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Abstract 

Speech recognition technology advances have resulted in individual personal 

assistant devices that are voice-controlled, such as Alexa to 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 and often use a visual language like American Sign Language (ASL). This study 

compared people using ASL and tablet applications that can communicate with Amazon-

Echo Show, in a limited domain. The study used the Amazon-Echo Show product and an 

android tablet. Participants were asked to fill out the survey about this interaction. The 

results were analyzed and recorded in this study. Quantitatively, participants equally 

preferred ASL and tablet interaction. However, qualitatively, participants preferred ASL 

over tablet interaction, as they reported that it felt more natural and quicker.  
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Introduction 

In today’s world the fact remains that not everyone can communicate using their own 

voice. This study focuses on the use of applications on a tablet for accessibility with Alexa, and 

the use of American Sign Language (ASL) as a means of accessibility to the Alexa product. In 

theory, most ASL users will prefer to use ASL, just as hearing people voice to Individual 

Personal Assistants (IPAs). This is equivalent to how hearing people use English in the United 

States and Deaf or Hard of Hearing (DHH) individuals use ASL as their primary language. 

Unfortunately, the flaw is that the units are not as accessible to DHH individuals. They either 

have to download a text to speech application, type what they wish to communicate to the IPA 

products or download applications from either Google Play Store or Apple Store, that can 

communicate with their device. Not only is this inconvenient but it becomes time consuming and 

tedious. The time delay can also cause the system not to recognize the commands that are given. 

Making IPAs accessible, using ASL, is paramount to DHH consumers allowing them the same 

experience as everyone else and will provide the developers a more inclusive device. 

This study involves making interactive personal assistants (IPA) accessible to Deaf and 

Hard of Hearing (DHH) consumers utilizing two formats, Eye Gaze with ASL and tablet 

applications that can communicate with Amazon- Echo Show or other devices, in a limited 

domain. The study used the Amazon- Echo Show product and an android tablet. Volunteers from 

the ASL community were asked to interact with the product using eye gaze and ASL as one 

method, then they were given a survey about their experience. The second method they were 

asked to use, tablet applications, were allotted the same time frame and commands as the 

previous method. They were asked to fill out the survey about this interaction. The results were 

analyzed and recorded in this study.  
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For those with complex communication needs (CCNs), this could open a whole new 

market for IPA developers, who are currently not able to reach this market because of 

accessibility issues. 

Many companies have developed IPAs as a means to help the consumer control their 

home environment and for security. Unfortunately, the flaw is that the units are not as accessible 

to the DHH community. They either have to download a text to speech application, type what 

they wish to communicate to the IPA products or download applications from either Google Play 

Store/ Apple Store, that can communicate with their device. Not only is this inconvenient but it 

becomes time consuming and tedious. The time delay can also cause the system not to recognize 

the commands that are given, which makes these devices almost inaccessible to the DHH 

community and those with CCNs. Making IPAs accessible, using ASL, is paramount to DHH 

consumers allowing them the same experience as everyone else. Accessibility to every possible 

consumer, no matter their language or communication needs, will provide the developers a more 

extensive consumer base.  

Background 

People have desired to speak with computers from the very beginning (Hoy, 2018). 

Systems like Alexa, Cortana, Google Home, Siri, and others have achieved this standard with a 

few exceptions. Accessibility is a major issue for those who are DHH or have CCN. In the 

future, such systems may be used in libraries as an assistant to aid in research. However, 

accessibility issues must be addressed first and foremost. While IPA systems have skills that can 

be added to the home systems via apps and voice commands, there currently is not an app that 

allows ASL or other Sign Languages to be recognized. 
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With advances in speech recognition technology, voice-controlled devices such as Alexa 

have become very popular and ubiquitous. They are inaccessible to DHH users, who generally 

cannot interact with these devices, because of their reliance on spoken-modality input and output 

(Rodolitz et al., 2018). 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.  

