-
ment outcomes. PWPPAs have a lower proportion
of CIUs during picture description than both
healthy adults and individuals with mild cogni-
tive impairment, but not lower than individuals
with Alzheimer’s dementia [78]. Additionally,
proportion CIU was not sensitive to differences
across PPA variants in this investigation.

Beales and colleagues [79] reported that
%CIUs have moderate to good reliability and
CIUs/min have good to excellent reliability
across three discourse genres (everyday mono-
logue, narrative, and picture description). This is
a critical investigation since much of the PPA
treatment literature focuses on measuring gener-
alization to discourse as a secondary treatment
outcome. A review of lexical retrieval treatments
in PwPPAs reported mixed support for general-
ization to discourse [80]. Since that review, one
study has demonstrated increased %CIUs [81],
one reported no changes [82], and one reported a
mixed response following lexical retrieval treat-
ment [83].

Moving the focus beyond lexical retrieval,
Rogalski and Edmonds reported increased
%CIUs (from below the normal range pre-
treatment into the normal range post-treatment)
following Attentive Reading and Constrained
Summary [84]. Finally, Whitworth and col-
leagues reported improved %CIUs and CIUs/min
following a discourse level treatment although
participants varied with respect to significant dif-
ferences across the variables and across time-
points (immediately following and 4 weeks after
treatment) [85].

General Considerations

As discussed above with CoreLex, CU, and IU,
derived efficiency scores have demonstrated
good stability and sensitivity. It is recommended
here that efficiency over time may be a simple
calculation for practicing SLPs to use. Unlike
CU, IU, and CoreLex analyses, CIU analysis is
not constrained to specific stimuli with pre-
specified lists. This flexibility allows an examiner
to select topics amongst several discourse genres

so that the sample elicited is most appropriate for
an individual client. There is also emerging evi-
dence that CIUs can be reliably scored in conver-
sation (the gold standard for functional outcomes
measurement), albeit with some modifications to
the original protocol [86, 87]. An additional
strength of CIUs compared to the others is that
the entire discourse sample is used, rather than a
small subset. On the other hand, CIUs can take
much longer to score than CUs, IUs, and CoreLex,
especially for longer discourse samples, individ-
uals with hyperfluency, or those with milder
deficits.

Although not discussed in depth, the lexical
information unit (LIU) [88] is similar to CIU, but
with more restrictive criteria for included mate-
rial. LIUs exclude words and phrases produced in
utterances that are not grammatical and/or that
have some pragmatic concern, or words that are
errored (e.g., phonological paraphasias). It is
believed that the more restrictive definition for
LIUs would require both utterance segmentation
and detailed error coding to score reliably, which
limits clinical feasibility.

Proposition-Level Measures

Proposition-level informativeness measures pro-
vide a better understanding of how individuals
chain together individual concepts (e.g., words
and clauses) into a larger message.

Main Concept Analysis

The main concept analysis (MCA) was initially
created by Nicholas and Brookshire [89] in order
to measure informativeness that was closely
related to the discourse macrostructure, or
expression of the main ideas and overall gist, of
the discourse. As such, MCA is generally classi-
fied as a hybrid analysis that quantifies both
microlinguistic and macrolinguistic aspects of
the discourse [90]. Nicholas and Brookshire pro-
vide scoring rules in Appendix A of their article
along with a list of main concepts (MCs) and
scoring examples for the Cookie Theft stimulus
[38] in Appendix B [89]. In this initial study,
MCs were determined by a group of 10 SLPs for
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8 stimuli, where concepts used by 7 out of 10
SLPs were considered the MCs. The only instruc-
tions SLPs were given were to focus on the main
ideas or gist of the story, and that MCs should
have one and only one main verb. The original
MCA evaluated “...presence, completeness, and
accuracy... (p. 146)” [89] of each main concept.
“Essential elements” were identified which had
to be produced for an MC to be determined
“complete,” and the information in the utterance
had to be correct in the context of the stimulus
presented in order to be judged “accurate.” MCs
did not have to be produced with the same words,
or in the same format as the MCs, as long as the
concept was adequately communicated. For
example, an acceptable production of the MC
“The woman is doing dishes” could be “The
maid is cleaning the plate.” Several codes were
used to identify the possible range of presence,
accuracy, and completeness:

e Absent (AB): MCs that were not produced in
the discourse sample.

e Accurate/Complete (AC): MCs which were
produced with all essential elements and all
elements were correct.

e Accurate/Incomplete (Al): MCs which were
produced with one or more essential elements
missing, but all elements that were produced
were correct.

e Inaccurate/Complete (IC): MCs which were
produced with all essential elements, but one
or more elements were incorrect.

e Inaccurate/Incomplete (II): MCs which were
missing one or more essential elements and
one or more of the essential elements that was
produced was incorrect.

After analyzing the data, Nicholas and
Brookshire combined the IC and II codes due to
poor reliability identifying inaccurate/incomplete
MC:s. Finally, Nicholas and Brookshire reported
good inter-rater, intra-rater, and test-retest reli-
ability (after combining the IC and II codes).
MCA was also sensitive to changes between
healthy controls and PWAs, particularly with
respect to errors, and control speakers rarely pro-
duced errored MCs, while PWAs regularly pro-

duced MCs
inaccurate.
Kong and colleagues have extended the utility
of MCA by developing MC lists for Cantonese
[91, 92], Japanese [93], Korean [94], Taiwanese
Mandarin [95], English [96], Spanish [97], Dutch
[98], and Irish-English [99] speakers. Each of
these articles utilizes the same set of discourse
stimuli (which can be obtained from Dr. Anthony
Kong or through the published tool that contains
standard scoring sheets in English and Chinese)
[100] and elicitation procedures, and methods for
identifying main concepts. Each article publishes
the MCA checklist developed for the language,
normative data from a sample of healthy control
speakers, and a comparison of PWAs to the
norms. For US-based SLPs, this body of work
may provide access to standardized, norm-
referenced discourse analysis for clients who are
bilingual or multilingual, or who do not speak
English. However, it is important to note that
these investigations have also demonstrated that
dialect can impact the form in which an MC is
produced and whether a concept rises to the level
of an MC [97], so care must be taken when com-
paring client performance to normative data.
Main concept checklists have also been devel-
oped by Richardson and Dalton [101, 102] for
the semi-spontaneous discourse tasks included in
the AphasiaBank protocol. In their studies, MCs
were determined by first identifying the relevant
concepts for each task produced by 92 healthy
control speakers included in the AphasiaBank
database. The relevant concepts that were pro-
duced by 33% of the control speakers were then
included on the MC checklists. (Developed also
were shorter checklists containing MCs that cor-
responded to 50% and 66% thresholds.) In con-
trast to previous coding and scoring systems [89,
91], authors did not combine IC and II codes into
a single code, nor did they assign an equal score
to those codes, to guard against a scoring bias
where semantic paraphasias and phonological
paraphasias were not treated similarly. Normative
data for the 92 original healthy controls are avail-
able in the original checklist development manu-
scripts [101, 102]. Normative data for an
expanded healthy control dataset (N = 145) as

that were incomplete and/or
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well as for 238 PWAs are available in a follow-up
manuscript that provides descriptive and com-
parative statistical information for both groups
[103], and for aphasia subtypes for the overall
MC score as well as for each MC code. Dalton
and Richardson [103] showed that MCA was
sensitive to differences between healthy controls
and PWAs, even for persons with latent aphasia,
but that sensitivity differed by aphasia subtype,
with greatest sensitivity for persons with Broca’s
and Wernicke’s aphasia.

Several additional investigations have relied
upon the Richardson and Dalton procedures to
develop MCs for additional stimuli [104-106].
Currently, Kurland and colleagues [104] are
developing the  “Brief  Assessment of
Transactional Success” (BATS) which will
include MC checklists from 16 audio and/or
video samples with normative data and alterna-
tive productions for scoring. While these check-
lists are not currently available, we encourage
readers to keep an eye out for these materials in
the future. Doyle, McNeil, and colleagues ana-
lyzed a similar measure which they referred to as
percent story propositions [53, 54, 60, 107].
Although it is unclear how story propositions
were identified, they contained essential elements
similar to Nicholas and Brookshire, and could be
scored across the spectrum of presence, accuracy,
and completeness. Finally, Stark [108] reported
on the utility of an MCA-like proposition analy-
sis for tracking longitudinal change during
Cinderella story retelling in an individual with
chronic aphasia. She reported that this proposi-
tion analysis was sensitive to tracking change
over time. While Stark provides the list of propo-
sitions used in her analysis, the story propositions
reported by Doyle, McNeil, and colleagues are
not available publicly as of now.

MCA has demonstrated good intra- and inter-
rater reliability [89]. Test-retest reliability is also
good, with stability sufficient for use at the group
level [66]. As described above, numerous studies
have demonstrated MCAs sensitivity to differ-
ences between healthy controls and PWAs [94,
103]. MCA is also sensitive to differences
between healthy controls and individuals with
latent aphasia, who generally cannot be identified

on standardized assessments due to their lack of
sensitivity to these mild but functionally debili-
tating deficits [103, 109]. MCA has good con-
struct validity, correlating with other discourse
measures and standardized test performance [30,
110, 111]. Additionally, MCA has good ecologi-
cal validity, as demonstrated by strong positive
correlations with listener judgments of improved
communication [7, 18]. Finally, MCA is appro-
priate for monitoring treatment outcomes [18,
108, 112-114].

Main Event Analysis

Capilouto and colleagues’ Main Event Analysis
(MEA) was informed by Nicholas and
Brookshire’s MCA but sought to encode relation-
ships between various concepts where appropri-
ate. To this end, a main event (ME) allows more
than one main verb [115]. ME lists are available
for several stimuli published by Nicholas and
Brookshire [65]. Normative performance as mea-
sured by the proportion of MEs produced out of
all possible MEs is available for younger and
older adults [115]. Importantly, MEA scoring is
binary, corresponding to Nicholas and
Brookshires “AC” and “AB” scoring codes.
Studies using MEA report good inter-rater [116—
118] and intra-rater reliability [117]. MEA is sen-
sitive to changes related to healthy aging [115,
117] and to differences in performance between
PWAs and healthy controls [116]. Finally, sig-
nificant differences on ME performance have
been reported between discourse samples elicited
using the instructions to “talk about what is going
on...” versus “tell me a story with a beginning,
middle, and end” as well as between single pic-
ture and picture sequence tasks—highlighting the
importance of both the task instructions used and
the discourse tasks/genres selected when assess-
ing a client’s communication.

Thematic Unit Analysis

A related measure to both MCA and MEA, the
concept of thematic units (TUs) was reported by
Gleason and colleagues and defined as a basic
idea related to the story [28]. This is a rather
vague definition but when reviewing the list of
TUs reported by Gleason and colleagues, it is
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clear that their themes do not meet the definition
of main concepts or main events. Unfortunately,
while Gleason’s article includes the TU lists for
their tasks, the elicitation images are not avail-
able, which greatly limits utilization applicabil-
ity. More recently Marini and colleagues [88,
119, 120] developed an analysis they referred to
as thematic units as well. Upon careful review of
their and other articles [121-126], it appears that
this analysis is closer to Gleason’s “target lex-
emes” [28] or the CoreLex and CIU analyses
reported above (sections “Core Lexicon Analysis”
and “Correct Information Units”) than a
proposition-level analysis.

Use in PPA

MCA is the primary proposition-level discourse
analysis used with PwPPAs to date. PWPPAs pro-
duce fewer AC main concepts and are less effi-
cient in their accurate and complete MC
production compared to healthy controls [33].
MCA has demonstrated sensitivity for treatment-
related changes in response to group therapy
[127]. Given this promising result, further
research is needed to investigate the psychomet-
ric properties of MCA in this population.
Richardson and colleagues created the Main
Concept, Sequencing, and Story Grammar
(MSSG) analysis, to better evaluate MCs along
with other aspects of discourse macrostructure
[128, 129]. Research is currently ongoing with
this measure in PwPPAs. Readers are recom-
mended to continue to Chap. 13 for additional
information on MSSG and other macrostructural
analyses.

General Considerations

MCA and MEA can provide richer insight into an
individual’s discourse abilities than is possible
with single-word measures. These analyses are a
hybrid between microlinguistic and macrolin-
guistic analysis, and therefore have some of the
strengths of both. In particular, the MCA coding
and scoring system allows for description of both
accuracy and completeness. This may allow for
better individualization of treatment planning, as
the approach for an individual with limited but
accurate output would differ from one whose out-

put is sometimes inaccurate but relatively com-
plete or someone who is highly verbose,
inaccurate, and incomplete. Additionally,
proposition-level analyses help guard against
high scores for individuals who are simply listing
items rather than truly producing a discourse.
MCA and MEA both have good reliability and
validity, and evidence suggests MCA may be
sensitive to and appropriate for measuring treat-
ment outcomes. In addition, it may be possible to
score MCA without orthographic transcription
(either online or from a video- or audio-recording)
given the availability of detailed checklists and
scoring rules. However, it is important to note
that while we expect these measures can be reli-
ably scored without utterance segmentation (or
possibly transcription), only one study has inves-
tigated this directly [130]. Armstrong and col-
leagues reported no significant differences
between variables scored with a transcript vs.
scored directly from a video-recording; this is
promising but more research is needed. Therefore,
caution should be used, especially in terms of
scoring reliability for these measures when scor-
ing without utterance segmentation.

Transcription + Segmentation

Once a discourse sample has been orthographi-
cally transcribed, the next step is to segment into
utterances. There are two major utterance seg-
mentation systems: c-units (or communication
units) [131] and t-units (or terminable units)
[132]. Both c-units and t-units have the same
base definition, which is that an utterance
includes an independent clause along with any
subordinate clauses or other modifiers. For both
c-units and t-units, if a potential utterance could
be divided without any loss of meaning then it
should be considered two (or more) utterances.
For example, “The girl was at the table,” “While
the girl was at the table the boy played,” and “The
girl was happy because she got a kitten for her
birthday” would all be considered a single c-unit
or t-unit. In contrast, something like “the girl col-
ored a picture and then she hung it on the refrig-
erator” would be considered two utterances in
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both systems: (1) “The girl colored a picture.” (2)
“And then she hung it on the refrigerator.”

The major difference between t-units and
c-units is how occurrences such as incomplete or
abandoned utterances, responses to “wh-"" ques-
tions that do not require complete independent
clauses, etc., are handled. While c-units would
include all of the above examples as utterances to
be analyzed, t-units limit utterances to only com-
plete independent clauses along with any subor-
dinate or dependent clauses. When deciding upon
a segmentation definition, it is important to con-
sider the focus of the desired discourse analysis.
C-units may be more appropriate if the goal is to
understand aspects of errored productions, or if
the interest is in overall communicativeness. In
contrast, if the goal is to carefully analyze only
accurate and complete utterances, t-units may be
more appropriate.

Adding segmentation to basic orthographic
transcription changes the scope of information
that can be revealed through discourse analysis.
With no or only orthographic transcription,
analyses are limited to primarily microlinguis-
tic information, with perhaps the exception of
the proposition-level informativeness mea-
sures. Segmenting utterances allow for investi-
gation of macrolinguistic or macrostructural
measures such as story grammar [133], story
goodness index [134], or MSSG [128, 129].
(Macrostructural measures are reviewed in
greater detail in Chap. 13).

Web-Based Scoring of CoreLex
and MCA

It is generally recognized that the wide availabil-
ity of technology and the advancements in com-
puting power will need to be leveraged to improve
the feasibility of discourse analysis in clinical
settings. In this section, one way in which
researchers can leverage technology to improve
the feasibility of currently available measures
will be briefly described.

While both CoreLex and MCA checklists and
training materials were designed for clinical fea-
sibility and to reduce the need for close transcrip-

tion of discourse samples, hand-scoring of
checklists can still be time-intensive, particularly
for discourse stimuli that elicit longer samples
(e.g., the Cinderella story) and include more
CoreLex lexemes and main concepts. To address
this challenge, researchers have developed two
companion web applications specifically for clin-
ical use [135-137] from open-source software
[138, 139].

While the apps do require orthographic tran-
scription input, they are able to quickly parse the
transcripts and greatly simplify scoring. For both
apps, after clicking “get started,” an initial page
where clinicians can select the discourse stimulus
to be scored, and input the duration of the sam-
ple, client/participant ID, and notes (e.g., depar-
tures from the procedure, testing conditions that
might affect performance or normative compari-
son) is displayed (Fig. 12.1). On the next page,
the transcript is entered for analysis. After com-
pleting the scoring, a results page presents the
individual’s performance; comparisons to healthy
control and PWAs normative samples; and plots
of individual performance against the norms. If
duration was entered on the first page, efficiency

Core Lexicon Analysis

Enter test information

Enter a Name

Select Stimulus @

Broken Window >

Enter Duration (seconds)

0

Enter any notes

Note, for privacy reasons, data is not retained

after the page is closed or refreshed.

Back  Next

Fig. 12.1 CoreLex app page for entering client ID and
other details [136]
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Core Lexicon Analysis

& Report .k Data StartOver €

There were 11 core words produced. This score is in the 44% percentile for individuals with aphasia and 0% percentile for
individuals without stroke or aphasia. There were 16.5 core words per minute produced. This score is in the 33% percentile
for individuals with aphasia and 1% percentile for individuals without stroke or aphasia. Norms based on publications
(Richardson & Dalton, 2015, 2019; Dalton & Richardson, 2018; Dalton et al., 2020), and are updated several times a year

with additional participants scored in Dr, Richardson's lab.

Core words

Core words / min

Fig. 12.2 Example results page after scoring CoreLex via the app [136]

results are also available (Fig. 12.2). Finally, a
written report and the analysis can be down-
loaded to include in a patient record or to use as a
support when explaining assessment results.

The CoreLex application leverages R’s natural
language processing tools to identify lexemes
from orthographic transcripts and matches these
lexemes with the Corelex checklists. After the
transcript has been parsed, all lexemes are auto-
matically and displayed in a checklist format next
to the transcribed sample. This allows for quick
scanning of the transcript and identified items to
make sure no errors have been made. After veri-
fying and accepting the analysis, the scoring page
presents the results as described above.

Given the greater complexity of MCA, sev-
eral training modules have been developed that
provide immediate feedback on transcription
and scoring accuracy with explanations for cor-
rect responses (See Fig. 12.3). After selecting
the discourse stimulus to be scored and entering

the transcript, the MCA app presents each main
concept for the stimulus one by one, along with
the transcript (Fig. 12.4). The utterance corre-
sponding to a main concept can be highlighted
and then the scorer will be prompted to deter-
mine for each essential element within an MC
whether it is accurate, inaccurate, or absent.
Once completed, the app advances to the next
MC until all MCs have been scored. The results
page presents the information described above,
with the addition that MC scores are available
using both Richardson and Dalton and Kong and
colleagues’ scoring systems for greater flexibil-
ity. However, normative comparisons are only
available for the Richardson and Dalton scoring
system.

In the future, it is our hope that these web apps
will be paired with automated transcription pro-
cedures as discussed in the following section,
which would further reduce the time needed to
score.
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Main Concept Analysis Training Modules

There are 3 training modules for scoring main concept analysis. The
training will provide orth hic transcriptions and will ask
you to transcribe and segment the transcripts, and then score them
as If you were using the app. dback will be provided igh
each training module. If you are new to main concept analysis, we
recommend that you start by reading through the full scoring
manual linked on the front page.

Pick a training module

© Broken Window 1 Broken Window 2 Cat Rescue 1

Startscoring  Cancel

Try Again!

Element Your rating  Correct rating  Feedback

AfThe bay Accurate Accurate “He" is accurate according to N&B Completeness rule for pronoun referents - Do
not consider a main concept incomplete if there is no antecedent referent for a
pronoun but the referent is clear from ¢ b For le, if
there is only one "she” or *he” or “they” in a picture, or only one figure is
completing a specific action, the pi would be bigy without an
antecedent referent.

2 was playing Accurate “kicked" is an acceg fing to the checklist. See N&B Accuracy
rule for wording.

Inaccurate This is an acceptable alternative. See N&B Accuracy rule for wording.

Fig. 12.3 (a) Entry page into MCA training where you can select amongst three modules; (b) Example of feedback
provided following incorrect score in MCA training module [137]
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Main Concept Analysis

1.'The boy*was *outside.

1. He since referent is unambiguous; some give the boy a name
2. Is, decided to go
3. In his front yard, on the lawn, out of the house, etc.

Start Over B Scoring Manual )

= Mote: Sometimes, this concept was combined with number 2 in a statement like “The boy was playing soccer outside” or "The boy was kicking the
ball in the yard.” These statements would receive full credit for both concept 1 and 2.

Select the sentences that match the concept.

Ohary. ve done this before “ He kicked the ball ] It went and went through the glass. ! Ir's his dad sitting in the the couch. “ It's not good.
Score each concept noted above. Used prior referent
The boy was outside
Accurate Accurate ACcurate

Inaccurate

& Previous

B

Inaccurate

Inaccurate

A

Fig. 12.4 Example of MCA scoring page with the MC, alternatives and scoring notes, utterance options, and break-

down of essential elements [137]

Future Needs

While time is not the only barrier to clinical
implementation of discourse, it is perhaps the
most intractable. Issues of limited training, avail-
ability of normative data, and concerns about
insurance reimbursement have and are being
addressed. However, until either practice require-
ments such as high productivity numbers and
high caseloads change (unlikely without exten-
sive advocacy at state and federal levels) or a
radical change in the time required for transcrip-
tion is achieved, clinical implementation of dis-
course analysis will likely remain limited, despite
clinicians’ and clients’ desires.

