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“Accessibility is a continuous and evolving practice. Accessibility is

achieved through intentional, meaningful and intersectional participation

of people with lived experience of exclusion. Accessibility must be key to

each stage of a product, place or policy development, from ideation

through to delivery. Solutions must be designed with disabled people to

prioritise form and function. Meaningful and deliberate accessibility
builds inclusion, equity, agency, creativity, innovation and pride.”

Tilting the Lens’ working definition of accessibility.
Tilting the Lens is led by Sinéad Burke, Irish writer, academic and disability activist.
This definition reflects my current views and approaches towards designing for agency in AAC.



Abstract

Augmentative and alternative communication (AAC) devices enable speech-based
communication when people cannot use their own physical voice to speak. Speech-
generating AAC devices include specialized keyboards and interfaces designed to support
individuals in message composition and speech synthesis. Composing a message with an
AAC device can take more time than using verbal speech which poses social interaction
challenges to AAC users. Augmented communicators (ACs) often fall behind in group
conversations when topics move fast or only get asked yes/no questions instead of open-
ended ones, limiting the AC’s possible responses. While focusing on improving the rate
at which AAC users can communicate and increasing ease to vocabulary access have been
an important focus of the field of designing for AAC, this dissertation presents and argues
for conversational agency as a new research and design frame to study AAC technology
and AAC-based interactions among disabled and non-disabled individuals.

Conversational agency is shaped by social constraints such as when AAC users can
speak, what they can say, and who they can address. The first part of this dissertation
proposes metrics to measure how conversational agency is expressed within constraints
specific to AAC-based interaction. Using agency as a lens for AAC research uncovered
new design opportunities for AAC systems that center AAC users’ personal conversa-
tional goals. The second part of this thesis explored technologies that can help balance
participation in a group and signal to partners that an AC is still making use of their turn
to address social constraints related to managing attention and conversational dynamics.
The third part of this dissertation explores technologies that can retrieve content from a
conversation and clarify misunderstandings to provide ACs with more control over the
content of a conversation and the relevance and context of their messages. Through em-
pirical studies, co-design, participatory design, and the development and deployment of
different systems, this dissertation investigates how different design materials, such as ex-
pressive customized robots and Large Language Models, can support AAC users in easily
exercising their conversational agency and help non-AAC users become better communi-
cation partners. Through six studies this dissertation contributes Agency in AAC as a new
design framework to both further our understanding of AAC users agency and to generate
novel, accessible, and agency-increasing communication tools.
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List of Abbreviations and Definitions

e AAC: Augmentative and Alternative Communication.
e AC: Augmented Communicator, AAC device user.

e CCP: Close Conversational Partner to an augmented communicator like a close friend or
family member.

e NLP: Natural Language Processing.

o Technical Agency: Agency we express when we are able to participate in conversation.
Taking a turn in a conversation is an example of a person displaying their technical agency.

e Colloquial Agency: Colloquial agency is achieved through technical agency when partici-
pating in a conversation leads to accomplishing an individual’s goals.

o SoA: Sense of Agency. Self-reported subjective measure of agency.
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Chapter 1

Introduction

Communication is essential to agency. Agency in conversation, is defined as the ability to advance
our individual goals by communicating them[54]. Nonetheless agency is not a fixed property; it
manifests within structure [41] and social constraints [54, 42] that challenge its expression. Aug-
mentative and alternative communication (AAC) devices can support conversation for people with
speech and language disabilities [14] but communicating with one of these devices poses unique
challenges to a users’ agency. Many augmented communicators (ACs) who use speech generat-
ing communication devices encounter social constraints and barriers that reduce their agency in
conversation including how much they can say, how they can say it, and when they can say it.
Conversational partners [15] and social constraints embedded in the traditional ways we commu-
nicate [54] can impact the quality of an interaction by either facilitating or hindering the expression
of an AC’s agency in conversation. While social theory has described how agency is shaped and
expressed in conversations between oral speakers, this dissertation focuses on studying agency in
AAC. Through this work, agency in AAC emerges as a new design framework that can be used to
study agency in AAC and generate new accessible and agency-increasing AAC tools.

Using an AAC device to speak often takes time, with rates ranging from 3 to 20 words per
minute [65, 77] which creates a time asymmetry between an AC and their conversation partners
who use their mouth and body to speak. For example, when a communication partner knows
that it takes an AC more time to respond, the communication partner may ask yes/no questions
instead of open-ended ones, limiting the AC’s possible responses [66]. Conversation partners
can also dominate the conversation, or fail to respond to communication attempts by ACs [62].
Such conversational partner impact on ACs’ participation can be uncomfortable for ACs [46]
and can reduce perceived autonomy and agency [62]. Prior work has identified challenges in
interactions between augmented and non-augmented conversants but has not yet determined how
different types of conversational partners impact an AC’s conversational agency, what other factors
impact ACs agency, and how we can design technology that support’s ACs’ agency expression.
Futhermore, little is known about how specific AAC interface designs, existing and future designs,
may shape agency in conversations among non-AAC and AAC users.

As a first step towards making communication possible and efficient, designers and researchers
of AAC have focused on improving device throughput, for example via text suggestions using
language technology [167], and vocabulary sorting [5, 78]. Human-computer interaction (HCI)
researchers have also worked on improving expressivity by adding partner-facing displays [146],
and customizable voices to speech generating AAC devices [45, 104, 121, 118]. Research from
communication science has focused on increasing communicative competence of ACs [90, 92] and
teaching conversation management strategies such as learning how to request partners to wait for a
response and using pre-composed messages to save time when sharing a thought in conversation.
Research in Conversational Analysis, the microanalytic study of social interaction, has contributed
rich descriptions on how AAC and non-AAC users communicate with each other [66] and take
turns [131]. This dissertation extends this foundational research to uncover how technology and
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design choices can enforce or loosen social constraints that impact an AC’s agency.

HCI researchers have recognized the role communication partners play in hindering or facil-
itating an AC’s communication. Ibrahim et al. studied how a conversation partner’s assumptions
about an AC’s competence could negatively impact children’s agency when using their AAC de-
vice to communicate at school [70]. Fiannaca et al. recognized that CCPs could facilitate an AC’s
communication through informed suggestions and designed a companion app to enable CCPs to
suggest words to to help their augmented partner as they composed a message [46]. While there
has been a development on new technology for AAC there is still no model of how these new
developments can increase or decrease agency for ACs. There is also no description on how con-
straints specific to AAC such as partner’s level of experience, their relationship to the AAC user,
AAC devices, and tasks, can impact how ACs can express their agency. In this dissertation, I
focus on closely understanding social interaction among AAC and non-AAC users to translate
the observed behaviors that impact how ACs can express themselves into an informative design
framework for agency in AAC.

Building from this formative understanding of agency with AAC, this dissertation goes on to
investigate: What factors impact agency in AAC? How can measure agency in AAC? What tech-
nology materials and interactions can increase the opportunities for ACs to express their agency?
Specifically, how can we leverage specific modalities and technology platforms to create agency-
increasing tools for AAC? What system features support or hinder user agency? What are ap-
propriate research and inclusive design methods to explore these possible new technologies with
AAC users and other relevant stakeholders?

1.1 Agency as a Design Framework

This dissertation focuses on first establishing conversational agency in AAC as a descriptive and
generative design framework through the definition of participation and communication-based
metrics that impact how, when, what, and how much ACs can say in conversation. Using this de-
sign framework, this thesis then continues exploring opportunities to loosen the social constraints
identified and proposes new designs through collaborative and participatory methods that include
ACs in the design process.

1.1.1 Defining and Understanding Agency in AAC

To define agency based on ACs’ experiences, this dissertation build on Gibson’s work on conver-
sational agency from sociology [54]. Conversational agency can be measured as (1) participation
in conversation, also known as technical agency and (2) achieving a particular goal because of
that participation, known as colloquial agency. Gibson’s theory states that there are different
conversational constraints that act as social rules that can impact the expression of agency. These
conversational constraints include who can be addressed (participation shift constraint), what type
of response we expect from others (the ritual constraint), the topic of conversation (relevance con-
straint), and when is the right time to start speaking (one speaker constraint). These conversational
constraints along with the factors that govern them are summarized in Table 1.1.

While these constraints are described for conversations among individuals who do not use
AAC, in Part I of this dissertation, we describe a first study designed to understand how conver-
sational agency is expressed in the AAC context. The outcome of this first study is a framework
for conversational agency in AAC that considers how conversational constraints and AAC-specific
constraints such as the relationship with their conversation partners, the AAC device of use, and
the conversational task they are carrying out (e.g., a formal meeting with goal, an open-ended chat)
can impact ACs’ agency (Figure 1.1).

This first study included ACs and their close conversational partners (CCPs) described in
detail in Chapter 3. CCPs such as parents and paid aides, who have caregiving roles, often support
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ACs by facilitating conversations with others [15]. I considered scenarios in which there is an
unfamiliar third party (TP) to study how CCPs facilitate the conversation between the AC and the
TP, and how this impacts the ACs’ agency in the context of specific conversational tasks.

Table 1.1: The four conversational constraints that impact agency according to Gibson,
what governs the constraint, and factors that contribute to the constraint application.

Constraints Governs Contributing factors

One speaker Current speaker Time to start speaking

Participation shift Next speaker Addressing next speaker (e.g. by name)
Relevance Topic of contribution Time spent speaking without pause
Ritual Type of contribution  Previous speech act (e.g. question)

The first study findings showed that ACs participated more frequently when directly addressed
in an interview task than in subsequent turns when CCPs often stepped-in to comment. That means
that in order to provide ACs with more control over the participation-shift constraint future work
could consider how to ensure speakers are addressed or can signal wanting to participate equally
through technology or conversational methods.

1.1.2 Designing for agency

Extending the findings from this first study, this dissertation then employs the conversational
agency in AAC framework (Figure 1.1) to understand how we can design and deploy agency-
increasing technology for ACs that focuses on loosening specific conversational constraints. This
dissertation explored two different technology materials ! composed of different modalities and
technology platforms to study how they can be used to increase agency in AAC.

In Part II, Agency through Motion, 1 explore how physical and expressive objects and robots
can support users in managing conversation dynamics, a salient area of opportunity in the Agency
Framework 1.1. Chapters 4 and 5 explore physical design materials that can support bringing
attention to an AC, manage turn-taking, and holding the conversational floor with the goal of
addressing the participation-shift and one speaker constraints. We learned that motion could be
used to bring attention, convey precise messages and support timely participation. Attention,
precision, and timing all contributed to increasing AC’s agency in conversation with unfamiliar
and close conversation partners [156].

In Part III, Agency through Language, this dissertation then focuses on exploring language
technologies as a design material that could potentially support AAC users in managing a conver-
sation’s topic and the way words are phrased which could help address the relevance and ritual
constraint. This part of the dissertation explored different ways to support establishing mutual
understanding among conversants despite differences in response time among AAC and non-AAC
users. Natural Language Processing (NLP) techniques and machine learning can support ACs in
addressing desired topics in conversation even if they have already passed. Language technologies
can keep track of a conversation, record it and process it in a way that can be accessed by ACs
to address topics that they desire to revisit. NLP can also be used to detect parts of speech that
can be useful in helping an AC’s respond to specific requests made by a partner or other speech
acts. Using this material’s functionalities we set to identify opportunities to support AC’s agency

'Throughout the thesis, I will purposefully switch between the term “technology material” and “design
material” to denote the output modalities and technology platforms I choose to work with based on their
potential to support agency in AAC. This definition comes from the design approach to reflect on the
materials a designer uses when creating something new [135, 165].
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through a participatory and interdiscisplinary workshop (Chapter 6) and explore the opportunities
in depth with two additional studies, one focusing on large language models (Chapter 7) and the
last study on the design and evaluation of a tool too augment contextual grounding for AAC users
(Chapter 8).

