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Abstract 

With advances in speech recognition technology, voice-controlled devices such as Alexa 

have become very popular and ubiquitous. They are inaccessible to Deaf and Hard of Hearing 

(DHH) users, because of their reliance on spoken-modality input and output, who generally cannot 

interact with these devices. Some of these devices include visual interfaces which can display 

captions, which makes the output accessible for literate users, but there has been little work done to 

make the input accessible for most DHH whose speech is not understandable by the devices. This 

study seeks to explore alternative accessible input methods for DHH users of voice-controlled 

devices. The paper examines and reports the accessibility and usability by DHH users of text to 

speech (TTS), American Sign Language (ASL), and gesture input. The users did not find the 

gesture system intuitive or usable, and preferred a system that was more similar to ASL. One 

possibility is to provide users the option of customizable gestures that can be potentially easier to 

recall and use. 
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Introduction 

With advances in speech recognition technology, voice interfaces have become 

increasingly common. The most popular of these interfaces are Interactive Personal Assistants 

(IPAs), which are commanded with natural spoken language. Most IPAs are inaccessible to Deaf 

and Hard of Hearing (DHH) users, because of their reliance on spoken-modality input and 

output. Some IPAs includes captions, which makes the output accessible for literate users, but 

there has been little work done to make the input accessible for most DHH whose speech is not 

understandable by the devices, or by a significant percentage of DHH who are not fluent in 

English. This study seeks to explore alternative accessible input methods for DHH users of IPAs. 

This paper examines and reports the accessibility and usability of text to speech (TTS), 

American Sign Language (ASL), and gesture input by DHH users. 

Literature Review 

Automatic Speech Recognition (ASR) as a field of technology has made enormous 

advancements in the past few years. For example, Google’s ASR system achieved a 4.9% Word 

Error Rate, exceeding human performance (Darrow 2017).  The growth of ASR has led to the 

development of spoken-modality interfaces and voice controlled applications, such as speech to 

text and Interactive Personal Assistants (IPAs). In its current state, ASR technology is incapable 

of understanding Deaf Speech, which has significantly more variability than the ASR training 

data (Bigham et al., 2017; Fok et al., 2018; Glasser et al., 2017; Gottenmier et al., 2016). While 

there are efforts to make ASR work for Deaf Speech, such as the work done by Bigham et al. 

(2017) and Fok et al. (2018) using human computation, these solutions still struggle with 

accuracy. 
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An alternative way to communicate with a spoken-modality interface is to type messages 

into text to speech (TTS) apps. Preliminary studies found that TTS is functional, but it is difficult 

to get feedback on the proper placement and setup of the TTS device (Bigham et al., 2017). They 

noted that while TTS has high accuracy and low variance, it also has significant lag time with 

people typing 3-4 times slower than they speak (Glasser et al. 2017). As such, TTS is not an 

equivalent replacement for ASR when using a spoken-modality interface. 

Voice Controlled Devices 

Advances in ASR technology have led to its widespread use in spoken-modality 

interfaces. The most sophisticated of these interfaces, Interactive Personal Assistants (IPAs) are 

able to receive commands in natural language, and assist users with a variety of tasks.  Users are 

intended to interact with IPAs by speaking to them and hearing their response, to keep their 

hands/eyes free for other tasks, however, this approach is inaccessible for DHH users. Mobile 

IPAs usually provide the option to input text commands and caption the output, but until 

recently, home IPAs did not have visual displays for captioned output. There has been research 

on mobile IPAs usability and how they are used, however mobile IPAs differ from home IPAs, 

which are a more novel technology. 

A study by Lopatovska et al. (2017) examined users of the original, screenless Amazon 

Alexa. In the study, participants kept diaries on how Alexa was used. The researchers found that 

the most common tasks Alexa was used for were checking the weather, listening to music, and 

controlling other devices. While researchers had initially classified Alexa as an information 

retrieval technology, they found that users reported that they did not trust it to do important 

information retrieval tasks. Instead, users would interact with Alexa as a tool to do things, like 

playing music or setting alarms. 
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Gestural Control 

In the field of usability testing for gesture control, a number of advancements have been 

made recently, demonstrating the potential to create a gesture-controlled IPA. For instance, 

Microsoft has developed systems that are able to detect when a user is purposefully interacting 

with a gesture system, as opposed to general movements (Schwarz et al., 2014). With this 

technology, there will be fewer accidental inputs, as the user has to purposefully direct their 

gesture at the system to use it. This is similar to calling an activation word, such as “Alexa” to 

get the Echo's attention, and could be used in a fully gesture-controlled system. 