Sign Language recognition systems have been developed with other products such as 

Kinect™ from Microsoft©. In 2011 the article American Sign Language Recognition with the 

Kinect, brought to light that a depth-perception camera system, that is utilized by the Kinect™ 

bar, can be used for ASL recognition. “While the Kinect computer vision system requires more 

tuning for seated use, the results suggest that the Kinect may be a viable option for sign 

verification” (Zafrulla, Brashear, Starner, Hamilton, & Presti, 2011). “ASL alphabet recognition 

using marker-less vision sensors is a challenging task due to the complexity of ASL alphabet 

signs, self-occlusion of the hand, and limited resolution of the sensors,” according to American 

Sign Language alphabet recognition using Microsoft Kinect (Dong, Leu and Yin, 2015). They 

also noted that “‘There are some professional interpreters that can serve deaf people by real-time 

sign language interpreting, but the cost is usually high. Moreover, such interpreters are often not 

available.’” (Dong, Leu, and Yin, 2015). This is why an ASL recognition system is more 

desirable. Additional studies with the Kinect™ system have been completed worldwide. In 

China, there is a new tool called VisualComm, which supports communication between deaf and 

hearing people with the help of sign language recognition technology using Kinect™ (Chai et al, 
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2013). Their DHH Sign Language to communicate is based on 370 daily Chinese words for 

signer. The reported experimental results verified that the product would help DHH people 

effectively interact with the environment and give them a desire to participate in public events. 

They are working on a large vocabulary set containing over 1,000 words. However, as of today 

the experimental prototypes have not been released or distributed into the population. Therefore, 

applications such as text-to-speech have started to allow some limited accessibility to DHH and 

CCN. 

Text to Speech 

Smartphones, intelligent vacuum robots and other smart devices interact with the smart 

home through IPA devices such as Amazon Echo or Google Home. Individuals that 

communicate utilizing ASL cannot control their intellectual environments, such as people who 

communicate with using their own voice with smartphones, smartwatches, and other types of 

devices. The development of text-to-speech technologies has allowed some accessibility. 

Researchers and developers focused on communications to provide specific words and sentences 

for understanding speech and mobile interfaces. "For what concerns sentence comprehension, 

Siri was the only assistant that tried to recognize all 17 sentences, by transcribing something. The 

other two assistants indicated, instead, that they were not able to recognize anything for some 

speech samples." (Ballati, Corno, and Russis, 2018). Speech devices for automatic speech 

recognition (ASR) systems were studied, for people with dysarthria, in order to control various 

abilities, such as non-words, short words, and others. Multiple devices attempted to recognize 

sentences. A person that has a different communication need should have accessibility to the 

same systems as those that can hear. Accessibility would allow them to manage voice controlled 

intelligent environments from interactive personal assistants like Siri or Amazon Alexa. 
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A new system called "ASRAR", which combines the technologies of AR (augmented 

reality), ASR (automatic speech recognition), and TTS (text-to-speech system) allows for 

accessibility to a degree. In 2012, the article Helping deaf and hard-of-hearing people by 

combining augmented reality and speech technologies mentioned that it helps Deaf 

individuals by converting a user’s spoken words and converting it into readable text on the AR 

engine display. The narrator does not need to learn sign language to communicate with Deaf 

people because of ASRAR. The authors of this article noted that, “In addition, the main user of 

the ASRAR system is a deaf person that does not talk in the system's scenario and could use the 

TTS engine to talk to the narrator. Moreover, the ASRAR is a marker less AR application and 

uses the narrator's facial expressions as a marker to show the virtual objects in an AR 

environment.” (Mirzaei, Ghorshi, and Mortazavi, 2012). This system showed the average 

processing time of word recognition and its display on the AR display for less than three 

seconds. It established results showing more than 90% of Deaf people and hearing people were 

interested in using this new system, to communicate with each other, rather than using only text 

or sign language.  

