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ABSTRACT

Many individuals with speech disorders are unable to access speech
therapies due to a lack of trained professionals and available re-
sources. To address this issue, there has been an increased focus
on using eHealth technologies for remote therapy delivery. For
example, there exists a number of mobile applications that aim to
deliver different speech therapy exercises (e.g., listening to an audio
prompt and repeating it). However, current approaches often are
not able to provide personalized feedback or adapt to users’ unique
needs. Such limitations can impede skill development for practical
communications. Furthermore, the current approaches might not
support therapeutic alliance — a key factor in determining speech
therapy outcomes. In this challenge paper, we explore how voice
assistants (VAs) can potentially enable remote delivery of speech
therapies at scale. We also describe design challenges that need to
be addressed before VAs can be used to deliver speech therapies.
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1 INTRODUCTION

According to the National Institute on Deafness and Other Com-
munication Disorders (NIDCD), approximately 7.5 million people
in the United States have communication problems using their
voices [30]. Many of them endure depression, social isolation and a
lower quality of life [26]. Speech therapies, which are conducted by
speech-language pathologists (SLPs), are proven to be an effective
assessment and treatment to different types of speech disorders
[8, 23, 35]. However, there is a shortage of SLPs throughout the
world despite increased demand[27, 36]. In addition, some speech
therapies, especially the ones for children, might require frequent in-
teractions [25], which can be difficult to provide through traditional
clinical services. Therefore, it is necessary to explore options for
scalable and remote delivery of speech therapy as well as support-
ing at-home practices to supplement in-person therapy sessions.
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The COVID-19 pandemic has further demonstrated the need for
flexible and remote delivery of speech therapy [39].

A number of recent studies have explored the use of telereha-
bilitation and mHealth as alternatives to in-person speech therapy
sessions [9, 10, 18, 24, 27, 38]. These approaches could provide
greater access to speech therapy services with lower costs espe-
cially for individuals living at remote locations [2, 27]. Meanwhile,
the scalability and efficacy of telerehabilitation are restricted by
various limitations, including not having sufficient qualified SLPs
[6, 14] and adequate internet infrastructures [10, 27]. Most of the
mHealth apps focus on one-way speech therapy exercises serv-
ing to promote therapeutic ends, which may not correspond to
communicative goals in daily lives. In addition, the one-way inter-
action might fail to create and sustain a strong therapeutic alliance
between users and healthcare providers. Research shows that ther-
apeutic alliance during speech therapy is a critical determinant for
treatment outcome, user engagement and satisfaction [8, 15, 21].

Recent studies have leveraged voice assistants (VAs) for a range
of health care applications including enhancing pediatric clini-
cal practices [42] and delivering supportive care interventions for
women with metastatic breast cancer [33]. VAs use voice interac-
tions to offer two-way realistic conversations between devices and
users [13]. That is, VAs use speech recognition and natural language
processing to understand user utterances and respond accordingly.
Given the current ability of VAs to support voice interactions, we
believe they can potentially be used to deliver speech therapies
at scale. Since speech therapy itself is carried out as interactive
conversations between clinicians and patients, VAs can lead to a
more effective delivery of speech therapy compared to touch screen
interactions (e.g. clicking and scrolling). Research shows that main-
taining the natural flow of conversation in a speech therapy session
could yield more practical outcomes (e.g. everyday communica-
tion abilities) in comparison to therapies that focus on facilitating
therapeutic skills. Voice interaction can also significantly improve
accessibility of technologies to this population who might live with
varying levels of impairment (e.g. language, cognition, and motor
function) [6, 13, 29]. Lastly, VAs could apply the in-person speech
therapies’ communicative techniques of building strong therapeutic
alliance throughout their delivery process of therapies to facilitate
user engagement and therapy efficacy. In this paper, we will briefly
review the current technology-driven approaches of delivering
speech therapies and the unique affordances and challenges of
leveraging VAs to deliver speech therapies.

