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Abstract 

This article presents a technique for using non-verbal voice cues to improve interaction 

with virtual home assistants (VHAs) for people with speech impairments. Non-verbal voice cues 

are any sounds a person produces other than speech, such as, for example, humming. The 

architecture of this technique also facilitates the minimization of the privacy and security risks 

associated with recording and monitoring speech directed at VHAs. The user sends non-verbal 

voice cues to an intermediary control terminal (Raspberry Pi), which then interprets the sound 

message and passes on a direct programmatic command to the VHA’s cloud service to fulfil the 

request. 
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Introduction 

Virtual home assistants (VHAs), such as the Amazon Echo (Tech Advisor), Google 

Home (Google, “Meet”) and Apple HomePod (Apple) are now widely adopted technological 

devices in the consumer industry. As VHAs are based on automatic speech-recognition systems 

(ASRs), they are mainly controlled through verbal voice commands. ASRs receive, understand, 

process, and act upon these commands (Young and Mihailidis 99). Users can ask VHAs to 

perform certain tasks, such as controlling a home appliance, adding an item to a shopping list, or 

providing information, such as the daily news. VHAs can provide an important service to people 

with disabilities. For example, someone with a motor disability could, without physically 

moving, use a VHA to control their thermostat or to turn off their lights. Similarly, a visually 

impaired person could listen to the news without the assistance of other technology. However, 

these devices are not yet fully accessible to people with other, specific types of disability. 

Communication with VHAs is based on verbal sound commands (i.e., words and sentences), 

which creates two issues. First, people with speech impairments may have difficulty using VHAs 

(Takashima et al. 6395)—an effect that increases with the severity of the impairment (De Russis 

and Corno 163). The reason for this difficulty is found in the nature of their speech, which is 

different from unimpaired speech. An additional difficulty in collecting data from this group 

leads to the creation of systems not designed for their speech style (Takashima et al. 6395).  

Second, VHAs carry privacy and security risks, since they are always listening for specific 

commands from a user, some of whose data are being transmitted over the internet and stored 

(Apthorpe et al.). 

In our work, we focus on interaction with VHAs for persons with dysarthria, a form of 

speech impairment. Dysarthria is a complex disorder that causes a disturbed speech process 
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(Kent et al. 141); it is one of the most severe communication problems, causing some of the 

highest levels of unintelligible speech (Ansel and Kent 296). It is characterized by poor 

articulation, difficulty coordinating breaths and speech, and low levels of speech intelligibility. 

We present a new technique for people affected by dysarthria to interact with VHAs. The 

proposed technique overcomes dysarthric users’ communication difficulties and enables them to 

use a VHA while simultaneously increasing their privacy and security. In this paper, we present 

the preliminary work that is required for the improvement in interaction. 

This article is organized as follows. As part of the introduction, the related work section 

demonstrates the research conducted in the field of VHAs and on speech recognition for people 

with dysarthria. The subsection that follows describes the details of the system architecture. 

Then, the non-verbal voice subsection addresses the meaning of non-verbal voice cues and the 

reason behind the selection of the non-verbal voices. The second main section, the discussion, 

describes the procedure for the system, and then the initial prototype that was implemented. 

Finally, the concluding section outlines the challenges and future work involved in this approach. 

Related Work 

HCI research on the field of speech technologies for people with speech impairments is 

scarce (Ballati et al. 93). A reason for this is the challenges researchers may face when collecting 

data from people with speech impairments, because of the weakness of their face muscles, which 

causes fatigue. This results in a limited amount of data (Takashima et al. 6395). Currently, 

according to the literature, the most common approach to improving interaction with VHAs is to 

improve their speech-recognition capabilities. Recent studies conducted on VHAs and other 

voice assistants have reported that the word error rate (WER) is high for dysarthric speakers. In 

