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Abstract 

 

The West Hartford Public Schools district (WHPS), West Hartford, Connecticut, in collaboration 

with MOVIA Robotics, initiated a pilot program in the PreK-5 program for children with Autism Spectrum 

Disorders (ASD). The pilot program was conducted to assess the efficacy of the NAO robot (manufactured 

by Softbank Robotics) as an instructional and therapeutic tool to support student academic learning and 

social development on their Individualized Education Plan (IEP). The findings of the pilot study indicated 

a positive interaction between the students and the robot, with improved motivation, engagement, and skill 

attainment. Robot-Assisted Instruction (RAI) provided staff with an effective instructional technology tool 

to support the unique abilities and needs of students with ASD. The Pilot Study led to developing a protocol 

for integrating RAI. The review and assessment indicated that RAI resulted in educational and therapeutic 

benefit for students with ASD, including demonstrated motivation and focused engagement skill attainment 

on targeted skills. Students demonstrated generalization of skills to other environments. Based on this 

outcome the district implemented RAI in its regular program of delivery to the special needs students. 

 

Keywords:  Autism, Assistive Technology, Socially Assistive Robotics, Robot-Assisted Instruction, 

RAI, Affective Robotics, Human Robotic Interaction, Assistance Robotics, Humanoids 
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Enhancing Motivation, Engagement and Skill Attainment through the implementation of 

Robot-Assisted Instruction (RAI) in an Elementary ASD Program 

This paper captures the lessons learned during a 3-year collaboration between the West Hartford 

Public School system and MOVIA Robotics, a collaborative robotics company that produces products to 

support the special needs community. This collaboration started with a Pilot Program in the 2012-13 school 

year at the Whiting Lane Elementary school, West Hartford, Connecticut, serving the PreK-5th grade 

student population including both typically developing (TD) children and children with Autism Spectrum 

Disorders (ASD). The Pilot Program was designed to test the efficacy and usability of the MOVIA 

developed system as an instructional and therapeutic tool to support the students’ academic learning and 

social development objectives in their Individualized Education Plan (IEP).  Children with ASD who have 

imitation impairments at a young age also present with language delays in the preschool years (Stone & 

Yoder, 2001).  Imitation deficits in young and older children with ASD correlate with their other social 

skills such as joint attention (i.e., ability to coordinate attention between people and objects) and their 

understanding of others’ intentions (Mundy, Sigman, & Kasari, 1990; Baron-Cohen & Swettenham, 1997; 

Sigman & Ruskin, 1999; Charman et al., 2003). Imitation training, such as reciprocal imitation and visually 

cued imitation, improves the social communication skills of children with ASD (Ingersoll & Gergans, 2007; 

Ingersoll, Lewis, & Kroman, 2007; Ganz et al., 2008). Children with high functioning ASD showed fewer 

correct responses during gestures following imitation, gestures to command, and gestures during tool use 

(Mostofsky et al., 2006). Young and older children with low and high functioning ASD have impaired fine 

and gross motor coordination including basic motor skills such as locomotion and upper limb tasks as well 

as static and dynamic balance tasks (Ghaziuddin, et al., 1994; Henderson & Sugden, 1992). Findings 

indicate that enhancing the motor performance of children with ASD may facilitate their poor social 

communication skills (Sutera et al., 2007; Brian et al., 2008; Gernsbacher et al., 2008). Joint attention (JA) 

is the ability to focus one’s attention to that of a social partner (Mundy & Sigman, 2006). Children with 

ASD have deficits in appropriately responding to JA. Studies suggest that spontaneously initiating JA is 

significantly impaired in children with ASD. Four-year old children with ASD improved their response and 

initiation of joint attention behaviors following joint attention training (Whalen & Schreibman, 2003). 