Automatic speech recognition (ASR) to auto-
mate transcription of discourse has long been
seen as the future of transcription-based dis-
course analysis [140]. While significant
advancements have been made in the accuracy
of automated transcription for individuals with
intact language, several issues are unresolved

for individuals with disordered speech. First, the
artificial intelligence programs used for ASR are
trained on samples of individuals with intact
language. However, PWAs commonly make lan-
guage errors that are unpredictable, which Al
struggles to correctly parse. In addition, aphasia
commonly co-occurs with apraxia and dysar-
thria, which degrade the quality of speech input
into transcription software. This combination of
unpredictable language errors and reduced
speech intelligibility present significant difficul-
ties and result in relatively errorful transcripts.
For example, a recent investigation reported that
the word recognition rate of discourse was only
69%, and word error rate 39% when analyzing
samples from 70 individuals (10 control; 11
logopenic variant PPA; 25 semantic variant
PPA; 14 non-fluent variant PPA; 10 behavioral
variant fronto-temporal dementia) [141].
Interestingly, despite the poor accuracy of the
transcription, statistical analyses using the auto-
matic transcription were still somewhat sensi-
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tive to group differences [140]. Researchers
continue efforts to refine ASR for PWAs [142],
with increasing accuracy. However, as we seek
to solve the problem of ASR for clinical popula-
tions, it is important to recognize that ASR may
be biased based on dialect or language status
[143]. Tt is critical that clinicians remember any
ASR system is only as good as the data it is
trained on, and that currently available data-
bases for sourcing training data lack racial and
ethnic diversity and may not have adequate rep-
resentation of various dialects. This is a focus
area for future growth by AphasiaBank and
other databases, and we encourage researchers
and clinicians who have access to more diverse
patient populations to contribute samples to
support these initiatives.

Summary

As we conclude our discussion of clinically fea-
sible discourse analysis, it is important to high-
light that while researchers have hypothesized
that the various measured reviewed above can be
reliably used without or with minimal transcrip-
tion, only a very few studies have used the mea-
sures in this fashion (often because additional
discourse measures that did require transcription
were also being evaluated). To our knowledge,
there have been no direct comparisons between
accuracy and reliability of transcription-based
and non-transcription-based implementation of
these measures, which is a critical gap that must
be addressed.

In our estimation, the future of clinical imple-
mentation of discourse will require a two-pronged
approach where there is continued work to
develop non-transcription-based or minimally
transcription-based measures in conjunction with
continued improvement of automatics speech
recognition technologies to eventually eliminate
or significantly reduce the time needed for accu-
rate transcription of discourse samples.
Fortunately, this area of practice is receiving
more and more attention, and we are hopeful that
advances will occur rapidly.

Major Takeaways

1. There are several discourse analysis measures
which require no or minimal transcription and
therefore may be feasible to implement in
clinical practice.

2. Perceptual ratings of discourse have excellent
ecological validity and may be a quick and infor-
mative way to identify changes in discourse.

3. Checklists for word-level analysis of multiple
discourse stimuli are widely available, some
with normative data for reference.

4. Proposition-level analyses may provide richer
insights into discourse performance than word
level measures and could possibly be imple-
mented without orthographic transcription.
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Preview of What Is Currently Known

Utilization of discourse macrostructures allows
language users to organize and reduce complex
information into socially acceptable communica-
tion packages via organization of local micro-
structures. Until recently, discourse
macrostructure had been viewed as relatively
intact in persons with aphasia (PWAs) but, as this
chapter highlights, PWAs differ from controls at
many levels of macrostructural analysis—propo-
sitions, story grammar, sequencing, and more—
even persons with latent aphasia. Discourse
macrostructures are not preserved in PWAs and
the presence and impact of such deficits should
be a clinical and research focus. Translation of
the theoretical construct of macrostructures into
clinical use has not been straightforward, and
there are varied definitions and measures through-
out the aphasia literature. What follows is a pre-
sentation and discussion of some of the most
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commonly used measures that meet the follow-
ing criteria: available and accessible procedural
information; available and accessible normative
reference data; and demonstrated promise for
detection and other management (e.g., tracking
recovery, response to treatment). With these cri-
teria in place, a resource of macrostructural anal-
ysis tools that clinicians can access and use in the
real world is presented in this chapter.

Objectives

(a) To define discourse macrostructure.

(b) To give examples of ways to measure dis-
course macrostructures.

(c) To list and describe several different
approaches for measuring narrative dis-
course macrostructures.

(d) To describe macrostructural deficits in per-
sons with aphasia.

(e) To locate resources needed for administering
selected macrostructural analyses.

Macrostructures

The word “macro” indicates examination of
something on a large scale. “Structure,” in the
context of discourse, refers to the aggregate of
coherently linked concepts, and the linguistic ele-
ments used to express those concepts. Using dis-
course macrostructures allows language users to
organize, shorten, and simplify information into
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a socially acceptable form, communicated via
context-dependent, locally organized microstruc-
tures, including “words, phrases, clauses,
sentences, and connections between sentences”
([11, p. 29). Macrostructures are dictated by
superstructures, which are socio-culturally con-
ventionalized “schematic forms that [organize]
the global meaning of a text” ([1], p. 108). Van
Dijk [1] introduced several types of superstruc-
tures, including narrative, arguments, scholarly
papers, and newspaper articles, with important
differences in elements. For example, while nar-
ratives and arguments both require settings, nar-
ratives feature episodes with sub-structures,
while arguments feature premises (including
facts with backing) and conclusions. Further,
subtypes of narrative superstructures vary enough
in their elements enough to warrant distinct anal-
yses: story grammar analysis for fictional stories,
which identifies initiating events, reactions,
plans, attempts, and direct consequences as com-
pared to high point analysis for personal anec-
dotes, which identifies complicating actions, a
high point, and resolution with evaluations inter-
spersed throughout [2]. As another example, sci-
entific publications follow a superstructure that
defines a problem (background, aims, hypothe-
ses) and solution (methods, results, discussion)
[1].

Descriptions of discourse macrostructures
draw on both structuralist and functionalist theo-
retical perspectives, including examination of
suprasentential aspects of discourse alongside
semantic units (from words and above) and con-
text of use. Translation of the theoretical con-
struct of macrostructures into clinical use has
been less straightforward; operationalization has
led to a substantial variability in definitions and
measures throughout the aphasia literature.
Further, until fairly recently macrostructure had
been viewed as relatively intact in persons with
aphasia (PWAs) [3, 4]. Therefore, a focus on
developing standardized, psychometrically sound
macrostructural measures traditionally has not
been a priority.

What follows is a discussion of commonly
used, research-supported measures for PWAs
that also meet the following criteria: available

and accessible procedural information; available
and accessible normative reference data; and
demonstrated promise for detection and other
management (e.g., tracking recovery, response to
treatment). Additionally, as story grammar is the
most commonly used and well-understood mac-
rostructural analysis, the focus of this chapter is
limited to monologic, semi-spontaneous spoken
language tasks elicited via picture description
and story retelling, excluding personal stories
and expository/procedural discourse. Guided by
these criteria, a toolbox of macrostructural analy-
ses that clinicians can access and use in the real
world is presented. Below, selected measures are
briefly described, with information from high-
lighted research articles to introduce the measure
and/or allow for replication. For each article,
resources related to assessment fidelity (e.g.,
materials, elicitation, and coding/scoring proce-
dures) and normative references, along with a
summary of findings, are provided. By integrat-
ing this information with knowledge of a client’s
abilities/needs, clinicians can select the most
appropriate and/or feasible measures, and then
use provided guidance to obtain the necessary
resources for optimal administration and
interpretation.

Proposition Analysis

The term “proposition” has been used to refer to
concepts, sentences, statements, word-level
meanings, that-clauses, fact concepts, text base,
and/or conceptual chunks [5-8]. The words,
phrases, and sentences used when expressing
propositions have been categorized as discourse
microstructure, [6, 8] but the examination of the
relevance of propositions has been categorized as
discourse macrostructure [1, 6, 8]. Proposition-
level measures of correctness or completeness
relate to both microstructure and macrostructure
since incorrect and/or incomplete essential (com-
pared to a standard) concepts generally reduce
overall narrative coherence [5, 6, 8, 9] and expres-
sion of topic “gist” [1]. One of the most well-
known and supported measures is main concept
analysis (MCA) [10, 11]. Briefly, a main concept
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(MC) list for a discourse task, developed from
healthy control samples, includes a closed list of
propositions constituting the “outline of the gist
or essential information” for the task ([11],
p. 148). Each MC consists of conceptual ele-
ments considered to be essential. A coding sys-
tem is applied to determine the accuracy and
completeness of a proposition that matches an
MC [10-14]. MCA thus informs whether speak-
ers are able to accurately and completely com-
municate concepts considered to be essential for
expressing the overall gist of a discourse about
which speakers share knowledge [10, 11], a criti-
cal component of macrostructural analysis. For a
more in-depth discussion of this and other
proposition-level analyses, see Chap. 12 [15] in
this volume.

Story Grammar Analysis

Story grammar measures are commonly used to
examine macrostructures [16] and have been
lauded for their psychometric strengths [17]. In
general, story grammar analyses examine how
well a narrator meets organizational expectations
related to the logical and/or linear sequencing of
events, characters, and relationships between
events and characters to facilitate listeners’ abil-
ity to follow a story [18-23]. Other terms for
story grammar in the literature are “discourse
grammar,” “linguistic framework,” and “narrative
superstructure” [24, 25]. Various measures are
presented below to provide descriptions of
resources to facilitate utilization by readers.
While studies below often investigated additional
measures alongside story grammar, the discus-
sion here is restricted to story grammar.

Ulatowska et al. [24]

Ulatowska et al. [24] investigated ‘“superstruc-
ture” via story grammar analysis of picture
sequence description and story retelling in PWAs
and healthy controls.

Materials

For picture sequence description, authors used
the “Cat Story,” a 5-frame picture sequence,
which is included as Fig. 1 in Ulatowska et al.
([241, p. 350) For story retelling, authors used the
“Rooster Story,” a 6-sentence short story found in
Ulatowska et al. ([24], p. 350)

Elicitation Procedures

Few details regarding elicitation were provided.
Discourse and other cognitive-linguistic mea-
sures were administered in the participants’ home
by speech-language pathologists and/or psychol-
ogists. Authors stated they elicited the “Cat
Story” “with the help of sequence pictures” ([24],
p. 349). and that the participants retold the

“Rooster Story” “immediately following the
examiner’s reading of the story” ([24], p. 349).

Coding/Scoring Procedures

Discourse samples were audio-recorded and tran-
scribed verbatim. False starts and repetitions
were removed from transcriptions. Discourse
was segmented into T-units, as defined by Hunt
[26]. In terms of story grammar, authors marked
the occurrence of the following superstructural
elements identified by Labov [27], which are
briefly described ([24], p. 350-1): (1) abstract,
(2) setting (e.g., time, location, participants,
background), (3) complicating action, (4) evalua-
tion, (5) resolution, and (6) coda. The authors
note that these elements make up an episode, and
that clauses within an episode or narrative are
usually temporally sequenced. Per the results
section, some elements are essential (settings,
complicating actions, and resolutions), and oth-
ers are optional (abstract, introducers, codas).
Evaluations were described as “a necessary con-
dition of acceptable narrative” ([24], p. 355), but
were not included as an essential element in the
reporting or tables.

Participants for Reference

See Table 1 in Ulatowska et al. ([24], p. 349).
This study included 10 PWAs (8 male) between
the ages of 54-70 (M = 60.2) with 10-18 years of
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education (M = 13.4). Participants ranged from 6
to 103 months post onset (MPO) (M = 23.6).
Seven were characterized as having mild aphasia,
three as having mild-moderate aphasia. Ten
healthy controls were matched for sex, age (range
54-71, M = 58.7), and education (range 12-20,
M=144).

Summary of Findings

Narratives of PWAs generally contained the
essential elements required to meet criterion for
complete episodes (i.e., setting, complicating
event, and resolution); more variability was
observed with optional elements (e.g., abstracts,
evaluation, codas). Specifically, authors com-
mented on significantly reduced evaluations pro-
duced by PWAs compared to controls. The
sequencing of story grammar elements was
reported to be preserved for all narratives accord-
ing to subjective ratings of content. While story
grammar and sequencing variables did not differ
significantly between mildly impaired PWAs and
controls, results for the “Cat Story” showed sig-
nificant differences between these groups for
number of clauses (just not for the essential story
grammar elements), number of clauses contain-
ing evaluations, content, and clarity.

Ulatowska et al. [25]

Ulatowska et al. [25] investigated “superstruc-
ture” via story grammar analysis of picture
sequence description and story retelling in PWAs
and healthy controls. Materials and procedures
are similar to Ulatowska et al. [24] with some
minor differences.

Materials
See section “Materials” above.

Elicitation Procedures

See section “Elicitation Procedures” above, with
the exception that only speech-language patholo-
gists administered the discourse tasks.

Coding/Scoring Procedures

See section “Coding/Scoring Procedures” above.
As with Ulatowska et al. [24], evaluation was
excluded from both essential and optional lists.
Instead, it was reported separately. The article’s
Appendix ([25], p. 333) includes helpful scoring
examples potentially useful for training.

Participants for Reference

See Table 1 in Ulatowska et al. ([25], p. 320).
This study included 15 PWAs (10 or 12 males;
unclear due to mathematical error in manuscript)
between the ages of 24-71 (M = 50.4) with
between 10 and 17 years of education (M = 13.4).
Participants ranged from 2 to 220 MPO
(M = 49.4). All were characterized as having
moderate aphasia. Fifteen healthy controls were
matched for sex, age (range 18-73, M = 50.8),
and education (range 10-17, M = 13.3).

Summary of Findings

Significant between-group differences were
reported, with moderately impaired PWAs hav-
ing fewer optional and essential components (i.e.,
setting, resolution) and thus fewer overall com-
plete episodes. Despite these differences, the
authors concluded that participants demonstrated
preserved narrative structure.

Coelho et al. [28]

Coelho et al. [28] conducted a longitudinal study
throughout the first year of recovery for a person
with mild fluent aphasia.

Materials

Authors used a 19-frame picture story of “The
Bear and The Fly,” with pictures from the com-
mercially available book of the same name by
Winter [29].

Elicitation Procedures
Few details regarding elicitation were provided.
Authors elicited “The Bear and The Fly Story”
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after showing the picture story on a projector
screen (8 x 10 in.) and then asking the partici-
pants to retell the story.

Coding/Scoring Procedures

Discourse samples were audio-recorded and tran-
scribed verbatim. Discourse was segmented into
T-units, as defined by Hunt [30]. Following Stein
and Glenn’s [19] story grammar framework,
authors identified and counted three essential epi-
sodic components: (1) “initiating event that
causes a character to formulate a goal-directed
behavioral sequence”; (2) attempt/action; and (3)
“direct consequence marking attainment or non-
attainment of the goal” ([28], p. 147). Complete
episodes  contained all three essential
components.

Participants for Reference

This study included a 55-year-old male PWA
with 12 years of education. The investigators fol-
lowed him from 1 to 12 MPO and he was charac-
terized as having mild anomic aphasia. Three
healthy controls (all male) with a mean age of
56 years (no other details provided) were enrolled
for comparison. Relevant comparison data are
found on pages 150 and 151 of the article [28].

Summary of Findings

Despite gains in PICA (Porch Index of
Communicative Ability) [31] scores (from 71st
percentile to 93rd percentile) over time, story
grammar performance did not improve. Whereas
controls generated 4-5 episodes in their retells,
the PWA never generated more than 2 episodes
over 12 months of tracking. The discrepancy in
recovery trajectory between overall communica-
tion abilities and story grammar was inconsistent
with previous reports of mildly impaired PWAs
and indicated the need for more research.

Coelho et al. [32]

Coelho et al. [32] conducted a discourse study in
a larger sample of healthy controls and in persons
with closed head injury who were presumably
non-aphasic, as “they had achieved fluent conver-

sation and did not demonstrate significant deficits
on traditional clinical language tests” and scored
above 93 on the Western Aphasia Battery, where
93.8 and above is considered not aphasic [33].
(Please make note, however, that there is emerg-
ing research [14] on latent aphasia that includes
people who score above this cutoff.) While not
promoted as a study of PWAs, we focus here on
relevant details related to the methods and the
control sample for potential comparison to
PWAs.

Materials

For story retelling, authors again used a 19-frame
picture story of “The Bear and The Fly” [29]. For
story generation, authors used the picture scene
titled “Runaway” by Norman Rockwell [34],
which can be located via an internet search with
relevant keywords (e.g., title, artist).

Elicitation Procedures

Authors provided elicitation details in the manu-
script ([32], p. 502-503) and on TBI Bank in the
Coelho Corpus [35]. For “The Bear and The Fly,”
authors showed the picture story on a projector
screen (23 x 30.5 cm) and then instructed partici-
pants to “Tell me that story.” For the “Runaway”
story, authors presented the picture scene and
instructed participants to “Tell me a story about
what you think is happening in this picture.”
Participants were allowed to view the picture
throughout the story generation. For both tasks,
once a participant stopped telling the story, the
assessor waited 10 s, asked “Is that the end of the
story?”, and then moved on to the next task fol-
lowing participant affirmation.

Coding/Scoring Procedures

Discourse samples were audio-recorded and tran-
scribed verbatim. Discourse was segmented into
T-units, as defined by Liles [36]. Authors refer
readers to another Coelho article [20] for more
details regarding discourse analysis procedures,
and we incorporate relevant information here.
Following Stein and Glenn’s [19] story grammar
framework, authors identified and counted three
essential episodic components: (1) “initiating
event that prompts a character to formulate a
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goal-directed behavior”; (2) attempt/action; and
(3) “direct consequence marking attainment or
nonattainment of the goal” ([20], p. 1238).
Complete episodes contained all three essential
components; incomplete episodes contained two
out of three essential components. Two story
grammar measures were analyzed: (1) number of
total episodes—*“number of complete and incom-
plete episodes,” a measure of “content organiza-
tion” ([32], p. 504); and (2) proportion of T-units
contained within episode structure (T-units in
episode structure/total T-units) ([32], p. 504), a
measure of one’s ability to “use story grammar as
an organizational plan for language” ([20],
p. 1238). Table 3 in Coelho [20] includes helpful
descriptions and scoring examples potentially
useful for training.

Participants for Reference

This study included 32 persons with CHI and 43
matched controls without brain injury ([32],
p- 502). Controls (30 males) were predominantly
Caucasian/White between the ages of 16-63
(M =31.9) with between 11 and 24 years of edu-
cation (M = 15.3) and representing three SES
(Hollingshead) categories (Professional, Skilled,
Unskilled Workers).

Summary of Findings

Authors sought to combine conversational and
narrative measures to classify groups (neither of
which included persons with a clinical diagnosis
of aphasia). One story grammar measure—pro-
portion of T-units within episode structure—cor-
related moderately with the discriminant function
analysis and was the strongest contributor to dis-
crimination between groups; however, the group
discrimination relying on narrative measures
alone was not significant. When authors com-
bined narrative measures with conversational
measures (not described above), group discrimi-
nation improved and was significant.

Whitworth and colleagues [37, 38]

Whitworth and colleagues [37, 38] investigated
story grammar outcomes (under the heading of

“coherence”) following a novel discourse treat-
ment NARNIA, Novel Approach to Real-life

communication:  Narrative Intervention in
Aphasia.
Materials
The Curtin University Discourse Protocol

(CUDP) [39] was used for discourse-level tasks,
which include an event recount, a procedure, giv-
ing an option, and telling a story. In keeping with
this chapter’s focus, the details presented here
will focus on the Cinderella story retelling. No
physical materials beyond the CUDP instructions
were used.

Elicitation Procedures
After several other discourse tasks, the clinician
transitions with “Now we are going to change to
something different. Can you tell me the story of
Cinderella?”. (Clinicians have the option to stop
the retelling after 5 min.)

Coding/Scoring Procedures
Discourse samples were audio-recorded and tran-
scribed. Discourse was segmented into C-units,
as defined by Loban [40] and entered into
Systematic Analysis of Language Transcripts
(SALT) [41]. Note that while SALT can be used
to automate aspects of this analysis (e.g., count-
ing story grammar codes), it is not essential. Each
C-unit was assigned a story grammar (coherence)
code: (1) orientation of character (OC), (2) orien-
tation to location (OL), (3) orientation to time
(OT), (4) orientation other (OO), (5) initiating
event (IE), (6) response/plan (Res), (7) Events
(E), (8) Evaluative comment (EC), (9) conclusion
(Conc), or (10) end marker (End). Comments
about the task that did not contribute to the story
(e.g., “that was easy/hard”) were excluded. These
codes overlap somewhat with Stein and Glenn
[19] and are from an instructional program in
Australia for writing informational texts [42].
Codes were tallied under main categories of
(1) beginning/orientation (OC, OL, OT, O0), (2)
middle/body (IE, Res, E), and (3) end/conclusion
(EC, Conc). See the following for additional
guidance, descriptions, and examples potentially
useful for training: Whitworth et al. [38] Table 1
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(p- 1349) and Appendix 1 (pp. 1378-1381); and
Whitworth et al. [39] Table 1 (p. 460) and
Appendices (pp. 477-481).

Participants for Reference

See Table 2 (p. 1357) and Appendix 2 (p. 1382)
in Whitworth et al. [38] for PWAs. The study of
response to NARNIA involved 14 PWAs (8
males) between the ages of 37 and 87 (M = 59);
years of education were not provided but occupa-
tions were described. Participants ranged from 2
to 166 MPO (M = 32). Seven were characterized
as having mild aphasia and seven as having mod-
erate aphasia. (Authors provide a similar break-
down on those participants assigned to the
NARNIA condition and those assigned to Usual
Care (UC).) See Table 2 Whitworth et al. [39] for
healthy controls. Thirty healthy controls (15
male) were enrolled between the ages of 20 and
89; additional age descriptives are included in
Table 2 [39] by age bin. Neither education nor
occupation are reported.

Summary of Findings

Focusing on the Cinderella narrative, PWAs in
both NARNIA and UC groups demonstrated
numerical improvements in story grammar for
the three categories (beginning/orientation, mid-
dle/body, end/conclusion). The largest effect size
was observed in the middle/body category for the
NARNIA group (p = 0.055, d = 1.069), but the
only statistically significant improvement was in
the middle/body category for the UC group
(p = 0.009, d = 0.665). More notable changes in
content organization were observed with the
other discourse genres assessed in the study.

Sequencing Analysis

Narratives that have meaningful conditional rela-
tionships between propositions (e.g., one event or
component, expressed in a proposition, allows or
requires another event) are coherent narratives
[1]. Therefore, thorough macrostructural analysis
should extend beyond counting of essential com-
ponents and consider the sequencing of those
components. Persons with linguistic and/or cog-

nitive deficits often produce narratives with
essential concepts that match up to essential story
grammar components but present them out of
sequence and/or with revisions and backtracking,
which negatively impacts coherence and overall
communication.