2019, De Russis and Corno calculated the WER for three different voice assistants used by a 
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group of dysarthric speakers with differing dysarthria severity levels (163). The WER was 

calculated as an average for all dysarthric users, and as an average for speakers with severe 

dysarthria only. When all dysarthric speakers were included in the calculation, the average WER 

for all three voice assistants was 63.4%. For severe speakers, the average for all three voice 

assistants was 81.9%. Similarly, in 2018, Ballati and others conducted a test on mild-moderate 

dysarthric speakers and found that the average WER for all users was 44.9 % (93). Mustafa and 

others reported that speech-to-text recognition accuracy decreases as the severity of dysarthria 

increases, thus highlighting the strong inverse correlation between speech intelligibility and 

speech recognition (3924). Researchers have also studied dysarthric people’s verbal 

communication and discovered that it is challenging for a dysarthric person to articulate long 

sentences. The longer the sentence, the lower the intelligibility and the greater the fatigue 

experienced by the speaker (Allison et al. 96). This finding supports the idea that using non-

verbal voice cues is a beneficial alternative for dysarthric people. Moreover, research reports that 

some cases with neurological conditions that affect speech will have speech disorders that 

deteriorate over time (Kent et al. 141). It follows, then, that what works for these people now 

might be obsolete a while later; by contrast, non-verbal voice cues will be more effective. 

Several techniques have been used to improve interaction between people who have 

speech impairments and voice-controlled devices, such as brain–computer interaction (Luu et al. 

1002). Here, brain signals are interpreted as voice commands to control VHAs. Beyond its 

restrictions of limited technology and capability, this is an intrusive method that is not yet mature 

enough for commercial use. We aim to provide a non-intrusive approach that replicates the 

experience people should have when interacting with their VHAs as closely as possible. While 

scarce work has been undertaken in this area, we can learn from earlier research, which has 
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discussed how people with dysarthria use speech-recognition systems to control the VHS via 

voice. Two studies (Hawley et al.; Parker et al.) used limited words as a factor for increasing 

recognition accuracy.  However, as some of this restricted collection of words may not be 

producible by people with sever dysarthria, we take a step further by limiting the vocabulary to a 

greater extent, to ensure the inclusion of people who cannot pronounce these words, by changing 

the limited vocabulary to non-verbal speech, which we argue will be more accessible. 

Prototype System Architecture 

Our prototype employs an architecture and process that enable users to interact with 

VHAs using non-verbal voice cues. When designing the system, we considered two factors. 

First, we aimed to facilitate interaction using only non-verbal voice cues, thus allowing users to 

speak unintelligibly in their interactions with the system. Second, we aimed to ensure users’ 

security and privacy. This work applies edge computing concepts, which involve processing 

most of the data at the edge of the network rather than in the cloud (Shi et al.). In our prototype’s 

case, the command interpretation is conducted in the Raspberry Pi, which, in addition to 

reducing the response time, ensures the privacy and security of the data by having a Raspberry Pi 

serving as an intermediary between the user and the VHA’s cloud service. This means that no 

data are transmitted to the server when words are spoken by the end user. Data that is transmitted 

and that is likely to be intercepted consists of simple command lines of code, which do not 

convey any private information, such as the user’s voice. 

“Non-Verbal Voice” 

A non-verbal cue includes any sound a person makes other than speech. Our system has a 

set of pre-defined non-verbal cues that it can understand, and each cue is mapped to an action. 

The cues were selected specifically because they are considered to be manageable by broad 
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range of users. The cues were also decided based on dysarthric phonetic features and dysarthric 

people’s articulation capabilities. For example, they account for the fact that a user might 

inaccurately pronounce consonants or vowels (Kain et al. 743). One study (Lee et al. 34) 

reported that vowel intelligibility varies according to the severity of a person’s dysarthria; the 

vowel /i/ is less intelligible than the vowel /a/. Dhanalakshmi and others reported that people 

with dysarthria have difficulty pronouncing mid-vowels, for which the tongue remains in the 

middle of the mouth while pronouncing the vowel. In Poláček and others, non-verbal voice 

interaction was divided into three different styles: pitch, where the highness/lowness of the vocal 

tone was used as a form of interaction (e.g., humming and whistling); vowel sounds; and hissing, 

which had different applications (862). In our system, the non-verbal cues are as follows: 

• a single, non-verbal cue (a different cue length results in a different cue—e.g., 

“aa” is different from “aaaaa”) 

• a combination of non-verbal cues from the same sound style (e.g., two different 

vowels) 

• a combination of non-verbal cues from different sound styles (e.g., a vowel and a 

humming sound). 

After deciding the non-verbal list based on the capabilities of people with dysarthria, the 

commands were chosen from the Amazon Echo and Google websites (Amazon.com; Google, 

“What”). As there are a variety of commands, we chose the ones most likely to be used every 

day by people with dysarthria and which could improve their wellbeing. We devised the system 

language as follows: 

• “Ah” translates into “Play the news.” 

