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ABSTRACT 
 
Technological advances in physical computing and automatic speech recognition (ASR) 
have made the development of novel solutions for speech intervention possible. I plan to 
combine an ASR engine with programmable microcontrollers to develop exercises and 
activities based on interaction with smart objects for helping with speech therapy 
intervention for children. 
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1.   THESIS RESEARCH SUMMARY 
 
The key component of speech therapy intervention is one-on-one practice with a speech 
therapist. This is typically conducted in a private session where the therapist involves the client 
in speech activities, such as games, and provides them with feedback. The client is then 
encouraged to practice speech on his or her own before meeting with the therapist again. 
Frequent private lessons are expensive and might not be available to a lot of children. While 
it is impossible to replace the work of a speech therapist with a computer application, recent 
technological advances in automatic speech recognition (ASR) and physical computing 
hold great promise for the development of tools to supplement professional intervention with 
exercises and activities that make them more effective and efficient. 

2.   BACKGROUND RESEARCH 
 
The shortage of speech training resources for people who need speech therapy is widely 
recognized [3]. This need is especially pressing for children since intervention works best if 
started at an early age. Previous research has recognized the potential of ASR for speech 
training [8]. Additionally, the importance of games and engaging exercises and activities for 
children is emphasized in previous research and used successfully in various areas of assistive 
technology [7, 11]. Various computer-based speech training (CBST) systems such as ARTUR 
[4], Box of Tricks [14] and Speech Training, Assessment and Remediation system (STAR) [6] 
exist that rely on ASR to implement a speech training system for children. While most of these 
approaches use games to engage children in speech training exercises, they still utilize the 
computer screen and speaker to provide feedback to the user. Furthermore, the feedback is 
in the form of wave-form visualizations, tongue and vocal tract animations or recorded 
voices. Figure 1 shows a screenshot of the feedback that is provided by the ARTUR 
application [4]. I believe that as the video of the speech therapist that we propose to 
provide as feedback is more helpful to children than these forms of feedback. In other 
research, the Nintendo game console is used as an alternative interactive device for training 
games and communication tool by children [12]. 
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Figure 1. The feedback window of ARUTR [4] 
 

3.   SPEECH AND INTERACTIVE OBJECTS 
 
In this research, I use tools developed in the area of physical computing to develop games 
that utilize novel physical interfaces, (i.e. interactive objects), that transcend the computer 
screen, mouse and keyboard interaction paradigm. There are several benefits for using this 
approach. Firstly, interacting with tangible objects emphasizes the element of play and 
makes the experience more immersive. Secondly, playing with these objects resembles the 
actual speech therapy sessions where a large number of varied toys such as dolls and 
drawings are used to elicit speech. Finally, these interfaces are more customizable for the 
specific needs of children with disabilities and their design is not confined to the limits of the 
desktop computer interface. For example, one possibility is to customize the object for blind 
users by implementing movement detection and vibration feedback in them. 

For the implementation of the interactive objects, I use the Arduino microcontroller, an open-
source embedded programmable controller that is used in physical interfaces [1, 10]. Recent 
research has demonstrated the flexibility and great potential of this controller for the 
development of smart textiles and interactive objects [5]. The controller is embedded in dolls 
and building blocks that are used in the intervention to afford speech interaction with the 
child. The speech is received by embedded microphones and sent over a wireless network 
to a computer. The actuators on the toys are activated based on the received voice; 
thereby implementing a dynamic interaction between the child and the toy via the 
computer. I use the CMU-SPHINX open-source speech recognition engine to process the 
input signal from the microphone [2]. 

An essential part of my solution is developing an interface that allows the speech therapist to 
configure the program to suit the need of each child. As recommended in the literature, I 
recognize that actively involving the speech therapist is essential for the success of the 
system [8]. To this end, I have developed an easy to use interface to customize the activities 
and feedback of the system. Figure 2 shows a screenshot of the video feedback 
configuration component of the interface. The therapist specifies what words or phrases are 
to be practiced over a practice period and records video clips demonstrating the correct 
pronunciation of each phrase. While the feedback provided to the child is mainly through 
various behaviors displayed by the interactive object (e.g., vibrations, sounds, lights), the 
video recorded by the therapist is also played on the computer screen if the child 
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repeatedly fails to pronounce a word and needs help with the pronunciation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Video configuration interface allows the SLP to review and record video clips for 
each word 

 
 
The speech therapist can configure the difficulty of the exercises by specifying how closely 
the child’s pronunciations should match correct pronunciations stored in the system. The 
system keeps track of the interactions of the child and provides the therapist with a report at 
the end of the exercise period that is used to assess which tasks and games are completed 
and which words and sounds are problematic. 

By limiting the words that are recognized by the system to a small number I simplify the 
recognition task and increase the accuracy of the engine as recommended in previous 
research [9]. This approach also allows the system to work well without training which is 
especially important for children and users with disabilities because successful training 
requires considerable effort and patience. To address concerns about the performance of 
the system for use by children and users with dysarthric speech I have conducted preliminary 
tests with both groups and have observed that the system performs satisfactorily without 
training. The application is designed primarily for training children but adults can also use it. 
The exercises can be configured to accommodate a wide range of users with various 
cognitive and literacy abilities. 

By bringing together the fields of assistive technology and physical computing, this research 
paves the way for a new generation of applications that do not depend on the computer 
screen, mouse and keyboard as input and output devices. This approach is valuable 
because it can address the wide variety of the needs of people with disabilities. 

I have been working with speech recognition and in particular the CMU-SPHINX engine for 
more than three years and have used it to implement a speech-interface for web navigation 
[13] So far in this project, I have created a prototype that incorporates speech recognition 
with the microcontroller. The next step is to develop prototypes of the interactive objects 
followed by user tests. The results of these tests will be used to refine the design. Finally, the 
refined system will be formally evaluated using a longitudinal study with actual users to assess 
its effectiveness. 
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