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Abstract 
Over the past decade, despite the emergence of various 
assistive speech and voice technologies for individuals 
with disabilities, children with complex communication 
needs (CNN) have not participated in the design and 
development of these technologies due to the nature of 
their communication impairments. This paper provides 
a brief review of clinical challenges of working with 
these individuals, discusses emerging interests from 
interdisciplinary researchers in regard to designing 
inclusive speech and voice interfaces, and presents a 
current research and future research agenda. 
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Introduction 
Speech and language disorders are considered the 
most common disabilities of childhood but are the least 
diagnosed by primary care pediatricians [1]. A 2016 
report from the National Academies of Sciences, 
Engineering, and Medicine indicates that between 3 and 
16 percent of U.S. children experience difficulties with 
speech and language from birth to age 21 [2]; 40% of 
these children present with comorbidities such as 
intellectual and neurodevelopmental (e.g., autism 
spectrum disorder, attention-deficit disorder) 
disabilities, along with other additional etiologies that 
are genetic (e.g., Down syndrome) and/or orofacial 
(e.g., cleft palate). These disorders affect different 
modalities of children’s communication skills (e.g., 
listening, speaking, reading, and writing), leading to 
subsequent behavioral and mental health problems that 
also hinder children’s development of literacy, 
academic, and social emotional skills [3], as well as 
future employment opportunities.  

Clinical Challenges of Using Speech Generating 
Technology  
Working with a speech language pathologist (SLP) may 
address communication impairments for these children; 
however, depending on factors such as age, etiology, 
and level of severity, different therapy activities and 
tools must be personalized and implemented. For 
example, children who have mild speech and language 
disorders without co-occurring physical and cognitive 
impairments may improve specific speech sound 
production and early vocabulary through activities such 
as repeating speech drills and naming items using 
picture cards and storybooks. However, children with 
CNN due to cerebral palsy, autism, or Down syndrome 
may not be able to produce natural speech at sentence 

or conversational level with other communication 
partners due to reduced range of oral motor skills or 
inconsistent or unintelligible speech production. These 
children will need to work with an SLP (and their 
caregivers) over an extensive period of time to learn to 
use augmentative alternative communication (AAC) 
systems, which can be either low-tech (e.g., picture 
icons) or high-tech (e.g., mobile devices, eye-tracking 
devices connected to a screen reader). 

Comorbid physical disabilities may impact the access 
point of interaction, whereas comorbid cognitive, 
behavioral, and emotional conditions may result in 
difficulties learning to operate these assistive 
technologies independently. Therefore, evaluating, 
recommending, and instructing the use of different AAC 
systems often involves both a skilled therapist and a 
dedicated adult caregiver (e.g., parents or special 
education teachers), in addition to the child with 
disability. As a result, using AAC leads to a 
collaborative social configuration (Figure 3) in which 
two different forms of interaction intertwine — 
interaction between the AAC user and the device, and 
with conversational partners through the device [4]. 
When a therapist works with both a caregiver (who 
often has caregiver duties) and an AAC user, this 
sophisticated interaction becomes multidimensional 
with communication exchanges happening subtly and 
rapidly in real-time. Even ethnographic observation 
may not be adequate to capture this interaction, except 
through microanalysis of frame-by-frame video 
recording from multiple cameras [4]. Neither clinical 
practitioners nor their pediatric clients record video or 
audio of this therapy interaction, resulting additional 
barriers for researchers who are interested in analyzing 
the use of speech and voice interfaces and interaction 

Augmentative Alternative 
Communication (AAC): 
communication methods that 
provide alternative means to 
supplement or replace natural 
speech and written 
communication through 
visual pictures and symbols 
(Figure 1) and/or synthesized 
speech (Figure 2). 

 
Figure 1: PECS (picture exchange 
system). Photo CC-By PECS on 
Amazon. 
 

 

Figure 2: SGD (speech 
generating device). Photo CC-By 
Prentke Romich Company. 

 

 
 



 

in the clinical context. Even when video recordings are 
available, conventional video analysis typically requires 
transcribing only the video content rather than prosodic 
speech and voice features (intonation, stress, tempo, 
pause) which are crucial for software development. 

 

Figure 3: An illustration of the potential interaction between a 
child AAC user with disability with his or her speech therapist, 
caregiver, and the AAC device. 

In addition, successful adoption and meaningful use of 
AAC technologies demands time, knowledge, and 
adequate training from the clinician and caregivers, yet 
prior research suggests that many children who use 
AAC receive insufficient support from family and school 
staff [5]. Because AAC devices are often the only 
means of communication, once the devices are 
abandoned, children with CNN may “lose his or her 
voice” without any means of communication. 