Manning and Franklin [43]

Manning and Franklin [43] conducted a narrative
analysis of previously collected data [44, 45] to
explore cognitive influences on narrative break-
downs. Though authors investigated several vari-
ables related to story grammar, not all were
described sufficiently for replication. Discussion
in this chapter is restricted to the well-described
sequencing, or temporal, variables.

Materials
Picture cards depicting the Cinderella story
(source of pictures not reported).

Elicitation Procedures

Authors cite their usage of Quantitative
Production Analysis (QPA) procedures for their
elicitation [46]. If this is the case, cards are only
to be used when participants say they do not
know the story; if a review of cards occurs, then
during the review of cards, the examinee and cli-
nician can discuss the pictures. However, authors
stated that all participants viewed the Cinderella
story picture cards and were provided brief
descriptions. Following the review, the cards
were removed and participants were asked to
retell the story in their own words. Clinician dia-
logue during the retelling was kept to a minimum
and any comments were limited to encourage-
ment to continue/complete the task [46].

Coding/Scoring Procedures

Narrative samples were first “cleaned” (e.g.,
neologisms, fillers, and repairs deleted); cleaning
instructions are located in their Appendix
A. Samples were then segmented into communi-
cation units (C-units) following guidelines from
Saffran et al. [46] and SALT Software [41]. With
reference to Langacker [47], C-units were then
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further segmented into attentional frames (AFs),
which are usually chunks of information sepa-
rated by intonational changes (i.e., intonational
groups), and often correspond to clauses [48, 49].
Additional helpful segmenting details are in
Appendix A of Manning and Franklin [43] and
Appendix A of Saffran et al. [46].

Cognitive grammar framework analysis was
then conducted on segmented data within an
Excel spreadsheet. We focus here on the order of
temporal events for the Cinderella story, reported
via their temporal sequencing error variable—the
percentage of AFs with temporal sequence errors.
An AF was determined to have an error if the
information was not provided in “logical tempo-
ral order” and disrupted the “flow of temporal
information” ([43], p. 423). No further guidance
(e.g., suggested order of events) for making error
judgments was provided.

Participants for Reference

This study included narrative samples from 22
PWAs (10 males) between the ages of 40-80
(M =60.64). PWAs ranged from approximately 7
to 120 MPO. Sixteen PWAs were characterized
as non-fluent, six as fluent. Cognition was
reported to be within normal limits; aphasia
severity was not reported. Ten healthy controls (2
males) between the ages of 32-80 (M = 53.1)
were included for comparison. Years of education
were not reported for PWAs or controls.

Summary of Findings

As a group, PWAs made significantly more tem-
poral sequencing errors than controls; this differ-
ence held for both fluent and non-fluent PWAs
but there were no significant differences between
the aphasic groups. Authors plotted temporal
sequencing errors by noun naming scores with
the following results: no PWAs demonstrated
both noun naming and temporal sequencing
WNL; 11 PWAs demonstrated both impaired
noun naming and temporal sequencing; 8 PWAs
demonstrated noun naming WNL but impaired
temporal sequencing; and 3 PWAs demonstrated
impaired noun naming but temporal sequencing
WNL. Temporal sequencing was obviously dif-
ferent from controls according to these results,

but authors found no significant correlations
between temporal sequencing and noun naming,
cognitive performance, or other microstructural
variables under investigation.

Multidimensional Macrostructural
Analyses

Kong and Reres [50]

Leveraging the AphasiaBank database, Kong and
Reres [50] developed a brief discourse assess-
ment titled Narrative Assessment Profile (NAP)
intended to characterize main concepts, story
grammar, core lexical usage, and sequencing.
While normative healthy control data are not
fully available, the protocol is adequately
described and normative information for a small
sample of PWAs was provided.

Materials

Authors relied upon AphasiaBank transcripts for
the following: Refused Umbrella (6-frame pic-
ture sequence), Cinderella (story retelling follow-
ing perusal of wordless picture book), and Peanut
Butter and Jelly (procedural description).
Materials for these tasks, including elicitation
procedures, are included on the AphasiaBank
website.

Elicitation Procedures

Standardized elicitation details are in the Kong
and Reres manuscript ([50], p. 176) and listed in
further detail on AphasiaBank.

Coding/Scoring Procedures

Transcripts and video recordings of discourse
samples were available from AphasiaBank; refer
to their manuals for transcription details. Authors
stated they orthographically transcribed (presum-
ably from the videos) the discourse samples of
PWA collected for this study; further segmenta-
tion was not described. The following variables
were calculated for events: (1) e.total (total of all
attempted events, correct and incorrect), (2) e.
matched (total target events attempted), (3) e.
missed (total target events absent), (4) e.irrele-
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vant (total non-target and irrelevant events), and
(5) e.extra (presumably = e.total — e.matched — e.
irrelevant). Authors list target events in their
Appendix A. For sequencing of events, it appears
that each transition between target events (e.g.,
event 1 to event 2) was given a point value when
presented in correct sequence, and then tallied to
obtain s.total, which corresponds to the percent-
age of correct transitions/total transitions pro-
duced. Authors provide information needed for
scoring sequencing in their Appendix C. While
not directly related to macrostructure, the pres-
ence or absence of lexical targets (with synonyms
or alternative forms allowed) were tallied for
each task (i.pb&j, i.umbr, i.cind) and totaled (i.
total) (akin to Core Lexicon [15]). Target lexical
items are provided in their Appendix B. The
methods section ([50], pp. 174-176) contains
additional helpful details for coding and scoring
[50].

Participants for Reference

See Table 1 in Kong and Reres [50]. This study
included 12 PWAs (6 males) between the ages of
29;9-73;6 (M = 54) with between 12 and 16 years
of education (M = 13.8). Participants ranged from
12 to 272 MPO (M = 64.08). (Occupations are
reported for most participants; group-level race/
ethnicity data are also provided.) Six PWAs had
mild aphasia, five moderate aphasia, and one
severe aphasia according to WAB AQ scores;
nine were non-fluent, three fluent. Ten healthy
controls between the ages of 36;8-81;5 (M = 66)
with between 12 and 20 years of education
(M — 15.1) (occupations reported) were used for
test development (e.g., identification of target
events).

Summary of Findings

Seven out of ten healthy controls produced each
target event (21 total across tasks) and target lexi-
cal items (283 total across tasks) listed in their
Appendices A and B; nine out of ten healthy con-
trols produced target events in the sequences pre-
sented in their Appendix C. PWAs produced an
average of 11.92 (of 21) target events and an
average of 23.17 (of 283) target lexical items.
Slightly over half of target events produced were

presented in the correct order. Results for addi-
tional variables are reported in Table 2 and are
also reported separately for fluent (N = 3) and
non-fluent (N = 9) aphasic profiles. Authors
report correlations (in their Table 4) between
NAP discourse variables and performance on
other standardized batteries.

Greenslade et al.[51]

Recognizing the strong psychometrics and rich
procedural knowledge of both main concept anal-
ysis (MCA) and story grammar component cod-
ing, Greenslade and colleagues [51]
complemented it with easy-to-obtain sequencing
information to develop the standardized and
norm-referenced multilevel analytic approach
called Main Concept, Sequencing, and Story
Grammar Analyses, or MSSG. Richardson and
colleagues [52] then applied this approach in the
largest study of story grammar in PWAs to date.

Materials

Authors relied upon AphasiaBank transcripts for
the Cinderella retells; standardized AphasiaBank
instructions have participants review the
Cinderella picture book by Grimes [53] with the
words covered prior to attempting the storytell-
ing. Materials for these tasks, including elicita-
tion procedures, are included on the AphasiaBank
website.

Elicitation Procedures

Standardized elicitation details are in the manu-
script [52] and listed in further detail on
AphasiaBank. Briefly, following review of the
aforementioned picture book, participants were
instructed: “Now tell me as much of the story of
Cinderella as you can. You can use any details
you know about the story, as well as the pictures
you just looked at.”

Coding/Scoring Procedures

Coding and scoring procedures are described
fully in MSSG manuscripts [51, 52] and links to
additional online (and regularly updated)
resources are listed at the end of this manuscript.
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Transcripts were in CHAT (Codes for Human
Analysis of Transcripts) form [54] or were ortho-
graphic transcriptions; line numbers were added
to all transcripts. (Note: this analysis can be
conducted without reliance on CHAT transcrip-
tion format.)

Main concept analysis (MCA) is the first step
of MSSG analyses and is described in more detail
in Chap. 12 [15] in this volume. Cinderella tran-
scripts were scored for MCs using standardized
checklists and scoring procedures [10, 11, 13,
14]. Briefly, a main concept (MC) consists of one
main verb and its constituent arguments, as well
as prepositional phrases and/or subordinate
clauses that operate on the main verb, as appro-
priate [10, 11]. Each participant’s transcript was
scored for the presence or absence of MCs.
Missing MCs were coded as absent (AB); present
MCs could be assigned one of four codes based
upon the accuracy and completeness of the essen-
tial elements within each MC—(1) accurate/
complete (AC), (2) accurate/incomplete (Al), (3)
inaccurate/complete (IC), and (4) inaccurate/
incomplete (II). MC codes were transformed to
numeric scores with the following formula [14]:
MC composite score = (#AC x 3) + (#AI x 2) + (
#IC x 2) + (#II x 1).

Sequencing is the next part of MSSG analyses
(though it can be conducted before or after the
story grammar analysis in practice) and relies
upon the line numbers added to the transcripts.
Detailed information regarding acceptable
sequencing of MCs is located in the manuscripts
[51, 52] and online resources. Correctly
sequenced MCs were assigned three points.
Incorrectly sequenced MCs that were signaled as
being out of sequence by the speaker (e.g., “I for-
got to mention...,” use of temporal terms) were
assigned two points. Incorrectly sequenced MCs
unaccompanied by signaling were assigned 1
point. Absent MCs were assigned a sequencing
score of 0. Points for all MCs were tallied for the
sequencing score.

A combined main concept + sequencing
(MC + Sequencing) score was calculated by add-
ing the MC and sequencing scores for each
concept.

The final MSSG analysis, story grammar (SG)
analysis, yields several variables. Twenty-eight
of the 34 Cinderella MCs were pre-assigned one
of six story grammar component codes: (1) set-
ting, (2) initiating event, (3) attempt, (4) direct
consequence, (5) mental state (i.e., internal
response, plan, or reaction), and (6) conclusion.
The remaining six MCs were assigned coding
options since the order of their production, neigh-
boring MCs, or specific formulation determined
their story grammar component. Each MC that
received a code other than AB (absent) also
received 1 point for the corresponding compo-
nent (with one exception, see original resources).
Points for all MCs were totaled for an essential
story grammar components score, which tallies
recognizable attempts at essential concepts/story
grammar components and is comparable to pre-
viously reported MC Attempts [14, 55].

Twenty-four of the 27 Cinderella MCs exist-
ing within the episodic structure (i.e., MCs
between the pre-assigned “setting” and “conclu-
sion” codes) were pre-assigned an episode num-
ber (one through five); the remaining 3 MCs were
assigned episode options. Within each episode, 1
point was given for the presence of each required
episodic SG component (i.e., initiating event,
attempt, and direct consequence). These points
were then tallied for the fotal episodic compo-
nents score.

Episodes were deemed complex episodes if
they contained at least two required episodic SG
components (i.e., initiating event, attempt, direct
consequence). Each complex episode received 1
point while episodes including no or only 1 epi-
sodic SG component received O points. Points
were totaled across episodes for the episodic
complexity score.

Authors also presented an MSSG classifica-
tion that was inspired by the Story Goodness
Index, [56, 57] where the MC + Sequencing
dimension (x-axis) was plotted against their fotal
episodic components dimension (y-axis). The
MSSG classification facilitates straightforward
visualization of the relationship between partici-
pants’ ability to tell accurate, complete, and logi-
cally sequenced stories (MC + Sequencing) and
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Fig. 13.1 Sample MSSG classification plot

their ability to maintain overall episodic structure
(total episodic components) by dividing into four
quadrants determined by normative (standard
deviation) cutoffs shown below (see Fig. 13.1).

Resources with guidance, descriptions, and
other examples useful for training include: rules
for MC coding in Nicholas and Brookshire [11];
MC checklists in Richardson and Dalton [13] and
MSSG procedures in Greenslade et al. [51]; MC
and MSSG online manuals located in additional
resources; and normative and comparative infor-
mation for PWAs and healthy controls in
Richardson and Dalton [13], Dalton and
Richardson [14], Greenslade et al. [51], and
Richardson et al. [52].

Participants for Reference

See Table 1 in Richardson et al. [52] This study
included 370 PWAs (219 males) between the
ages of 25-90;7 (M = 62) with between 7 and
25 years of education (M = 15.4). MPO was not
reported. Aphasia subtypes included the follow-
ing: 122 anomic, 85 Broca, 67 conduction, 4
global, 54 latent (or not aphasic by WAB;
NABW), 12 transcortical motor, 2 transcortical
sensory, and 24 Wernicke. (Descriptives are also

broken down by aphasia subtype). Fifty-three
PWAs had latent aphasia, 127 mild aphasia, 133
moderate aphasia, 41 severe aphasia, and 10 very
severe aphasia according to WAB AQ scores; five
were unclassified. One-hundred and ten healthy
controls (45 males) between the ages of 20—89;5
(M = 58.3) with between 11 and 23 years of edu-
cation (M = 15.8) were included for comparison.
Group-level race/ethnicity data are also reported
(Greenslade et al. [51] also reports on a sample of
92 healthy controls.).

Summary of Findings

Statistically and practically significant differ-
ences between PWAs and healthy controls were
reported for all MSSG variables. These differ-
ences were observed not only at the omnibus
group level (PWAs vs. controls) but also for each
aphasia subtype, notable even for persons with
latent or very mild aphasia who scored as
NABW. Medium to large effect sizes for nearly
all MSSG variables and aphasia subtypes sup-
ported the practical significance of this multilevel
analytic approach. Authors demonstrated on a
large scale, and with a wide range of aphasia sub-
types and severity, that narrative macrostructure
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is not as well-preserved as previously believed
and that it should receive more focus in both
assessment and treatment.

Macrostructure Rating Scales

There are several reports using rating scales of
macrostructure, with rating bins defined well-
enough for good reliability. While not suitable as
standalone measures, such scales may be useful
for communicating about discourse status and
treatment targets with clients and their families
and may also hold some promise for tracking
recovery.

Bottenberg and colleagues [58, 59]

Bottenberg and colleagues [58, 59] examined
“narrative level” according to Applebee’s [60]
6-level rating system for narrative structure and
connections in PWAs and healthy controls.

Materials

Three sets of stimuli were used (toy dolls, picture
scene, picture sequence), only one of which is
readily available—a picture scene titled “Looking
Out to Sea” by Norman Rockwell [61], which
can be located via an internet search with relevant
keywords (e.g., title, artist). Only the procedures
and findings for the available stimulus, referred
to as “Rockwell” in the manuscript, are discussed
here.

Elicitation Procedures

Few details regarding elicitation were provided.
Participants were shown the pictured scene and
instructed to “Tell me a story about ”
where perhaps they inserted “this picture,” “this
scene,” or the title of the print into the blank.

Coding/Scoring Procedures

Discourse samples were audio-recorded and
transcribed. Authors analyzed for narrative
level, use of logical connectives, and cohesive
harmony; only narrative level is discussed here

because of its potential for replicability and its
similarity to other macrostructural measures,
such as story grammar, discussed in this chap-
ter. Applebee [60] developed a 6-level rating
system, where the lowest rating is a 1 for
“heaps,” or unlinked mentions of characters
and/or actions; the highest rating is a 6 for “nar-
rative” which contains a central theme, a for-
ward momentum, and climax. Intermediate
ratings (numbered 2-5) include simple
sequences, primitive narratives, unfocused
chains, and focused chains [59]. The Rockwell
discourse sample was assigned a rating between
1 and 6. Additional scoring examples poten-
tially useful for training are found in original
Applebee [60] and Hedberg and Stoel-Gammon
[62].

Participants for Reference

See Table 1 in Bottenberg et al. ([58], p. 242).
This study included 10 PWAs (9 males) between
the ages of 36 and 71 (M = 57) with between 9
and 18 years of education (M = 13.6). Participants
ranged from 2 to —96 MPO (M = 30.2). Nine
were characterized as having mild aphasia and
one as having moderate aphasia, according to the
PICA [31]. Ten healthy controls were matched
for sex, age (range 34—74, M = 61), and education
(range 10-17, M = 12.7).

Summary of Findings

Narrative level (collapsing across all three sam-
ples) differed significantly between PWAs and
controls, and PWAs were more variable overall.
Looking at the “Rockwell” data specifically, nar-
rative level ratings for PWAs (range 1-4, M =2.7)
were significantly lower than controls (range
3-5,M=3.7).

Bottenberg and Colleagues [63]

Bottenberg and colleagues [63] also applied a
different 8-level rating system based on Stein and
Glenn [19] and Hedberg and Stoel-Gammon [62]
to study “overall organization or suprastructure”
([63], p. 204) of discourse in PWAs.
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Materials

Three picture stimuli were used—the Cookie
Theft picture [64] and two-colored picture
sequences showing a fire scene and the Kennedy
assassination. Only procedures and findings for
the readily available stimulus, referred to as
“Cookie Theft” in the manuscript, is discussed
here.

Elicitation Procedures

Authors provided elicitation details in the manu-
script ([63], p. 204). Authors presented the
Cookie Theft picture and instructed the partici-
pant to “Look at [the picture] and tell me the best
story you can.” Minimal prompts to continue or
to indicate attention were provided (e.g.,
“hmmm,” head nod). If the participant paused for
>20 s, the assessor asked “Can you tell me
more?” or “Is that all?”’. Sampling was completed
following participant indication (verbal or
nonverbal).

Coding/Scoring Procedures

Discourse samples were audio-recorded and tran-
scribed; unintelligible words were transcribed
phonetically or marked “unintelligible.” The fol-
lowing were marked in the sample according to
conventions outlined by Hedberg and Stoel-
Gammon [62]: revisions, self-corrections, false
starts, perseverations, stereotypic comments,
asides (though it is unclear if this is critical for
the rating system below, or only needed for other
analyses included in the study). Discourse was
segmented into T-units, as defined by Hunt [30].
Authors applied a different 8-level rating system
based on Stein and Glenn [19], Hedberg and
Stoel-Gammon [62], and McCabe and Peterson
[2]. Of the 8 levels, the lowest rating is a 0 for
“unrelated statements” and the highest rating is a
7 for “interactive episode,” which involves at
least two characters whose goals and actions
influence one another. Intermediate ratings (num-
bered 1-6) include descriptive sentences, action
sequences, reactive sequences, abbreviated epi-
sodes, completed episodes, or compound/com-
plex episodes. Additional scoring examples
useful for training are found in Hedberg and
Stoel-Gammon [62].

Participants for Reference

See Table 1 in Bottenberg et al. [63] This study
included 12 PWAs (7 males) between the ages of
38-65 (M = 50;6) with between 11 and 20 years
of education (M = 13.9). Participants ranged from
3 to 282 MPO (M = 71.91). Inclusion criteria
required they be considered mild-moderately
impaired according to PICA scores.

Summary of Findings

While the study focus was to determine the
impact of varied story elicitation stimuli on a
wide range of discourse variables, authors noted
that most participants produced complete stories
for all stimuli under investigation, with mean
story grammar level ratings that ranged from 4 to
4.5 (4 = abbreviated episodes, 5 = completed epi-
sodes); however, no ratings of 7 (highest rating,
interactive episode) were observed in their sam-
ple. In Table 3 ([63], p. 206), authors show find-
ings by stimuli, and Cookie Theft stories received
the lowest ratings: M = 4.0 (SD = 1.38; range
1-6).

Summary

Macrostructures clearly are not preserved in
PWAs as a group and the presence and impact of
such deficits has been overlooked until fairly
recently. In this chapter, several tools for macro-
structural analysis that identify strengths and
weaknesses to guide treatment and management
have been identified. Though admittedly biased,
we feel that the most sound and operationalized
approach described in this chapter is the MSSG
analyses. However, it is limited to the Cinderella
story retelling, and should likely be accompanied
by other stimuli and associated analyses for opti-
mal well-rounded assessment.

Other recently introduced measures that, with
additional development and/or operationaliza-
tion, show promise for contributing to our knowl-
edge of macrostructural deficits in PWAs. For
example, Hameister and Nickels [65] determined
the median MC order (i.e., which MC was most
commonly presented first, second, etc.) for the
“Cat in the Tree” (or “Cat Rescue”) picture scene
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and introduced a Difference-in-Order ratio (DiO
ratio) to express the difference between the
expected versus produced order of MCs. There
are also other recently introduced and promising
temporal and efficiency measures. DeDe and
Salis [66] examined the Cinderella story retelling
in persons with mild and latent aphasia, focusing
on temporal speech production variables (e.g.,
pauses, mazes, speech rate, repetitions, revisions)
and discourse organization variables (e.g., per-
centage of formulation time for utterances that
continue episodes, episode omission, episode
recurrence). They found that the temporal mea-
sures sensitively characterized differences
between controls and people with latent aphasia
and advocated for the inclusion of temporal
information to discourse assessment to increase
sensitivity. Expanding derived efficiency mea-
sures, such as MC/min [67], to MSSG analyses
or similar, would require very little additional
effort (e.g., timing the narrative, simple calcula-
tion) and may provide additional valuable infor-
mation that can be targeted to improve overall
communication.

Finally, though not featured in this chapter,
coherence measures can be used to provide
additional information about one’s effective
presence and usage of macrostructures [1]. Of
particular interest is how PWAs are able to con-
vey the main ideas of a narrative in a coherent
fashion, so that consecutive utterances are
related to each other (local coherence) and to
the overarching topic (global coherence) [1, 3,
68, 69]. There are well-known 5-point rating
scales for local and global coherence [3, 69, 70]
with well-defined rating descriptions, as well as
the 4-point global coherence rating scale [71,
72]. More recently, Linnik and colleagues [73]
introduced a coherence rating system that
involves four aspects—informativeness, clarity,
understandability, and connectedness.

As emphasized throughout, readers should not
rely solely on this chapter as the training resource
or manual to implement a featured measure,
rather readers should use this chapter as a naviga-

tion resource to locate the resources needed to
conduct their selected analyses with the greatest
fidelity and precision. Even though our focus was
on the strongest and most well-described mea-
sures involving monologic story retelling, if read-
ers dive into even a subset of the resources
referenced, they will discover a rich literature full
of additional and acceptable approaches.