Several studies have examined the use of IPAs in social settings, such as using the 

Amazon Echo. The focus of the studies was to see if daily interactions with Amazon Alexa in the 

home would be beneficial to the consumers. In 2018, the article Talk to me: Exploring user 

interactions with the Amazon Alexa explained that an individual is able to receive daily 

responses such as weather, facts, news, play music, and tell jokes. The collected data from online 

questionnaires, demographic data and other information was computed and analyzed, “in terms 

of the general satisfaction, 10 (52%) participants indicated being satisfied or very satisfied with 

Alexa, eight (42%) expressed extreme dissatisfaction with Alexa." (Lopatovska et al., 2018).  
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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 while 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. 

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. The focus of our studies was to see if daily interactions with 

Amazon Alexa in the home would be beneficial to the consumers.  
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Eye Gaze and ASL 

The use of eye gaze and ASL with the Echo Show to function with the appliances, Fire 

Tv and Philips Hue lights, McLaughlin in 2017 explains The system and methods for eye gaze 

triggered control of appliances by hand gesture. It’s a two-step procedure system for controlling 

an appliance at a distance. Eye gaze recognition is triggered with motion gesture for an appliance 

to operate. To receive an eye gaze from a user and activate a hand gesture from the user 

determines the operation based upon the hand gesture. A camera unit is on the device and the 

appliance for communicating the operation to the appliance.  

In 2013, Dai describes in his patent paper about The motion-assisted visual language for 

human computer interfaces. It provides a computer implemented method for recognizing a visual 

gesture portrayed by a part of the human body, such as a human hand, face or body. The 

computer recognizes human visual gestures, as captured by image and video sensors, to develop 

a visual language for a variety of human computer interfaces.  

‘The generation of text by way of a touchless interface facilitates by decoding a 

continuous sequence of gestures set forth in the air by a user. A sensor captures movement of a 

portion of a body of the user relative to a keyboard displayed on a display screen, and 

continuous trace is identified based upon the captured movement. The continuous trace is 

decoded to ascertain a word desirably set forth by the user,’ (Paek, 2014). 

Methodology 

For the research design, the Wizard of Oz methodology was used which ‘is a process that 

allows a user to interact with an interface without knowing that the responses are being 

generated by a human rather than a computer by having someone behind-the-scenes,’ (Crook, 

2018). It is for the early stage of design to give the participant a realistic experience using the 
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living room as a limited domain. The technology just doesn’t exist yet and this experiment serves 

as a way to understand usability to rationalize the formation of this technology. American Sign 

Language (ASL) recognition is extremely challenging, thus we need to make sure this approach 

works before spending millions of dollars developing a Sign Language recognition system.  

The experiment setup simulated a living room setting, with a couch, TV and lamps to 

replicate a living room; it was referred to as a “Dorothy” room, as seen in Figure 1. To emulate 

sign language recognition, a web camera was set up to the top of the TV to monitor the 

participants’ signs. The Echo Show was also situated at the top of the TV, so that the participant 

would appear to be signing into the Echo Show. For data collection purposes, a camera was set 

up behind the participants to record the actions of the Fire TV. In the “Wizard” room, Figure 2, 

an ASL-English interpreter monitored the participants’ signs through a Facetime call utilizing the 

Logitech web camera. After seeing the sign, they would voice the command into a microphone 

so that the Echo Show would clearly receive the prompt. The experiment instructions consist of 

giving the participants a list of tasks for ASL, and a list of tasks for the tablet that includes Fire 

TV and Philips Hue applications. The participants were asked to perform tasks twice using 

different approaches: ASL and the tablet with two applications. The task lists A and B were 

alternated for every participant. The participants were asked to use eye gaze and sign language 

for “Alexa” to wake up the device. “Alexa” had to be reawakened with eye gaze and the signs 

for each task. The participants were instructed to use the commands with their primary language, 

ASL, between 25-50 words as simple and clear as possible to the Echo Show. They had three 

tries for each command. They could choose to repeat the same signs or change them and then the 

“Wizard” would voice the same commands or paraphrase them to the Echo Show, which would 

give a response in live text. The Echo Show would then follow the command, if it understood it 
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correctly. 

