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Advances in medicine allow us to live longer, despite the assaults on our bodies from war,
environmental damage, and natural disasters. e result is that many of us survive for years or
decades with increasing difficulties in tasks such as seeing, hearing, moving, planning, remembering,
and communicating.
is series provides current state-of-the-art overviews of key topics in the burgeoning field of
assistive technologies. We take a broad view of this field, giving attention not only to prosthetics that
compensate for impaired capabilities, but to methods for rehabilitating or restoring function, as well
as protective interventions that enable individuals to be healthy for longer periods of time throughout
the lifespan. Our emphasis is in the role of information and communications technologies in
prosthetics, rehabilitation, and disease prevention.
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ABSTRACT
Approximately 10% of North Americans have some communication disorder. ese can be phys-
ical as in cerebral palsy and Parkinson’s disease, cognitive as in Alzheimer’s disease and dementia
generally, or both physical and cognitive as in stroke. In fact, deteriorations in language are of-
ten the early hallmarks of broader diseases associated with older age, which is especially relevant
since aging populations across many nations will result in a drastic increase in the prevalence of
these types of disorders. A significant change to how healthcare is administered, brought on by
these aging populations, will increase the workload of speech-language pathologists, therapists,
and caregivers who are often already overloaded.

Fortunately, modern speech technology, such as automatic speech recognition, has matured
to the point where it can now have a profound positive impact on the lives of millions of people
living with various types of disorders. is book serves as a common ground for two communities:
clinical linguists (e.g., speech-language pathologists) and technologists (e.g., computer scientists).
is book examines the neurological and physical causes of several speech disorders and their
clinical effects, and demonstrates how modern technology can be used in practice to manage
those effects and improve one’s quality of life. is book is intended for a broad audience, from
undergraduates to more senior researchers, as well as to users of these technologies and their
therapists.

KEYWORDS
computational linguistics, speech-language pathology, assistive technologies, reha-
bilitation science, machine learning
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Preface
When I was a grad student, the purpose of my research was to improve the accuracy of speech
recognition software for people with speech disorders. I started by working with cerebral palsy
(CP), which remains the most common cause of hard-to-understand speech today. Most peo-
ple with CP were not very well understood by speech recognition at the time—less than 1% of
their words could be correctly recognized whereas a speaker without a speech disorder might be
comfortably understood 85% or 90% of the time. It wasn’t that their words didn’t make sense—
people with CP can normally understand and produce language just fine—it was that their voices
are quite different from those of the general population, which can profoundly confuse speech
software. It was my job to un-confuse the software.

Not being understood almost all of the time can be annoying in itself—and speech recogni-
tion certainly did a dismal job for people with CP. It was therefore perhaps somewhat frustrating
that speech was often the most effective means of communication these individuals had. Although
CP limits the control of the muscles of speaking (e.g., the tongue), CP also affects other muscles
(e.g., those controlling the fingers). is means that while speech in CP can be approximately
three times slower than typical speech, typing can be over a hundred times slower.

So if a computer can’t understand what you say and it takes too long or is too difficult to
type by hand, then merely participating in our modern society becomes a tremendous challenge.
According to the U.S. Census bureau, less than 10% of people with severe disabilities are em-
ployed, partially due to difficulty in communication, which has considerable consequences for
social and health well-being.

Something must be done.
So how could I make my own small dent toward cracking this huge problem? Since the

sounds of speech in cerebral palsy were so difficult for computers to understand, I reasoned that it
might help to “teach” the computer why those sounds were difficult—to teach it about differences
in the physical origins of speech. How do you teach a computer? ese days, we use 
 where you basically program the computer to find patterns and relationships in data by
itself, typically given lots of carefully curated examples that you provide. In my case, I needed to
provide examples of speech sounds and their corresponding vocal tract movement, and for that
I needed participants to come into the lab to have their voices and facial movements recorded
during speech.

Many of the participants were in their early twenties and came in with their parents or
other caregivers. One young man with CP was particularly talkative, and his father was equally
eager to insert himself into the conversation, usually to repeat or to clarify what his son said. ey
were both very outgoing, and we had about as non-serious a chat as you can imagine in a research
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setting, in the basement of a satellite building of the University of Toronto. At one point, the
young man revealed that one of his main motivations for volunteering (and for getting his dad to
take time off of work to drive him into the lab), was “girls.” I told him that was not part of our
research protocol. is young man’s father then chimed in to say that it wasn’t so much “girls” as
it was a particular girl, and that she and his son were “courting,”¹ but communication between
them remained difficult. e young man had tried a number of devices and programs to help
him be understood, but he found each of them to be insufficient—he didn’t feel like he could
properly express himself. e alternative to talking through a computer was to talk through the
filter of your father, which can also be non-ideal in courtship. He wanted to help us improve the
technology.

Can advanced speech technology improve your love life? More data is required. However,
what was clear to me from that exchange was that so much of who we are, collectively and as
individuals, depends on our ability to communicate. Language is not just about communicating
facts or making plans—to a large extent it defines how others perceive us and how we perceive
ourselves in the world. Being able to define yourself in your own words—to speak for yourself—is
liberating.

I hope that this book can bring together people who really should be talking together,
especially technologists, therapists and clinicians, and people affected by speech disorders. Tech-
nologists need to know what challenges exist in the real world and how clinicians are currently
meeting those challenges. erapists need to know how artificial intelligence that can help to
diagnose, monitor, and overcome issues of communication. Perhaps most importantly, people af-
fected by speech and language disorders need to know that there is light at the end of the tunnel,
and that technology is helping to provide that light.

[Language has a] unique role in capturing the breadth of human thought and en-
deavour...We look back at the thoughts of our predecessors, and find we can see only
as far as language lets us see. We look forward in time, and find we can plan only
through language. We look outward in space, and send symbols of communication
along with our spacecraft, to explain who we are, in case there is anyone there who
wants to know. [Crystal, 1998]

Frank Rudzicz
February 2016

¹Is that what kids do these days?
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