Agency in AAC Design Framework
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Figure 1.1: Conversational constraints (e.g., who can speak, who can be addressed, what is being
said, what is expected of others), the task at hand, the relationship with other speakers, and the
AAC device being used can all impact the expression of an augmented communicator’s agency in
conversation. This dissertation, lays its foundation on how conversational agency* [54] is defined
in the social sciences to propose Agency in AAC as a design framework that can describe how
agency is expressed in AAC-based interactions, and how we can use agency as a lens to generate
accessible communication tools.

1.1.3 Designing with Agency

This dissertation not only focuses on how we as technology designers and researchers can increase
user agency through artifacts but also on how we can increase the agency of AAC users in the
design process of new technology. Throughout Part IT and Part III I use design research methods
such as co-design [128] and research through design [172] to explore new technology materials
for AAC. I have adapted participatory user research methods to be accessible to ACs by making
practical modifications such as facilitating asynchronous and remote ideation, easy referencing of
abstract concept ideas on the go, and getting feedback from users at different stages of design.

This dissertation also includes two participatory design workshops that were carefully de-
signed to scaffold discussions among diverse stakeholders (Chapter 4 and 6). Participatory work-
shops have shown to be productive in developing a congruent view of the problem space in areas
of accessibility that require an interdisciplinary approach [20]. Participatory design seeks to bring
multiple experts, including end users to design together and elicit new research directions for
AAC through selected co-design activities [128, 129]. The participation of distinct stakehold-
ers in the design process is valuable in enabling interdisciplinary design thinking for problem-
solving [37, 121]. A participatory approach can help us avoid making assumptions about what
technology solutions would bring value to users which leads to many products that are not usable
and quickly abandoned [120, 86, 67].

In this way, a core component of this dissertation focuses on “thinking through making”
to complement our understanding of agency as an observed action or a subjective experience.
Through understanding how agency is expressed by examining social interaction we can then in-
form the design of agency-increasing AAC tools and through the making these tools, in close col-
laboration with ACs and other relevant stakeholders, we can learn more about agency, accessibility
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and inclusion. Underlying these design investigations with current and emerging technologies in-
cluded in this body of work, is the thesis:

We increase conversational agency and participation in conversation for augmented
communicators when we co-design tools that address conversational constraints.

1.2 Overview and Contributions

This dissertation is organized in three parts that progress from the starting question “How does
agency manifest in AAC?” to the concrete experiences of designing AAC applications that increase
conversational agency for augmented communicators.

Chapter 2 provides the background including an overview of AAC, how agency has been
defined and studied in the field of HCI and the social sciences, definitions of conversational agency
and technology materials that have been used to augment AAC systems.

In Part I, chapter 3 describes how ACs express their conversational agency through an ob-
servational study to understand how conversational agency manifests in the face of constraints
specific to AAC. This chapter answers the following research questions: How is conversational
agency expressed in AAC? How can we quantify agency in AAC? What factors impact an AC’s
agency? The chapter concludes by outlining a design space of conversational agency in AAC and
suggests possible ways to address the constraints presented in the framework.

In the process of learning more about conversational agency in AAC and what technology
materials contribute to it, Part II and Part III seek to answer the following main research questions:
How can different technology materials address conversational constraints? How do the designed
tools impact AC’s perceived and observed agency? Part II presents two studies that explore
motion through expressive robotic objects as a design material to support AAC users in expressing
their agency. Chapter 4 describes a co-design process to explore the opportunities for expressive
robotic objects to support AAC users’ agency. Chapter 5 presents a case study detailing the co-
design process and evaluation of a robotic expressive object with an augmented communicator to
understand How socially assistive robots can address conversational constraints.

Part III focuses on addressing the relevance and ritual constraints using language technolo-
gies, such as large language models (LLMs), text-to-speech and interactive add-on digital tools.
Chapter 6 explores different possible future technology concepts with ACs, NLP researchers and
communication scientist. Chapter 7 supported ACs’ experimentation with LLMs by introducing
the concept of speech macros: LLM prompts that transform abbreviated user input into full sen-
tences, with a focus on achieving conversational goals such as requesting help with something or
answering a biographical question. Chapter 8 presents COMPA a system that integrates different
support strategies for AAC users and communication partners to augment their mutual understand-
ing during real-time group meetings.

Finally, Part IV, containing Chapter 9, summarizes the contributions of this dissertation and
reflects on this dissertation’s goal to describe how social and material constraints impact individu-
als’ ability to express their agency when using AAC.

In total this dissertation comprises six studies that altogether make the following contributions:

e Conversational agency as a theoretical foundation for investigating how social and technol-
ogy constraints impact how augmented communicators participate in conversation and as a
design framework to explore how to support users’ conversational agency (chapter 3).

e Accessible participatory methods to envision new technologies with Augmented communi-
cators (Chapter 4, Chapter 5, Chapter 6).

e Design knowledge on how specific technology materials (modalities and platforms) can
support conversational agency in AAC. (Chapters 4, 5, 6, 7, 8)
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e Three systems and design concepts to support AC’s agency. (1) Aided motion-based AAC
through Sidekicks, expressive socially assistive robots that augment nonverbal communi-
cation (Chapter 5). (2) Speech Macros, which leverages user brief user input and pre-set
instructions to a Large Language Models to aid in communication (Chapter 7). (3) COMPA,
a Context Marking and Phrase Assistance AAC add-on digital tool to augment contextual
grounding during online real-time group meetings (Chapter 8).
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Chapter 2
Background and Related Work

This chapter draws on three bodies of research: The first focuses on augmentative and alternative
communication (AAC). The second presents the conceptualization of agency in technology and
disability diving deeper into agency challenges in AAC and interaction and how we can use Con-
versational Agency theory to create a design framework for AAC. The third overviews different
AAC systems that have been developed to enhance AC’s interactions and support AC’s communi-
cation. In this third section I particularly outline what output modalities and technology platforms
have been used to create augmentations to AAC systems.

2.1 Augmentative and Alternative Communication

Augmentative and Alternative Communication (AAC) encompasses all types of communication
we use to express ourselves in addition to speech. AAC includes facial expressions, sign language,
gestures, written language, and even Morse code [3]. Aided forms of AAC use technology to sup-
port alternative communication modes, such as picture or letter boards that people can point to or
speech generating devices people can use to compose messages [14, 50]. Approximately 5 million
Americans and 97 million persons worldwide may benefit from AAC [12]. In my dissertation
work I specifically work with adult augmented communicators (ACs) who use speech generating
devices and have motor disabilities due to cerebral palsy. As such, in this section, we provide an
overview of speech-generating AAC systems.

2.1.1 Components of an AAC device

Some users who use AAC speech generating devices and have a mobility disability use stand-alone
AAC devices that are mounted to their wheelchairs. Different AAC device properties can vary by
user and can have an impact on their word per minute rate. One of these properties is the access
method which can be either direct selection (user can directly choose words or letters) or indirect
selection (user uses a scanning system that aids in selection of desired word or letter). Speech-
generating AAC devices include different layers of technologies customized to fit a user’s access
needs including: accessible input methods, display and layout designs, encoding and prediction
techniques, and speech and visual output features [13].

Accessible input methods

Users with motor disabilities commonly access AAC systems via indirect selection methods via
a switch or an eye tracker. For switch-based input methods, the AAC device scan through each
option and once the scanner is on the desired target a user presses a switch for selection. Users
who are able to control the position of their head may opt for gaze-based access methods that
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employ eye trackers for target selection. Gaze-based systems as well as switch scanning require
considerable skill achieved through practice and training. Direct selection access methods are also
a possible access method in some cases and refer to directly selecting a target with any body part,
stylus, or joystick. Scanning access methods tend to have lower entry rates than other methods
but in general High-tech AAC users with motor, disabilities may communicate at 3 - 25 words
per minute (WPM) [157]. Although access methods are tightly linked to hardware, in the scope
of this paper we will reflect on how language technologies can assist users depending on their
access mode and how their access mode may inform design considerations for the implementation
of different approaches.

Displays and layouts

AAC devices can have static or dynamic displays usually organized in grids that display different
words or letters. These displays usually have different pages organized by activity, in alphabetical
order, or idiosyncratically. Users have to navigate to each page to perform to retrieve specific
information. Some newer commercial devices are starting to leverage language models to dynam-
ically update the possible word options based on what a user is typing and continue to learn from
each user’s style (https://spokenaac.com/). Typical components in an AAC display include some
sort of keyword and word or phrase buttons that have been either pre-stored or pre-configured.
Different approaches to displaying and retrieving vocabulary require a lot of mastery and practice
on behalf of users. AAC scholars have highlighted how current AAC systems place all effort on the
human actor while the technology only stores linguistic items to be later retrieved [161]. In this
work, we reflect on what portions of the communication process could be oftf-loaded to language
technologies and reflect on the possible trade-offs this may incur.

Output modalities

Synthesized or digitized speech is the main output modality for high-tech AAC systems. Ad-
ditionally, text-based partner-facing displays have been explored in research [146] and included
in commercial systems (Tobii Dynavox, Partner Window) to help communication partners know
when and what the AAC user is typing. Researchers have also explored motion as an additional
modality to speech-generating AAC systems with the purpose of alerting other partners about the
AC’s speaking turn [156, 159]. In this work, we discuss how designing with new language tech-
nologies may require thinking about additional output modalities that may support both AAC users
and communication partners in mutual understanding and extended social interaction.

2.1.2 Social interaction challenges in AAC

When communicating using an AAC device, people with speech disabilities have to first compose
a message by typing out individual characters or selecting predicted words or icons before they
share their thoughts. Speaking using an AAC device is slow compared to typical speech, with
rates ranging from 3-10 words per minute [65, 77]. Having asymmetrical speaking rates [136]
brings unique constraints to both the augmented communicator and their conversation partners.
For example, when a communication partner knows that it takes an AC more time to respond, the
communication partner may ask yes/no questions instead of open-ended ones, limiting the AC’s
possible responses [66]. Non-augmented partners can also dominate the conversation or fail to
respond to ACs’ communication attempts [46, 62, 157].

AAC users often have to decide how much they want to say and consider both the physical
effort and the amount of time they will require before they decide if they want to compose their
message [77]. It is then often the case that AAC users participate much less than their non-AAC
user counterparts in conversation, are left behind in group conversation, or struggle to demonstrate
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the relevance of their comment that is shared some minutes delayed after their topic they are
addressing has passed [125, 136, 158].

Prior work has not yet determined a way to quantify and define how different conversation
partner’s may impact augmented communicator’s participation in conversation and how they ex-
press their agency despite AAC device constraints and social constraints related to how different
types of conversational partners impact an AAC users’ agency. There is still no model of how
constraints specific to AAC such impact the expression of agency in AAC in-person interactions.
In the following sub-sections I will review how agency has been defined in the context of con-
versation and AAC and introduce a theoretical framework I build on to develop a Conversational
Agency framework for AAC. This current thesis also contributes empirical knowledge on what
social and material constraints impact an AAC users’ agency in social interaction.