Designing Gestures 

For a system with gestural control, many factors must be considered, such as ease of use, 

comfortability, and memorability. A study on gesture controls using a handheld device (Kühnel 

et al., 2011) concluded that “gestures are well-suited for actions for which physical or 

metaphorical [...] gestures can be found.” For example, flipping a switch might be mimicked by 

the hand motion of the traditional “flipping” used to turn on lights. Additionally, users often 

made the same gesture with a number of variations depending on the device being commanded. 

This needs to be taken into account for the system’s gesture recognition. 

American Sign Language Input 

Research on ASL input via computer vision has grown in the past decade largely due to 

the increased viability of machine learning techniques.  

Shivashankara & Srinath (2017) discussed the capabilities of different computer vision 

techniques for recognizing ASL handshapes. Of the methods reviewed in the paper, one was 

shown to have 98.7% accuracy with a low-resolution video in complex backgrounds. This 

approach is a promising advance for a small subset of signs, but recognition of handshapes fails 
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to capture the all of the information stream expressed in ASL. For instance, it is not capable of 

parsing non-manual features of ASL, such as affective information from facial expressions or 

spatial information from body movements, which has crucial grammar information. Therefore, it 

is not yet currently feasible to use conversational ASL with IPAs, even though it would most 

closely match the conversational speech input used by many of these devices. 

Methodology 

We recruited signing deaf and hard of hearing participants from Gallaudet University 

through posters and advertisement in the university’s newsletter. Our participants were largely 

college educated. The age of our participants ranged between 18 and 54, as shown in Fig. 1 

below. 

Fig.1. Graph of Participant Ages 

Roughly 80% of participants did not own a home IPA, nor did their close family or friends. The 

majority of our participants had never used a voice interface (58%), as shown in Fig. 2 below. 
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Fig. 2. Graph of Participants’ Prior Experience with Voice Interfaces. 

Experimental Setup 

A Samsung Nexus tablet with a keyboard was provided for TTS and as gesture reference 

material. In all conditions, the researchers asked participants to sit in front of an Amazon Echo 

Show with a Logitech BCC950 web camera behind the Echo. This camera recorded participants 

in all conditions, and served additional functions in the ASL and gesture conditions. In those 

conditions, there was a Wizard of Oz set-up with an interpreter on the other side of a video call, 

interpreting participants’ signs/gestures into voiced Alexa commands as shown in Fig. C. 

Fig. 3. A Diagram of the Gesture Interpretation Testing Setup. 
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American Sign Language: For the ASL condition, participants were instructed to sign 

their commands to the Echo. Participants were instructed to begin all commands with the name 

sign developed for Alexa (an “A” handshape used to draw an “X” in front of the user) and then 

to sign the command as they would normally as shown in Fig. 4. 

Fig. 4. Screenshot of Gesture Reference Website. Shows the Columns for ASL, the described 

task, and the corresponding gesture. 

Gesture: We developed roughly twenty gestures, based on common uses for Alexa 

(Lopatovska et al., 2017). The gestures were created with the physical or metaphorical actions 

related to their functions (Kühnel et al., 2011). We created a system for more specific input, such 

as finding the weather on a certain day, or choosing the duration for a timer. We used an air 

drawing system, where further input had a series of possible letters or numbers that could be 

drawn to make a selection, such as drawing ‘M’ after the weather gesture to ask for the weather 

on Monday. We presented the gestures in a website with videos. This input method was 

simulated using the Wizard of Oz set-up. The name sign for Alexa would also preface all gesture 

commands.  
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Text to Speech: In the text to speech input method, participants were provided a 

Samsung Nexus tablet with the TTS Android app “Speak 4 Me” and a keyboard for typing. 

Subjects were instructed to type their commands to Alexa, then press the speak button on the 

tablet’s screen. 

Procedure 

Each experiment began with a questionnaire to collect participant’s demographics, 

communication preferences, and technological expertise. Following that, subjects were 

introduced to three different Alexa input methods: ASL, TTS, and gesture. For each input 

method, participants were given a brief explanation of the system, an example task performed by 

the researcher, and practice time to familiarize themselves. They were then asked to complete a 

series of seven tasks. The order of the conditions and tasks was counterbalanced using a 

combination of combinatorics and a Latin square. During this time, researchers recorded pain 

points, accuracy, and if participants were able to complete each task on the first try. User 

satisfaction with each input was measured with the System Usability Scale (Brooke, J., 1986). 