Major Takeaways

1. Proposition-level measures of correctness or
completeness relate to both microstructure
and macrostructure since incorrect and/or
incomplete relevant (or essential, compared to
a standard) concepts generally reduce overall
narrative coherence and expression of topic
“gist.”

2. Story grammar analyses examine how well a
narrator meets organizational expectations
related to the logical and/or linear sequencing
of events, characters, and relationships
between events and characters to facilitate lis-
teners’ ability to follow a story.

3. Thorough macrostructural analysis should
extend beyond counting essential story gram-
mar components and consider the sequencing
of those components.

4. The brief Narrative Assessment Profile (NAP)
is intended to characterize main concepts,

story grammar, core lexical usage, and
sequencing.
5. Main Concept, Sequencing, and Story

Grammar, or MSSG, analysis is a standard-
ized, norm-referenced multilevel analytic
approach that incorporates the coding of main
concepts (MCs), sequencing, and story gram-
mar components.
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2020;41(1):32-44. Thieme Medical Publishers.
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Books/Book Chapters
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Plural Publishing; 2022.
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Main concept training  materials.  https://drive.
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Main concept, sequencing, and story grammar analyses
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for scoring main concept analysis. R package version
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FOQUSAphasia. https://www.foqusaphasia.com/
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Preview of What Is Currently Known

In 2005, the Academy of Neurologic
Communication Disorders and Sciences [1]
issued a report highlighting the need for func-
tional, reliable, and feasible assessment tools
specific to traumatic brain injury (TBI). Evidence
points to an increasing adoption of discourse
analysis [2] among speech-language pathologists
(SLPs). There has been extensive research on
non-standardized assessment since that time but,
as of 2014, only 10% of SLPs working with peo-
ple with acquired cognitive communicative defi-
cits following TBI reported the use of discourse
analysis or other functional performance [3]. The
utility of discourse analysis in this population
was becoming increasingly compelling [4] but
the translation of research knowledge to clinical
practice remained elusive. This was likely due to
time constraints of SLPs and a lack of consensus
on technique. A standardized, norm referenced
measure of narrative discourse production and
comprehension was available to assess children
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between the ages of 5 and 12 years of age (Test of
Narrative Language) [5], but nothing similar had
been available for adults.

Objectives

(a) To present and discuss the utility of discourse
analysis as an assessment measure.

(b) To describe advantages and disadvantages of
discourse assessment compared to other
methods.

(c) To enumerate several approaches to the
assessment of discourse.

(d) To explain whether recent technological
advancements are enough to overcome barri-
ers to use.

Introduction

Following brain injury, psychosocial deficits may
be subtle and yet damaging to the maintenance of
relationships critical to having a good quality of
life. Evidence that conversational discourse abil-
ity has been significantly correlated with psycho-
social skills makes clear that discourse skills
must be addressed directly in rehabilitation [6].
However, methodological challenges in both the
assessment and rehabilitation of discourse con-
tinue to be pervasive.

In this chapter, the advantages and disadvan-
tages of discourse analysis will be discussed, fol-
lowed by how technological advances have
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influenced its adoption. The standardized and
non-standardized assessments of social and cog-
nitive skills that have been published since the
year 2000 will also be described and summa-
rized. The five standardized tests target an adult
population with an acquired brain injury and
include an assessment of discourse production,
comprehension, or both. Non-standardized
assessment consists of descriptive reports from
SLPs, rating scales (also outlined here), and dis-
course analyses.

The Advantages of Discourse
Analysis

Discourse analysis is an underutilized tool that
can be a valuable addition to any clinician’s tool-
box, particularly benefiting those treating indi-
viduals with neurological disorders such as
TBI. One of the key benefits of discourse analysis
is that it directly reflects how people typically
engage with one another. Individuals across all
cultures converse and story-tell. Discourse analy-
sis utilizes this cross-cultural method of social
engagement to elicit and identify potential defi-
cits. Furthermore, discourse analysis provides
clinicians with a glimpse of other deficits that
may be present in different areas of cognition,
while also capturing the interaction between
communication and cognitive processing.
Language assessments such as aphasia batteries
most thoroughly examine word- and sentence-
level comprehension and production addressing
the prominent levels of impairment of that disor-
der. Word- and sentence-level deficits are not the
prominent area of concern following TBI, how-
ever. Deficits at the discourse level are more com-
mon [1, 7]. Discourse analysis is a tool that is
sensitive to changes precipitated by TBI and can
be utilized to capture structural, pragmatic, and
psychosocial changes resulting from injury,
enabling clinicians to characterize and address
areas of concern [1, 7].

An additional benefit of discourse analysis is
that it is cost-effective unlike many standardized
tests. Monitoring narrative organization, struc-
ture, and content production does not require a

comparative normed sample though this would
be ideal. Clinicians can elicit a language sample,
record it, and manually score it for all of the
aforementioned variables of interest. This means
that discourse analysis can be feasibly done with-
out purchasing expensive tests or software mak-
ing it an option for most clinicians. Furthermore,
training for discourse analysis can be completed
relatively quickly and can be designed so that it is
integrated into graduate coursework.

For clinicians who prefer standardized assess-
ments, there has been an increase in the number
of tests that use discourse to evaluate communi-
cative competence and/or cognitive-linguistic
functioning  (see  section  “Standardized
Assessment Tools”). These assessments provide
an efficient means of assessing functional com-
munication performance. Collectively, both
informal and formal measures of discourse anal-
ysis can be utilized to gauge an individual’s per-
formance throughout their time in rehabilitative
care.

One major advantage of discourse assess-
ments is that they engage multiple cognitive fac-
ulties [8—10]. Many clinicians may not initially
assess memory and executive functions during
their evaluation, particularly if their assessments
are part of a routine protocol. Decreased critical
content production and/or poor organization
revealed during discourse analysis lends support
for further cognitive assessment. The more com-
plex nature of discourse, relative to naming and
word retrieval tasks, results in a more in-depth
grasp of cognitive-communicative performance.

Challenges of Discourse Analysis

Time is one of the most significant barriers to
widespread use of discourse analysis as an assess-
ment tool. Historically, in-depth language tran-
scriptions have been a laborious process.
Clinicians had to elicit a sample, record it, manu-
ally transcribe it, and then score it. Clinicians
working in adult neurogenic care settings per-
forming language analyses are likely more accus-
tomed to more succinct visual description tasks
such as the Cookie Theft from the Boston
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Diagnostic Aphasia Battery [11] and the Picnic
Scene from the Western Aphasia Battery [12].
These images are utilized to elicit utterances
enabling a relatively quick assessment of seman-
tic and syntactic production. Unfortunately, as
previously noted, these are not areas commonly
impaired following TBI. Discourse analysis bet-
ter captures the interplay between language and
other domains of cognition, but it is more com-
plex and more time consuming. Presenting a
visual story and having the client/patient retell it
is more time consuming than a picture descrip-
tion task, but it enables a more thorough assess-
ment of cognitive-communicative function.
Notably, many of the newer discourse assess-
ments capture pragmatic function without assess-
ing linguistic structure. Therefore, clinicians
noticing deficits in narrative organization and/or
content production will need to perform a more
time intensive structural discourse analysis to
better gauge performance.

In addition to barriers posed by eliciting utter-
ances and transcribing them, scoring also poses a
challenge for most clinicians who are likely unfa-
miliar with the methods currently in use. Micro-
and macrolinguistic analyses typically entail
some level of training. There is a need for online
assessment to increase efficiency and reduce the
learning curve currently required to identify
impaired communicative function based on dis-
course performance. Researchers have been
developing assessments intended to be more rap-
idly scored (e.g., [13, 14] easing the burden faced
by clinicians. Additionally, freely available lan-
guage analysis tools such as Coh-Metrix may
enable clinicians to rapidly identify micro-and
macro-linguistics deficits [15]. Further research
is still needed to validate assessments and get
them to a point of routine clinical use.

Another potential issue in the interpretation of
discourse analysis is that identification of deficits
is not necessarily indicative of how clinicians
should begin treatment. Memory, attention, and
several differing executive functions play a role
in discourse processes [9, 16-18]. Currently,
there is only a small body of research examining
discourse interventions for individuals who have
sustained a TBI. Steel and colleagues [19] per-

formed a recent literature review and found only
six intervention studies aimed at treating narra-
tive discourse. Metacognitive instruction was a
component of each of these interventions with
most studies primarily targeting intervention
towards understanding narrative structure and
production. Discourse analysis can be used to
successfully identify deficits, but there needs to
be further understanding for how various execu-
tive functions differentially influence treatment
targets and accommodations. A systematic
review by L& and colleagues [20] revealed that
current treatment approaches for discourse are
most beneficial for individuals with mild-to-
moderate TBI. They suggest that assessment may
identify impairments, but further work is needed
to support remediation.

During assessment, clinicians must be cogni-
zant of potential cultural and gender differences
that can influence how stories are told. For exam-
ple, individuals of Asian descent including Asian
Americans frequently provide less detail when
recalling autobiographical information relative to
individuals of European descent including
European Americans [21]. Similar differences
have also been noted in Western and Asian litera-
ture [22]. Additionally, there are gender differ-
ences in the stories of individuals of European
and Asian descent and in stories of individuals of
African American descent with women providing
longer narratives with more details [21, 23].
Clinically, this suggests that assessing accuracy
of content production using conversation or nar-
ratives regarding autobiographical events may be
complicated if asking a spouse to validate a
response given that female spouses may provide
more details than male counterparts. These issues
may be circumvented by providing specific
instructions guiding an individual to retell a nar-
rative in complete detail, but research is needed
to ensure this solution. More research is needed
to ensure that sex, gender, and cultural differ-
ences do not invalidate results or lead to incorrect
interpretations of performance.

A critical barrier to routine use of discourse
analysis is lack of education and awareness.
Researchers note that many SLPs lack confidence
with respect to intervention practices regarding
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cognitive-communication disorders (CCDs) [24].
Knowledge of the CCDs is critical to rehabilita-
tive care, setting the foundation for any assess-
ment or treatment performed. Clinicians are more
likely to utilize discourse assessments if they
have in-depth understanding of what they are
investigating and the potential ramifications of
letting the disorder go untreated.

There is still work to be done before discourse
analysis is used consistently as a component of
TBI assessment. Increased knowledge of CCDs
and the development and distribution of low-cost
time-efficient assessments sensitive to changes in
discourse processing are initial hurdles impeding
implementation. Discourse analysis can be a
component of TBI assessment protocols.
Additional education and research are needed to
help establish its place in the clinic.

Use of Technology in Discourse
Assessment

Advances in technology have the potential to
reduce the amount of time devoted to transcrib-
ing discourse samples and leading to increased
use of discourse analysis in clinical practice [25].
The first step in discourse analysis is data collec-
tion and transcription. As previously noted, these
processes are each time consuming and may
deter a clinician from use despite its high sensi-
tivity and potential importance in both assess-
ment, prognosis, and treatment of cognitive
communication disorders post-traumatic brain
injury. Technology has the potential to ease this
burden. Recent literature has shown how the pro-
cess of recording, transcribing, and analyzing
discourse has been made simpler and more
streamlined; however, no one protocol has yet
emerged as standard practice.

Recording Discourse

Many technological devices (phones, tablets,
computers) are suitable for recording an audio or
video discourse sample with no need for addi-
tional microphones or expensive recording equip-

ment. Even relatively short files, however, tend to
take up a large digital space and so secure storage
will need to be carefully planned as will the
length of time the files are kept prior to deletion.
Concerns about adhering to patient privacy laws
may be enough to deter clinicians from recording
in the first place as was suggested in a recent sur-
vey of SLPs from Australia, the USA, the UK,
and New Zealand [2].

Most descriptions of recording samples are
those done in a research or clinical environment
[26], but some recent collections have been from
the home environment in an attempt to improve
ecological validity [27, 28]. The home record-
ings were completed with individuals with apha-
sia, and it remains to be seen if those with TBI
would manage the recording device as success-
fully. When recording the language of someone
with a language disorder, the individual may feel
they are in a test-taking mode and are more
attentive to their language production than usual,
resulting in a better-than-normal sample. This
same feeling could also elicit a stress reaction in
some which would negatively impact discourse
production. Therefore, recordings should include
a period of habituation to the device where there
is opening and closing material not included in
the final analysis [6]. For example, Coelho and
Youse recorded 15-min conversations of indi-
viduals who had sustained a TBI and compared
them to conversations with employees in the
same setting [29]. To account for an initial period
of self-consciousness about being recorded, the
researchers only analyzed the middle 6 min
hypothesizing that it was likely the most natural
part of the conversation. There is evidence that
these shorter recordings do not result in the
above-described hyper awareness that negatively
impacts conversational behavior, but this is dif-
ficult to assess [30].

Transcription of Discourse

Transcription may be the most time-intensive
aspect of the process, with reports that it can take
up to 3 h to transcribe and analyze just 15 min of
discourse [7]. The transcription process alone
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will vary greatly depending on the severity of the
individual’s deficits and the rate of speech among
other variables. Unintelligible words and phrases
may be listened to repeatedly until understood
and faster production rates may mean more stops
and starts in the transcription process. Automated
speech recognition (ASR) has the potential to
aid this process if speech is unaffected but dysar-
thria reduces their accuracy [31]. These pro-
grams have improved rapidly and are now
standard on smartphones. Research examining
child language sample transcriptions revealed
that Google Cloud Speech (a voice recognition
software) was significantly more accurate at
real-time transcriptions relative to SLPs and
trained transcribers [7]. Recent work looking at
ASR for individuals with aphasia suggests that
despite being less accurate than human tran-
scription, it could have an important role in mak-
ing discourse analysis more clinically feasible
[7]. Concerns regarding accuracy, cost, and pri-
vacy need to be addressed by developers and
medical facilities before the software can be uti-
lized more routinely.

Analysis of Discourse

Latent Semantic Analysis (LSA) software such
as the commercially available package Systematic
Analysis of Language Transcripts (SALT; [32])
and the Child Language Data Exchange System
(CHILDES; [31]) software program CLAN [33]
are flexible programs that can facilitate the analy-
sis process, but research does not reflect wide-
spread adoption.

Technology in use with other clinical popula-
tion may offer potential benefits. For example,
Automated Language Environment Analysis
(LENA; [34]) is a technology that has been used
to study the word gap in children of lower socio-
economic status. LENA consists of a small
recording device that can be worn by the partici-
pant of interest, and it will record for as long as
18 h. This ensures collection of a highly natural-
istic discourse sample. LENA includes auto-
mated processing of the data yielding word
counts, the number of turns between the device

wearer and the communication partner, the
amount of silence in the recording, as well as the
amount of electronic time. This technology has
recently been utilized with individuals with apha-
sia [28], but data are preliminary and accuracy
has not yet been confirmed.

Approaches to Discourse Analysis

There are several approaches to discourse pro-
duction and comprehension analysis. These are
included within standardized tests of social and
cognitive functioning and may also be done using
rating scales, in which the perception of the per-
son with the TBI or a conversational partner
makes judgments about various discourse forms.
Discourse can also be sampled without scales or
standardized tests, but this requires understand-
ing the different types of discourse that might be
elicited (i.e., narrative, procedural, conversa-
tional) and various ways to analyze and interpret
each. These are outlined in detail in a recent
review by Steel and Togher [2], and readers are
directed to this comprehensive resource for
review. The section below includes selected sam-
ples to provide the reader with a high-level
overview.

Standardized Assessment Tools

In recent years, there has been some development
in the standardized assessments that measure
social and cognitive functions that are frequently
impacted by TBI or other acquired neurological
conditions. A brief overview is provided of these
standardized assessment tools in Table 14.1 and
described below.

The Assessment Battery of Communication
(ABaCo) [35], originating from Cognitive
Pragmatic Theory [39, 40], provides a compre-
hensive assessment of the pragmatic abilities of
people with TBI or other acquired neurological
conditions. The ABaCo utilizes videotaped
scenes and the examiner’s prompts to assess the
five scales outlined in Table 14.1. Each scale is
divided into comprehension and production
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Table 14.1 Standardized assessments of TBI

Tests Tasks Potential clinical use | Discourse measures
Assessment Battery of | It consists of five evaluation e Guide Conversational scale:
Communication scales to measure a wide individualizing * The examiner has four
(ABaCo) [35] range of communication rehabilitation short conversations with
skills: planning the participants, each
 Linguistic » Use as outcome lasting between 5-6 min
» Extralinguistic measure and focused on a simple

 Paralinguistic
¢ Context
¢ Conversational

Measure recovery

topic (such as hobbies or
favorite television shows)
The clinician uses the
scales to rate various
aspects of the conversation

Functional Assessment
of Verbal Reasoning
and Executive
Strategies (FAVRES)
[36]

Made up of four tasks based
on common daily activities:
* Planning an event
¢ Scheduling a workday
¢ Deciding on a gift
* Building a case to solve a
common problem

Guide
rehabilitation
programs
Evaluate skills for
return to work

Discourse task:

» Each task requires the
participants to produce
written rationale explaining
why they chose a specific
answer
Discourse is evaluated
through post-hoc
discussion evaluating the
written discourse (Task 4:
Building a Case)

This takes approximately
15 min to complete

Montreal Evaluation
of Communication
(MEC) [37]

It consists of nine tasks that
assess four communicative
processes:

* Discourse

* Pragmatic

¢ Lexical-semantic

¢ Prosodic

Estimate prognosis
Use as outcome
measure of
intervention
programs

Guide
individualizing
rehabilitation
planning

Conversational discourse
sub-test:

e It involves having a 10-min
spontaneous conversation
with the examiner on two
different topics

e A checklist is rated
following this discussion

Assessment of
Pragmatic Abilities
and Cognitive
Substrates (APAC)
[38]

It consists of three major
parts:

* Non-literal information
processing in real news
stories rated with
comprehension questions

* Autobiographical
narratives production

* Picture descriptions rated
with discourse checklists

Evaluate an
individual’s
pragmatic abilities
and deficits
following brain
injury

Guide
individualizing
rehabilitation
planning

Narrative task:

e The aim is to assess the
participant’s ability to
comprehend the main
aspects of a narrative text
and discourse
This task consists of six
stories and two non-literal
expressions
These stories are read to
the participants at a normal
rate, and several question
items are administered
following each story
It takes about 10 min to
complete

tasks. The linguistic scale assesses the compre-
hension and production of communication acts
such as questions, requests, commands, asser-
tions, and identification and production of emo-

tive content. The extralinguistic scale assesses
the use and understanding of communication acts
expressed through the gesture modality only;
however, the paralinguistic scale assesses
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communication acts through gestures, facial
expressions, and prosody. The context scale
assesses the adequacy or inadequacy of commu-
nicative acts with respect to discourse norms and
social norms. Finally, the conversation scale
assesses social communicative functions like
turn-taking and topic management.
Administration of the full battery takes approxi-
mately 90 min. However, the battery is modular,
and each scale may be administered separately
during customized clinical sessions to facilitate
clinical use.

The Functional Assessment of Verbal
Reasoning and Executive Strategies (FAVRES;
[36]) was designed to evaluate high-level
cognitive-communication skills (complex com-
munication, verbal reasoning, and executive func-
tions). The FAVRES is specifically intended for
individuals with an acquired brain injury. It
includes four functional tasks that simulate
activity-based encounters in daily life. These tasks
require decision-making, reasoning, and filtering
out unimportant information. In addition, they
present a novel problem in a meaningful context,
such as work, school, family, or social settings.
The FAVRES tasks are measured in terms of the
individual’s efficiency, accuracy, and quality of the
rationale provided. Higher scores on FAVRES
tasks have been associated with positive outcomes
such as being able to return to work and ongoing
employment in persons with mild to severe TBI
[41-43]. The FAVRES appears to be a promising
assessment tool for predicting employment suc-
cess following traumatic brain injury [42].

The Montreal Evaluation of Communication
(MEC or D-MEC) [37] is a standardized test that
examines social communication deficits with
pragmatic components of language such as dis-
course, lexico-semantic processes, metaphor and
pragmatic inference, and prosody in individuals
with non-aphasic communication disorders. It is
designed to be administered in an acute care set-
ting. Performance is evaluated based on 17 dif-
ferent communication behaviors and two
conversation topics that necessitate a topic shift.

The MEC checklist includes measures that assess
the capacity for self-correction, imprecise expres-
sion of ideas, and inappropriate remarks. Studies
have shown that better conversational discourse
performance, as measured by D-MEC, has been
associated with better global outcomes and lower
disability ratings. Therefore, conversational dis-
course impairment could be identified early in
acute care with the D-MEC, allowing for early
identification and intervention [44]. This tool
may also aid in measuring pragmatic recovery, as
few TBI assessment tools are used during the
acute recovery stages. However, administering
this instrument takes a significant amount of
time. It typically lasts an hour and a half and
requires two 45-minute sessions, which may
fatigue patients with moderate-severe injuries. To
overcome this drawback, the Montreal
Communication Evaluation Brief Battery- MEC
B was created. The MEC B contains an entirely
new set of tasks for each category and includes
tasks measuring reading and writing. It takes
25-40 min to administer and has shown satisfac-
tory reliability and validity. Clinicians can use it
to plan rehabilitation programs and as an out-
come measure for intervention programs [45].

The most recently developed norm-referenced
tool is called the Assessment of Pragmatic
Abilities and Cognitive Substrates (APACS)
[38] was designed to evaluate pragmatic abilities
in people who have acquired communicative def-
icits. Discourse and non-literal language are the
two main areas of focus for APACS. Tasks require
description, interview, narrative, humor, and fig-
urative language, and it results in three composite
scores: a total APACS score and pragmatic com-
prehension and pragmatic production scores.
Administration of the full battery takes approxi-
mately 35—40 min. Tasks involve semi-structured
interviews of autobiographical topics and photo-
graphic picture descriptions rated with discourse
checklists, comprehension of non-literal infor-
mation in real news articles, multiple choice sen-
tence matching tasks, story completion tasks, and
verbal explanation tasks.
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Rating Scales

Clinicians may opt to utilize various rating scales
to quantify social communication deficits in indi-
viduals with TBI in conjunction with or as an
alternative to standardized testing. Typically,
these tools are brief and user-friendly. The clini-
cal feasibility and practicality of using some of
these rating scales are discussed in detail in the
following section.