Recruitment of participants came from posted flyers around Gallaudet University campus 

and personal networks. At the end of one week of testing, 21 participants had completed the 

experiment. The pre-survey questionnaire collected the participants’ demographics, 

communication preferences and their knowledge of the Interactive Personal Assistant. After the 

experiment, the post-survey questionnaire measured the participant’s experience using ASL and 

the tablet for comparison and preferences with the IPA system. The system usability scale (SUS) 

(Brooke, J., 1986) was used to give the quantitative data and the two free response questions to 

give the qualitative data.  

Fig. 1. “Dorothy” Room 
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Fig. 2. “Wizard” Room 

Results 

The surveys were analyzed for data results involving demographics, experience with the 

use of ASL, Eye Gaze, Touchscreen typing, and Applications as well as qualitative questions 

related to previous knowledge. Demographics included information about the age, ethnicity, 

education, how they identify in the DHH world, gender, and face-to-face communication styles. 

On the pre-survey there were nine questions covering overall preference of communication, 

expertise in technology, if they or a close family member currently owned a Smart Home device, 

would they own one, use of voice control interfaces, rate experience with interfaces, what 

interfaces were used for, input method for looking information up online preferences, and how 

would you like to communicate with a Smart Home device. On the post-survey a SUS (system 

usability scale) was used for experience with Eye Gaze, Touchscreen typing, Applications on a 

tablet, and ASL. Additionally, the post-survey had three qualitative questions that asked the 

participant about preferences for waking up Amazon Alexa, uses for the IPA, what input 

methods were preferred for controlling Smart Home devices, as well as, one qualitative question 

that asked the participant to rate the importance of features they desired in a Smart Home system. 
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Finally, at the end of the post-survey were two interview questions. The interview questions 

allowed for the participant to give feedback on any limitations, recommendations and thoughts 

about the IPA experience. 

 The results of the questions were entered into several data sheets and analyzed by the 

research team. Results for demographics were reported using pie charts and bar graphs for 

collected data. Results for the qualitative questions were reported using bar graphs. Overall, the 

majority of qualitative data showed clear preferences on most analyzed data sets. Demographics 

in age showed a wide-spread age range from 18-55+ years. As seen in Figure 1-A, most of the 

participants were in the 25-34 age range. Education displayed a variety of participants that had 

some college/ without a degree to those that had received a Master’s degree. Most participants 

identified as Deaf and 1 participant identified as DeafBlind. As seen in Figure 2-A, gender of the 

participants reported as 57.1% female, 38.1% male and 4.8% non-bianary/ third gender. 

Ethnicity of the participants revealed 57% Caucasian/ White, 24% Asian, 9% Other-Caucasian/ 

White and Hispanic /Latino, 5% Hispanic/ Latino and 5% prefer not to say. Figure 3-A exhibits 

the preference of communication styles for face-to-face interaction with 20 participants that used 

ASL, 1 participant used Signed English, 7 used written English, 3 used spoken English, 1 

preferred Gestures, 1 used Voice-to-Text, and 1 used other.  

After the experiment was completed the post-survey feedback presented very interesting 

results. The Eye Gaze SUS had a mean of 73.21 and a standard deviation of 19.18 as seen in 

Figure 3. The Typing on the Touchscreen SUS had a mean of 59.33 and a standard deviation of 

19.36, which can be seen in Figure 4. The ASL SUS had a mean of 77.04 with a standard 

deviation of 13.42, as seen in Figure 5, and Applications SUS had a mean of 70.36 and a 

standard deviation of 19.42, as seen in Figure 6.  
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ASL+Eye Gaze yielded a mean of 75.13 and SD of 13.14, while Touchscreen+Apps 

yielded a mean of 64.84 and SD of 17.78. When a statistical analysis was run, the significance of 

ASL+Eye Gaze and Touchscreen+Apps showed a p-value of 0.03, which is statistically 

significant, and shows they prefer sign recognition over touchscreens.  

