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Abstract 

 
Individuals who have physical movement challenges rely on augmentative and alternative 

communication (AAC) devices to support their communication. AAC devices that support 

automatic speech recognition can assist people with physical disabilities, when non speech 

methods of computer input, such as the keyboard or mouse, may be either too slow or too painful 

to fully meet their needs. The purpose of this article is to review various speech-based interfaces 

for people with motor disabilities and to provide the direction for future development and research.  

 

 

1 Introduction 

Speech based interface was mostly beneficial to systems like automated telephone-based services, 

GPS systems and dictation software. Companies like Google and Apple have developed personal 

assistants with high recognition rates.  However, these personal assistants are convenient for most 

users, an addition to keyboards or touch. But voice interaction can be an interesting alternative for 

people with physical disabilities who finds operating keyboard, mouse or touch screens 

challenging. Speech recognition can also assist people who have difficulty using their hands, 

ranging from mild Repetitive Stress Injurie (RSI). In fact, people who used the keyboard a lot and 

developed RSI became an urgent early market for speech recognition.  Individuals with learning 

disabilities can possibly benefit from the such systems. It can also assist blind, visually impaired 

or dyslexic people to read and search material more readily by augmenting unnatural synthetic 

speech with natural recorded real speech.  

The relationship between technology and disability is universal. It has been hypothesized that at 

least 10% of the world's population experience some sort of physical impairment. Research on 

technologies that supports automatic speech recognition (ASR), particularly for people with severe 

movement deficits has increased significantly over the years. Voice alternatives can be a 

significant improvement in quality of life for people with impairments. Simply speaking to your 

computer or mobile device is appealing, particularly for individuals with physical impairments 

impacting control of their arms and hands. However, this becomes challenging when the speaker 

has dysarthria, or impaired speech capabilities. For example, a vision impaired person can use 

speech recognizer to control electronic devices or launch applications. Research studies suggest 

that non-disabled users can generate text at 107 uncorrected words per minute which when 

corrected for errors yielded approximately 25 words per minute [1]. Koester [2] measured the 

performance of 23 experienced automatic speech recognition users with a variety of physical 

disabilities and reported a wide range of text entry and recognition rates.  
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3 Related Works 
Speech based interfaces for people with disabilities have been used for many years to increase 

accessibility. For instance, Apple, Microsoft and Google have developed voice recognizer serving 

as an alternative to control computers and cell phones. There are some dictation systems available, 

Furthermore, text input can be achieved with dictation systems such as MyCaption [3]. Another 

most accurate dictation software for hands free computer use is Dragon [4] which is compatible 

with Android, iOS, macOS and Windows. The app contains training modules that teach individuals 

on how to use it for dictating, editing, and whatever else one wants to do with voice. But the 

software is not free to use.  

 

Some other dictation softwares are Google docs voice typing which only works in chrome, 

ListNote for Android which creates recording as a searchable note, Gboard for Android and iOS 

which is a powerful keyboard app that includes a dictation tool. Gboard will stop dictating if there 

is long pause or even pause for a moment. Its speed is both its strength and its weakness, as it 

scored the lowest in accuracy of all apps likely because it forces the speaker to rush through the 

text. Fig. 1 gives the major systems that have been developed by far starting from 1961. 

Specific human computer interaction research in the field of technology for people with disabilities 

is rather limited. Christensen et al. [5] developed a cloud-based home automation system for users 

with dysarthric speech. An environmental control system with speaker-dependent speech 

recognition for people with severe dysarthria has been developed in the STARDUST (Speech 

Training and Recognition for Disabled Users of Assistive Technology) project [6]. Later in 2013, 

Hawley et al. [7] proposed a voice-input voice-output communication aid (VIVOCA) which 

recognizes the disordered speech of the user and builds messages that are converted into synthetic 

speech. The VIVOCA was evaluated by individuals with moderate to severe dysarthria. Palmer et 

al. [8] developed a speech recognizer for use with people with speech disorders which allows 

independent practice with feedback. Simon [9] is an open source speech recognizer for 

accessibility for this system which needs a fair amount of expertise and device programming. The 

ALADIN: a speech recognition system [10] has been developed for people with physical 

disabilities and speech impairments. It is a self-learning system, designed to allow users to use 

their own specific words and sentences, adapting itself to the speech characteristics of the user.  
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Figure 1: A History of Voice Revolution 
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4 Designing User-Centered Speech-Based Interface 
The potential employment of speech-based technologies is undoubtedly increasing, several 

barriers remain to its widespread use. Designing a simple and accurate speech recognizer requires 

substantial engineering effort including creating corpus, training data, evaluating with real users. 

The first challenge is the collection and analysis of interaction data to find out the patter how 

disabled people speaks or give commands while using any device.  