• /æi:/ translates into “What’s the weather today?” 
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• /u:/ translates into “Turn down the volume.” 

• /u://u:/ translates into “Turn the volume up.” 

• Two consecutive hums translate into “Play some music.” 

Discussion 

 

Fig. 1. System Architecture. 

The system (see Figure 1) comprises a microphone, Raspberry Pi 3 Model B, the VHA’s 

cloud service (for example, Amazon’s web service and Google’s assistant service), speakers, and 

an Internet-of-Things-enabled device that is connected to the VHA via wireless. First, if the user 

wants, for example, to turn all lights off, they will send a non-verbal voice command to the 

Raspberry Pi via a microphone. In the Raspberry Pi, the command will be interpreted by signal-

processing and machine-learning classification models. The interpreted result will then be passed 

to the application programming interface (API), that provides access to the VHA cloud service, 

which processes the request and produces the response. Our prototype uses the Google Assistant 

Service API, from which the response will be sent back to the appliance (e.g., the light bulbs), 

and the instruction will be performed. This design has different key features: 
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• The only physical ability required to use the system is the ability to produce

sound.

• The input style (non-verbal) is faster than speech, as, with speech, the system will

wait for the utterance to end before performing an action.

• Processing voice only is faster than processing words or sentences (Harada et al.).

• The design is simple and low cost.

• The user’s privacy and security are ensured, as the Raspberry Pi serves as an

intermediary between the received data and the VHA, and no data aside from the

commands made are transmitted to the VHA.

An initial prototype was implemented in python and using convolutional neural network 

(CNN) as a machine-learning technique. CNN is used in sound classifications for different types 

of sounds.  

Fig. 2. Voice Classification Flowchart. 

The main component of this prototype is the interpretation process, which undergoes two stages 

(Figure 2): first, the training stage, and second, the prediction stage. In the training stage, the 

system first extracts the features of the dataset files and transforms the audio files into a 

dimensional representation using the Librosa library (Librosa).  
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The extracted features are mel-frequency cepstral coefficients (MFCCs), as they are commonly 

used in the speech-recognition field and are efficient with different noises (Sahidullah and Saha). 

In the second stage, after the features of the input command have been extracted, a prediction 

and classification process will be undertaken to specify for which of the dataset classes this input 

will be mapped. 

The dataset used consists of non-verbal cues from the TORGO database (University of 

Toronto), a joint effort between the University of Toronto and the Holland Bloorview Kids 

Rehabilitation Hospital in Toronto. The database contains recordings by eight speakers (three 

female and five male) with dysarthria and seven speakers (four male and three female) from a 

non-dysarthric control group. This database was selected because it includes non-verbal 

recordings. The total number of samples is 36, distributed among three classes. 

For the model evaluation, the leave-one-out cross-validation technique (Cawley et al.) 

was adopted. In this technique, every set in the dataset is used in both training and evaluating the 

model; one set is taken out as an evaluation set, and the model is trained on the remaining sets. 

This process is repeated for every set in the training dataset. This technique it is useful for small 

datasets, such as ours, as it takes advantage of every set. 

 

Fig. 3. Accuracy Results. 

Figure 3 shows the results of the prototype. To measure the performance of the model, 

accuracy metrics were used, and the accuracy rate of this model was 87.5. The performance of 

this model could be improved with more data. 
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Conclusion 

This work addresses the challenges dysarthric individuals face when using VHAs by 

introducing a novel interaction technique that allows dysarthric people to interact with these 

devices through non-verbal voice cues. The design uses a Raspberry Pi as the central part of the 

system in addition to the VHA. This system will allow dysarthric people to engage with VHA 

technology independently. 

We would like to acknowledge that our study exhibits some limitations at this stage 

arising from the limited number of datasets available for non-verbal voice cues. Further, there are 

some challenges for this system. One challenge is scaling limited vocabulary to large number of 

commands. Moreover, the memorability of the system command is considered a challenge; it 

could be difficult for the users to remember the list of commands and the actions to which they 

are mapped. However, this work could be applied to different groups of people who may have 

difficulty with speech, such as those who suffer from deafness or hearing loss. 

Future work will include expanding the system’s implementation after collecting dataset 

recordings from participants (people with dysarthria) and involving them in the design process. 

For the final stage, a study will be conducted to test the system with persons with dysarthria. 
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