2.1.3 Research Directions in AAC

Current AAC systems demand users to be capable of completing many complex tasks. To exem-
plify, vocabulary retrieval in AAC is still largely done manually with the users needing to physi-
cally find the right words while being aware of the ongoing conversation at the same time. [161,
93]. Even though AAC systems benefit augmented communicators greatly, their design could still
be improved to further support extended social interactions. There is a growing perspective shift
in the AAC community from demanding AAC users to have a certain strategic, linguistic, and
operational competence to operate their device to a perspective where AAC systems should take
on more of these tasks [93]. The community has become more aware as to how AAC systems may
impact important social interaction metrics beyond communication rate such as relational mainte-
nance [35], conversational agency [157], and staying in time with a partner [66]. In this work we
reflect on how language technologies could support users in achieving conversational goals related
to social interaction and other valuable areas that are still unmet need and have been identified by
users themselves.

Information from a conversation partner’s speech has been used to generate contextually rel-
evant topics [36], context-aware sentences and keywords [138], and collaborative input through a
companion app [46]. Other approaches have leveraged a partner’s speech to extract noun phrases
and suggest them on an AAC device to be used by the AAC user [166]. Information about the char-
acteristics of an AAC user has also been used to generate context-aware sentences by leveraging
language models such as GPT-2 and context information included in AAC user persona tags and
dialogue history [138]. Prompting large language models with subtasks have also been suggested
to be useful in supporting assisted text entry. [169].

In 2012 a survey on NLP applications for AAC forecasted that future contributions to AAC
from NLP would include spell-checking, context-based thesaurus, and genre-based word predic-
tion [64]. Now ten years later we provide a participatory and interdisciplinary landscape of chal-
lenges and opportunities in AAC for current state-of-the-art language technologies. While sys-
tematic reviews about the current research in AAC [34, 64] and accessibility [99] provide a great
overview of the field and current research directions in AAC, with our participatory approach we
hope to open the conversation about future directions for AAC research by including ACs and
communication scientists who do not often participate in computing conference but whose exper-
tise can help paint a more complete picture of the problem space.

2.2 Agency

This section sets the theoretical background on agency and how it relates to AAC. I focus on how
individuals with disabilities who use AAC systems express their agency when using technology-
mediated communication and highlight some gaps in the literature that I plan to address with
my dissertation work such as: How do augmented communicator make use of their agency in

23



conversation? How do AAC systems and people support or hinder this process? and how can we
design agency-increasing AAC technology? What design materials (modalities and technology
platforms) can be used to increase agency in AAC?

2.2.1 Agency and Technology

The field of Human-computer Interaction (HCI) has generally defined agency as a sense of control
over the external environment and one’s body [94]. Shneiderman’s Eight Golden Rules of Interface
Design [141] encourages interfaces that “support an internal locus of control,” inspiring work
evaluating perceived agency for interactions. In particular, such work considers implicit “sense
of agency” measures (e.g., perceived time of action and outcome) to study the impact of interface
feedback [33]. In my dissertation, I examine matters of agency beyond the sense of control during
an individual experience with an interface, and into matters of agency as a social experience,
impacted in relationship with context and others [42, 43].

2.2.2 Agency and AAC

Goodwin, who studied AAC use with people with aphasia, notes that agency for ACs occurs
within a social context where the meaning of communication must be formed cooperatively [57,
58]. Goodwin points out one issue that has emerged in the study of agency in disability, the
difference between individual and “social” agency. Goodwin states that social agency is the one
lodged within a social group, organized in an ongoing process of social cooperation [58]. In
some situations, especially those in which a speaker relies on others to cooperate with them to
be able to communicate, like in the case of a person who can only communicate with a limited
vocabulary due to a speech disorder, this social agency is specifically salient. Goodwin describes
the case of Chil, an individual who at age 65 suffered a brain aneurism making him unable to
utter more than a few syllables and left him with little motor skills. Chil performed actions to
communicate with others and express his desires that included pointing at meaningful references
in his environment and making prosodic changes to his “no” and “yes” to guide his listeners to the
right meaning as they asked different questions. Goodwin makes the point that human action has
an intrinsically distributed organization in that it is constructed through the cooperative semiosis
(signs and activities that carry meaning) of multiple actors [57].

This dissertation builds upon this work by studying how close conversation partners such as
caregivers, friends or partners who know an AC well and unfamiliar conversation partners form
meaning from AC’s communication. In particular, I investigate how such support increases or
hinders ACs’ agency across different conversational tasks. Within this definition of social agency,
this dissertation also focuses on co-designing technology that supports social conversational goals
defined by AAC users themselves.

2.2.3 Agency Challenges in AAC Interactions

Prior observational [57, 58, 70], survey [46], and interview [4, 78, 77] studies have investigated
AAC conversations among augmented communicators and close conversational partners (CCPs)
identifying challenges to CCP-assisted conversation.

Ibrahim ef al. observed children using their AAC devices to communicate with adults and
their peers. They found that adults erroneously corrected the children’s speech when they as-
sumed children’s competence using the device was low [70]. Adults also recounted a child’s
prior communicative act by accessing and reading out a previously constructed utterance with
the AAC device without the child’s consent. Fiannaca et al. surveyed ACs and their caregivers
about caregiver-assisted communication, finding that the caregiver assistance can be uncomfort-
able when conversing with groups, and frustrating when the caregiver guesses what an AC wants
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to say incorrectly [46]. Adults who adopted AAC devices later in life (due to Amyotrophic Lat-
eral Sclerosis, ALS) reported becoming passive speakers who consider the cost of communicating
when deciding to participate [77]. This suggests that agency may be also limited by the require-
ments needed to operate a device, such as energy and effort.

Communication scientists have also demonstrated how due to long waiting times associated
with device operation in face-to-face conversation, ACs’ conversation partners are more likely
to ask yes-no questions instead of open-ended questions, dominate the conversation and fail to
respond to communication attempts made by ACs [46, 65, 66]. This cited body of work shows
that operating an AAC device brings in time pressure constraints that can have an impact on how
much they can say and how often they are fully heard and that the AAC user’s communication
partner, plays an important role in influencing the quality of the conversational experience.

To illustrate the latter, Clark and Brennan [30] introduce the concept of the The Least Collab-
orative Effort. In their work on grounding (i.e. the process of establishing what is being said and
understood) they explain that people will not put much effort in trying to be understood by the other
person if they do not have to. In the case of ACs, the Least Collaborative Effort can really have
an impact on how much they are being heard or truly understood by their conversation partner.
The literature shows several examples of the least collaborative effort in action. ACs’ conversation
partners exhibiting frustration with the time it takes to establish grounding with the AAC user and
how in response to this frustration they will come up with interaction rules to speed up the con-
versation such as “Just nod, do not type on your device” —limiting the AC’s actions [62, 63]. The
conversation partner in this scenario may be introducing more error and barriers to the common
effort of trying to establish common ground.

2.2.4 Conversational Agency Design Framework

As such, prior work has pointed out different factors that may impact an augmented communica-
tor’s participation in a conversation. Agency is modulated by a social context and impacted by
others. This is especially salient in face-to-face interactions were speakers take turns and attend
to each other’s contributions in conversation. Agency is expressed through actions that further
an individual’s objective in the face of outside structure or constraints [30, 41, 55, 127]. Gibson,
in his work on Conversational Agency, distinguishes two types of agency. Technical agency, is
exercised when individuals contribute to the conversation (Figure 3.2). As individuals express
technical agency by participating they can then advance their objectives in conversation, which he
identifies as colloquial agency [54]. According to Gibson, an individual’s technical agency can
be promoted or reduced by four core conversational constraints. I define these constraints and
describe how they matter for AAC conversations.

The one-speaker constraint specifies that only one speaker can speak at a time. When one
speaker cues that they are almost done, another actor can preemptively start speaking to secure the
floor. The one-speaker constraint implies that turn changes are a valuable resource for securing
the opportunity for technical agency. When using an AAC device, ACs are at a disadvantage.
Non-augmented speakers can secure a turn faster by speaking directly, while ACs have to operate
their device to do this. Prior work has highlighted that ACs have challenges with social cuing
or indications of turn-taking, as their speakers fail to recognize when ACs want to contribute to
conversation [77].

The relevance constraint states that a new contribution to a conversation will be interpreted
as a response to the most recent prior contribution. Thus, the relevance of a particular response
decreases as the conversation proceeds. Together with the one-speaker constraint, the relevance
constraint suggests that a very short window of time is available for an AC to make a relevant
contribution to the conversation.

The participation shift constraint states that the target of a prior remark has the greatest
odds of speaking next, but any participant may speak next. The prior target’s advantage builds
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as speaking provides other participants more opportunities for engagement. A known problem in
AAC conversation is that ACs are often not addressed directly by third parties, instead third parties
talk to them via their CCP. CCPs are recommended to help third parties engage directly with the
AC by explaining that they can communicate directly [16].

The ritual constraint suggests conversation participants seek to maintain a positive social
standing by showing considerateness to the speaker, assisting them with repair, and eliciting sym-
pathy to them. Either through experience, exposure or training, CCPs may have specific ways in
which they support their ACs’ communication [16]. We expect to see these rituals, such as waiting
for a response or assisting in a particular way, to play a supportive role for ACs to exercise their
agency in conversation.

In this thesis, I use conversational agency as a frame to study AAC user’s experiences in
conversation. In addition to conversational constraints Gibson presents I consider additional con-
straints specific to AAC-based interactions such as the conversational task at hand (e.g., collabo-
rative, open-ended), the relationship with other speakers (e.g., time knowing each other, comfort
level), and the device being used (e.g., throughput and speech output types) can all impact the
expression of an augmented communicator’s (AC) agency in conversation. This framework is
explained in detail in Chapter 3.

To understand participation in conversations and quantify metrics that show successful inter-
action, communication scientists studying AAC have used methods such as conversational micro-
analysis, examining interactions at the utterance level [31, 32, 63, 91, 121]. I use similar micro-
analysis methods to quantify participation by identifying specific occurring communicative func-
tions (i.e., requesting more time, requesting help). More details can be found in Chapter 3. My
dissertation adds to this body of work by analyzing participation across a set of different distinct
conversational tasks to specifically investigate the relationship between CCP participation and
ACs’ expression of agency.

2.3 Technology as Design Material for AAC

The practice of HCI design involves engaging in reflective conversations with technology as a de-
sign material to create something new [135, 165]. Designers view technology as a design material
to understand how the technology opens up and constraint design possibilities in a problem space
and then use the material to envision things that have never existed before [135, 170]. Taking this
technology material lens can inform design practice and can facilitate sharing design knowledge
across disciplines [173, 170].

In this section, I first examine the technology materials that have been used to augment AAC
systems and enhance conversations between augmented communicators and their conversation
partners. Second, I provide some background on the specific technology materials I have identi-
fied have potential to be used for supporting conversational agency in AAC, these are (1) motion
through expressive robotic objects and (2) natural language processing and machine learning tech-
niques.

Designers and researchers have explored different design materials to augment AAC systems
such as intelligent materials that can predict vocabulary from a conversation partner’s speech [167]
or from a video scene [5] or photograph [78]. HCI researches have also focused on designing for
the AC’s conversation partner to improve their awareness through partner facing digital screens
known as awareness displays [146] and partner-facing companion apps to aid AC’s in message
composition [46]. In order to augment AAC systems with more expressivity, researchers have
created customizable keyboards that can set specific voices to ACs’ messages [45, 104]. De-
signers have also explored 17 different ways to say yes using buttons and different custom audio
clips [118].