 

A popular technique to collect corpora is Wizard of Oz (WOZ) that has been used to design 

language technology applications. In WOZ experiment, a human wizard mimics the functions of 

a system, either entirely or in part, which makes it possible to evaluate potential user experiences 

and interaction strategies without the need for building a fully functional product first. It helps at 

the beginning by expanding low-fidelity prototyping methods such as interface sketches and 

storyboards, throughout the development process by simulating missing functionality and offering 

a way to compare different design solutions.  

 

The initial WOZ experiment will also reveal whether the interface will use natural language which 

allows users to speak naturally or directed dialog which allow users to use specific commands or 

phrases. Although directed dialogue application is easier to design but a natural language 

application can create a more human-like user interface. For physically disabled people, a natural 

language interface will be more appropriate but directed dialogue can be more preferable to people 

who have severe speech impairment.  

 

5 System Overview 
Fig. 2 shows a schematic of the whole system and its major components. The user speaks into a 

microphone and the speech is processed and features are extracted from the speech. A speech 

recognizer transcribe speech by acoustic model, language model and extracted features. The 

transcribed speech is shown on the screen as well as an audio feedback is provided. After that the 

required task is performed. 
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5.1 Feature Extraction 

Feature extraction is the initial stage of any speech recognition system; it is through this 

component that the system views the speech signal itself. The function of feature extractor is to 

extract features from input signal that helps to identify the speaker. This includes speaker’s 

information regarding vocal tract, excitation source and behavior feature.  

 

5.2 Speech Recognizer 

The aim of automatic speech recognition is the transcription of human speech into spoken words. 

It is a very challenging task because human speech is highly variable due to various speaker 

attributes, different speaking styles, uncertain environmental noises and so on. Thus, an automatic 

speech recognizer needs to map variable-length speech signals into variable-length sequences of 

words or phonetic symbols.  

 

The speech recognizer combines information from acoustic model and language model. The 

acoustic model describes how different words are realized as sequences of features from the feature 

extractor. The language model assigns probabilities to different words and strings of words.  

 

Most speech recognition systems use hidden Markov models (HMMs) and Gaussian mixture 

models (GMMs). These models are trained on a large corpus of data recorded by many speakers. 

For a large vocabulary system, the speech units will be at the level of individual speech sounds, 

phones. The resulting speaker independent recognizer can be adapted for an individual speaker, 

given a small amount of enrolment speech data from that speaker. However, this ASR technique 

is unsuitable for speakers with severe speech disorders because the amount of material available 

for training is severely limited as speaking often requires great effort.  

 

 

An alternative way is to use a feed-forward neural network that takes several frames of coefficients 

as input and produces posterior probabilities over HMM states as output. Deep neural networks 

(DNNs) that have many hidden layers and are trained using new methods have been shown to 

outperform GMMs on a variety of speech recognition benchmarks, sometimes by a large margin.  

 

Figure 2: Schematic Diagram of a Speech Recognizer 

Figure 3: Speech Translation by Neural Network 
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Figure 4: Word Prediction in Recurrent Neural Network 

 

 
The sound recording is fed into a neural network and train it to produce text as shown in Fig 3. A 

recurrent neural network is a neural network with memory that influences future predictions as 

shown in Fig. 4. Every time it predicts a letter or a part of a word, it affects the likelihood of the 

next letter to be predicted. For example, if we have said “HEL” so far, it’s very likely we will say 

“LO” next to finish out the word “Hello”. So, having that memory of previous predictions helps the 

neural network make more accurate predictions in speech recognition going forward. Some studies 

also used the hybrid of HMM and neural network.  

 

5.3 Transcribed Speech 

The speech recognizer converts the speech into text which is displayed on the screen. At the same 

time an audio feedback is produced to indicate what the system is doing or if it couldn’t recognize 

the speech. Some existing voice recognizer does not provide any option to correct or change the 

speech which can be tedious for disabled people specially who have speech impairment. If the 

speech input follows with certain commands such as “Delete that” or “Change that” or “Undo 

that”, the interface would be easier to use.  

 

Studies have shown that word recognition accuracy falls with increasing vocabulary size for 

speaker-dependent recognition. The accuracy will fall more likely when speech input is highly 

variable specially in case of dysarthric speech. Therefore, a major challenge in this work is to 

accommodate large input vocabularies and retain acceptable levels of word accuracy.  

 

6 Conclusion 
In this report, an overview has been presented of various speech recognizers. Although, most of 

the recognizers developed so far are not suitable for disabled people but the existing interfaces can 

give insight into future development. The speech-based interface for people with disabilities 

should not only deal with transcribing text but also performing required task. For that reason, the 

speed and simplicity of the system are two big challenges to design such system. Besides, design 
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of speech-based technology should be user centered. An iterative approach is suitable to design 

such system based on user’s feedback. Speech based systems may vary depending on the 

environment, intended task and type of users. While technical constraints can sometimes prevent 

the implementation of the ideal solution, it is a worthwhile challenge to find and implement other 

solutions that suit the needs of the target group. With appropriate interaction design, speech 

systems can provide an improvement in the quality of lives of people with physical and speech 

impairments. 
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