The La Trobe Communication
Questionnaire (LCQ) [46] is a pragmatic scale
designed to measure perceived communicative
ability. The self-rating scales that quantify the
perception of change in communication post-TBI
are completed by both the individual with TBI
and a communication partner. Many recent stud-
ies have used the LCQ to quantify the perspec-
tives of people most familiar with post-injury
changes of individuals with TBI [47-49].
However, for the LCQ to be effective, the person
with TBI and their familiar communication part-
ner must be able to identify and recognize com-
munication impairments. It might not be as
helpful at the beginning of recovery, especially in
a hospital setting [48], since changes in commu-
nication may become more apparent as the indi-
vidual with TBI resumes social and work-related
activities [50, 51].

The Pragmatic Profile of Impairment in
Communication (PPIC) [52] is a pragmatic
communication behavioral rating scale used to
measure functional or social communication
after TBI. It has good inter-rater reliability, high
internal consistency, and good concurrent valid-
ity [48]. PPIC is a clinician-rated assessment
with two scoring systems: individual behaviors
and a feature summary scale. Studies have used
this scale as a primary outcome measure in the
remediation of social communication impair-
ments [47, 53] and as a measure of recovery from
video-recorded conversation samples [48, 54].
The PPIC administration necessitates the use of
videotaped interactions, making it less suitable
for use in hospitals. However, the inclusion of
severity ratings and frequency ratings of behav-
iors make this a helpful instrument for measuring
changes [2].

The Adapted Kagan Scale [55] is made up of
the Adapted Measure of Participation in
Conversation (MPC) scale and the Adapted
Measure of Support in Conversation (MSC)
scale. The MPC is used to assess the level of par-
ticipation of the individual with TBI in a conver-
sation, whereas the MSC quantifies the ability of
the communication partner to acknowledge their
partner’s competence. This is one of the few
scales that measure the collaborative aspects of
the conversation by assessing the participation of
both the individual with TBI and their communi-
cation partner. Several recent studies have used
this scale as an informative outcome measure for
the communication partner training intervention
after TBI and in group-based communication
skills treatment [42, 49, 50, 56, 57]. Clinicians
can use this scale to identify and prioritize areas
that the communication partner should focus on
to facilitate joint conversations. For example,
instead of concentrating on the underlying cause
of the impairment in social communication, this
tool makes it possible to examine the conversa-
tion as a mutual activity. The Adapted Kagan
Scales have been used to explore the effects of
joint video self-modeling to improve self-
regulation, provide individuals with TBI and
communication partners with more insight into
maladaptive behaviors, and improve communica-
tion interactions [49].

The Pragmatic Rating Scale (PRS) [51, 58]
consists of 16 items divided into three subscales:
“nonverbal communication”  encompassing
extralingual aspects (e.g., eye contact, body lan-
guage, gesture), “propositional communication”
refers to parts of information conveyed by the
speaker (e.g., verbosity, initiation, clarity, cohe-
sion), and “interactional communication” refers
to the reciprocal give-and-take conversation
between individuals (e.g., repair, feedback,
responsiveness). It is recommended that ratings
be applied to a dyadic conversation approxi-
mately 10 min in length. PRS has high clinical
feasibility, and clinicians can quickly learn it and
score it while observing or collecting conversa-
tional samples [58].

Global Impression Scales (GIS) [59] rate the
overall impression of the conversation, taking
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into account the skills of the person with acquired
brain injury and their communication partner. It
has four scales which are scored on a non-point
Likert scale: appropriateness (e.g., relevance,
suitability, and aptness of the conversation),
effortfulness (e.g., degree of difficulty and
amount of work required to initiate and maintain
the conversation), interestingness (e.g., the
degree to which the individual can engage, hold
the attention of, and stimulate a spontaneous
response) and rewardingness (the degree of grati-
fication or enjoyment to be derived from the
interaction. This scale has been demonstrated as
a sensitive outcome measure in clinical trials
[57]. GIS can be used in goal setting, monitoring
progress, and evaluating outcomes for social
communication interventions.

In addition to traditional standardized tests
and rating scales, recent years have seen the
development of easy-to-use screening tools that
can help caregivers and non-specialists character-
ize cognitive and communication difficulties in
individuals with acquired brain injury. Cognitive-
Communication Checklist for Acquired Brain
Injury (CCCABI) [60] is one such tool that con-
sists of a one-page checklist of 45 potential areas
of cognitive and communication difficulties,
including daily communications (such as those
with family, community, and workplace) and spe-
cific functional difficulties (such as discourse,
reading comprehension, and written expression).
This tool has been found useful not only by care-
givers but also by SLPs who can use it to track
communication difficulties over a period of
recovery. This tool is available for free online at
http://www.ccdpublishing.com/cccabi.aspx.

Discourse Tasks and Measures

Historically, researchers studying discourse and
TBI have not used formal standardized measures
of assessment. They have instead studied mono-
logic discourse (e.g., descriptive, narrative, pro-
cedural) and conversational discourse. Several
tasks are used to elicit monologic discourse. For
example, participants may be asked to detail a
procedure (e.g., how to make a sandwich),

describe a picture, discuss a personal event, gen-
erate a story (given a single image or sequence of
pictures), or expository task (producing a verbal
or written argument). Analysis of monologic
tasks can provide information on the amount and
complexity of verbal output and examine the
organizational and conceptual aspects of spoken
discourse [1, 2, 61]. It includes the analysis of
microlinguistic/within-sentence measures (e.g.,
words, T-units, or C-units per narrative), micro-
structural/across-sentence measures (e.g., cohe-
sion and cohesive adequacy), macrostructural
measures (global and local coherence), and
superstructural measures (e.g., story grammar
and story completeness) [7].

Of note discourse analysis is not confined to
these measures. For example, Jones and Turkstra
took a non-traditional approach to studying
monologic discourse [61]. In their study, they
examined storytelling performance in people
with TBI with a focus on the manner of narrative
performance. They wused the Charismatic
Leadership Communication Scale (CLCS) to rate
1-min video samples of narrative discourse. The
listeners rated the samples based on their interest
in engaging in a conversation with the speaker.
The authors reported that a person’s charisma is
influenced by non-verbal behaviors like gesture
and speech rate, as it was this that appeared to
determine how interested listeners were in con-
versing with that person. This strategy provides a
more global view of discourse among adults with
TBI [2].

At the conversational level, interactive aspects
of communication can be evaluated, such as the
patient’s awareness of the communication part-
ner (pragmatic aspects of communication). This
can provide quantifiable measures of family per-
ception of improvements over time. The conver-
sational discourse elicitation task typically
involves the SLP or someone previously unknown
to the person with TBI engaging in conversation
with the individual with TBI [2]. Prompts used to
engage in conversation include various contexts
such as informal conversation (e.g., about any
mutual interests), purposeful conversation (e.g.,
joint discussion about planning an activity), or
problem-solving tasks (e.g., discussion about the
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function of an unfamiliar topic). These conversa-
tions are then typically analyzed using rating
scales outlined in the sections above [47, 62]. The
differing elicitation prompts can help uncover
various communication deficits within spoken
discourse [62].

In addition to the prompts used to elicit dis-
course samples, there is a growing interest in the
role a communication partner may play in the
elicitation of discourse samples. In recent studies
on conversational discourse exchanges, discourse
samples are elicited between the person with a
TBI and familiar communication partners (rather
than unfamiliar partners) [2, 63—65]. This change
in format was done to address the issue of power
balance and roles within traditional discourse
elicitation contexts [2]. These tasks try to engage
both the individual with TBI and the communica-
tion partner, equalizing the dynamics of interac-
tions [2]. Effects of such elicitation methods were
examined by Jogensen and Togher, who studied
the discourse samples generated by the retelling
of a video segment watched together by an indi-
vidual with TBI and their familiar communica-
tion partner [64]. Kilov and colleagues examined
discourse participation and performance in a
shared problem-solving task involving a person
with TBI and a friend together trying to deter-
mine the function of an unfamiliar object [63].
Both studies found that familiarity with commu-
nication partners affected the qualitative content
of the discourse samples, which could help in
understanding the difficulties faced by the par-
ticipants in real-life interactions. These tasks may
demonstrate the impact of the power and famil-
iarity of communication partners on the discourse
of people with TBI.

The contribution of communication partners
with respect to discourse performance is a grow-
ing area of interest for researchers studying dis-
course performance. Studies have analyzed
conversations with friends following TBI using
Exchange Structure Analysis (ESA) [66] to
describe the contributions of communication
partners within a conversation [65, 67] and as an
outcome measure for communication partner
training [67]. ESA is a discourse analysis tool
that encapsulates the dynamic nature of interac-

tion while emphasizing the subtle influences of
power and familiarity on an interaction, includ-
ing the relationship between speakers, the dis-
course task, and the mode of communication.
Specifically, it analyzes communication
exchanges by classifying turns of speech or
“moves” according to their function(s), such as
statements  (giving information), questions
(demanding information), offers (giving service),
and commands (demanding service). The results
of such analysis can help a clinician use relevant
contexts to guide therapy and educate a person
with TBI and their communication partner to
facilitate better communication by highlighting
specific areas of improvement.

Topic analysis is one of the more notable areas
of concern for persons with TBI who present with
discourse deficits. It is used to examine the pat-
terns and problems in topic management. Mentis
and Prutting used topic analysis to examine the
monologues and conversations of people with
TBI [68]. During topic analysis, language sam-
ples (conversation and/or monologues) are video
recorded, transcribed, and analyzed. Topic analy-
sis includes topic introduction and maintenance.
Topic introductions indicate the extent to which
the speaker initiates topics for discussion and how
the topics are introduced (such as novel topic ini-
tiation and topic shifts). Topic maintenance refers
to a speaker’s ability to express content related to
a topic of a conversation or the test prompts and
provide transitional cues to the listener as they
change topic of the conversation. They are coded
using the total number of turns per topic, the num-
ber of words per turn, and shifts in each conversa-
tion. Topic analysis has been applied to examine
the nature and patterns of topics in conversational
discourse and changes occurring in these topic
choices over 3—6 months post-injury in individu-
als with TBI [69]. Brassel and colleagues identi-
fied three main conversational themes (impacts of
injury, drive towards returning to life pre-injury,
and connecting with people outside rehabilitation
settings). The authors observed that the nature of
topics related to these themes changed 6 months
post-injury; and the participants engaged more
frequently in conversations related to their family
and friends [68].
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In order to assess readiness to return to work
following a TBI, researchers have been using a
standardized elicitation procedure called the
Functional Workplace Elicitation Protocol [43,
70] using the Voicemail Elicitation Task (VET).
VET is a standardized computerized language
elicitation procedure that utilizes voicemail mes-
sage scenarios to elicit language samples in dif-
ferent conditions. Each scenario requires
participants to provide a message that conveys
new information and makes a request (e.g.,
requesting time off work to attend a family
event). Scenarios are thematically related to
workplace events, such as leaving a voicemail for
a coworker, with the four voicemail recipient
conditions based on status (superior, subordinate,
or colleague) and different levels of familiarity
(friends or new coworkers). Analysis of the use of
politeness-marker production is central to the
VET. Politeness-markers include modal verbs
and adjuncts such as “would,” “could,” “just,”
“possibly,” “probably,” and so on. VET is sensi-
tive to performance and able to discriminate
between individuals with TBI who are stably
employed and those whose employment is unsta-
ble. Individuals with TBI who have unstable
employment histories produced fewer politeness-
markers than their stably employed peers [43,
71]. The VET is also sensitive to change as a
result of interventions. For example, participants
who received computer-based workplace com-
munication training, demonstrated an increase in
trained and untrained politeness-marker use [72].
This platform holds promise as a functional clini-
cal discourse assessment tool that can be used to
identify persons at risk for social communication-
related job instability after TBI. Further, it facili-
tates the tracking of progress during and following
intervention.

Summary

Advantages of discourse analysis outweigh the
challenges and should be included in every assess-
ment of individuals with TBI. This is because it
provides very specific and functional targets for
rehabilitation and is easily used to measure prog-

ress over time. What an individual says is often
how they are perceived. Values, morals, ideas, and
intelligence are often conveyed verbally, and so
even subtle discourse deficits can contribute to
shrinking social networks and reduced quality of
life. Clinicians are encouraged to make use of the
tools that are readily available if they are not con-
fident with non-standardized means. Standardized
tests and checklists are easy ways to introduce
discourse analysis into their repertoire. In the
meantime, we urge the field to better train clini-
cians. It is the job of clinical supervisors, faculty
instructors, and also of colleagues to ensure that
new clinicians are prepared to become proficient
with discourse analysis from the start.

Major Takeaways

1. Discourse can be a cost-effective method of
examining the cognitive-communicative func-
tioning of individuals who have sustained
brain injuries. Increased training is needed so
that more clinicians are proficient in utilizing
this valuable clinical tool.

2. Technological advancements may require
basic technology skills and privacy knowl-
edge, perhaps adding to the uncertainty felt by
those considering the implementation of dis-
course assessment for the first time. However,
these advancements reduce the total time
needed for this type of analysis and make
adoption of these techniques clinically
feasible.

3. Discourse analysis is now included in some
standardized tests developed for TBI. Some of
these are norm referenced. These subtests are
described and are one solution to a clinician’s
lack of confidence in conducting discourse
assessment.

4. Rating scales are an alternative to standard-
ized testing of discourse, relying on the per-
ception of the SLP, the family member, or the
individual with TBL.

5. Discourse assessment can be conducted with-
out any pre-packaged materials but in order to
do so successfully, the administering clinician
will require some advanced training.
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People with right hemisphere brain damage (RHD)
are a heterogeneous group with a range of impair-
ments in discourse (e.g., topic maintenance, tan-
gentiality) that fall under the umbrella of
pragmatics. Tools for the assessment of discourse
and pragmatics for individuals with RHD are lim-
ited in comparison with other populations served
by speech-language pathologists (SLPs). While
there are standardized assessments available,
many focus solely on cognitive deficits associated
with RHD. Furthermore, SLPs are not consistently
relying on formal measures to assess discourse
and pragmatics in the RHD population resulting in
clients failing to receive adequate education and
treatment in this area. Recently, efforts have been
made to close this gap, enhancing the tools avail-
able to SLPs working with the RHD population.

Objectives

(a) To discuss the role of speech-language
pathologists (SLPs) in the assessment of dis-
course in people with right hemisphere brain
damage (RHD).

(b) To discuss the challenges and barriers SLPs
face in the assessment of discourse in people
with RHD.
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(c) To describe apragmatism and its components
(linguistic, paralinguistic, extralinguistic) as
it presents in the discourse of individuals
with RHD.

To explain the RHDBank as a resource for
understanding and assessing discourse in
people with RHD across the continuum of
care.

(e) To present various options for analyzing and

interpreting discourse samples.

(d)

Introduction

People with right hemisphere brain damage
(RHD) are a heterogeneous group with few as yet
identifiable patterns of deficits across subsets of
the population [1, 2]. Estimates of the prevalence
of cognitive-communication deficits in this popu-
lation range from 50 to 80% [3]. Assessment of
the cognitive and communication strengths and
challenges of people with RHD has historically
been hampered by the existence of very few stan-
dardized assessment tools targeted for this popu-
lation [4]. Furthermore, those assessments that
do exist typically evaluate the cognitive sequelae
following RHD, with much less focus on changes
in communication [5]. In fact, in 2020, Ramsey
and Blake found that 80% of speech-language
pathologists (SLPs) surveyed did not assess some
of the hallmark features of RHD (anosognosia,
aprosodia, and pragmatics) at all, or if they did
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so, it was through observation alone [5]. This
might be acceptable if observation was sufficient
to accurately identify these communication
changes. However, Lehman Blake [6], in a 2006
study, found that only one-third of SLPs were
“highly accurate” (i.e., at least 70% accurate;
p. 261) at differentiating the discourse of healthy
older adults from those with RHD. This was
despite the fact that these were experienced SLPs
and that the speaker groups were significantly
different from each other in terms of tangentiality
and egocentrism, two frequently occurring char-
acteristics of RHD. It is not known how many of
the participants with RHD who were categorized
as healthy older adults in this study did not, in
fact, have any communication impairments, as
not every person with a right hemisphere brain
injury will present with deficits. Nonetheless, as
a profession, we should not be satisfied with 70%
accuracy by one-third of practicing SLPs. Further,
it is known that adults with RHD can experience
negative changes in their social relationships [7]
and the ability to participate in their previous
vocational or avocational pursuits [3]. We also
know that people with RHD are often under-
referred, under-assessed, under-treated, and/or
lost to follow-up unless they have more severe or
more obvious cognitive impairments, such as
left-side inattention (left neglect) or aprosodia
(impaired prosody) [2, 8]. Thus, the potential to
miss potentially life-altering communication
impairments makes it imperative that we work to
improve our assessment capabilities with this
population.

It can be argued that an important contributing
factor to this assessment problem is a knowledge
gap in the field of speech-language pathology as
it relates to the communication strengths and
impairments of people with RHD [9]. To help
address this, Minga and colleagues [10] proposed
the term ‘“apragmatism” to describe the chal-
lenges people with RHD can present with in their
discourse production and comprehension (see
Chap. 5 for a detailed review). They defined this
term as, “‘a disorder in conveying and/or compre-
hending meaning or intent through linguistic,
paralinguistic, and/or extralinguistic modes of
context-dependent communication” (p. 6).

Linguistic aspects of apragmatism encompass
anything related to the words or syntactic struc-
tures used to convey meaning and intent. This can
include, for example, difficulty understanding
abstract language such as metaphors or idioms
[11], difficulty integrating and interpreting com-
plex information [12], reduced use of question-
asking [13], being verbose or having a paucity of
output [6], demonstrating poor cohesion (e.g.,
unclear pronoun referents) of discourse [14], or
having difficulty maintaining topic [15].
Paralinguistic aspects of apragmatism in RHD
relate to the production and comprehension of
prosodic features of discourse [16]. Prosody can
convey linguistic information, such as the yes/no
question form (e.g., “Do you like sushi?”) or the
word the speaker wishes to stress in a sentence
(e.g., “What are YOU doing here?” vs. “What are
you doing HERE?”), as well as emotional con-
tent (e.g., sarcasm, mood). Receptive emotional
aprosodia has been associated with RHD
although more research is needed in this area, as
well as in regard to the expressive aspects of
aprosodia [14]. Extralinguistic aspects of aprag-
matism include use and interpretation of behav-
iors such as eye contact, gestures, and facial
expression, all of which can be reduced in people
with RHD [10].

Apragmatism, by its very nature, occurs in the
context of communication with another person
through various forms of discourse. There are a
variety of subtypes of discourse depending on the
purpose and the context in which they are pro-
duced. As has been described elsewhere in this
text, there are monologic (e.g., story narratives
and procedural discourse) and dialogic forms of
discourse (i.e., conversation). Conversation is the
most common form of discourse used by most
people in their daily lives [17].

Discourse assessment and interpretation in the
RHD population present challenges to the prac-
ticing clinician. While clinicians may feel confi-
dent in their ability to detect discourse changes in
people with RHD [5], the sometimes subtle
nature of discourse impairments post-RHD can
make it difficult to differentiate between a true
disorder or deficit and a difference that was pres-
ent premorbidly. Furthermore, cultural and lin-
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guistic differences impacting communication are
additional variables for clinicians to consider
when assessing individuals. For example, during
an initial encounter with a new conversation part-
ner, individuals with RHD asked fewer questions
than a control group [18]. However, BLACK
healthy control participants also asked fewer
questions than WHITE healthy participants [19].
Moreover, since most conversation partners were
young white women, the impact of age and race
differences on question asking may have played
an important role in the number of questions
asked. Thus, cultural differences between the
individual and the clinician must be considered to
ensure that the clinician does not incorrectly
assume that an observed discourse characteristic
is related to the individual’s injury rather than to
a cultural difference.

It is important for SLPs, as experts in commu-
nication, to serve as the primary interprofessional
team members in assessing and treating any dis-
course impairments in clients with RHD. In addi-
tion, SLPs should actively educate other members
of the team, including clients and their families,
regarding these impairments. In order for SLPs to
be successful in this role, valid and reliable diag-
nostic tools must be available.

RHDBank

SLPs have long known that standardized assess-
ment measures can never paint the full picture of
a client’s abilities [20, 21]. Nonetheless, such
tools can provide important information and help
discern which behaviors deviate from the norm.
Of the tools available to assess people with RHD,
many are not psychometrically strong [22], and
most clinicians have not adopted them for regular
use in assessing this population [5]. These assess-
ments are also limiting in that most do not assess
discourse and, if they do, they do not thoroughly
address all components of apragmatism as it
manifests in the discourse of individuals with
RHD. In addition, standardized assessments
administered in a clinical setting may not reflect
the “real life” functional ability of an individual
[21]. For example, individuals may present with

more challenges when completing a functional
task than when these skills are assessed using a
standardized measure in the clinical setting.

Given the shortage of standardized tools and
their inherent limitations, using formal, but non-
standardized measures is a reasonable and bene-
ficial option. It is important to emphasize that
“standardized” is not the only kind of “formal”
assessment; similarly, “non-standardized” is not
synonymous  with  “informal” assessment.
According to Coelho and colleagues [23], “a for-
mal assessment tool [is] one that has systemati-
cally applied procedures, whereas an informal
assessment lacks defined procedures. In this
sense, the broad category of formal measures
includes...systematic assessments such as func-
tional behavior assessment” (p. 224).

Beginning in 2015, new tools have been in
development that can help address this need for
formal assessment measures. Specifically, the
RHDBank (a division of TalkBank; https://rhd.
talkbank.org/), the RHDBank protocol, and the
RHDBank Grand Rounds provide valuable infor-
mation and guidance to aid SLPs in systemati-
cally assessing discourse in this population.
Similar to other corpora of TalkBank (e.g.,
AphasiaBank, TBIBank), RHDBank is a shared
database of multimedia interactions for the study
of communication in people with RHD. Interested
researchers and clinicians can easily access the
password-protected database by sending an email
to macw@cmu.edu. In fact, as of 2021, at least
90 such interested parties have accessed the data-
base [9].

RHDBank Protocol

A standard RHDBank protocol for collecting dis-
course data was developed to allow researchers
and clinicians to study and compare participants’
samples that were collected at disparate times
and locations. The protocol was developed using
parts of the established AphasiaBank protocol
and adding specific tasks that were thought to be
sensitive to the RHD discourse impairments [9].
The RHDBank protocol and stimuli can all be
accessed freely online without the need for a
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password. We suggest that collecting and analyz-
ing data using this protocol can be a powerful
tool in the assessment of discourse in people with
RHD. The various components of the protocol
and how they can be used will be described
herein.