I have identified opportunities to explore two additional design materials that have the poten-
tial of addressing agency challenges in AAC tied to the four conversational constraints presented
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in the conversational agency framework (figure 1.1. The first material has the potential of sup-
porting ACs’ in managing the participation-shift constraint and the one-speaker constraint through
managing their partner’s attention with embodied motion through an expressive object. The sec-
ond material has the potential of supporting ACs’ in addressing the relevance constraint and ritual
constraint which relate to the content and style of a conversation. This second material involves
machine learning and language technologies that have become a popular new material that com-
munication scientists wish to explore for AAC [137].

2.3.1 Motion through Expressive Robotic Objects

Commercial speech generating AAC systems are currently only customizable at the word selec-
tion and speech production levels, and they do not yet support augmentations that can increase
nonverbal communication. Nonverbal communication is key in helping regulate turn-taking, con-
vey personality, and execute actions that increase social agency [81]. Gaze, body orientation, and
pointing gestures are all examples of nonverbal communication that can support directing attention
to different speakers in a group conversation [144, 81] and are especially powerful in face-to-face
interactions. A shared physical environment allows the use of specific spatial cues such as refer-
encing an object or orienting the body or gaze towards a space of interest to help establish common
ground and joint attention [7].

One of the prominent qualities that makes robots unique as a technology material is their
embodiment in physical space. Robots can not only manipulate objects in space, but also ex-
press complex interactions through motion [28, 82, 1]. In Human-Robot Interaction (HRI), so-
cial robots have used motion to support people in a variety of related communication contexts
through nonverbal behavior. For example, researchers have used social robot gaze to facilitate
turn-taking [2, 106], and robot body gestures to mediate interpersonal conflict [68, 150]. Prior
work has explored the use of peripheral interactive objects as communication supporters in a
range of domains. One of the defining features of peripheral interfaces is that they exist primarily
in the background and are only called to the foreground when necessary—they are not themselves
interaction partners [72, 98]. In HRI, the notion of peripheral robots has also been explored. For
example, a peripheral robotic device that draws attention when the conversation between a roman-
tic couple becomes aggressive [68], one that shapes conversational dynamics in groups [150] or
accompanies text messaging [111] have been introduced. Peripheral and embodied devices have
also been suggested as socially assistive robots. Minimally expressive anthropomorphic robots
have been used to support autistic children’s communication [126] and to facilitate interaction
between people with dementia and caregivers [105].

Social robots have the quality of being able to take on a specific social role in a conversation,
such as an over-hearer [83] or a facilitator [101]. Prior work has suggested a metaphor of sidekicks
as a way to think about social robots [97] that support a “protagonist” by existing in the periphery
of attention and appearing only when needed.

In chapter 4, we leverage robots’ advantages of embodiment and motion for nonverbal com-
munication in the domain of AAC, to explore how social robots could be designed to support ACs’
nonverbal communication. We use the metaphor of “assistive sidekick” to explore robot designs
that support the AC, rather than function as independent agents. Using specific design parameters
uncovered, in collaboration with an AAC user, Mark, we built a functioning sidekick and evaluate
its use over two months. We describe this studies outcomes in Chapter 5.

2.3.2 Context Support through Language Technologies

Innovations related to language technologies in AAC systems include the use of word comple-
tion and word prediction, optimized dynamic keyboard designs, and the use of contextually aware
sentence and word generation. More recently there has been growing interest to additionally lever-
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age large language models (LLMs) for phrase generation and abbreviation completion. Natural
Language Processing (NLP) strategies have been used in prior work to support ACs in accessing
relevant utterances and increasing their speaking rate [64].

Word prediction

The most widespread application of NLP in AAC commercial systems is the use of word comple-
tion and word prediction [64]. Statistical language models are used to rank words to present them
as possible candidates in current commercial AAC devices. Simple n-gram models are preferred
as they require less computational effort. N-gram models use the current letter sequence to predict
the most likely words that go next. Statistical models based on parts-of-speech are also used to
determine the most likely continuing words in a phrase.

Optimized Keyboards

Keyboards with optimized layouts have been designed to decrease fatigue by minimizing user
input effort, input errors and increasing text input rates. Keyboard designs are tightly connected to
the access method utilized by AAC users. For users who use scanning with a binary input switch,
researchers have proposed scanning techniques that blend statistical models with grid displays
that dynamically keep track of the user’s selection to minimize input [124]. Researchers have
also proposed dynamic keyboards with word and letter prediction that allow users to directly type
on a keyboard that updates itself, select predicted words, and use letter completion [132]. For
users who might not be able to select more than a few options due to screen real-state or motor
constraints designs have placed multiple characters on each key (i.e., a keypad with multiple letter
options per key [abc] [def]) and then used n-gram techniques to establish word probabilities used
for disambiguation.

Encoding techniques

Encoding techniques are used in high-tech AAC systems to improve speaking rates and facilitate
access to a large vocabulary. Encoding methods are language representations that use semantic
compaction, that is using specific symbol combinations to generate multiple words. For example,
a symbol for “juice” in combination with the symbol representing “verb” will indicate drink,
while “juice” plus “adjective” will indicate thirsty [6]. Other approaches known as Utterance-
based systems (UBS), link pragmatic features such as whether the user is talking about the past,
present, or future with a user’s goal and have demonstrated to increase a user’s speaking rate.
UBS has proven to increase users speaking rates by providing predictions according to the time
perspective the user chooses to speak in [153, 152]. Some results of our workshop also indicate
that attending to other pragmatic features such as identifying the communicative action of a user’s
intended utterance may improve word prediction algorithms.

2.3.3 Emerging Language Technologies for AAC

Recent advances in large language models (LLMs) point to a great opportunity to leverage LLMs
to support AAC communication. Nonetheless, we do not know how, in practice, AAC users could
benefit from these enhanced used of language models and how they would like to interact with
the models (give information, make selections in an interface) and how they would use them.
In this study, we showed design concepts that showcased a system using partner speech to have
conversations with participants about this idea, its usefulness and concerns around it.

Large Language Models (LLMs) are machine learning algorithms that can recognize, generate,
and transform human languages by having learned patterns from large text-based data sets. Recent
LLMSs such as GPT-3 [25] have proven to learn from examples or text-based instructions known
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as prompts [74] to generate language in context. By carefully crafting the inputs given to the
model people can directly influence the output of a LLM by defining a desired task. LLMs have
previously been used to support accessibility use cases including generating speech for AAC users
[138, 27], and providing writing support for people with dyslexia [56].

This capability of understanding language to produce language makes LLMs a great resource
that could enable AAC users to produce responses that are detailed and grammatically correct by
only inputting a few words. Given a specific text-based instruction or example also known as
prompt, LLLMs can return plausible continuation or response to the given prompt. For example,
prompt: give me some fruits that start with “A”, model: Apple, Apricots, Ananas. There are many
advantages to using prompts to retrieve customized output from a language model. Prompting
does not require pre-training or fine-tuning of a model which can be expensive and require access
to large amounts of data, which is a limitation in the AAC research field. Utilizing prompts as a
prototyping tool can enable quick explorations on the types of input and outputs needed for the
model to be most useful [74].

In chapter 7, we explore how prompting could support AAC users in their communication by
presenting them with different pre-made prompts that can be configured at different levels: the
type of context it uses, the type of input it requires from the user, and the task at hand (e.g., add
details to a reply, share background information, turn words into requests).

2.3.4 Augmenting Conversational Context Awareness in AAC

In addition to improving performance using linguistic predictions, context-aware AAC solutions
have been proposed to leverage context sources such as location [78], conversation partner word
completions [46], and more recently the use of large-language models that utilize additional con-
text such as a user’s persona, keywords, and conversational context to suggest relevant content to
an AAC user [138]. Using general dialogue data, some studies have shown substantial improve-
ments in word prediction when language models consider the partner’s speech in their predic-
tion [160, 138].

Being able to reply to a topic while is still relevant requires good timing something that is
challenging in AAC. Speaking rates for augmented communicators are slower than speakers who
use their voice and for this reason often ACs’ comments are often over a minute delayed making
them out-of-context and hard to interpret [125]. In chapter 3, I found that fast changing topics
produces missed opportunities for ACs to participate as they decide to erase comments after other
conversation participants have changed the conversation topic [157]. Conversation partners can
introduce new topics when talking to a third party while an AC is typing. Nonetheless, close
conversation partners (CCPs) can also help in contextualizing a comment made by an AC after
a topic has passed by asking follow-up questions to the AC that can help clarify their intended
message. We identified these clarifying questions a CCP made to an AC as types of rituals that
could support conversational agency by facilitating understanding at a lower cost to the AC [157].
CCPs also increased ACs participation through rituals involving asking ACs permission to answer
a question, asking the AC to clarify information, and orienting their bodies towards the AC to
ensure their participation.

Incorporating rituals into the design of AAC interfaces could be done by using NLP methods
that can monitor the content of a conversation and enable different types of support as needs arise.
For example having a list of interactive talking points to guide unfamiliar partners to learn how to
better ask clarifying questions to an AC instead of guessing what they meant to say could better
support AC agency in conversation. Additionally, the problem of talking ”out-of-context” is tied
to not being able to find the relevant reference the AC is addressing. The relevance constraint
states that a new contribution to a conversation will be interpreted as a response to the most recent
prior contribution. In AAC new contributions are not always connected to the most recent utter-
ances. NLP techniques could augment AAC interactions by facilitating different ways in which
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conversation participants could find the relevant context an AC is speaking to. This context sup-
port could take many forms such as audio excerpts, visuals showing key noun phrases, or tracking
agency metrics automatically in a conversation in order to inform participants to be mindful of
AC’s speaking turns. NLP techniques could also help a system identify the most relevant context
and suggest it to either the partner, to all speakers or to the AC to remind others about the intended
context of an AC’s utterance.

Using contextual information derived from a user’s location, discourse genre, conversational
topic, time of day and information from their conversational partner can be a powerful tool to
improve expressive communication in AAC. In 2008, Wisenburn et al. designed and tested Con-
verser, a program that used speaking partner’s speech to predict contextually appropriate utter-
ances for an AC [166]. Converser used speech recognition and a parser that posted noun phrases
on an optimized AAC keyboard. The authors tested the system with dyads of non-augmented
communicators [167] but did not find an improvement of speaking rate for augmented communi-
cators. In 2018 Fried-Oken et al. continued exploring how word prediction could increase AC’s
speaking rate by leveraging a statistical language model, the communicator’s recent vocabulary,
and content suggestions from their conversational partner via a partner application named Smart-
Predict [49]. SmartPredict made it easier for ACs to access desired information but there is no
knowledge as to how the application supports conversational agency. Research has explored using
location relevant words to suggest vocabulary by leveraging location tracking systems [26], camera
information [78], photographs [48], or geographically tagged language in a personal device [112].
NLP could further enhance these systems by searching, retrieving and displaying the most relevant
words according to additional contextual information such as the conversational topic.

The type of discourse (e.g., description, narrative, expository, etc), the topic of a conversation,
and even the dialogue acts (e.g., statement, opinion, agreement) can be identified by syntactic,
grammatical, and semantic features in a text to support AAC-mediated communication. Topic-
informed predictions have shown to save keystrokes in machine simulations of AAC systems [84].
Complementing topic-based predictions with web-based searchers using internet crawlers has also
demonstrated keystroke savings for AAC systems [89]. Most recently, NLP researchers have been
interested in exploring dialogue act classification for AAC [115]. Dialogue act classification in-
volves identifying specific parts of speech such as “question”, “opinion”, or “open-ended state-
ment” in a conversation. Dialogue act classification could enable smart phrase recommendations
that could support ACs in speaking to a conversation topic in a timely manner, thus addressing
the relevance constraint. Early explorations to develop dialogue act classification models for AAC
have encountered challenges related to a lack of AAC conversation datasets and appropriately
annotated data tags.