Emerging Challenges of Speech Recognition and 
Voice Technology in Child-Agent Research 
Employing speech and voice technologies, as well as 
conversational agents (CA) with children has been an 
emerging area of research that draws attention from 
multiple research disciplines, such as educational 

technology, child development, rehabilitation, and 
human computer interaction (HCI). In recent years, 
researchers have designed and tested the feasibility of 
using electronic storybooks with built-in audio to 
increase children’s motivation and participation in 
storybook reading [6-8] and speech recognition 
software to facilitate tutoring experience [17] and 
academic writing among youth with disabilities [9]. 
However, existing efforts regarding CA primarily target 
teenagers and adult users and are limited to basic built-
in conversational functions that are not tailored to the 
learning objectives, communication patterns, and 
individualized needs of children with disabilities. Prior 
studies have excluded children with CNN, as well as the 
associated body of clinical literature to understand 
characteristics of children with CNN and how do 
clinicians orchestrate child-centered therapy experience 
using AACs. Recent work that attempts to utilize 
automatic speech recognition (ASR) in mobile games 
for speech therapy [10,11] is still in the early phases of 
development and has not yet been implemented for 
clinical intervention. To the best of our knowledge, no 
studies have investigated how children with 
communication impairments engage with playful and 
therapeutic tasks and make clinical gains from these 
speech and voice-based technologies. 

Many screen-based interfaces are designed with 
principles of universal design and allow children to 
interact with visual, audio, and tactile feedback. 
Commercially available voice technologies (e.g., 
Amazon Echo, Google Home) that rely on audio-based 
conversational agents (CA) which lack multimodal 
affordances and can easily lead to communication 
breakdowns even among typically developed children. 
Researchers have only recently begun to understand 



 

how typically developed children use various strategies 
and preferences to communicate with these CA. Cheng 
et al. (2018) purposely simulated a communication 
breakdown in a children’s voice technology app and 
found that young children persistently adopt repair 
strategies to continue the conversation (e.g., repeating, 
changing tones and pronunciation) instead of giving up 
or showing frustration [12]. Yarosh et al. (2018) 
reported that young children preferred custom CA that 
was capable of providing help during conversations 
(e.g., repetition of previous questions, clarification of 
questions, offering adaptive feedback) [13]. Due to the 
complexity of characteristics in speech and voice, these 
products are not ready to function solely as a “speaker 
independent speech recognition system” to offer clinical 
interpretation of speech and language for children with 
CNN [14]. These empirical studies suggested that 
existing voice-based technology is limited in not only 
recognizing speech and voice communication but also 
facilitating and engaging children with expansive social 
communication without breakdowns.  

In order to address the existing clinical and design 
challenges across multiplies disciplines of research, 
several collaboration partnerships have developed at 
UC Irvine, connecting both clinical practitioners in 
communication science and disorders (CSD) and 
researchers in informatics and software engineering. In 
the next section, I present a series of current and 
future projects that seek to address challenges and 
considerations of designing and using existing speech 
and voice interfaces with children with CNN. We hope 
to develop a framework showing the accessibility and 
inclusive design implications through gathering user 
perspectives and design principles from different mobile 

designers and clinicians through interviews, app 
content analysis, and design prototype.  

A Research Agenda 
Stakeholder Interviews with Clinicians and Designers 
Through semi-structured interviews with 27 app 
designers and developers, this study aims to 
understand the design process and challenges behind 
commercially developed and researcher developed 
mobile apps in the context of speech therapy. The 27 
participants included app designers and developers with 
and without a background in speech therapy and the 
mobile apps being designed range from researcher-led 
investigation of novel AAC apps to parent-created apps 
for children with autism. The goal is to investigate the 
existing landscape of both undocumented commercial 
voice apps as well as recent work-in-process 
investigation across both fields of HCI and CSD. 
 
App Content Analysis  
From the interview study, our research team collected a 
corpus of apps and will conduct content analysis with 
two specific genres: speech therapy apps designed with 
built in audio features that aim to facilitate interaction, 
and voice-based games that are designed to use 
speech production as a gameplay mechanic for speech 
therapy exercises. Using a series of existing learning 
and mobile game heuristics [15-16], we will analyze 
the multimodal visual, audio, and tactile interaction and 
develop design guideline of mobile-based interface to 
inform the design of voice-based interface.  
 
Alexa Skill for Speech Therapy 
In order to allow children to practice speech and 
language exercises at home independently or with 
minimal supervision, our research team created 



 

prototypes for an Alexa skill “Nana Stories,” a series of 
structured speech and language therapy activities (e.g., 
storybook reading, speech and language activities) 
using Amazon Echo along with an Amazon gadget Echo 
Button. We hypothesize that by supplementing the CA 
with both visual and tactile cues, we can motivate 
children with communication impairments to engage in 
speech and language exercises with reduced potential 
for communication breakdown. By designing the voice-
based interaction with evidence-based therapy 
techniques for the CA, we aim to translate existing 
clinical research in CSD to develop voice interaction 
techniques for children with CNN.  
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