The RHDBank protocol includes a variety of
discourse genres, with scripted administration
instructions to ensure consistency, including (1)
narrative discourse, or storytelling, which is elic-
ited in response to an illustrated Cinderella story-
book and in response to the “Cat Rescue” picture
[24]; (2) procedural discourse, which is obtained
by asking participants to describe how to make a
peanut and jelly sandwich; (3) picture description
of the “Cookie Theft” picture [25]; and, (4) “free
speech” samples during which the participant is
asked to describe their current communication
abilities and to share their stroke story. In addi-
tion, the RHDBank includes a novel question
elicitation task. While questions are often a part
of conversational exchange, question asking is
elicited intentionally in the RHDBank protocol
by asking participants with RHD to look at pic-
tures of unfamiliar objects and to generate three
questions that would help them to identify the
object. In one study, people with RHD asked
questions that focused more on relatively unim-
portant details than did the healthy adults, mak-
ing their question-asking less efficient and
effective at accomplishing the purpose of the task
[13].

Finally, dialogic discourse is elicited by ask-
ing participants to engage in a “first-encounter
conversation” with an unfamiliar partner [26]
(https://rhd.talkbank.org/protocol/investigator-
rhd/encounter.html). To our knowledge, there
have not been any published studies analyzing
these first-encounter conversations in people with
RHD. However, they have the potential to be rich
sources of data for research and clinical practice.

To facilitate accurate assessment and to allow
for valid and reliable inter- and intra-client com-
parisons, the manner of data collection must also
be standard. As such, it is recommended that all
data collection be video-recorded in a quiet, well-
lit room, with minimal visual distractors. Care
should be taken to avoid backlighting, to ensure

that clients’ faces are well-lit, and that faces are
not blocked by hats or hair, which would make it
difficult to assess clients’ facial expressions, an
important aspect of extralinguistic communica-
tion. It is also important to monitor the time allo-
cated for each task. Some people with RHD can
be very verbose, while others say very little. The
RHDBank protocol provides guidance as to the
time allotted for each task, as well as a script to
be used if the full time has elapsed.

A critical consideration in using the RHDBank
protocol for assessment is that the clinician
administers the tasks consistently and with fidel-
ity. For example, if a clinician chooses to admin-
ister a discourse task but does not wish to impose
the time limit in an effort to measure a given cli-
ent’s verbosity, it would be important for the cli-
nician to do so in the post-therapy assessment, as
well, to ensure that the two samples can be reli-
ably compared. In addition, a clinician may wish
to set “rules” for their data analysis. In a recent
sample collected by one of this chapter’s authors,
the participant immediately revised many of his
questions (e.g., “What about kids? Brothers or
sisters?”). It was decided that this would count as
one yes/no question, as his intent was to ask his
conversation partner about her siblings. Of
course, other clinicians or researchers might have
approached this differently. In any case, the
important point for clinical assessment is that the
clinician documents these choices to ensure that
the same decisions are made at the next point of
data collection so that the samples can be
compared.

In addition to the discourse tasks, a variety of
supplemental tasks have been included in the
RHDBank protocol to assist in the identification
and understanding of the contributions of various
cognitive processes to the production of dis-
course in people with RHD [21]. These include
the Apples Test [27] to assess hemispatial neglect,
an indented paragraph reading task [26] to assess
for neglect dyslexia, and the Cognitive-Linguistic
Quick Test (CLQT) [28] to assess various cogni-
tive domains. In addition, the Communication
FParticipation Item Bank (CPIB) [29] was
included to facilitate insight into the perceived
impact of discourse impairments on the lives of
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people with RHD. As anosognosia (i.e., limited
awareness of deficits) is often associated with
RHD, the CPIB could also be administered to a
close support person (e.g., spouse, adult child) to
help gauge differences in the perception of com-
munication changes on life participation.

For students or others who are new or less
familiar with the discourse of people with RHD,
the RHDBank website has a link to the
“RHDBank Grand Rounds,” a curated sample of
videos, case descriptions, definitions, and sug-
gested activities, which can be used to gain
understanding and competency in assessing and
interpreting discourse in people with RHD.

Measuring Discourse

Once discourse samples have been collected, cli-
nicians must decide how to analyze them and
how to use and interpret the information they
glean. Part of this depends on the ultimate use of
the assessment data, such as to inform treatment
planning, to communicate with insurers and other
providers, or for client and family education,
among other purposes. The procedures described
herein include some suggestions, but the ultimate
decision regarding how to measure discourse
data will be driven by the clinician and the pur-
poses of the assessment. For some measures, a
written transcript of the client’s discourse will be
sufficient. For others, a review of the video-
recording will be necessary. Transcripts can be
orthographic and can include various features
including length of pause time (if applicable),
backchannels (i.e., utterances a person makes to
signal attention, agreement, etc., such as, “Yeah,”
“Really,” “Huh,”), use of gestures, facial expres-
sions, and any other features of particular interest
to the clinician.

Transcripts that are uploaded to the RHDBank
have been transcribed using the Codes for the
Human Analysis of Transcripts (CHAT) format.
Transcripts that are in this format can be readily
analyzed using the software Computerized
Language ANalysis (CLAN), which is freely
available  (see  https://www.talkbank.org/).
Tutorials and manuals are also available on the

website for free download. While there is a learn-
ing curve to using these platforms, they can be
powerful tools for analyzing discourse samples
with a few simple keystrokes. Without the use of
CLAN, counting variables of interest in a client’s
discourse can be completed manually. However,
this need not be a major deterrent as the clinician
will be analyzing one transcript at a time to show
baseline status or to monitor progress.

There is evidence that question-asking is
reduced in some people with RHD [13]. Thus, for
a client with RHD, their first encounter conversa-
tion could also be analyzed for the number and
types of questions asked. In addition, the number
of topic shifts, the number of interruptions, or the
number of turns per participant could be tallied.
For example, participant #nazarethO3a spent
2 min of his 5-min first-encounter conversation
describing some of his favorite books without
allowing time or conversational space for his con-
versation partner to comment (https://rhd.talk-
bank.org/). A potential goal for this client might
be to increase conversational turn-taking. By
using the standard protocol of the first-encounter
conversation, progress monitoring could be
achieved by counting the number of pre- and
post-treatment conversational turns in such a con-
versation. For those using CHAT and CLAN, cli-
nicians can code any number of behaviors using
the format [+ (variable)] at the end of utterances
of interest. Then, a simple frequency count can
be coded in CLAN to determine the number of
times the code appeared.

Global Coherence

Coherence in discourse is a measure of how well
utterances hang together, or adhere to the topic at
hand, and can be divided into local and global
forms. Global coherence (GC) can be defined as
the degree to which specific utterances relate to
the overarching topic [30] and is a reflection of
the speaker’s ability to maintain a logical connec-
tion to the topic [31], whereas local coherence
(LC) refers to the connection of one utterance to
the previous one [30, 32]. Depending on the
nature of the client’s discourse, measurement of
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either or both forms may be beneficial. Utterances
can be rated for GC using the 4-Point Global
Coherence Rating Scale [31]. The scale has also
been adapted to rate conversational discourse
[17].

Little is known about the LC and GC charac-
teristics of people with RHD. However, a few
small, preliminary, unpublished studies using
RHDBank data have shown that RHD is related
to poorer GC in narrative, procedural, and con-
versational discourse [33-36] (see RHDBank
https://rhd.talkbank.org/posters/ for poster pre-
sentations on this topic).

Main Concept Analysis

Main concept analysis (MCA) measures how
well a speaker adheres to the gist of a story and
provides the listener with its essential elements.
Richardson and Dalton [37] analyzed
AphasiaBank transcripts from healthy controls of
the Cinderella story narrative, the Broken Window
story sequence (task not included in the
RHDBank), and the peanut butter and jelly pro-
cedural discourse task. For each task, they gener-
ated three lists of concepts that were mentioned
by at least 33%, 50%, and 66% of the sample;
these were determined to be the main concepts.
To conduct an MCA, the examiner first decides
which of these lists of main concepts to use to
measure the novel sample against. It can be
argued that, since tangentiality is a hallmark fea-
ture of many people with RHD, evaluating the
sample against the 50% or 66% lists is more clin-
ically meaningful. If measuring against the 33%
list, only one-third of the normative sample men-
tioned that concept, meaning that it is somewhat
less essential, and may be considered somewhat
tangential. Conducting MCA, then, requires
reviewing a sample narrative and determining
which of the main concepts were included in the
sample. Then, each main concept that is men-
tioned is scored as to whether it is accurate and/or
complete. Any main concepts that are not men-
tioned are scored zero; utterances that do not
mention any of the concepts are not scored. A
total score can be derived and compared against

the possible maximum score for that task and/or
against a previously rated sample from the same
participant. Thus, an MCA can identify tangenti-
ality in a person with RHD who mentions many
non-essential elements, (e.g., see the procedural
discourse sample in the RHDBank for participant
#nazarethOSa or the Cinderella story narrative
from participant #nazareth03a) and omits ele-
ments that are mentioned by most people who tell
this story.

Interpreting Discourse Measures

For both GC and MCA, there are, as of yet, no
norms against which to compare a given person’s
discourse sample. This is a limiting factor in
determining whether or not the person’s dis-
course deviates from that of healthy controls and
is an important direction for future research.
However, the current lack of norms does not
mean that these measures are not of value. In
combination with clinical observation, and inter-
viewing the client and their family, these scores
can be an important way to quantify discourse
changes from a person’s pre-stroke baseline. In
addition, these scores can be used as a bench-
mark against which progress in therapy can be
measured. For example, a treatment goal could
be established to improve topic maintenance and
adherence to the purpose of a given interaction,
then main concept and GC analyses could be per-
formed, demonstrating any improvement in these
skills.

Discourse Assessment Across
the Continuum of Care

Across the continuum of care, discourse assess-
ment in the RHD population is often overlooked.
Early on in recovery during the acute care stay,
formal or standardized assessment is not always
feasible. Individuals may be in this setting for a
short period of time, be too critically ill to partici-
pate in a lengthy assessment, or the focus of the
SLP’s intervention may be in other areas (e.g.,
swallowing). There is an understandable focus on
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deficits that directly impact an individual’s medi-
cal stability and safety during this time [38].
Once an individual enters the acute rehabilitation
phase of recovery, the SLP’s focus may be on
cognition, as the overall goal during this stage of
recovery is working towards a safe discharge
home [39]. Given that individuals with RHD may
present with left hemispatial neglect, anosogno-
sia, and/or executive dysfunction [22] which are
correlated with independence and safety [40-42],
the SLP may focus on these skills at the expense
of discourse and pragmatics.

Despite these considerations, assessing dis-
course in this population from the beginning of
the recovery process is crucial. If SLPs reliably
and routinely identify and assess for these impair-
ments from the onset, there is a lower likelihood
that any pragmatics deficits will be missed and
that the clients will be discharged without educa-
tion or intervention in this area. It is known that if
pragmatics deficits exist, they can be detrimental
to a person’s quality of life, relationships, voca-
tional and avocational pursuits, community rein-
tegration, and independence [7, 43]. Thus, when
pragmatics impairments are not addressed early
on in recovery, individuals will be discharged
without education regarding discourse impair-
ments and without a recommendation that dis-
course and pragmatics be treatment priorities.
This is a tremendous disservice; providing indi-
viduals with RHD and their loved ones with the
information needed to understand and manage
discourse/pragmatics changes is critical.

As the experts in communication, SLPs need
tools to assess these impairments so that they can
better serve this population. As soon as possible
in a client’s recovery, standardized and formal
assessments, as well as informal, functional, and
dynamic assessments of discourse and pragmat-
ics should be undertaken [23]. The RHDBank
protocol is a formal tool with tasks that are sim-
ple enough to administer at the bedside, in a clini-
cal setting, or in the client’s home. Documenting
findings throughout the continuum of care facili-
tates a smoother transition from one professional
to the next and reduces the likelihood that dis-
course assessment and treatment will be over-
looked and that clients will be lost to follow-up.

During the acute care phase after a right
hemisphere stroke or injury, discourse can be
elicited at the bedside to provide the SLP with
objective information and, at a minimum, a
baseline to compare to at a later date. During
the acute rehabilitation phase of recovery, more
in-depth assessment and intensive treatment
can begin. Clients typically receive daily ther-
apy, so time spent with the SLP is sufficiently
long to delve deeply into a patient’s discourse
and pragmatics. This is an excellent time to
complete the RHDBank protocol in its entirety,
perhaps using GC and/or MCA, among other
measures to directly assess the linguistic, para-
linguistic, and extralinguistic components of
apragmatism.

There is evidence that, for the acquired brain
injury population, once an individual returns home
and begins to integrate back into the community,
they may report more awareness of their deficits
[44]. Although there is limited research on this in
the RHD population, the same may be true as indi-
viduals work to adjust to their “new normal.” In
one poignant example, the wife of a 55-year-old
man with RHD stated the following [43]:

His speech was always clear, and he could under-
stand what he heard and read and could write but
his communication was completely different—does
that make sense? He would just go quiet in a group
of people, he cannot participate ... he doesn’t seem
able to come up with new topics. A lack of com-
munication about stroke, and what changes, and
what they can and can't offer was a significant
problem for me as a family member (p. 129).

In addition, there is evidence that the emo-
tional state of individuals with right hemi-
sphere stroke tends to decline after around
6 months post-stroke [45]. This reinforces the
importance of assessing and treating discourse
impairments throughout the continuum of care.
In addition, SLPs can take time to complete
family/caregiver surveys or interviews along
with continuing to employ formal and informal
measures to assess and treat all components of
apragmatism as the client and family’s adjust-
ment proceeds.

There is also a unique opportunity in the home
setting to observe and assess individuals in their
natural environment and routine. For example, a
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variation on the “first encounter” conversation
task from the RHDBank protocol can be incorpo-
rated into the clinician’s first visit with the client.
By slightly modifying the instructions, the clini-
cian can tell the client that they would like to get
to know each other during the first 5 min of their
time together. This is a realistic and functional
way to take objective data on, for example, how
many and what types of questions the individual
asks, and whether or not the client is verbose or
tangential. A similar scenario can then be set up
with another novel conversation partner after a
period of therapy has been completed to gauge
progress. This further highlights the importance
of documentation of discourse impairments along
the continuum of care, ensuring that the next pro-
fessional is able to take advantage of opportuni-
ties for functional assessment of these skills
starting with their first encounter with the patient.

As with any communication deficit, discourse
assessment results cannot be viewed in isolation.
When interpreting discourse with this popula-
tion, it is important to also assess an individual’s
cognitive skills to examine any interaction
between cognitive impairments and discourse
production. Individuals with RHD commonly
have difficulty with attention, executive func-
tions, and awareness of their deficits [22]. The
implications for treatment of this intersection of
cognition and discourse must also be considered.
For example, it is known that, in healthy adults,
executive function is correlated with the structure
of narrative discourse [46]. Other connections
between cognition and discourse are also likely
[47]. For instance, an individual who has diffi-
culty with topic maintenance may have a co-
occurring attention impairment that is impacting
this skill. Alternatively, an individual who has
anosognosia may have a difficult time recogniz-
ing the impact of their impaired discourse on
their communication partners and, therefore, may
not be able to fully embrace treatment approaches
or compensatory strategies. While a full explora-
tion of these cognitive contributors to discourse
impairments is not possible within the confines
of this chapter, the SLP must endeavor to tease
these pieces apart to interpret assessment find-
ings and formulate a treatment plan.

Conclusion

As described above, it is in the production and
comprehension of discourse where the aprag-
matic deficits associated with RHD can best be
evaluated. The three components of apragmatism
(i.e., linguistic, paralinguistic, extralinguistic)
offer a useful scaffold upon which to examine the
assessment of discourse in this population.

As readers peruse this text, several chapters on
treating disordered discourse across various pop-
ulations (i.e., aphasia, primary progressive apha-
sia, traumatic brain injury, dementia) can be
found, but such a chapter dedicated to treating
disordered discourse in people with RHD is cur-
rently absent. That is because the field of speech-
language pathology has not yet developed the
evidence-based tools to do so. It is our hope that,
as we refine our ability to assess discourse objec-
tively and in a standard manner, we will be able
to conduct the types of rigorous, clinically rele-
vant research studies that will allow us to gener-
ate and evaluate treatment approaches in this
population.

To be sure, there is much work still to be done
in this area. However, the tools described in this
chapter provide some immediate options for cli-
nicians and researchers interested in understand-
ing discourse in people with RHD. This overview
of assessment of discourse in people with RHD
can be considered something of a call to action
for the field of speech-language pathology. Let us
continue to advance our understanding of dis-
course in this population so that we can provide
them with the same critical support, education,
and evidence-based treatment approaches that we
provide to our clients and patients with disor-
dered discourse resulting from other etiologies.

Major Takeaways

1. Assessment of individuals with RHD is chal-
lenging for SLPs due to limited availability of
resources, and knowledge gaps in the field.

2. Apragmatism in individuals with RHD can
result in a negative impact on social relation-
ships and interactions.
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3. Discourse is often overlooked in the assess-
ment of individuals with RHD resulting in
under-treatment of pragmatics deficits.

4. The RHDBank provides a formal protocol
that can be modified for use to assess dis-
course across the continuum of care.

5. There are multiple options for analyzing and
interpreting discourse samples to identify ele-
ments of apragmatism (linguistic, paralin-
guistic, extralinguistic).
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Preview of What Is Currently Known
Artificial intelligence (AI) has become the most
influential technology that leads to revolutionary
changes to modern society in many aspects. As
one of the key areas of Al, speech and language
technologies are applied widely to human—com-
puter communication and interaction. Apart from
the well-known speech-to-text and text-to-speech
functions, state-of-the-art speech and language
technologies can be used to extract and analyze
non-verbal and paralinguistic information in
human speech, and hence facilitate automatic
assessment of speech and language disorders.
The major technical challenges are due to the
lack of annotated data of disordered speech and
the impact of language specificity.

Objectives
(a) To define automatic assessment of speech
and language impairment in natural speech.
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(b) To elaborate the motivations of automatic
assessment.

(c) To introduce state-of-the-art methods and
systems of automatic speech and language
assessment.

(d) To discuss the challenges, and pros and cons
of existing approaches.

Introduction

Speech is a preferred and natural modality of
communication for human beings. Along the
speech communication pathway, there are many
imperfections that may obstruct the information
flow. Impairments on speech and language abili-
ties are affecting the daily life of a large popula-
tion worldwide. Speech impairment deteriorates
a person’s ability to produce accurate and natural
speech in the desired manner. The aspects con-
cerned may involve speech sound articulation,
speech fluency, and/or voice quality. Commonly
known types of speech disorders include voice
disorder, apraxia, dysarthria, and stuttering.
Language impairment refers to impaired compre-
hension and/or use of spoken, written, and/or
other symbol systems. Individuals with expres-
sive language disorders exhibit difficulties in pro-
ducing language, for example, speaking and/or
writing. Speech and language impairment may
occur independently, or a person may suffer from
both at the same time.
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The discussion in this chapter is focused on
speech and language impairment manifested in
spoken discourse. Specifically, the target spoken
discourses contain spontaneous speech elicited
by narrative tasks, for example, picture descrip-
tion, storytelling, and monologue. This type of
speech is differentiated from that produced by
reading speech materials of designated content.
Depending on the cause of disorder or disease,
the symptoms of impairment may vary greatly,
from voice abnormalities and articulation distor-
tions or errors to speech disfluency, inappropriate
intonation, word retrieval difficulties, and non-
sensical speech.

Analysis of spoken discourse is an essential
component of the clinical assessment process for
diagnosing and evaluating the type and severity
of speech and language impairment. The assess-
ment is carried out by trained speech-language
pathologists (SLP) with pertinent clinical, lin-
guistic, and cultural background. The subjectiv-
ity and possible bias in perceptual judgement
have long been a major concern. The reliability
and accuracy of assessment results depend
greatly on the SLP’s professional knowledge and
experience. Manual transcription of spontaneous
discourse is very time-consuming, thus limiting
the efficacy of subjective evaluation. Given the
significant manpower shortage of SLPs, many
patients may not be able to receive timely diagno-
sis and treatment. Computer-assisted automatic
assessment is believed to be an effective means to
address the above issues. Automatic assessment
enables objective evaluation of speech and lan-
guage with consistent standards. It makes diag-
nosis and treatment of speech impairment more
efficient and less costly. In a multi-lingual society
like Luxembourg City, New York, Hong Kong,
and Singapore, where the inhabitants speak many
different languages and dialects, automatic
assessment systems can help overcome the lan-
guage and culture barriers. The development of
computer-based assessment technology does not
aim at creating robots to replace human SLPs
with fully automated diagnosis and treatment ser-

vices. The goal is to assist the SLPs to improve
both accuracy and efficiency of work by automat-
ing tedious and error-prone processes of data
analysis and providing objective and reproduc-
ible evidence.

Automatic assessment of speech and language
impairment refers to the computational process
of deriving and analyzing symptoms-related
speech features from acoustic signals. The design
of an automatic assessment system involves the
use of signal processing algorithms, spoken lan-
guage technology, machine learning (ML), and
deep learning models. In accordance with differ-
ent goals of assessment, the system is made to
perform a task of detection, classification, or
regression on input speech. One simple example
is to detect the existence of impairment, i.e., to
determine if the speech is from an impaired
speaker or an unimpaired one. The system can
also be designed to predict a categorical label or
numerical score that indicates the severity of an
impairment, which is realized by classification
model or regression model, respectively.