In Chapter 8 we introduce COMPA, a system that incorporates different types of contextual
grounding strategies such as highlighting and alerting a communication partner about the current
conversation portion an AAC user might be composing a message about. COMPA also integrates
a large language models that provides starter phrases as suggestions that can help re-introduce a
past topic into conversation.

2.4 Design Frameworks in Accessibility Research

Frameworks can provide a supporting structure for thinking about and doing research [96]. Frame-
works in HCI and accessibility research often draw from theory to expand and propose new lenses
through which we can approach research and design.

An influential frame, Value Sensitive Design, draws on moral epistemology to propose a prin-
cipled approach to design that centers and maintains human values related to welfare, rights, and
justice [51]. Value Sensitive Design argues that both social and the technical aspects of technology
need to be considered. This dissertation builds on Value Sensitive Design’s commitment to ground
the design process of technology through conceptual, empirical, and technical investigations with
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a commitment to human values, specifically agency.

In accessibility research, recent frameworks draw from critical disability studies to better in-
form how assistive technologies can center the lived experiences of people with disabilities [100].
Mankoff et al. make a case for how the field of assistive technology can be reframed in the light
of disability studies by enabling developers to not focus only on the “technical merit of solving
observable problems’ but to reflect and consider “the interplay of issues at work and acknowledge
that there may not even be a “right” problem to tackle or a “right” approach to take.

The interdependence frame [9] draws from Disability Studies and popular media contributed
by contemporary disability justice activists to expand influential approaches to assistive technol-
ogy design such as Ability-Based Design [168]. While Ability-Based Design calls for adaptive
user interfaces, taking an Interdependence lens highlighted the need to include considerations of
the relationships people have with their disabilities, their devices, and other people. Similarly,
by taking perspectives from disability studies into design practice, prior work has highlighted the
importance of understanding disabled users’ stories and rich accounts to recognize the knowledge
and labor disabled users already have expended [10].

The Agency in AAC design frame presented in this dissertation takes inspiration on the Inter-
dependence frame and lays its foundation on literature from sociology which describes agency as
being socially distributed [42]. In this way, this dissertation approaches the design process of ac-
cessible technologies with a socio-technical perspective. Additionally, the agency in AAC frame-
work presented in this dissertation is based on Conversational Analysis (CA), the micro-analytic
study of social interaction [58, 131]. CA describes and studies how conversation progresses, and
this dissertation utilizes these methods to understand how AAC and non-AAC users carry out their
conversation and how they structure it according to the systematic rules of turn-taking and other
social and contextual factors.
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Part I

Agency as a Design Framework
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Chapter 3

Conversational Agency in AAC

Figure 3.1: Conversational constraints (e.g., who can speak, who can be addressed), the
task at hand, the relationship with other speakers, and the device being used can all impact
the expression of an augmented communicator’s (AC) agency in conversation.

3.1 Overview

As a first step towards making communication possible and efficient, designers and researchers
of AAC have focused on improving device throughput, for example via text prediction [167],
and vocabulary sorting [5, 78], and improving expressivity, with awareness displays [146] and
customizable voices [45, 104, 121]. Research from communication science has focused on in-
creasing communicative competence of ACs [90, 92]. Other researchers have recognized social
factors including the role of communication partners in how an AC communicates [46]. Recent
AAC research has started to take a critical view of how AAC technology mediates communica-
tion [70], but there is still no model of how constraints specific to AAC impact the expression of
agency in AAC in-person interactions. Prior work has not yet determined how different types of
conversational partners impact an AC’s agency.

In this work, we introduce using conversational agency as a frame to study AAC user’s expe-
riences in conversation. We specifically consider Gibson’s definition from sociology [54], which
explains that individuals can exercise agency when conversational constraints loosen enough for
them to contribute to the conversation. These conversational constraints include when a person
can speak, whom they can address, what can be said, and what can be expected from others by
way of cooperation. The four conversational constraints are summarized in Table 3.1). Gibson
also distinguishes two types of agency. Technical agency, is exercised when individuals contribute
to the conversation (Figure 3.2). As individuals express technical agency by participating they can
then advance their objectives in conversation, which he identifies as colloquial agency.

33



% technical agency
Yy delegated technical agency

= cost

Figure 3.2: Conversational, task, relationship and device constraints can change the path-
ways for communication (arrows) between AC, CCPs and a third party (TP) and the effort,
or cost, required to communicate along the pathways (arrow thickness). For example,
time-sensitive conversational constraints (e.g., replying fast while it is still relevant) can
encourage communication along the lowest cost paths (lower width arrows) encouraging
communication via their CCP rather than direct AC to TP communication. When this
delegated technical agency enables the realization of goals for ACs we call it Colloquial
Agency.

Constraints Governs Contributing factors

One speaker Current speaker Time to start speaking

Participation shift Next speaker Addressing next speaker (e.g. by gaze, name, topic)
Relevance Topic of contribution Time spent speaking without pause

Ritual Type of contribution  Previous speech act (e.g. question)

Table 3.1: We summarize the four conversational constraints that impact agency accord-
ing to Gibson, what governs the constraint, and factors that contribute to the constraint
application.

In addition to conversational constraints, we also consider constraints that are particularly rel-
evant in the case of AAC communication and task-oriented dialogue (Figure 3.1): relationship
with a communication partner (e.g., years knowing each other, comfort, previous communication
experience), device properties (e.g., throughput, input type, vocabulary, feedback type), and task
constraints (e.g., communication channel available, output type, information owner). We are inter-
ested in understanding how ACs exercise conversational agency in the face of unique constraints
such as the device they use, their relationship with the people they are talking with, the task at
hand and the general conversational constraints explained by Gibson (Figure 3.1).

To address this, we carried out an observational study with ACs and their close conversational
partners (CCPs). CCPs such as parents and paid aides, who have caregiving roles, often support
ACs by facilitating conversations with others [15]. We consider scenarios in which there is an
unfamiliar third party (TP) to study how CCPs facilitate the conversation between the AC and
the third party, and how this impacts the ACs’ agency. Our findings show that CCPs support
ACs’ agency by supporting communication with third parties. CCPs also increase the amount of
information exchanged on behalf of the AC at a lower cost to the AC through explanations and
by breaking down complex questions into yes/no questions. But, such explanations and narrow
questions can lead to a reduced set of AC responses, and missed opportunities for AC to participate.
In this paper, we contribute an empirical understanding of agency in AAC and conclude with ideas
on how future designs can consider CCP participation while facilitating ACs’ to exercise their
agency in conversation.
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3.2 Method

To study the participation of close conversational partners (CCPs) to understand how to facili-
tate augmented communicators (ACs) to exercise their agency we address the following research
questions: RQ1: How do conversational, relationship, device and task constraints impact CCPs’
participation? RQ2: How does CCPs’ participation impact ACs’ agency? and RQ3: When does
technical agency impact colloquial agency?

Figure 3.3: Study setup. The CCP (left), the AC (middle) and the experimenter(right) sit
at a round table. A scene camera captures this image, a camera behind the AC captures
activity on the AAC device, and a camera mounted on the AC’s wheelchair captures AC’s
facial expressions.

3.2.1 Tasks

We use three tasks to investigate how factors such as potential to speak (e.g., who holds the knowl-
edge in the conversation, and who are the active participants) and goals (e.g., an answer to a ques-
tion, versus a creative decision) impact ACs’ technical and colloquial agency when working with a
CCP. We include the participation of a third-party (TP), who is an unfamiliar conversation partner
to the AC (experimenter) to analyze differences due to the relationship constraint (Figure 3.3).
The TP has experience communicating with ACs but not the particular participants. The TP holds
a relationship similar to the description of partners in the fourth circle (e.g., workers who com-
municate with ACs as part of their profession) and the fifth circle (e.g., people ACs have not met
before) in Blackstone’s Circles of Communication Partners [15].

Interview task

We conducted experimenter-led semi-structured interviews with each AC and CCP pair in order
to 1) investigate AC technical agency in a structured conversation assisted by a CCP, and 2) gather
background information about the AAC device and the AC-CCP pair. The experimenter asked
all questions directly to the AC. Questions were about the device and the ACs’ experience with it.
These are topics in which the AC and CCP could potentially both know the answers, so they shared
the same potential to respond (Figure 3.4, far left). The experimenter addresses all questions
directly to the AC, to control the participation shift constraint and evaluate if this helped the AC
secure turns and participate more. We expected the interview to encourage open conversation to
answer RQ1.
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Interview task Map task Craft task

Ge

Map task (C1)
Map task (C2)

Figure 3.4: The interview task mirrors open conversation except that the third party only
directly addresses the AC (missing arrow between the third party and CCP) and only the
AC and CCP share knowledge to answer the interview questions (small blue dots). In the
first map task condition (C1), the AC and the third party can see the correct route (small
blue dots) and the AC must communicate to the CCP what to draw on the map. In the
second map condition, the AC and CCP share the correct route and must tell the third
party what to draw on the map. In the craft task, the AC generates ideas for their craft
which is largely constructed by the CCP (the third party does not participate).

Map task

Inspired by prior work [66, 63] that used maps to examine how ACs and their partners achieve
common ground, we investigated how CCP-AC partnerships differ from TP-AC partnerships when
working together to complete a map. For this task the AC has access to a map displaying a route
between landmarks and must direct another person (either CCP or TP) to draw the given route on
their blank map.

In condition one (map C1), the TP acts as an assistive partner who can also see the map and
the CCP is the follower who has the blank map (Figure 3.4, second from left). In map condition
two (map C2), the CCP is the assistive partner and the TP is the follower (Figure 3.4, second
from right). We use the map task to answer RQ1 and RQ2 and also explore RQ3 to understand
what type of interactions contributed to the AC being able to successfully communicate the map’s
route (technical agency) and their partner drawing it correctly on the map (colloquial agency).
Higginbotham et al. [66, 63] found that CCP often set rules or strategies to solve the map task
in an efficient way, so we hypothesize the setting of rules or strategies as a potential action from
CCPs that can impact ACs’ expression of agency. We also expect to see different interaction
patterns when there is mainly AC-to-CCP communication (condition 1), as opposed to AC-to-TP
communication (condition 2).

Craft task

To further explore RQ3, we designed a craft task in which the AC and CCP collaborated to design
an image collage (Figure 3.4, far right). The TP did not participate in this task. Similar to the map
task, we designed a craft task to explore how AC and CCP collaboration supports the translation
of ideas expressed by the AC (technical agency) to design decisions on the final collage artifact
(colloquial agency). The craft task involves choices based on preference rather than a single
correct route as in the map task. In this activity, the AC holds the knowledge of their creative
choices, while the CCP can physically explore the materials available and physically creates the
final artifact through delegated agency.

3.2.2 Operationalizing Agency

We used quantitative video coding analysis to develop both overall and task-specific metrics for
technical agency, colloquial agency and CCP participation to address our research questions. We
considered the amount of conversational contributions made by CCPs and ACs and classified them
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with specific communicative function types as in [31, 91]. To address RQ3, we also examined
the resulting artifacts of the map and craft task to evaluate how participation (technical agency)
impacted the map or craft (colloquial agency).