Another study found that young children with ASD make significant gains in language development 

following JA based intervention as compared to an untrained control group (Kasari et al., 2008). Due to the 

JA and other skills deficits with children on the Autism Spectrum, an educator can have a very difficult 

time with the engagement in a typical classroom setting. These difficulties can be both academic and 

behavioral in nature. These difficulties are further exacerbated by the anxiety a child with ASD can have 

being in a classroom due to inability to handle the various situations. In order to ensure that students with 

ASD are accessing their education appropriately, educators need to have a very specific and individualized 

way to reach these students.  Typically, a student with ASD will need a highly structured and predictable 

schedule with very little changes in order to maintain him or herself in a classroom.  In addition, other 

school-based interventions usually are needed to help adapt the school setting to the needs of students with 

ASD.  With a classroom, being itself a somewhat unstructured place at times, educators have found that 

students with ASD are falling behind in their development as compared to typically developing students, 

especially in the area of having the learning readiness skills needed to participate in instructional lessons. 

Research has shown that children with ASD have a unique affinity towards robots. This is evidenced by 

their willingness to engage and interact with the robots socially. Several researchers have shown that 

children with ASD may demonstrate more engagement with robots than with humans (Robins, 

Daughtenhahn & Dubowski, 2006; Bekele et al., 2013, and Kim et al., 2012). This has opened the 
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opportunity to lead the children through productive learning activities. Further research confirmed the 

robustness of the engagement with robots seen in children with ASD (Toh, 2016).  Beyond engagement, 

there are many beneficial effects for the child when interacting with a robot. Multiple studies have shown 

an increase in compliance within participants after working with robots. (Bainbridge, 2008; Srinivasan et 

al., 2015). Research has also shown an increase in cognitive learning gains (Leyzbeg, 2012). Also, children 

with ASD produce higher rates of joint attention that are comparable to typically developing children when 

interacting with robots (Kim et al., 2012; Pop et al.). Importantly, there is evidence that these skills are 

generalized and present in the participants when the robots are not present.  This was shown to be true for 

social skills where the children demonstrated generalization of social skills with people, including eye 

contact (Scassellati, 2018). Research demonstrates that children with ASD produce more vocalizations 

when engaging with robots than with other humans or a computer screen. This was shown in a study where 

students exhibited increased verbalization and socialization with an embodied robot versus a screen-based 

app and were more socially comfortable than with humans (Kim, 2013). Part of this effect might be due to 

the stimulation of mirror neurons when an embodied entity occupies the same space as the participant 

(Gazzola, 2007). This increased brain activity leads to an increased engagement in motor skill activities and 

joint attention (Tapus, 2012). Robot based intervention can target joint attention behaviors during triadic 

interactions between the child, the tester or teacher, and the robot with the robot as the object of JA. Robot 

based interventions can be also used to facilitate complex motor coordination and postural control of 

children through imitation. Robots can be used to facilitate action imitation and interpersonal coordination. 

Research in embodied cognition shows that joint coordination activities improve interpersonal coordination 

(Marsh et al, 2009). Research using robots with children in joint movement activities shows gains in 

interpersonal coordination as well as spontaneous appropriate verbalizations (Srinivasan et al., 2015; Kaur 

et al, 2013). RAI systems provide the basis for a deployable assistive technology system for working with 

students with ASD in the school environment. The ability of the robot to lead the child through training 

interventions, leaving the specialist free to direct and observe the interactions, is beneficial to both the child 

and the specialist. The child finds the interactions more enjoyable and accessible with the potential for more 

time on task. Having the robot lead the activities gives the therapist a better opportunity to collect data and 

dynamically assess the progress of the child. The objective nature of the robot interaction also removes 

some of the variability of delivery due to unrelated issues. 

 

Methods 

 

The following steps/strategies were developed to support the planning, implementation, and 

evolution of RAI into the Whiting Lane program, schedule, and curriculum. A multidisciplinary team was 

established to provide oversight of the planning and integration of RAI and to provide a forum and process 

to support the collaborative and collective practice between the Whiting Lane staff and MOVIA consultants. 