2 CURRENT TECHNOLOGY-DRIVEN
APPROACHES TO DELIVER SPEECH
THERAPIES

Telerehabilitation in speech therapy refers to the use of telecommu-
nications technology for delivering speech therapies at a distance[6].
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Telerehabilitation has been widely adopted by SLPs in some regions
of the world [14]. Research shows that telerehabilitation could yield
positive clinical outcomes in a range of speech disorders, including
childhood speech and language disorders [17], fluency disorders [7],
and neurogeneic communication disorders [41]. However, various
challenges impede the scalability and quality of current approaches.
Telerehabilitation for speech therapy comprises synchronous (real-
time delivery), asynchronous and hybrid deliver formats [2]. For
synchronous delivery, healthcare providers need to be on the scene
during the delivery process (e.g., videoconferencing between a
healthcare provider and a patient) and this limits the number of
patients they can support. Lack of healthcare providers could create
scalability issue for synchronous telerehabilitation in some regions
[27]. The real-time delivery also requires adequate internet access
(i.e., high internet speed and bandwidth), which can create access
barriers for some populations [10, 27]. Asynchronous delivery, on
the other hand, can lead to lower lever of engagement, lack of per-
sonalized feedback, and lower perceived support [10]. As a result,
asynchronous delivery can result in reduced post-treatment sat-
isfaction, which is found to be highly correlated with treatment
effectiveness [10].

A number of research and commercial mHealth apps exist to
provide speech therapy to both adults and children with speech
disorders. Despite serving different population, most of the existing
apps focus on therapy exercises that are both phonological and
semantic. For example, the Language Therapy app [37] provides
SLPs-verified speech therapy exercises for aphasia. It specifically
focuses on four categories of activites: reading, naming, compre-
hension, and writing. Articulation Station [24] — another popular
iPad app — uses flashcards, matching games, short stories to teach
and manage children’s spontaneous speech production and reading.
Duval et al. [9] created Spokelt, a mobile app that combines offline
articulation therapy games and speech recognition system capable
of providing real-time feedback. These preliminary studies have
shown the promising results regarding the acceptability and feasi-
bility for individuals with speech disorders. Although some of these
apps claim their efficacy of improving speech disorders, they lack a
clear clinical evidence of effectiveness to support these claims [40].
In addition, no previous study has shown whether these apps could
establish and sustain therapeutic alliance with patients.

3 LEVERAGING VOICE ASSISTANTS TO
DELIVER SPEECH THERAPIES

3.1 Unique Affordances of VAs

Voice communication plays a significant role in face-to-face speech
therapy process. It is the communication medium for almost all
of the therapeutic related tasks ranging from instructing therapy
exercises to planning therapeutic goals. Ferguson et al. [12] suggest
that comparing to only focusing on facilitating skills to promote
therapeutic ends, maintaining the natural flow of conversation
in a speech therapy session could be more beneficial to enhance
patients’ ability to communicate outside of the session. For exam-
ple, while therapy activities often involves correcting one’s (“self-
repairing”) pronunciations and utterances, these conducts might
be inappropriate or disturbing to communications in natural, non-
clinical contexts [12]. Therefore, many SLPs have moved toward
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a more collaborative and social approach for the therapy process
[16]. Voice interfaces in VAs can also adapt similar collaborative ap-
proaches and social cues to deliver speech therapies to individuals
with speech disorders.

Therapeutic alliance has been proven to be a critical factor in
determining the efficacy and long-term engagement of speech ther-
apies [20, 22]. David et al. [8] found that nonspecific treatment
factors such as SLP’s support and encouragement may contribute
to the improvement of recovery process for individuals with speech
disorders. However, current mobile apps for speech therapy require
users to initiate most of the interactions and they lack the same
emotional and individualized support compared to in-person ther-
apy sessions. Previous research has also suggested that leveraging
human-to-human relational strategies could help to construct long-
term, social-emotional relationships between users and agents [5].
To increase the user engagement and treatment efficacy, VAs can
leverage their unique voice interfaces to apply tailored SLPs-verified
verbal communication techniques throughout the speech therapy
process. For example, some SLPs use humour to alleviate patients’
embarrassment and provide light relief within the context of dif-
ficult therapy sessions [22]. Similarly, VAs could also support and
encourage patients with humorous responses when they encounter
challenges managing the therapy exercises.

3.2 Challenges to Use VAs for Speech Therapies

There are a number of challenges that need to be addressed before
VAs can be used to effectively deliver speech therapies at scale.