To measure conversational contributions we first annotated the start and end of each participa-
tion event in the videos (e.g., the CCP speaks to give an explanation, the AC gestures to confirm).
Then, each participation event was labelled with an ID (e.g., CCP, AC, third party), the form of the
interaction(e.g., speaking, gesturing, vocalizing), and the type of communicative function (e.g.,
giving an explanation, confirming information). We selected communicative functions labels spe-
cific to our research questions (see supplemental material for full guide) and only labelled actions,
gestures and vocalization that served a communicative function as in [31]. Two coders watched
all of the videos. We determined inter-rater reliability from a sample of 25% of video data coded
independently by two coders. We sampled each 0.5 second, and achieved a Cohen’s Kappa of 0.87
overall communicative functions labels for all participation events. Videos were transcribed and
time-marked to capture sequences of utterances and turns.

AC technical agency

We measured occurrences of AC’s technical agency as individual contributions to the conversa-
tion through speech, gestures, and vocalizations. Through all tasks, we consider the length and
number of conversational turns taken in each modality. In the interview, we separately consid-
ered technical agency (whether an AC gives an explanation or a yes/no answer to a question), and
delegated technical agency (CCP answers the question with AC’s permission). We do this by iden-
tifying specific AC communicative functions such as: requesting help (RH) or time (RT), giving
an explanation (E), granting/denying permission (GP/DP), and confirming/denying information
the CCP has said, other than a permission request (COI/NOI). In the map tasks, we considered the
number of strategies explicitly stated by the CCP and the AC to solve the task. In the craft task,
we considered the total number of ideas proposed by the CCP and the AC.

AC colloquial agency

We examined the resulting maps routes and collage elements as a proxy for colloquial agency
(achieving individual objectives). For the map task, we considered the number of accurate and
inaccurate landmarks on the final map. For the craft task, we considered each element in the
collage, examining who proposed the element (e.g., CCP or AC) and who agreed to the idea of
including the element (e.g., none, CCP, or AC).

CCP participation

For all tasks, we related CCP participation to the AC’s participation (technical agency) by cal-
culating similar metrics to those calculated for the AC: number of conversational turns, amount
of speaking time per task, number of strategies stated in the map task and number of ideas con-
tributed during craft task. In addition to this, we annotated specific types of CCP participation
by communicative function: asking permission to explain (P), giving an explanation (E), lending
assistance (A) such as conversational repair and physical assistance through actions, and asking
clarifying questions (QC) to the AC.

3.2.3 Participants and data collection

We recruited 8 participants: 4 expert augmented communicators (ACs) with cerebral palsy and
their corresponding close conversational partners (CCPs) (Table 3.2). We call ACs expert AAC
users as they have been using AAC devices for more than 10 years, on a daily basis. In addition to
their device, AC participants also used nonspeech vocalizations (e.g., grunting) and facial gestures
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Table 3.2: Our eight study participants, four augmented communicators (ACs) and their corre-
sponding close conversation partners (CCPs). Using our transcripts, we calculated the throughput
or total words spoken over minutes typing (WPM) for each AC.

ID Age Gender Years WPM AAC Device Setup Partner
using
AAC;
current
device

AC1 23 M 19; 10 2.65 Tobii Dynavox Mother
Maestro; head- (CCP1)
controlled switch,
scanning  access;
phrase-level voice
output

AC2 38 F 32; 1.5 8.94 Tobii Dynavox Father
i-12;  wheelchair (CCP2)
joystick, direct ac-
cess; phrase-level
voice output

AC3 50 M 35; 1.5 7.03 Accent 1000; head Paid aide
tracker, direct for 0.7 yrs
access; utterance- (CCP3)
level voice output

AC4 50 F 33;23 22.24 DeltaTalker; head- Paid aide
mounted pointer, for 4 yrs
direct access; (CCP4)
utterance-level
voice output

(e.g., blinks, smiles and eye-contact) to communicate. All ACs had closed fists and high spasticity.
ACI1 and AC4 had hand restrains while AC2 and AC3 used arm gestures. We collected audio and
video recordings from three video cameras to capture all tasks: 1) a camera placed at a distance
to capture the entire scene including all participants, 2) a camera placed behind the AC to capture
the AAC device’s screen, and 3) a small GoPro camera in front of the AC (either on the AC’s
wheelchair mount or on the table in front of the AC) to capture facial expressions.

3.2.4 Procedure

An experimenter (the first author) first conducted semi-structured interviews with participant pairs,
directing all questions to the AC with the CCP present. Interviews took between 35 and 55 minutes
to complete including rest breaks. A complete list of interview questions and study materials is in
the supplementary material. We then gave participants a limited amount of time (=12 minutes) to
complete each of the two map task conditions, and we counterbalanced the order of the conditions
between participants. To select maps for each pair, We used two randomly selected maps from
the HRCR map corpus!. We edited these maps to include large font and minimal graphics, and
provided them to the participants on paper. After the map task, participants spent 12-18 minutes
completing the craft task. We provided participant pairs with materials to create a collage craft that

Thttp://groups.inf.ed.ac.uk/maptask/maptasknxt.html
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included construction paper, magazines, writing utensils, stickers, scissors, tape and glue. Pairs
could make a collage either: 1) for a loved one to give as a gift, or 2) about a place they wanted to
visit on vacation. We invited each pair to take home their collage. At the end of the study we asked
each pair a series of debrief questions together, and then a different set of questions to each AC
and CCP individually (without the other present). With both participants present, we asked about
likes, dislikes and challenges encountered during study tasks. To the AC and the CCP individually,
we asked about strategies and challenges experienced while communicating with their partner and
with others outside of the study.

3.2.5 Study Limitations

Our study required in-depth qualitative work to observe behaviors and social conversation in a con-
strained environment. Despite potential observation effects, we observed meaningful differences
across tasks on the way participants behaved. Our study investigates specific partner configura-
tions as described in Figure 3.4. These are examples of possible partner configurations but do not
encompass all possible conversation scenarios. There are still many other types of AC to CCP
relationships that may impact agency and need to be investigated (e.g., “friend-tendants” or col-
leagues). The inclusion of the TP who is familiar with AAC but did not know the participants
previously resembles the scenario of an AC who meets a professional for the first time and is
accompanied by their CCP.

3.3 Results: Constraints and Participation

Our first research question asked: How do conversational, relationship, device, and task con-
straints impact CCP participation? Conversational constraints regulated CCP participation by
balancing turns and enabling topic dominance through long contributions. CCPs who were par-
ents to the AC participated much more than paid aides across all tasks. ACs using devices with
lower WPM experienced more CCP participation. The task goals and the access to the information
needed to complete the task also impacted CCP participation.

3.3.1 Effect of Conversational Constraints on Participation

CCPs participated less when the third party directly addressed the AC in the interview task and
participated more in subsequent turns (participation shift constraint). CCPs also balanced their
own explanations by asking clarifying questions or asking for permission before answering or
expanding on a question on behalf of the AC (ritual constraint) engaging in a collaborative sharing
of information. Long turns by the CCPs, often during AC typing, impacted ACs’ opportunity to
make relevant contributions (relevance constraint). CCP participation lowered when the AC took
more turns and longer turns and used utterance-level voice output that allowed the AC to hold the
floor while typing (one-speaker constraint).

Participation shift constraint

The participation shift constraint states that an individual has more opportunities to contribute
when addressed directly by the current speaker. Conforming to this constraint, the AC spoke more
often relative to the CCP when directly addressed by the third party (Figure 3.5). When CCPs
participated in subsequent turns after the AC took the first turn, CCPs expanded on ACs’ responses
by (1) giving an explanation of the ACs’ response to provide context (with or without permission),
and (2) asking the AC a follow up question to achieve clarity. During such explanations, CCPs
often expanded on ACs’ yes/no responses to the third party:
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Tp: Do you use your device for social media?
ac2: No
ccp2: Yes and no ... We just don’t do it at the moment ...

The CCP most often responded first to the third party when the AC struggled to answer the
question. For example, after one of the interview questions CCP2 asked for permission to respond
on behalf of AC2 after noticing she was stuck on a page on her device and was taking a long time
to answer the question. As the duration of the interview increased, the participation shift constraint
loosened, participation shifted to and from all directions (CCP to TP, CCP to AC, AC to CCP), and
the CCP spoke more often. The only exception was CCP4 who only contributed to clarify AC4’s
device pronunciation.

% first (F) and subsequent (S) turns taken per person
after experimenter asks a question directed to AC
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Figure 3.5: Overall, ACs contributed a higher percentage of turns immediately after they
were addressed by the third party (F). CCPs in pairs 1 and 2, contributed a higher percent-
age of the time in subsequent turns (S).
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Figure 3.6: When CCPs took a turn during the interview, they most often gave explana-
tions (E). CCPs also asked questions for confirmation by the AC (QC) and asked permis-
sion before providing explanations (P).

Ritual constraint

The ritual constraint suggests that participants regulate the conversation to maintain a positive so-
cial standing (e.g., by involving a new speaker, answering a speaker’s question, or filling silence).
CCPs upheld the ritual constraint by providing direct explanations (E) which served to answer
questions and fill silences. They also upheld the ritual constraint by asking permission before giv-
ing an explanation (P) and by asking clarifying questions (QC), which served to involve the AC
(Figure 3.6). ACs reciprocated clarifying questions with a simple confirmation or denial of the
information if they were the next to speak:

40



TP:  Is there any other device that you use for communication in general or for computer
access?

acl:  Yes.

ccrl: To use the device as a computer, is that what you are thinking?

Acl: [Blinks once to say “no.”|

ccpl: ...Or are you thinking about the iPad? The one I am thinking of ...

acl: Low-tech.

ccpl: Oh there is low-tech. Oh my gosh, thank you!

When CCPs asked for permission, they did not necessarily wait for permission to be granted
by the AC. For instance, AC1 only granted permission on 4 of the 8 occasions when CCP1 asked
(Figures 3.6 and 3.7). CCPs also provided a portion of their explanations while the AC was
typing (CCP1, CCP2, and CCP3 gave 50%, 47% and 12% of their explanations during typing
respectively; CCP4 did not give any explanation).

% AC interview turns for each interaction type by participant pair
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Figure 3.7: When ACs took a turn during the interview, they most often gave explanations
(E). Other turns were spent confirming (COI) or denying (NOI) information given by the
CCP, granting permission (GP) to CCPs to provide explanation, requesting help (RH) and
requesting time (RT). ACs in P1 and P2 explained in less than 60% of turns, while ACs
in P3 and P4 explained in more than 90% of turns.

Relevance constraint

As CCP participation increased in subsequent turns, conversation topics moved quickly and the
time window ACs had to respond shrank, tightening the relevance constraint. In consequence,
when ACs finished typing something they wanted to say, they had to choose to either erase it,
or to say it even if this required making an off-topic comment. For example, on two occasions,
ACI typed a relevant answer but then erased it as the conversation continued and the comment
lost relevance, all while CCP1 was speaking. The first time AC1 erased his contribution, the CCP
was giving a long explanation (1.8 minutes). The second time, AC1 erased a contribution after the
third party asked a second question and CCP1 replied to it with an explanation that took about a
minute:

tp:  For how long have you been using the Series 5?

ccpl: Yeah for how long. .. Do you know?

Acl: [Gestures no by blinking once, begins typing.]

ccel: I am going to say like ten years ...he is actually been using a device for 19 years
... [continues explaining for a long time]

tp: Do you use your device every day?