In this chapter, two mainstream approaches to
automatic assessment of speech and language
impairments in continuous speech are described.
They are namely the two-step approach and the
end-to-end approach as illustrated in Fig. 16.1. In
the two-step approach, text and acoustic features
for characterizing speech and language impair-
ment are extracted. By leveraging state-of-the-art
automatic speech recognition (ASR) systems, a
wide variety of features can be computed at dif-
ferent linguistic and acoustic levels. In the second
step, an independent classification or regression
model trained with selected features is used to
give the assessment result. In the end-to-end
approach, a sophisticated deep neural network
(DNN) model is built to generate assessment
result directly from raw speech and/or text input.
The end-to-end model is trained to learn by itself
useful features that are related to the assessment
goal. Simply speaking, feature extraction and
classification/regression are carried out in an
integrated manner by a single DNN model.
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Fig. 16.1 The two-step approach and the end-to-end approach to automatic assessment of speech and language impair-

ment in spoken discourse

Two-Step Approach

The core components of a two-step assessment
system are feature extraction and classification/
regression model. The most crucial task is how to
identify and compute useful features that can
quantify impairments in speech. Speech impair-
ment is analyzed primarily on the acoustic aspect,
for example, voice quality, articulation, and flu-
ency. Language impairment is characterized
based on linguistic content and properties, for
example, vocabulary, word usage, and grammar.
In conventional speech and language assessment,
SLPs listen to the elicited speech, measure its flu-
ency, and grade the speech content subjectively.
Examples of commonly used criteria for scoring
are “effortful and hesitant,” “frequent parapha-
sia,” “some response (to the task),” and “incom-
plete description” [1]. It is a great challenge to
transform such descriptive know-hows to compu-
tational processes by which numerical or sym-
bolic features are obtained efficiently from
speech signals.

An efficient and useful assessment system is
desired to have the following capabilities. First, it
should be able to operate automatically without

requiring human adjustment and tuning. Second,
different dimensions of speech and language
impairment should be covered. Acoustic features
characterizing speech impairment are derived
from audio recordings. Text-based linguistic fea-
tures capturing language impairment are
extracted from speech transcription. Speech
impairment is reflected mostly by the acoustic
signal. Linguistic features for characterizing
vocabulary and content-related language impair-
ment are extracted from transcribed text content.
For spontaneous speech in natural spoken dis-
courses, an ASR system is used to generate text
transcription automatically and time alignment of
input speech to support subsequent steps of fea-
ture extraction. The performance of ASR, i.e.,
accuracy of recognition, has a significant impact
on the efficacy of extracted features, particularly
the linguistic features. General-purpose ASR sys-
tems perform very well in typical applications of
human—computer interaction where the input
speech is clearly articulated by co-operative
speakers. For highly ungrammatical spontaneous
speech recorded in heterogeneous acoustic envi-
ronment, it would be unrealistic to expect an
error-free text transcription from the ASR sys-



232

Y.QinandT. Lee

tem. It is preferred to develop application-specific
ASR systems that are optimized on intended
speaker  population and disorder type.
Pathological speech data are scarce and difficult
to collect, making the data-hungry deep learning
approach to ASR less effective. There have been
concerted research efforts on ASR for pathologi-
cal speech, such as dysarthria [2-4] and aphasia
[5-7]. Commonly used techniques for develop-
ing domain-specific ASR include speaker adapta-
tion [2, 3], domain adaptation [7], multi-task
learning [5, 6], and data augmentation [4].
Speaker adaptation aims at tuning a speaker-
independent ASR system trained with a large
amount of normal speech to suit a specific
impaired speaker. The data requirement for adap-
tation is significantly lower than training a
speaker-dependent ASR system. Domain adapta-
tion and multi-task learning approaches facilitate
the use of out-of-domain training data, for exam-
ple, speech from unimpaired speakers or speech
data with similar impairment symptoms, to
improve the recognition accuracy. In domain
adaptation, a generic ASR system is first trained
with out-of-domain data. Subsequently, a rela-
tively small amount of impaired speech is used to
adjust the generic system. In multi-task learning,
the primary ASR task is achieved with impaired
speech, while ASR on out-of-domain data are
treated as secondary tasks. Data augmentation is
a straightforward way to increase the amount of
task-related training data. For example, speech
from healthy speakers can be modified into
impaired speech via perturbation of speech spec-
trum, pitch, and tempo.

As shown in Fig. 16.1, a multitude of informa-
tion can be obtained from the ASR system to
characterize different aspects of speech. In addi-
tion to the word sequence that best matches input
speech, the ASR system can produce rich repre-
sentations of speech, including alternative word
hypotheses, confidence scores on hypothesized
phonemes and words, start and end time of pho-
neme and word units, and occurrences and loca-
tions of silent pauses. Text features computed
from such rich representations have been shown
to be robust to speech recognition errors [6].
Acoustic posterior probabilities and speaker fea-

tures (e.g., i-vectors) were shown to be effective
in predicting the severity of voice disorder [8]
and dysarthria [9]. In Fig. 16.2, the posterior
probabilities computed over vowel segments
from people with voice disorder are plotted [8].
One of the utterances is from a subject with mild
disorder and the other from one with severe dis-
order. The spoken content (in the form of phone
sequences) is shown on the top of each plot. The
vertical dashed lines indicate the time boundaries
of syllables. For the utterance from the mild sub-
ject, at the time interval when a specific vowel is
present and recognized, the respective posteriors
have large values, i.e., close to 1. The posteriors
of other phones approach 0. On the contrary, the
vowels’ posteriors in the severe utterance fluctu-
ate significantly. Even for a correctly recognized
vowel, the corresponding posterior values could
be much lower than 1. The examples demonstrate
the effectiveness of using ASR posterior features
to detect and quantify voice disorder in natural
speech.

Supra-segmental temporal features, such as
pause duration and speaking rate, can be derived
from time alignment of recognized words,
phones, silence intervals, and other sound events
that are generated as part of the ASR output. For
automatic speech assessment in people with
aphasia [6], a set of duration features, for exam-
ple, “average duration of silence segment” and
“nonspeech-to-speech duration ratio,” were
extracted from ASR time alignment. They
showed high correlations with the Aphasia
Quotient (AQ) of the Western Aphasia Battery. In
parallel with ASR, other short-term or long-term
acoustic features, for example, spectral, cepstral,
and temporal features, can be computed directly
from the acoustic signal.

Based on the text output of ASR, text features
can be derived to reflect the characteristics of
speech impairment in the linguistic aspect. There
are two main types of text features, namely
statistics-based features and neural network
learned features. Statistics-based text features are
designed by leveraging knowledge acquired in
clinical practice. Examples of statistics-based
features include vocabulary richness, for exam-
ple, type-token ratio, occurrence statistics of
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frame-level phone
posteriors on five r

selected vowels in Ja/
example utterances from

speakers with (a) mild %
voice disorder and (b) Jiz/
severe voice disorder [8]

ts_hO:i: inaN | tsaN its_heoiitouikamt_hizntik isIN | tsau:
- - : i ;8 g
3 R0 | :

Phone posterior
=
S—

<

x Q:
e i
fo:/ j I|_: i
LR I
s/ i i
b ts_h():i.‘:naN':tsaN:

e I 2o
Time (in frames)

ts_heoi:

towkam't_hiin tik !sINtsau: !

a ' P oAl

/a/ FH “

Qa 'a

gmrﬂg .

'
'
P i

L

NN

. :
8 i
S .
g P o ‘R
s 1/ P P e : A: h: :
ﬂc-‘ H : H : ; V H
23 P T . N
yoy Qi ' : . A .
! GRS COEN TR T TN DS o . T
’ y Y ] ' ' x :
1r- H H H H 11 P ¥
- - ' A . A
ul L ' i f f i ) o~
50 100 150 0 300 %0

semantic word categories, designated grammati-
cal constituents, and LIWC (Linguistic Inquiry
and Word Count) word categories. Text features
learned by neural network models have gained
tremendous success in recent years. Word embed-
ding approaches, for example, Word2Vec [6] and
GloVe [10], were investigated on modeling tran-
scription of narrative speech from impaired
speakers.

Figure 16.3a, b show examples of discourse-
level vector representations from people with
aphasia and normal speakers [6], respectively.
The vector representations are derived from

200
Time (in frames)

syllable-level embeddings learned using the
Word2Vec model. The high-dimensional vectors
are projected to two-dimensional feature space
for visualization purpose. Different colors are
used to represent the seven different narrative
tasks. It is obviously seen that, for spoken
discourse produced by unimpaired speaker,
discourse-level vectors computed on different
narrative tasks can be clearly separated from each
other. Whilst for impaired speech, there is a
noticeable degree of overlap among discourse-
level vectors. This is related to the fact that speech
from impaired speakers contains very few task-
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Fig. 16.3 Two-
dimensional
visualization of
discourse-level vectors
based on (a) manual
transcription of
unimpaired speech, (b) 20
manual transcription of

impaired speech.

Different colors 10
illustrate different topics
of narrative tasks. The
black diamond symbols 0r
in (b) mark the
discourse-level vectors

from a specific speaker, O Story 1
who was diagnosed as o Story 2
Broca’s aphasia with AQ Story 3
value of 42.0 [6] Story 4
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specific content words. Specifically, the Speech from this speaker contains almost only

discourse-level vector representations obtained
from an impaired speaker with Broca’s aphasia
(AQ: 42.0 out of 100), which are marked by black
diamonds in Fig. 16.2b, can be hardly separated.

non-content words. Text features that capture
such discrepancy between impaired and normal
speakers are extracted for the purpose of detect-
ing language impairment. In [6], it was shown
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that rich representations of ASR outputs could
mitigate the impact of ASR errors on text feature
extraction.

Pre-trained language models such as BERT
and BERT-like models have pushed further the
capabilities of data-driven language models.
With relatively small amount of domain-specific
data, these models can be fine-tuned to accom-
plish various downstream tasks, including
extraction of impairment-related text features. In
[11, 12], word embeddings derived from BERT-
like models were applied to automatic assess-
ment of Alzheimer’s Disease (AD) and showed
better performance than Word2 Vec.

Given a large collection of text and acoustic
features, effective methods of feature selection
are needed. Correlation analysis can be carried
out between the candidate features and ground-
truth labels, for example, neuropsychology test
scores. As a result, a low-dimension feature rep-
resentation is constructed as the input to a classi-
fication model for detecting the existence of
impairment or determining type/severity level, or
a regression model for predicting severity score.
Commonly used machine learning models for
classification and regression include multi-layer
perceptron, support vector machine, random for-
est, etc.

End-to-End Approach

Two-step approaches are knowledge driven, with
powerful machine learning models performing
classification or regression tasks with hand-
drafted speech and language features. These fea-
tures are designed and selected based on expert
knowledge. Their coverage and scope are limited
by human knowledge. There may exist useful
impairment-related characteristics in raw speech
data not being captured by these features. In
addition, feature design and modeling are dealt
with separately. Compared with two-step
approaches, end-to-end approaches aim at estab-
lishing a mapping directly from impaired speech
to assessment result. With proper design of neu-
ral network models, detection, classification, or
regression of impaired speech are made more

efficient without explicit feature extraction and
feature selection. In this way, feature design and
assessment model can be jointly optimized in
neural network model training, and feature
extraction is fully data-driven without human
effort.

Existing end-to-end approaches to speech and
language assessment are divided into text-based
end-to-end assessment, and speech-based end-to-
end assessment. Text-based systems extract
impairment-related features from transcription of
input speech for assessment purpose. Strictly
speaking, they are not in the full “end-to-end”
manner as an ASR system is needed to generate
transcription from input speech. Convolutional
Neural Network (CNN) [13] and pre-trained
BERT-like models [14] were adopted to develop
text-based end-to-end assessment systems for
aphasia and AD, respectively. To alleviate the
effect of ASR errors, rich representations of ASR
output such as confusion network and confidence
scores were incorporated into end-to-end assess-
ment models [13, 14].

Speech-based end-to-end approaches are
exemplified as shown in Fig. 16.4. It is a real
“end-to-end” approach, which derives assess-
ment result from raw speech. Previous studies
used waveform or spectrogram of impaired utter-
ances as input to CNNs. The CNNs generate
assessment results for people with AD [16] and
people with aphasia [17], respectively. Lacking
impaired speech data for model training is a
major obstacle to the development of speech-
based end-to-end assessment system. Recently,
self-supervised pre-training models such as wav-
2vec have demonstrated good success in ASR
and other speech signal processing applications.
After self-supervised learning based on a large
amount of task-independent speech, pre-trained
models can learn much prior knowledge of
acoustic and semantic information that can be
transferred to downstream tasks. Pre-trained
models have led to extensive research on end-to-
end assessment for pathological speech.
Wav2vec2.0 models based on an additional ASR
pre-training were applied to downstream assess-
ment task for people with AD [15] and showed
superior performance than CNNs on the same
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Fig. 16.4 The end-to-end AD recognition model that leverages the pre-trained wav2vec2.0 (right) [15]

task. The right-hand side of Fig. 16.4 illustrates
the architecture of end-to-end AD recognition
model  that leverages the  pre-trained
wav2vec2.0.

Despite the demonstrated successes, end-to-
end assessment approaches are criticized of being
“black box.” Features learned by neural networks
could not be related to clinical observations and
the assessment results may not be convincing and
useful from clinical or pathological perspectives.
Some efforts have been made to explore the
explanation of features learned by neural net-
works. The Class Activation Mapping (CAM)
method [17] was used to visualize and interpret
features that were implicitly learned by the CNN
model. Given a 15-s speech segment from a
speaker with aphasia scoring 74.2/100 in AQ,
Fig. 16.5 shows the utterance-level (3-s) scores

and CAM visualization generated by the CNN
model. In Fig. 16.5a, lower utterance-level score
represents the utterance contributing more to the
class of low AQ. In Fig. 16.5b, blue areas indicate
regions having negative influence on the class of
high AQ, while red color means the CNN model
tend to classify the utterance as high AQ. Silence
parts are highlighted as negative in blue, while
speech parts are as positive activation in red.
Utterances with longer pauses tend to have lower
classification scores from CNN model. In addi-
tion, the magnitudes of positive activation (red)
are found to be higher at the transition regions
between speech parts and silence parts. Thus,
speakers who have high speaking rate with many
transitions in their speech have a higher probabil-
ity to be classified as high AQ class. These obser-
vations confirm that the CNN model can learn
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Fig. 16.5 Utterance-level scores and CAM visualization
of the same speech segment from a speaker with aphasia
scoring 74.2/100 in AQ. The positive and negative activa-

impairment-related features that are similar to
human-designed features such as duration of
silence segments and speaking rate.

End-to-end approach provides a promising
way to efficiently process speech data and implic-
itly learn task-specific features from speech data.
While it is believed that the attempt to applying
end-to-end model to automatic assessment is
meaningful, there is a long way to go before
meaningful practical applications can be devel-
oped. Close collaboration and interaction
between SLPs and speech engineers beyond
merely data exchange are needed.

tions for high AQ class are highlighted in red and blue
colors, respectively [17]

3. There are a myriad of features that can be
computed from a speech sample, providing
information  about  different  linguistic
domains—which of these are of interest will
depend on the question at hand.

4. There are some brilliant open-source ML and
NLP (natural language processing) tools, as
well as resources to learn to use them, but users
should take care to understand how features are
calculated when using “off-the-shelf” tools.

5. It is important to be aware of wider issues
regarding how research using ML techniques,
and speech, can impact society.

Major Takeaways

1. Machine Learning (ML) techniques can be
used to “mine” high-dimensional sets of fea-
tures from language to find those associated
with a disease state.

2. ML models can be evaluated using different
performance metrics, and it is important to
understand how these are calculated to ensure
effective reporting for a dataset.
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Preview of What Is Currently Known

Neurogenic diseases can give rise to a wide vari-
ety of linguistic changes, which computational
approaches have been harnessed to identify and
classify. In particular, natural language process-
ing (NLP) is a powerful set of techniques that can
be used to quantify semantic, syntactic and lexi-
cal features of discourse, while machine learning
(ML) tools can be used to make classifications
and predictions based on these features. The
approaches have furthered our understanding of
how discourse changes in the face of neurologi-
cal disorders, especially dementia, and the extent
to which they may serve as “digital biomarkers”
of disease. NLP and ML continue to provide
novel insights and find new applications as tech-
nological advances lead to improvements in the
speed and accuracy of these computational tools.

Objectives

(a) To present core concepts of machine learning
(ML) algorithms and pitfalls when training
models

N. Clarke
Centre de recherche de I’Institut universitaire de
gériatrie de Montréal, Montreal, Canada

P. Garrard (D)

Molecular and Clinical Sciences Research Institute,
St George’s University of London, London, UK
e-mail: pgarrard @sgul.ac.uk

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023

(b) To explain how ML can be used to classify
groups

(c) To review common metrics for reporting ML

performance and how they are calculated

To present key preprocessing steps in analy-

sis of transcribed speech

(e) To summarize lexical, syntactic, entropic,
and word-embedding features that can be
calculated from speech

(f) To review different categories of discourse

and how these are operationalized in research

settings

To describe some of the current tools avail-

able for computation of features and con-

ducting ML studies

To discuss current wider issues facing the

field, including bias in data, trust in ML, and

regulation

(d)

(2)

(h)

Introduction

In Shakespeare’s Twelfth Night, Feste disguises
himself as a priest, while As You Like It has
Rosalind pretending to be a boy pretending to be
Rosalind. Even more confusing has been the
debate over the identity of Shakespeare himself,
in which one side has argued that the true author
used the name as a disguise, and that “Shakespeare
of Stratford” was someone else entirely. The
debate began on the basis of historical records,
but later adopted quantitative linguistic methods,
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comparing the size of Shakespeare’s (or
“Shakespeare’s”) vocabulary with those of his
contemporaries. The digital revolution changed
the terms of the debate entirely by allowing larger
quantities of machine-readable texts to be rapidly
analyzed and painstaking counting of individual
word types to be replaced by the rapid calculation
of novel textual metrics.

It was soon realized that the same set of tech-
niques could be harnessed to study the language
of people with neurological impairment. One of
the most celebrated studies focused on Iris
Murdoch, the prolific twentieth century novelist
who was diagnosed with Alzheimer’s disease in
her mid 70 s, but whose written vocabulary was
becoming depleted even before symptoms
emerged [1]. Subsequent developments in the use
of connected speech as a disease biomarker
include the incorporation of machine learning
(ML) into the analytical armamentarium.

Core Principles of Machine Learning

ML refers to a powerful set of computational
techniques that are able to automatically recog-
nize patterns in data. Given a dataset of individu-
als, each with a corresponding N-dimensional
vector of phenotypic features and associated val-
ues (X), different types of algorithm can be used
to find patterns associated with group member-
ship, latent variables, and continuous outcomes.

Supervised and Unsupervised
Learning

When the ground-truth associated with each indi-
vidual in the dataset is known (e.g., presence or
absence of disease, sometimes referred to as the
class label), supervised learning algorithms can
be used to predict this “target” (y). Binary clas-
sification tasks are most common, comparing a
group with a known-diagnosis to a suitable con-
trol group usually composed of neurotypical,
healthy persons, but multiclass classification, for
example, comparing groups with different dis-
eases or at different stages in a disease, can also

be employed. An algorithm or set of algorithms
can be used to inductively associate aberrant fea-
ture values with group membership via an itera-
tive process: each instance is classified as
belonging to a group, with weights assigned to
each feature. The power of these combined
weights to predict labels of unseen instances is
tested, and weights updated according to perfor-
mance when compared to the ground-truth label,
until optimal performance is achieved. The same
logic applies in regression tasks, in which the aim
is to find an equation that enables a set of features
to predict the value of an unknown, continuous
variable.

Common algorithms used in classification
tasks include the following:

(i) Decision trees, which can be thought of as
akin to a flowchart with a series of decisions
made leading to classification output.

(i1) Logistic regression, in which a threshold is
applied to the output of a regression algo-
rithm in order to assign group membership.

(iii) Distance-based maximum-margin classifi-
ers such as support vector machines [2].

The majority of ML studies utilizing discourse
features adopt a supervised approach since com-
monly ground-truth labels are known [3].
Unsupervised learning, by contrast, requires no
ground-truth to be associated with each feature
vector. Rather, an algorithm is used to find any
latent patterns or structure underlying the data.
For example, clustering algorithms aim to group
X so that similarity of features within each clus-
ter is maximized, but between different clusters is
minimized.

Feature Importance as a Window
on Disease

Once an algorithm has been trained the weights
that have come to be associated with each feature
can be examined, providing data-driven insights
into discourse impairments that characterize a
disease [4]. This is particularly useful as a method
to search or “mine” high-dimensional data, which
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is difficult using univariate statistics [5]. However,
some ML approaches resemble “black boxes,”
offering no insights into the basis on which a
decision was reached [6]. This is particularly true
of deep learning (also referred to as neural net-
works), a subset of ML algorithms that comprise
multiple interconnected representational layers
that encode complex interactions among features
[2]. This property means that the weights are not
susceptible to any sort of meaningful analysis,
limiting their usefulness for furthering under-
standing of disease. The trade-off for this lack of
interpretability is usually improved performance
though a greater amount of data is required for
effective deep learning compared to algorithms
with only one layer.

Pitfalls in Machine Learning

Different Performance Metrics

for Different Questions (and Data)
Crucially, performance must be evaluated on
“held-out” data, testing how generalizable
weights are to data unseen during training.
Ideally, this test set would be collected indepen-
dently of the training set since differences can
arise in data collected at different sites. Datasets
can also be randomly split into training and test
sets (e.g., 80/20 split), ideally with a separate

Fig.17.1 Confusion
matrix showing
predicted labels against
true labels, with true
positives and true
negatives in green and
false positives and false
negatives in red. Note:
Results of classification
task using a toy dataset
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validation set depending on the size. The ques-
tion of how to measure performance is not nec-
essarily straightforward. In classification tasks,
there are multiple metrics that can be used to
judge effectiveness, and the choice of which to
maximize often depends on the question at
hand. Metrics are calculated by comparing the
prediction for each individual in the test set to
the ground-truth label, which can then be cate-
gorized as a true-positive (TP), false-positive
(FP), true-negative (TN), or false-negative (FN),
depicted in the confusion matrix seen in
Fig. 17.1.

A few key, common performance metrics (i.e.,
measures) to estimate the accuracy of ML
include:

(1) Sensitivity (also termed recall)—the true-
positive rate, given by [TP/(TP + FN)]
Specificity—the true-negative rate, given by
[TN/(TN + FP)]

Overall accuracy, calculated as the total per-
centage of true-positives and true-negatives,
i.e., all correct test set results
Precision—the number of instances in the
test set labeled positive which are indeed
positive, given by [TP/(TP + FP)]

F1, the harmonic mean of precision and
recall, a useful indication of the balance
between the two

(ii)
(iii)

@iv)

(v)

Confusion Matrix
Predicted label

Negative

8

(False negative)

98

(True negative)
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Fig.17.2 Receiver
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(vi) ROC-AUC—the area under the curve
(AUC) of the receiver operating characteris-
tic (ROC), a result of sensitivity and speci-
ficity plotted at different thresholds. Often
reported more simply as the AUC, this sin-
gle number between zero and one represents
classifier performance where 0.5 indicates
chance level (Fig. 17.2). An intuitive inter-
pretation of the AUC is that it is the
probability a classifier would score a posi-
tive instance above a negative one, if both
were chosen at random.

