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Background

Augmentative and alternative communication (AAC) compensates for speech-language impairments in the expression or comprehension of spoken or written language (Fossett & Mirenda, 2009). People who benefit from AAC include individuals with autism, neurological disorder, or traumatic brain injury (Beukelman & Mirenda, 2010).
Neuroscience research suggests that play behavior may be important to brain development and that play behaviors enable us to actively create appropriate experiences for learning (Black & Greenough, 1986). When children play, they are relaxed, intrinsically motivated, and actively engaged—all behaviors that are conducive to learning (Kleiber, 1999). Applying play behavior to motivate children to use their communication devices is encouraged clinically because it builds language and social skills (Burkhart, 2006).
Collaborative learning is defined as academic activities in which students help each other and communicate to achieve a shared goal. Goldstein argued that collaborative learning opportunities were a great strategy for encouraging positive peer interactions as well as promoting academic achievement (as cited in Chen, 2006). Vygotsky claimed that what individuals learn in collaboration with others is more indicative of their mental development than what they can achieve on their own. He believed that the joint productive activity involved in cooperating with a peer extended the zone of proximal development for both individuals (Vygotsky, 1978).
The therapists and educators of the Children’s Institute in Pittsburgh are excited about using robots to foster interaction between children who use AAC. They report that those children are more reluctant to interact with each other than with adults.
Methods

A series of case studies were conducted at the Children’s Institute as a feasibility test. A system was developed to enable children to control a Lego Mindstorms robot through an AAC device (Chung & Simpson, 2011). A single communication page, with buttons for robot control and speech generation, was designed within the device. A separate program transmitted the robot control commands to the robot via Bluetooth. The children could command the robot to move forward or backward and turn right or left. A child was included if he or she was: 1) diagnosed with a neurological disorder or autism spectrum disorder; 2) an AAC user, or taking a language class; 3) between the ages of 11 – 20; and 4) identified as likely to benefit from the proposed research activities by a speech language pathologists.
Children were asked to move a robot to objects placed by themselves or the child’s SLP such as plastic bowling pins or small boxes. They maneuvered the robot on their own or under the guidance of the SLP. Three children in group 5 were encouraged to interact with each other by making task-related comments or directing another’s robot control. Data was gathered by hand annotation with a stopwatch. The button press was counted as correct if the participant moved the robot to the goal. The number of verbal or AAC speech acts were also counted by hand annotation. The response time was measured as the time difference between 1) when an SLP asked an action and 2) when the participant pressed the robot control button.
Results

Eight children with verbal impairments (14±5 years old; 4 with autism and 4 with neurological disorders; 6 boys and 2 girls) participated in weekly 30-minute sessions for up to eight weeks. At the beginning of the study, a goal for each child (e.g., increased button press accuracy; decreased response time) was identified by the child's speech language pathologist (SLP).
Two children in particular stood out as benefiting from working with the robot. Child A showed an increase in button press accuracy (26.2% -> 73.1%), and Child E showed a decrease in average response time (14.2±10.6 sec -> 3.9±1.9 sec). The best measures of the other five children were obtained within the first three weeks, after which performance reverted to baseline (Children B-D) or steadily decreased (Children F-H). Children F-H are especially interesting because their communication actions were much higher than normal initially, but gradually decreased as the robot and activity lost novelty.
Discussion

The results show that the robot activities motivated the participants’ device usages and improved their communication skills such as increasing their button press accuracy and decreasing response time. A group of children moved the robot collaboratively to a goal, while they helped each other and communicate using AAC devices or vocalizations. The results from some children show the outcome was decreased than expected over time. It is expected that introducing new or more challenging activities periodically would have maintained the children’s interest and increased the robot's effectiveness over time. During future research, it is expected to see that participants take more initiative in conversation and use their devices actively so that they develop physical, cognitive, and linguistic skills, and more importantly, their social relationship.

Many think that people with disabilities need help, and usually do not expect to get help from people with disabilities. Children with disabilities tend to have less or no opportunities to learn the educational concept of helping other people. In this project, those children would have a chance to learn helping each other while playing with a robot. It would be expected that those children who learn this educational concept would help other people, even those without disabilities, in the future.
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