Acl: [Erases message typed, unintelligible.] Can you hold on a minute, please?

TP:  Yes.

acl: Every day.
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On two other occasions, AC1 and AC2 contributed off-topic comments to the conversation.
In one instance, CCP1 was trying to remember the name of old hardware that AC1 had used.
CCP1 eventually changed the topic. After nearly two minutes, AC1 spoke the hardware’s name.
CCP1 was taken by surprise. The second off-topic comment also occurred after a long explanation
by CCP2, that had caused the topic to move on. In contrast, CCP3 and CCP4 spent less time
explaining and offered explanations less often, and neither AC3 or AC4 experienced off-topic or
erased comments.

One speaker constraint

Talking over ACs’ speech utterances as they are being formed is a violation of the one speaker
constraint. Participants with utterance-level speech (AC3, AC4) engaged in more open-ended
participation, providing more explanations during the interview (Figure 3.7) than participants with
phrase-level speech (AC1, AC2). AC3 and AC4 were able to participate more (Figure 3.8) and
were less likely to be interrupted.
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Figure 3.8: Percentage of turns taken by the AC and CCP per task for each participant
pair.

3.3.2 Effect of Relationship Constraints on Participation

CCPs who are parents to the AC and therefore lifelong CCPs (CCP1, CCP2) participated more
often across all tasks (Figure 3.8). In the interview, parents took speaking turns to provide ex-
planations and ask for permission before explaining (Figure 3.6), while paid aides (CCP3, CCP4)
participated primarily to clarify ACs’ contributions and speech. In the map task, lifelong partners
and aids participated relatively equally. In the crafts task, lifelong partners participated more and
contributed more craft ideas (Table 3.3), while paid aides took comparatively fewer turns relative
to ACs.

Across all tasks, ACs interacting with lifelong CCPs also used gestures and vocalizations
to communicate more often than ACs interacting with paid aides (Figure 3.9). In one instance,
during an explanation about word pronunciation by CCP1, AC1 communicated with a glance to
the CCP. In response, CCP1 immediately chuckled, saying “alright, I will stop talking now”. In
another instance, when the third party asked AC2 an interview question, AC2 extended her hands
to her father, CCP2, who immediately responded by holding her hands and answering the question.
Unlike paid aides, lifelong CCPs occasionally interacted directly with the AAC device by directly
operating the device to complete a word (CCP1) or moving the device to one side to allow the AC
more room to color and choose materials in the craft task (CCP2).

42



ant pair

©

100 AC communication modality per task for each partici
80
60
20
0

— o~ o~

|V | O

a & a

[1°] [10} ©

= = =

P1 P2 P3
[l Speaking lGesture []Vocalization

% of turns
3
Crafts DI

Interviews
Crafts

Interviews Il
Maps C1 [N
Maps C2

Crafts
Maps C1 ]
Maps C2 RNl
Crafts Il

Interviews
Maps C
Interviews

o
D

Figure 3.9: Modes of communication used by AC per task

3.3.3 Effect of Task Constraints on Participation

Access to information needed to complete each task, the task’s goals, and the communication
partners’ roles all impacted CCP participation. All participants completed all tasks except for
pair 2, who did not complete either map condition by decision of AC2, who found the task very
challenging.

Access to task-relevant information

CCPs contributed substantive explanations and ideas when they had access to information relevant
for the task. In the interview task, CCP1 and CCP2 (lifelong CCPs) contributed more explanations
based on their knowledge of the AC’s experiences (Figure 3.6). In the craft task, CCP1 and CCP2
knew the recipients of their collages, and as a result suggested more ideas than CCP3 and CCP4
(Table 3.3).

In contrast, when ACs uniquely held the information required to complete the task, like in
the map C1 and craft tasks (the route to the map and their creative ideas, respectively), all CCPs,
except CCP2, participated more often by actively retrieving information from ACs (Figure 3.8). In
particular, CCPs asked yes/no, short answer, and follow-up questions to try and retrieve informa-
tion quickly (e.g., “what is the first letter of the next location?”, “what should we do?” and “how
about this picture of the beach?”).

Task goals

Under the pressure of the time-constrained, goal-oriented map tasks, CCPs participated less often
than in the more time-flexible, open-ended craft task (Figure 3.8). In the map task, CCPs proposed
many strategies and quickly settled on a strategy once they found a successful approach (CCP1,
CCP2, CCP3, and CCP4 proposed 7, 4, 3, and 9 strategies respectively across both conditions).
ACs participated by stating directions in the map task, but ACs infrequently suggested strategies
(only AC2 and AC4 proposed one strategy each over both conditions). Although CCP suggested
strategies intended to make the task easier (“you don’t have to give me the whole word ... just
give me a couple letters”), the strategies limited the ways that ACs could carry out the task. For
instance, CCP1 suggested AC1 type the first letter of each landmark and CCP1 would type the
rest. But when ACI1 typed the letter “f,” CCP1 mistakenly completed the word “finish” twice, even
though ACI tried erasing and spelling another word, “Flag ship,” which was the last landmark on
the route. The strategy set by CCP1 prevailed and it was challenging for AC1 to correct it. In the
collaborative craft task, CCPs took more turns relative to ACs to suggest multiple ideas for the
crafts, allowing ACs more options before settling on a solution.
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Communication Partners’ roles

CCPs provided assistance more frequently when performing tasks that required primarily AC-
to-TP communication compared to when performing tasks that required primarily AC-to-CCP
communication (Figure 3.4). For the interview and map C2 task, which mainly required AC-to-
TP communication, the CCP frequently assisted and repaired communication between the AC and
the third party by clarifying device errors and pronunciations (in the interview) and groundings (in
the map). During the interview, CCPs provided 18, 17, 11, and 3 clarifications respectively. During
map C2, CCPs grounded the conversation by questioning the TP to check if they understood the
AC’s communication (e.g., “do you have that landmark?”, “yeah, he blinked twice, that is a no,”
“she is typing”). In the craft and map CI1 tasks, which required AC-to-CCP communication, ACs
used gestures and vocalizations more often than in tasks that required AC-to-TP communication
(Figure 3.9).
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Figure 3.10: Example materials for the map and craft task. For the map task, we show an
example guide map with route information (visible by AC) and follower map (visible by
CCP or third party) that shows only the starting point, requiring the follower to draw the
rest of the information (displayed in pen). For the craft task, we show the collages pro-
duced by each participant pair. Names that appear on collages are the intended receivers.

3.3.4 Effect of Device Constraints on Participation

Properties of the AAC device (e.g., throughput and input type) impacted AC and CCP participa-
tion. AC1, AC2, and AC3, who experienced lower device throughput (Table 3.2), displayed high
ratios of CCP-to-AC participation (Figure 3.8) compared to AC4 who experienced the highest de-
vice throughput. While CCP1, CCP2, and CCP3 gave explanations in the interview (Figure 3.6),
CCP4 participated only 3 times to clarify device pronunciation. AC4 also managed the conversa-
tion (e.g., “oh, let me think about that,” “did I answer your question?”’) and elaborated more on her
answers compared to other ACs. On the other hand, CCP1 facilitated abbreviated communication
by AC1, who had the lowest WPM, by requesting that the AC type individual letters instead of full
words in the map task.

3.4 Results: Participation and Technical Agency

Our second research question asked: How does CCPs’ participation impact ACs’ technical agency?
We identified that CCP participation: 1) supported AC contributions by creating multi-modal com-

munication channels, 2) increased information exchanged at a lower cost via delegated agency, but

also 3) reduced AC contributions through missed opportunities.

3.4.1 Supporting Independent AC’s Communication

CCPs facilitated communication with third parties by knowing how to interpret their AC partner’s
unique communication characteristics. For example, CCPs assisted in repairing misunderstand-
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ings by clarifying AAC device pronunciation, informed the third party about the AC’s status when
there was a device error, and let the third party know what AC gestures or nonverbal behaviors
meant. CCP attributes (e.g., previous experience, relationship) enabled this process. Thus, the
presence of a close conversation partner opens new communication paths for the AC and extends
their communication possibilities beyond the AAC device. Physically, CCPs also enable otherwise
challenging tasks (e.g., bringing maps closer for ACs to see, or moving crafting materials closer
for ACs to draw with) to support independent AC contributions. Outside of the study, CCPs can
encourage third parties to elicit AC contributions, as mentioned during the debrief interviews:

“One of the things I do to help with that is by turning my body towards him, so
that they are not relating to me but they are relating to him. I am helping orient the
conversation towards him.” — CCP1

3.4.2 Increasing Information Exchanged

CCPs can increase information being shared in a conversation with a third party by expanding
on information previously provided by the AC with permission from the AC (delegated technical
agency) or by directly answering questions and confirming the information with the AC after-
wards:

“I would ask him, would you like me to explain that more? ... but if he would like to
say it himself he could continue but I will usually will help him when I know there
is more to something.” — CCP1

The latter strategy facilitates confirmation or correction of the information by the AC, but it
may leave less room for independent AC explanations as there is no time allowed for the AC to
directly answer or frame their response as they desire. ACs confirm that outside of the study,
CCPs often anticipate what the AC will say by guessing (AC1, AC3, AC4), or by looking directly
at the device (AC4). But at the same time, one AC reported that such guessing is “useful 50%
of the time” and AC4 reported that while she does not prefer over-the-shoulder reading it can be
occasionally useful:

“[At] church, it’s often times noisy so in that case I don’t mind if a person looks on
my display. ...I would rather be understood than them hearing me.” — AC4

AC4 mentioned that whether she liked other people guessing varied depending on how she
was feeling:

“It varies. If I am on edge I do not appreciate people anticipating my words. I can
and I want to articulate myself and my way. But that isn’t me very much. I am pretty
easy going.” - AC4

When ACs were asked for ideas of what CCPs could do instead of guessing, AC1 explained:
“I am not sure - because they can’t read my mind. But if it is something I usually need, it is
useful.” AC3 said he preferred guessing when using headspelling, in which his CCP would guess
as he spelled letters using his head.

3.4.3 Creating Missed Opportunities

Though CCPs aim to increase information exchange and lower the cost of expression for ACs,
their actions can actually reduce ACs’ technical agency by creating “missed opportunities” to
contribute. For example, ACs occasionally erased what they started to type or were required to
provide short answers. CCPs’ lengthy explanations to interview questions introduce new topics
and information that tighten the relevance constraint and reduced the time ACs have to contribute.
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In addition, “guesses” that are phrased as questions meant to anticipate what the AC is thinking
can facilitate information exchange at a lower cost (through a yes/no confirmation) if the CCP’s
guess is right, but can also reduce ACs’ technical agency by limiting their contribution to short
answers. These guesses can introduce new ideas that can be hard to repair if they differ from what
the AC really wanted to say.

3.5 Results: From Technical to Colloquial Agency

Our third research question asked: When does technical agency impact colloquial agency? In
other words, how does participating in conversation translate to successfully advancing goals?
We found that collaboration and agreement between partners is necessary for technical agency to
translate into colloquial agency.

In the map task, ACs could express technical agency by selecting a strategy to describe the
map route and by contributing detailed directions. Among ACs, only AC4 expressed technical
agency by deciding on the strategy:

ccpd: 1 say divide the paper left and right ...

Tp: I see the start point on my map, where should I go from there?
Aac4:  [CCP4], I think you are confusing [experimenter].

ac4: 1 would go to the g-r-a-v-e-y-a-r-d.