If there is a large imbalance of cases and con-
trols in the dataset, which can occur particularly
when a disease is rare, then use of generic accu-
racy to measure performance becomes meaning-
less. One useful metric in this scenario is balanced
accuracy, which decreases if accuracy is inflated
only due to superior performance on the over-
represented class, otherwise it remains the same
[7]. The AUC also remains robust to class imbal-

0.4 0.6
False Positive Rate

0.8 1.0

ance since it reflects sensitivity and specificity,
regardless of class distribution.

If the cost of mislabeling a false-negative or
false-positive is not equal, then either sensitivity
or specificity can be maximized. For example,
two real-world applications of ML in the field of
neurodegeneration are (i) identification of
patients with a disease who may be suitable for
trials of novel therapies, and (ii) widespread
screening in the community, to identify individu-
als with an increased risk of the disease who
could undergo further tests. In the first applica-
tion, the cost of a false-positive is high, since if
we include people in the trial who do not actually
have the disease, a drug being tested will fail and
the person will have been exposed to a novel ther-
apy without any potential benefit. In this case, we
want to maximize specificity. In the second
example, both a false-positive and false-negative
will have costs to the screened individual though
they are different in kind, and—absent the avail-
ability of any disease treatment—to be told you
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have an untreatable and life-changing disease
when you do not have would be infinitely worse
than being falsely reassured for a year or two, or
possibly longer.

Cross-Validation

Due to the nature and costs involved in clinical
data collection, datasets available are often small.
In these cases, instead of relying on one split of
data, cross-validation can be used. Data is split
into a number of subsets, usually 10, called
“folds,” and each fold used for either training or
testing of the algorithm over the same number of
iterations (Fig. 17.3). The final model perfor-
mance is evaluated as an average across all per-

KFold

BN Testing set
I Training set

CV iterations

Fig.17.3 K-fold cross-validation where k = 5. Note: The
dataset is split into five sets of training and test data

mutations of the data. Stone [8] has shown that
cross-validation can ensure a more robust esti-
mate of performance than a single train/test split,
and each instance can be used to both train and
test the data though never within the same fold, as
this would lead to “leakage” of unseen test set
information. Also to prevent leakage, preprocess-
ing steps such as normalization—an important
transform that enables direct comparison of fea-
tures regardless of scale—should be conducted
within each fold. Other cross-validation
approaches  include leave-one-out  cross-
validation, in which an algorithm is trained on the
whole dataset minus one instance, and leave-pair-
out. Additionally, ideally only the features of
interest would be associated with the target value,
but in practice, unless a dataset is matched, other
variables such as age and gender may also be
overrepresented in one group, which an algorithm
would then weight more heavily. To try and help
balance these and other (sometimes unknown)
confounds, splitting of data must be randomized.

Generalization

The “fit” of a model is paramount (Fig. 17.4).
Underfitting leads to poor performance on both
the training and test sets, which can occur if a
model is too simple to explain variance in the tar-
get outcome. Conversely, if a model overfits then
performance will be good on the training set, but
poor on the test set. In these cases, the model is

Model fit
—— Model —— Model —— Model
—— True function —— True function True function
” e Data - * Data * Data

Fig. 17.4 Tllustrations of model fit, visualizing underfitting, good fit, and overfitting, respectively. Note: All figures

created using Python and scikit-learn [9, 10]
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likely highly tuned to the samples in the training
set, for example, if a model is too complex, and
so the feature weights do not generalize well to
unseen data. The type of algorithm and feature
set size used will influence model fit [2].

For example, for high-dimensional data, when
the number of features is close to or larger than
the number of observations (i.e., X > y), they can
suffer from the “curse of dimensionality,” as
noise and redundancy of features increases with
the number of features. Dimensionality reduction
and feature selection steps can be added to the
algorithm to help reduce overfitting and improve
speed and performance.

Natural Language Processing
for Analysis of Spoken Discourse

Natural Language Processing (NLP) is an area of
research and application in which computational
approaches are used to model natural human lan-
guage, informed by multiple schools including
psychology, linguistics, engineering, and artifi-
cial intelligence [11]. Techniques and tools, seen
everywhere from translation to home devices,
can be used in research, assessment, and remote
monitoring of patients, the need for which was
heightened during the recent pandemic. Text can
be preprocessed and a multitude of features span-
ning different linguistic domains automatically
computed at speed and low cost, a process which
will be described next.

Key Preprocessing Steps

Transcription

To analyze properties of discourse, as opposed to
pure acoustic features of a sample, it must be
available in transcribed form. During or after
transcription, only speech pertaining to the indi-
vidual of interest can be retained, excluding for
example a conversational partner, unless such
additional information is necessary for computa-
tion of features. Traditionally transcription has
been done manually, which is labor intensive,
costly, and open to human error. In the case where

more than one transcriber works on a dataset, it is
possible to compute the level of agreement
between them, for example, calculating the
Levenshtein similarity on a subset of overlapping
transcripts [12]; see [13] for an example.

One core goal of NLP is accurate automatic
speech recognition (ASR), which can be found in
many mobile applications. While a lower cost and
much less time-intensive option, accuracy of the
technology remains, at the time of writing, prob-
lematic, particularly for populations experiencing
dysarthria or highly disordered speech.
Additionally, neologisms, which are likely to be of
interest clinically, may be automatically corrected
by the software. Once speech has been adequately
transcribed, a key step in analysis is tokenization.

Tokenization

Tokenization is the process of automatically
segmenting individual sentences and words
into smaller, meaningful tokens. For example,
hasn’t is segmented into has and n’t, and he’ll
into he and °‘ll. As such, punctuation and the
surrounding context are key; while most peri-
ods in a string likely represent a sentence
boundary, the ones in Ph.D. do not [14].
Tokenizing  approaches include regular-
expression-based rules, and ML approaches,
such as the “PunktSentenceTokenizer,” part of
the open-source Python library Natural
Language Toolkit (NLTK) [15], trained to
detect sentence boundaries using the 4.5 mil-
lion word Penn Treebank Corpus [16].

Part-of-Speech (POS) Tagging

Following tokenization each token can be auto-
matically “tagged” with a label indicating its
usage in the speech sample. As with tokenizing,
context is important since a word can have mul-
tiple tags depending on its usage, for example,
the word match can function as a noun in the
string “a boxing match,” or verb in “the jacket
and trousers don’t match.” In fact, up to 20% of
words in the English language can have multiple
tags, and given the frequency with which they
occur, it is estimated that 55-67% of words in a
text would be ambiguous without context [14]. In
other words, assigning correct tags is non-trivial.
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A common set of tags to use is the Penn Treebank,
which includes 45 different tags according to
grammatical use such as verbs (e.g., “drink”),
and subtypes such as past verbs (“drank™) and
gerunds (“drinking”).

As with tokenization, different approaches
can be applied. The ML-based NLTK
“PerceptronTagger” was trained to predict tags
for tokens in the Wall Street Journal corpus and
assigns tags to new data based on probability
given features of each token, with an accuracy of
up to 97% [17]. Thus, tagging provides useful
information not just about single words, but also
those surrounding them.

Lemmatization

Lemmatization is a technique for normalizing text
which maps a word to its lemma or base form,
free from inflection. For example, the lemma of
“Thought,” “Thinking,” and “Thinks” is “Think.”
Lemmas are always words found in the diction-
ary, unlike a word’s stem. Automatic lemmatiza-
tion relies not only on word meaning, but its POS
tag, and as such lemmas reflect the meaning of a
content word in its given context [14].

Parsing

Parsing is the process of deconstructing a sen-
tence according to its structure and the relation-
ships between words, governed by the rules of a
language. In the most common approach, gram-
mar rules are used to determine the syntactic
structure of a sentence, resulting in a parse tree
made up of clauses, sub-clauses, and their syn-
tactic relationships, which can be visualized and
analyzed using different techniques to assess
complexity.

Computation of Features

Vocabulary

As with the first attempts at summarizing
Shakespeare’s writing, analysis of a person’s
vocabulary—i.e., the specific words they use—
can reveal a great deal. Comparison to expected
norms for the language of interest, or how an
individual’s vocabulary changes over time, can

give insights into overall cognition and mental
state. Vocabulary is measured under the “bag-of-
words” assumption, in which the order of pro-
duction of words is disregarded, and only their
individual lexical and grammatical properties
assessed [14]. An important distinction 1is
between content and function words, also referred
to as open and closed class, respectively, since
new content words can be added to the group,
unlike function words which rarely increase in
number. Content words provide meaning to lan-
guage, such as nouns, verbs, and adjectives,
while function words act as the linguistic scaf-
fold, providing structure irrespective of content,
such as conjunctions and determiners.

One approach to analyzing vocabulary is cal-
culating the type-token ratio (TTR), in which the
number of unique content words in a sample
(types) are compared to the total number of words
used (tokens). This can be problematic when
samples are of different lengths, a limitation
somewhat mitigated by different approaches such
as the Moving-Average Type Token Ratio
(MATTR), calculated over a sliding window,
Brunet’s Index, and Honore’s statistic [18, 19].

Lexical and Psycholinguistic Properties
of Discourse
Content words have inherent psycholinguistic
properties. These phenomena, associated with
word use in the lexicon, can indicate lexical
sophistication and include the frequency, image-
ability, concreteness, age-of-acquisition, and
familiarity of a word. Some are estimated through
human ratings, such as imageability (how easy is
it to conjure an image of a word in your mind?),
concreteness (can we easily see, hear, feel, smell,
or touch it, or is it more abstract?), and familiar-
ity (how often do we come across the word?).
Others, such as the frequency of a word, are esti-
mated through reference to large corpora, such as
the British National Corpus, a collection of
100 million words of spoken and written lan-
guage, or the SUBTLEXus corpus, a collection
of subtitles from film and television [20].

When analyzing psycholinguistics, words
should be lemmatized (see above); otherwise, the
usage of a word in a sample could be underesti-
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mated. Other caveats are that different properties
are interrelated, for example ‘“table” occurs at
high frequency, is acquired at an early age and is
concrete, so researchers must take care if aiming
to analyze one distinct property. Furthermore,
values change with fashions in word usage,
particularly for word frequency, and low fre-
quency words are typically underrepresented in
corpora [21].

Syntactic Complexity

Approaches that utilize a syntactic parse tree to
analyze complexity include the mean length of
sentences and clauses [22], and more complex
methods such as Yngve or Frazier scoring, which
calculate the depth of a tree to capture informa-
tion about subordinate clauses (the presence of
which would indicate greater complexity). The
Yngve method assigns a score to each branch in
the parse tree, starting at zero and increasing
from right to left, before calculating a score for
each word in the tree by summing the branches
“stacked” on it. Summary metrics such as the
mean score per word indicate the complexity of
the sample [23]. The Frazier method traces a path
from each word, applying a series of stopping cri-
teria, and summing scores along the path for each
branch [24].

Word Embeddings

Word embeddings are N-dimensional vector rep-
resentations of words embedded in a semantic
space. The space is built using word co-
occurrences in a large corpus to capture meaning,
the core idea is captured by Firth who observed
that “You shall know a word by the company it
keeps” [25]. The mathematical properties of
embeddings, highlighted in a common example in
which the vectors for king - man + woman = queen,
can be useful for calculating the “average” mean-
ing of a sentence. The pioneering approach to
build embeddings, latent semantic analysis
(LSA), derives vector dimensions from the fact
that (i) particular groups of words tend to occur
together (or not) across contexts, and (ii) there are
associations between words that appear in con-
texts that are similar in meaning [26]. For exam-
ple, the words “clinician” and “physician” will

have vectors close together, since they occur in
the same kinds of document with other similar
words, and are semantically similar.

Neural approaches build embeddings by train-
ing a language model on local windows of text,
predicting either a word given its context (con-
tinuous bag-of-words model) or context given a
target word (skip-gram model). The weights
assigned to features during training then repre-
sent the word embedding. The first approach of
this type, word2vec, offers three-million pre-
trained embeddings for words and phrases, each
of 300 dimensions, built using the Google News
dataset [27]. Other neural approaches include
BERT (Bidirectional Encoder Representations
from Transformer), which achieved state-of-the-
art performance on NLP tasks when released
[28], and more contemporary, computationally
expensive language models such as GPT-3. A few
caveats for word embeddings is that words should
be lemmatized, which could otherwise impact
results [29], and that homonyms and homographs
(words with multiple meanings for the same
spelling) have only one embedding. As such, the
embedding for “pen” is a representation of all
possible meanings, including a writing instru-
ment and to enclose an animal, likely weighted
according to the frequency of use.

Coherence and Cohesion

Semantic coherence - that is, how well a theme or
series of themes is maintained - is an inherent
property of discourse that can improve the ability
of a listener to follow along [30]. Coherence can
be studied at the local level, such as between adja-
cent sentences, or globally, analyzing maintenance
of a theme across a whole sample of discourse.
Cohesion is an objective property of individual
words, and cohesive devices, such as anaphora—
words which refer back to a preceding clause—
can improve the coherence of speech [31].

Word Embeddings for Analysis

of Coherence

Since word embeddings convey semantic infor-
mation, they can be used to measure coherence
using distance metrics. A common approach is to
calculate the cosine of the angle between two
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vectors (or average vectors) to determine the
degree to which they are pointing in the same
direction [32]. The word movers distance can
also be calculated, finding the minimum
cumulative distance required to move between all
embeddings in one document (or sentence) to
another [33]. This approach obviates the neces-
sity to first average the vectors in a sentence or
window, and so may retain more information
[13]. Metrics can also be calculated over sliding
windows to investigate fine-grained local coher-
ence, and to disregard sentence boundaries,
which may be unreliable in the transcription if an
individual’s ability to construct sentences is
impaired.

Entropy and Perplexity
Entropy stems from information theory and was
first applied to language by the American mathe-
matician Claude Shannon [34]. Entropy is a mea-
sure of the degree of information inherent in each
variable in a sequence, such as characters in a
string, which in turn affects the predictability and
complexity of the sequence. For example, in the
sentence “The king married the q...” the unseen
variable is undoubtedly a “u”. Given this 100%
probability, revealing the character does not
reduce prior uncertainty of the string. The next
character provides more information: the
sequence could continue ‘-een, but other endings
are possible (if less likely), such as “-antum phys-
icist”” Entropy therefore depends not just on the
likelihood of co-occurrence of individual letters
and words, but on higher order considerations
such as grammatical correctness and context,
making it impossible to quantify with precision.
In practice, however, there are ways of estimating
predictability for each character in a string,
allowing the average Shannon entropy of a text to
be found. A sequence with high entropy can be
regarded as more unpredictable and complex,
while low entropy values imply that a text is pre-
dictable, repetitive, and/or of low complexity.
Perplexity is closely related to entropy and is a
measure of how accurately the distribution of
n-grams (words, word-pairs, word-triplets, etc.)
in a text predicts the next, unseen, word. Often

used to measure the performance of a language
model, better performing models, which predict
the next word with high probability of being cor-
rect, will have lower perplexity [35].

Sentiment

One application of NLP is to quantify the senti-
ment of words and pieces of text, which can be
used, for example, in classification algorithms to
automatically identify positive or negative user
reviews. These approaches have been utilized in
clinical research, such as for detecting signs of
depression and neurodegenerative disorders
based on social media posts [36, 37].

Discourse Categories
and Associated Features

Categorization of discourse can depend on the
field of study, but here the focus is on the
approach of Dipper and Pritchard [38], who
describe many of the discourse tasks adopted in
research settings. Expository discourse is pro-
duced when a person talks about their own expe-
rience, such as major life events or their
experiences of an illness. Narrative discourse is
the process of telling a story, and may be particu-
larly useful in the study of features of coherence,
since a series of ideas must be organized and
expressed to maintain a consistent theme [39].
Descriptive discourse, such as describing a
scene, has been well-studied in neurogenic pop-
ulations since stimuli can be standardized. This
can be particularly useful for analysis of vocabu-
lary since responses can be compared to estab-
lished lists of lexical items referenced by
neurotypical speakers [40]. A common scene is
the Cookie Theft description task, from the
Boston Diagnostic Aphasia  Examination
(BDAE) [41]; see Chap. 6 for details on the
TalkBank  project which includes the
DementiaBank, a large collection of picture
descriptions [42]. The type of discourse may
impact classification results and important fea-
tures, and is therefore an important consideration
when assessing disordered speech [13].



248

N. Clarke and P. Garrard

Bringing it all Together—Some
Examples from the Literature

In this chapter, the focus is on Alzheimer’s dis-
ease to highlight some interesting and novel
approaches using the techniques described here,
much of which are “disease-agnostic.” Seminal
work on classifying Alzheimer’s disease based
on speech demonstrated the power of combining
multiple linguistic features with feature selection
approaches to obtain optimal performance [43].
While most studies use supervised learning tech-
niques to classify homogeneous datasets, an
unsupervised clustering approach step prior to
classification was found to distinguish dementia
from depression in an aggregated “noisy” dataset
of speech from individuals with one or other of
these diagnoses, an important task given
that symptoms can overlap [44].

Ablimit and colleagues [45] used a number of
interesting techniques to analyze speech in
Alzheimer’s disease. Calculating consecutive
cosine distances between different types of fea-
tures at 1-min segments throughout interview
transcripts, they showed that the variation in fea-
tures within speaker samples was different. An
oversampling approach was then used to over-
come class imbalance in the dataset, and a deep
neural network architecture compared to a base-
line classification algorithm, with improved per-
formance. Saliency maps, an approach adopted
from image classification to decode important
pixels in classification, were used to investigate
important features, overcoming the “black box”
limitation [45]. Other approaches to interpreting
deep learning models are reviewed by Rauker
et al. [46].

Finally, the 2020 Alzheimer’s Dementia
Recognition through Spontaneous Speech
(ADReSS) Challenge made strides in furthering
ML-based speech analysis in Alzheimer’s dis-
ease. Researchers taking part had access to the
same dataset, with a portion held back for testing,
for either classification or regression models
(predicting cognitive scores). Shared tasks such
as this ensure that different methodologies are
directly comparable across studies [47].

Do it Yourself—Tools
for Computation and Analysis
of Features

There are many freely available “no-code,” user-
friendly tools to get started on computation of
features—all you need is some transcribed
speech or text you want to analyze. The Word
Embedding Analysis website from the University
of Colorado Boulder enables document compari-
son based on word embeddings of different types
[48], and the suite of automatic linguistic analy-
sis tools, mainly developed by Kyle and Crossley,
can be used to compute many different variables,
including lexical sophistication, cohesion, and
syntactic ~ complexity [49]. The Lexical
Complexity Analyzer (LCA) and L2 Syntactic
Complexity Analyzer (L2SCA) compute vari-
ables stemming from the language development
literature, and offer both a web-based application
programming interface (API) and command-line
interface for more control over analyses [22].
Linguistic Inquiry and Word Count (LIWC),
while (at the time of writing) not freely available,
also offers an easy-to-use API for calculation of
many features of vocabulary and sentiment, scor-
ing words according to annotated dictionaries to
reflect psychological states [50]. It is important
for users to understand what is going on “under
the hood”—that is, exactly how the tool gener-
ates values given samples of discourse as input,
and what each value represents. This can also
help in spotting bugs, erroneous values, and
guide important data cleaning decisions such as
how to deal with missing data.

Python is an open-source coding language
with numerous libraries that can be used to load
discourse in different formats and carry out pre-
processing and analysis [9]. NLTK, men-
tioned above, has many built-in functions that
ensure steps such as tokenization can be com-
pleted for thousands of speech samples with a
few lines of code, and the spaCy and gensim
libraries can be used to work with word embed-
dings in particular [15, 51, 52]. This offers greater
flexibility than no-code tools when working with
discourse samples and can improve understanding
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of features, with intermediate outputs in steps of
computation available for inspection.

For ML, the Python library sci-kit learn is
available [10], with excellent documentation to
guide users and built-in functions for dimension-
ality reduction, cross-fold validation and more,
and other libraries can be used to visualize
results. There is a wealth of online training avail-
able for those who have the opportunity to learn
to code using tools such as Python or other lan-
guages (see “Resources” Section). It will likely
pay dividends in the form of increased under-
standing of processes and enable greater sharing
among the community of analysis pipelines, aid-
ing in reproducibility. The Waikato Environment
for Knowledge Analysis (WEKA) also provides a
no-code, open-source option for ML [53].

Current Issues in Clinical Translation
of Computational Approaches
to Speech Analysis

The progress in computation which has enabled
application of computational approaches to study
speech has solved many issues that once faced the
field, improving the speed, cost, and breadth of
feature extraction. However, a number of factors
now make clinical translation of algorithms chal-
lenging. Issues with generalizability can arise
from multiple sources, including a lack of diver-
sity across research volunteers (often fitting the
“WEIRD” description—white, educated, indus-
trialized, rich, and democratic [54]); pathological
heterogeneity in clinical populations, such as
Alzheimer’s disease; the presence of comorbidi-
ties; and differences in the distribution of true
positives and true negatives, for example, a lower
prevalence of disease than that seen in training
[55]. Moreover, language-specific factors such
as regional accent and slang usage may impact
performance even between different hospitals.
Research using multisite and multilingual datas-
ets has so far provided grounds for optimism [56,
57] and attempts at addressing the lack of diver-
sity in datasets are being made at a high level [58].

A lack of trust in ML, from clinicians and
patients, can also limit adoption of new tools.
This is linked to model complexity and interpret-
ability since opaque models are difficult to under-
stand, making it challenging to explain results to
patients. Conversely, trust can be improved by
using transparent algorithms with greater
“explainability” [59-61], and by reporting an
algorithm’s confidence in its decision [62]. In
view of the fact that algorithms which underserve
less-well represented communities will not foster
trust, these issues are undoubtedly linked.

Major Takeaways

1. ML techniques can be used to “mine” high-
dimensional sets of features from language to
find those associated with a disease state.

2. ML models can be evaluated using different
performance metrics, and it is important to
understand how these are c