After the experiment, participants filled out an exit questionnaire that asked how they 

would like to interact with an IPA system along with qualities they wanted in a smart home 

control system. 

Results 

Participant scores on the SUS after each input method showed significantly more 

satisfaction with ASL (M = 80.2, SD = 17.76) and TTS (M = 77.5, SD = 14.73) than gesture 

(M = 40.6, SD = 17.84), but no significant difference between ASL and TTS.  

Bonferroni corrected paired t-tests showed a significant difference (p < .001) between 

ASL and TTS when compared to gesture, and no difference (p = .74) between ASL and TTS. 
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Fig. 5. Mean SUS Scores for Each Input Method. 

The same testing of our accuracy measures showed similar results. Participants were 

similarly (p = .44) accurate with ASL (M=6.1, SD=0.95) and TTS (M=6.3, SD=0.78), and 

significantly (p <.05) less accurate with gesture (M=4.9, SD=1.24). 

Fig. 6. Mean Number of Tasks Completed on the First Try for Each Input Method. 

The exit questionnaire asked participants what kind of interfaces they would use to 

control smart homes in the future. Analysis showed that most people preferred to use ASL and/or 

some form of typing. 
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Fig. 7. Participants’ Preferred Methods for Smart Home Control.  

Discussion 

In terms of accuracy, user satisfaction, and user preference, ASL interfaces and typing 

interfaces are extremely similar, and were received well by our participants. Gesture, however, 

was less well received. There are a number of factors that could impact this, such as the limited 

amount of development time allotted to our gesture system, the constraints in which we created 

our gestures in, and difficulty of interacting with a natural-language system with non-linguistic 

gestures, among others. 

ASL 

The ASL interface was generally received well, although participants expressed concern 

about the system not recognizing home signs and a desire for a dictionary of system-recognized 

signs.  

In the trials, this was one of the sticking points with this method, as the interpreter 

occasionally didn’t recognize participants’ signs. During the post-test debrief, participants were 

consistently excited about the possibility of ASL recognition for IPA use, and general ASL 

recognition systems.
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Text to Speech 

Participants were satisfied with Text to Speech, but due to it being a speech interface, 

participants couldn’t tell when their messages were poorly vocalized and misunderstood. As 

such, many requested the creation of an app to input commands directly to Alexa.  

In addition, it was obnoxious to type a command on the keyboard, then reach over to the 

tablet to press speak. Participants would have preferred to, and often did accidentally press enter, 

to make the app speak. 

Gesture 

The gesture system is significantly different from the ASL and TTS systems as gesture is 

only nonlinguistic input in the study, requiring users to learn a new communication system for 

Alexa. Participants were largely frustrated with the gesture system, which could be attributed to a 

number of factors. The first issue was the limited development period. The researchers had to 

develop the system rapidly and didn’t have the ability to gain feedback from potential users. This 

probably contributed to participants’ largest complaint with the system— that it was unintuitive. 

They desired a system more similar to ASL. One possibility is allowing for the creation of user-

customizable gestures. 

Future Work 

Due to the large number of variables in our testing, there are many ways in which the 

research can be further developed. Generally speaking, research with the DHH community 

should be done on a more diverse and representative sample than Gallaudet University. An 

inconsistency in our testing was the use of Wizard of Oz set-up to simulate machine 

understanding of ASL or gesture commands. In order to create a more realistic testing procedure, 

further study of best practice in simulating machine translation is necessary. 
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This study was meant to serve as a first look at alternative inputs for spoken modality 

systems. All the systems we used could still benefit immensely from further research, and there 

are other input methods that could be researched. We strongly urge researchers UI developers to 

explore accessible interfaces for spoken modality systems, before the systems become truly 

ubiquitous in daily life. 

Near the end of our testing, Amazon released a new method of interaction built into their 

Echo Show and Echo Spot models called “Tap To Alexa”. We were not able to include this in 

our testing, but we encourage others to experiment using this new technology. This interaction 

method uses the built-in touch screen to give commands to the Echo using either an on-screen 

keyboard, or pre-set “tiles” that have commands selected for them. The user can create their own 

tiles using the same keyboard, and organize them in a 2-dimensional array accessible via a touch 

screen button press at any time. The on-screen keyboard acts very similar to our physical 

keyboard set up. It requires natural-language commands, and does not appear to have any sort of 

built-in spell checking. The major difference is that our testing set up used a physical keyboard 

which many users are more comfortable and accurate with than touchscreen one. The “tiles”, did 

not have an analog in our testing, due to being user-customizable shortcuts built into the system. 
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