3.2.1 Ensuring Speech Recognition Accuracy. The Automated Speech
Recognition (ASR) is the process of converting speech to text, and
it is an essential factor to the usability of VAs. However, research
shows that the ASR performance in commercial VAs can be sub-
optimal for utterances from individuals with speech disorders [3].
This might be due to the fact that current ASR models are not
trained using speech data from this population. The resultant low
performance of the ASR model in a VA can lead to user frustration
and low usability. To be able to use VAs for speech therapy, it is nec-
essary to establish a benchmark ASR model accuracy for individuals
with different types and levels of speech disorders. This will allow
us to identify design constraints and requirements. Furthermore,
the resultant data might encourage commercial VAs to train and
update their ASR models to better accommodate utterances from
individuals with speech disorder.

3.2.2  Identifying Attributes and Cues in VAs for Therapeutic Al-
liance. SLPs use various communicative strategies to develop and
manage therapeutic alliance with patients in face-to-face therapy
sessions. For example, some of these strategies at the beginning
of a therapy include recognizing patients’ personhood via the use
of self-disclosure, helping patients to make realistic expectations,
and encouraging patients to take ownership of their rehabilitation
[22]. Research shows that VAs’ personalities may impact users’
perception and communication satisfaction [32, 34]. For example,
Poushneh [32] found that users feel more in control when they in-
teract with VAs that demonstrates functional intelligence, sincerity,
and creativity. VAs can also use random backchanneling to support
active listening [28]. However, there has not been much work in
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identifying VA attributes and cues that might lead to create and
sustain therapeutic alliance. Future work should explore how to
effectively design interactions in VAs to ensure therapeutic allaince
during speech therapy.

3.2.3  Adapting Speech Therapy Content for VAs. A speech therapy
often comprises three parts: evaluation, treatment, and at-home
programs [1]. The evaluation process of speech disorders might
not be feasible for commercial VAs to carry out because it requires
quantitative analysis of voice signals [31] and most commercial VAs
do not allow collecting raw audio data for privacy reasons. Therapy
sessions and at-home programs varies greatly from different types
of speech disorders. For example, treatments for apraxia mainly
target at articulation or prosody and treatments for phonemic para-
phasia focuse on improving sentence repetition and self-monitoring
[19]. The content of these therapy exercises should be transformed
to be appropriate for VAs with a design emphasis on leveraging
the two-way voice interaction. Furthermore, HCI researchers could
potentially conduct interviews or co-design activities with SLPs
and patients to determine the therapy contents.

3.24  Enabling Family and Group Interactions. Group treatment,
where multiple individuals with speech disorders participate in
treatment together, is an integral element in the speech therapy
practice [4]. Research shows that the social environment of group
treatment encourages patients to initiate more communication than
one-on-one speech therapies [11]. Future work should explore how
to better integrate group treatments in the VAs for speech therapies.
Similarly, VAs can also better facilitate family interactions during
at-home exercises (e.g., allowing parents to schedule and adapt
practice content depending on the unique need of a child).

3.2.5 Ethical Challenges in the Design. Researchers also need to
address ethical challenges in using voice assistants to deliver speech
therapies. For example, current voice assistants only provide users
with homogeneous and standard communication styles. This might
pose both efficacy and ethical issues for the minorities with different
accents and language styles. It is noteworthy that a similar issue also
exists in clinical-based speech therapies, where the SLPs often have
avery homogeneous social demographic profile (white, middle class,
female) [12]. Secondly, the content of speech therapies, especially
the conversational part, should be critically designed and selected
to avoid creating any biases.

4 CONCLUSION

VAs can potentially be used to significantly improve access to
speech therapies for individuals with speech disorders, especially
for the population living in rural and remote areas. However, there
are considerable design and implementation challenges before VAs
can be used to deliver speech therapies as we have described above.
This challenge paper aims to create a discussion within the Ubi-
Comp community regarding the opportunity and potential chal-
lenges of using VAs for this unique application domain, which
can have significant impact on individuals with speech disorder.
Specifically, we hope to leverage the workshop discussion to solicit
feedback and identify future steps regarding: 1) creation of a VA and
ASR performance benchmark for individuals with speech disorders,
2) developing VAs to create and sustain therapeutic alliance.
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