Fig. 3. Eye Gaze SUS. Mean 73.21 SD 19.18 

Fig. 4. Typing on a Touchscreen SUS Mean 59.33 SD 19.36 
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Fig. 5. ASL SUS Mean 77.04 SD 13.42 

Fig. 6. Apps SUS Mean 70.36 SD 19.42 

Discussion 

While the technology for ASL recognition and Eye Gaze do not currently exist in 

relationship to the IPAs, Deaf participants had an opportunity to communicate with Alexa 

through the “Wizard of Oz” simulation method. However, some participants were not satisfied 
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with the limitations of Amazon Alexa, which has limited access for the Deaf community. There 

were six limitations to the interaction between Alexa and Deaf participants, thus future 

experimentation is recommended changing the domain and parameters to meet the needs of the 

participants. First, participants could not read the captions on the Alexa screen because either the 

font was too small or words were missing. Second, the time delay between ASL and the response 

after they requested some commands to Alexa was not well received or liked. The time delay 

response, in part due to “Wizard” translation, took five to eight seconds. Third, Alexa had some 

misunderstandings with the directions because Alexa has its’ own interface screen. When In 

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

are extremely similar, and were received well by our participants. 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. asked to 

retrieve a title or actor, that the participant wanted to see on the television, the protocol for Alexa 

was to default to its’ own interface instead of the television. The “Wizard” would have to instruct 

Alexa to find the title or actor on the TV, in order to have the command appear on the television 

screen. Fourth, it is possible that the technology could not recognize the eye gaze from Deaf 

participants, when they sit or lie on a sofa in the dark. Fifth, the System Usability Scale has some 

barriers to the language for deaf participants due to advanced English words or wordage that had 

not been used before. Some questions did not give a clear explanation of the fact that our 

statistics can be corrupted. Sixth, Alexa does not provide "Live Transcribe" to Deaf participants 

while they sign to Alexa, it is not available for the Deaf community. These six restrictions are 

not a great way for friendly technologies to communicate with Deaf members.  

In the trials, this was one of the sticking points with this method, as the interpreter 
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occasionally did not 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. 

While the technology for ASL recognition do not currently exist in relationship to the 

IPAs, Deaf participants had an opportunity to communicate with Alexa through the “Wizard of 

Oz” simulation method. However, some participants were not satisfied with the limitations of 

Amazon Alexa, which has limited access for the Deaf community.  

There were limitations to the interaction between Alexa and Deaf participants. First, 

participants could not read the captions on the Alexa screen because either the font was too 

small, or words were missing. Second, the time delay between ASL and the response after they 

requested some commands to Alexa was not well received or liked. The time delay response, in 

part due to “Wizard” translation, took five to eight seconds. Third, Alexa had some 

misunderstandings with the directions because Alexa has its’ own interface screen. When asked 

to retrieve a title or actor, that the participant wanted to see on the television, the protocol for 

Alexa was to default to its’ own interface instead of the television. The “Wizard” would have to 

instruct Alexa to find the title or actor on the TV, in order to have the command appear on the 

television screen. Fourth, it is possible that the technology could not recognize the eye gaze from 

Deaf participants, when they sit or lie on a sofa in the dark. We wanted to add new 

recommendations for the next experiment to ensure better progress.  

The recommendations include adding future testing in a limited kitchen environment, 

phrasing questions according to literacy, combining eye gaze technology with ASL and a 

touchscreen with applications for more accurate feedback, creating captions and providing 

greater visibility, and testing in a darkened room for interaction between the ASL and eye gaze. 
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These recommendations are designed to help new researchers understand that our problems with 

Deaf participants felt restricted by Alexa technology.  

Despite the technical challenges in implementing ASL interfaces, even with a Wizard of 

Oz approach, the majority of deaf participants prefer ASL, rather than applications on the tablet, 

because they have greater accessibility to communicate with technologies, and not from people 

who speak for them. 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 user interface 

developers to explore accessible interfaces for spoken modality systems, before the systems 

become truly ubiquitous in daily life. 
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