Additionally, AC4 would not only say the landmark’s name (as other ACs did) but also fol-
lowed up to ask where the landmark was located with respect to others. As a result, pair 4 had no
inaccurate landmarks, a successful translation of technical agency to colloquial agency.

In pairs other than P4, AC technical and colloquial agency were limited. In these cases, CCPs
proposed the strategy used to complete the final map, reducing ACs’ technical agency. Their final
maps contained inaccurate landmarks, mostly due to misunderstandings of what landmark the AC
was referring to, which was the result of errors in grounding or mutual understanding. These
inaccurate landmarks represent a failure of AC colloquial agency, because they were unable to
advance their objectives (identifying landmarks) in the task.

Table 3.3: Collage elements in the final craft that were proposed by the AC, proposed by
the CCP and agreed to by the AC, or proposed by the CCP and included in the artifact
without explicit agreement from the AC.

Pl P2 P3 P4

Total # of ideas proposed by AC 1 6 4 4
Total # of ideas proposed by CCP 16 16 4 10
# collage elements proposed by AC 1 6 4 4
# collage elements proposed by CCP with AC agreement 4 4 3 3
# collage elements proposed by CCP without AC agreement 2 0 1 1

In contrast, in the craft task, ACs achieved colloquial agency by providing ideas that made
it into the craft. All of the ideas proposed by ACs appeared on the final collages, while only
37.5%, 25%, 80% and 40% of ideas proposed by CCP1, CCP2, CCP3 and CCP4 (respectively)
appeared on the final collage. More CCP suggestions did not lead to more CCP ideas on the final
craft. In fact, an idea rarely appeared on the final craft without some form of AC input—93%
of CCP ideas on final crafts were first confirmed with AC partners (Table 3.3). CCP1 and CCP2
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asked yes/no questions to confirm all decisions, while CCP3 asked open-ended questions to get
ideas from AC3 (e.g., “what is on the beach?”). Pair 4 discussed ideas instead of only confirming
CCP4’s suggestions:

ccr4: Would you like to do a pineapple? ...
ac4:  Thinking-of-a-comma-I-e-i. I was thinking of a lei.
ccrd: A lei, okay. There is pink around somewhere. [browses crafting materials].

In summary, AC participation impacted the resulting artifacts. The translation from participat-
ing (“technical agency”) to goal realization (“‘colloquial agency’’) was contingent upon cooperation
with CCPs, and made possible through interdependent effort, such as having CCPs carry out ideas
suggested by ACs.

3.6 Discussion and Reflection

Our research confirms agency as a useful frame to consider social interactions of augmented com-
municators (ACs) in conversation. Constraints of conversation, relationship, task and device create
opportunities and challenges for ACs to express agency. Building on our increased understanding
of AAC interactions beyond the device, we suggest opportunities for future research to further
understand and promote AC agency under existing constraints.

3.6.1 Designing for Conversational Constraints

Conversational constraints are influenced by other speakers, including close conversational part-
ners (CCPs) or unfamiliar third parties (TPs). Our findings suggest that enabling AC’s to have
more control over conversational constraints may lead to more equal participation in conversation.

Farticipation shift constraint: In the interview task of our study, ACs participated more fre-
quently when directly addressed with an interview question than in subsequent turns. Addressing
ACs more frequently in conversation can increase AC participation, and future work could con-
sider how to ensure speakers are addressed equally through technology or conversational methods.
For example, prior work aimed at balancing group speaking participation used a rotating robotic
microphone that oriented to each speaker in turn [150]. Such work could be extended to balance
group communication with ACs by developing social robots that encourage turn taking strategies
for speakers with varying speeds (e.g., moving to other speakers while the AC types, and returning
to the AC when they are ready to speak).

Ritual constraint: CCPs increased ACs participation through rituals such as asking ACs per-
mission to answer a question, asking the AC to clarify information, and orienting their bodies
towards the AC to ensure their participation. Future work may consider methods and technology
that monitor conversation dynamics and leverage rituals to support AC participation when needed.
Prior work that monitors dominant speakers and uses gaze of a social robot to guide attention to
less dominant speakers [107] could be extended to increase AC agency when necessary. We could
also consider methods to teach aspects of CCP rituals to unfamiliar TPs, such as a list of interactive
talking points to guide TPs to better support AC agency in conversation.

Relevance Constraint: An AC is disproportionately impacted by the relevance constraint as an
AC has to first type a message before sharing it. Once the AC finishes typing, it might be too late
as the topic of the conversation has shifted. Prior work in AAC uses contextual information from
the outside world to suggest words and phrases related to the current visual scene [78]. Using
additional contextual information from the conversation such as audio, visuals and information on
who is speaking could help the AC quickly reply to the conversation topic. Further, an AC could
“bookmark” a part of the conversation (e.g., using a short buffered audio recording, or an extracted
phrase) to remind other speakers of the original context of a delayed response.
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One-speaker constraint: ACs with utterance-level voice output made clear to all speakers that
they held the floor and did not experience any missed opportunities caused by erasing a message
they wanted to share. Future work may consider other techniques of augmenting ACs’ communi-
cation with signals that provide insight about ACs’ intent to contribute. Prior work that visually
displays an AC’s status to other speakers (e.g., typing, idle, listening) [46, 146] may help decrease
the impact of the one-speaker constraint on the AC by encouraging other speakers to take into
account the AC’s status. Future work may also consider discrete augmentations that cue partners
without distracting their visual attention from the AC, such as wearables or peripheral signals in
the environment that are accessible in space and beyond the screen.

3.6.2 Designing for Relationship, Device and Task Constraints

Relationship constraint: Similar to Blackstone’s “Circles of Communication”, our study suggests
that ACs communicate differently with different partners [15]. For instance, ACs used nonverbal
communication more frequently with their close conversational partner (CCP) than they did with
the third party (TP). As CCPs often translated AC nonverbal communication to the third party, fu-
ture devices could also translate or amplify AC nonverbal communication to other unfamiliar third
parties to expand initial communication modalities. We observe beneficial interdependence [9]
between the AC-CCP pair, and acknowledging the unique importance of the contributions of each
communicative partner can inform new interactions. Considering interdependence, we could ex-
tend AAC groupware [46] to consider tools designed specifically for users with different relation-
ships beyond the CCP (e.g., a privacy preserving application for new partners), or for communi-
cation groups with many participants.

Device constraint: Device output type (e.g., utterance-level vs phrase-level) impacted ACs’
ability to hold the floor once they started speaking. Device input type (e.g., scanning vs direct
selection) contributed to the effort it takes for an AC to speak, and prior work suggests that ACs
consider whether speaking is “worth the effort” before participating [77]. In the future we should
continue to improve device throughput, but also educate non-AC users on how better support AC
participation in conversation.

Task constraint: When the CCP knew the information needed to complete a task, the CCP
supported the AC through informed participation. When the CCP did not know the information
needed for the task, the CCP instead guessed and asked questions to help the pair achieve the goal.
Future work could consider how to identify a conversational goal and relevant information from
context to better support ACs’ expression of agency. For instance, AAC systems could also try to
detect and suggest possible general goals of the conversation that could help inform conversational
regulation strategies that promote accomplishing this goal.

3.7 Summary

The conversational agency in AAC framework adds to the body of AAC work in HCI by consider-
ing the role of close conversation partners under contextual constraints that, when loosened, create
opportunities for augmented communicators to exercise agency. Identifying conversational, task,
device and relationship constraints can generate new augmentations that extend beyond the device
and to enable different conversational dynamics that favor the expression of agency of augmented
communicators.
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Part 11

Agency through Motion
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Chapter 4

Co-Designing forms of Motion-based
AAC through Robotic Sidekicks

AAC devices enable speech-based communication. However, AAC devices do not support non-
verbal communication, which allows people to take turns, regulate conversation dynamics, and
express intentions. Nonverbal communication requires motion, which is often challenging for
AAC users to produce due to motor constraints. In this work, we explore how socially assistive
robots, framed as “sidekicks,” might provide augmented communicators (ACs) with a nonver-
bal channel of communication to support their conversational goals. This chapter describes two
separate studies to explore motion as a new communication modality for AAC.

In the first study we developed and conducted an accessible co-design workshop that involved
two ACs, their caregivers, and three motion experts. We identified goals for conversational sup-
port, co-designed prototypes depicting possible sidekick forms, and enacted different sidekick
motions and behaviors to achieve speakers’ goals. We contribute guidelines for designing side-
kicks that support ACs according to three key parameters: attention, precision, and timing. We
show how these parameters manifest in appearance and behavior and how they can guide future
designs for augmented nonverbal communication.

We then carried out a second study (Chapter 5) in which we build from this prior work to dig
deeper into a particular case study on motion-based AAC by co-designing a physical expressive
object to support an AC during group conversations. We found that our physical expressive object
could support communication with unfamiliar partners and we present our process and resulting
lessons on the designed object itself and the co-design process.

4.1 Overview

In Human-Robot Interaction (HRI), social robots have used motion to support people in a variety
of related communication contexts through nonverbal behavior. For example, researchers have
used social robot gaze to facilitate turn-taking [2, 106], and robot body gestures to mediate in-
terpersonal conflict [68, 150]. In this work, we leverage robots’ advantages of embodiment and
motion for nonverbal communication in the domain of AAC, to explore how social robots could be
designed to support ACs’ nonverbal communication. We use the metaphor of “assistive sidekick”
to explore robot designs that support ACs, rather than function as independent agents.

To investigate how social robots could be used in augmented conversations, we conducted an
accessible, multi-phase co-design workshop, with the goal of designing nonverbal behaviors that
are rich and understandable enough to support augmented speakers’ conversational goals. Partic-
ipants in the workshop included ACs and their caregivers, also referred to as close conversation
partners, in order to set the co-design process around their experiences. It also included puppeteers,
who contributed their expertise in expressive motion to explore new motion-based behaviors for
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Figure 4.1: We explore the metaphor of an “assistive sidekick™ to design robots that assist
augmented communicators by playing a supporting role through nonverbal behavior.

assistive robots.

Our work makes three primary contributions to socially interactive robots for accessibility and
HRI design research. First, we offer an example of a co-design workshop adapted to include the
participation of ACs with motor disabilities, who are often excluded from design processes. Sec-
ond, based on the workshop process and outcomes, we contribute guidelines for designing social
robots that support ACs through expressive nonverbal behavior. We describe these guidelines ac-
cording to three key aspects: attention, precision, and timing in conversation. Third, we identify
a list of potential conversational goals important to ACs that “assistive sidekicks” could support,
and a set of motions and behaviors to achieve them.

4.2 Method

Figure 4.2: Our two step process included formative work and a three-phase co-design
workshop. Participants included augmented communicators (ACs), their close conversa-
tional partners, and professional puppeteers.

We conducted our research in two steps (Figure 4.2) to answer the following research ques-
tions: (1) What are ACs’ nonverbal needs in conversation?; (2) How, if at all, can a sidekick
support ACs in conversation? The first step consisted of gathering information about current ACs’
needs in conversation via an online survey distributed to a group of ACs. The answers collected
in the online survey served to identify interaction challenges a sidekick could help with. The
second step of our process consisted of an in-person co-design workshop split into three phases:
Telling, Making, and Enacting [21]. Telling activities focused on scaffolding the sharing of stories
of current lived experiences, reflecting on what mattered to ACs in communication, and identi-
fying potential challenges to address. Making consisted of externalizing ideas and embodying
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