The team included the West Hartford Public Schools (WHPS) representatives, including the Special 

Education Teacher, the Social Worker, the Speech and Language Therapist, the Physical Therapy 

Occupational Therapist (PT/OT), the Assistive Technology Specialist, the Director of Pupil Services, and 

the representatives from MOVIA Robotics including the Robot-Assisted Instruction Specialist (RAIS) and 

the Chief Technology Officer. The Core functions of the team were threefold: 

1 Identify and select students to participate in the RAI sessions. 

2 Provide functional training on RAI and develop a schedule for RAI sessions. 
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3 Conduct progress monitoring, formative assessment, and data collection and analysis. 

 

The team identified a cohort of students with autism to participate in the RAI sessions. This process 

involved the following: 

 

• Considering the unique individual abilities and needs of each student 

• Reviewing each student’s IEP goals & objectives, including the following: 

o Pre-school skills - early learning outcomes (ELO) 

o Academic skills: reading comprehension 

o Social interpersonal/interaction skills 

o Gross & fine motor skills, movement, coordination 

o Speech/language: articulation, vocabulary, received communication 

o Cognitive/Executive function. Attention. 

o Collaborative play behavior 

o Functional skills 

 

 

Robot-Assisted Instructional Intervention Delivery 

 

Robot led sessions were created that incorporated multiple activities. These activities were designed 

to involve the work with different aspects of the child’s behavior. Once the cohort of students was 

determined, the next step was to identify and select activities that were aligned with the student’s abilities 

and needs. This step also allowed the team to identify and eliminate barriers to instruction and intervention 

with the robot. The alignment and selection of activities that would appropriately and effectively support 

students’ needs was an essential part of lesson development to ensure access to the curricula content and 

attainment of the students’ learning objectives.  

The Robot Assisted Instruction Specialist (RAIS) worked closely with the school staff to create 

additional activities and lessons that supported the IEP goals. The development of the additional activities 

was carefully designed so that the goals and objectives were specific, measurable, attainable, relevant, and 

timely (SMART goals). This alignment allowed staff to effectively monitor student performance and 

progress in the RAI sessions. 

The content and the scheduling of each RAI session was based on the individual and unique needs 

of the students and the number of students involved in the sessions. Each child’s individualized education 

plan was discussed prior to the first session with the RAIS. Intervention targets focused on attending to 

instructions, increase receptive and expressive language, reciprocal conversation social skills, developing 

coping strategies, increase understanding of prepositions, and turn taking skills, to name a few. Sessions 

were structured to include greetings (waving, asking, “how are you?”), reciprocal conversation about the 

students’ activities of the day and night before, physical bilateral movements of the upper body, the targeted 

activity, a preferred activity (e.g., eye contact color game, I Spy, watching the robot walk or dance), and 

farewell (“see you later.” “goodbye,”). The robot engaged the child on a social level with the intent of 

forming a friendly relationship with the child. The robot spoke to the child by name. The robot also provided 
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supporting comments about how much it enjoyed interacting with the child and that it looked forward to 

seeing the child again in the future. 

The sessions included interpersonal gross motor imitation activities in the form of simple warm up 

movements and joint play. These activities were designed to give the child the opportunity to imitate the 

robot in the types and timing of the action. Included were skills training activities using standard Applied 

Behavioral Analysis (ABA) techniques where the skills are broken down into simple steps and the child is 

verbally rewarded for interacting with and then demonstrating each step. The steps were then scaffolded to 

skills of greater complexity. Sessions generally included a drumming activity where the robot and child 

would play drums together. In this activity the robot would play a rhythm and then ask the child to repeat 

it. They would also play along with each other. This task created an experience that worked on the child’s 

interpersonal coordination, imitation, and turn taking skills. 

 

Participants 

 

Twelve elementary aged children from WHPS participated in the 6 to 8 week pilot study. Students 

selected for participation in the study included students with a diagnosis of ASD who receiving special 

services weekly and had a form of verbal communication such as using the Picture Exchange 

Communication System, speech, signs, and/or gestures. Students with frequent disruptive or aggressive 

behaviors (e.g., tantrums and aggressive behaviors occurring 3-5 times per week or more and for 5 or more 

minutes in duration) were excluded. Participants were concurrently receiving additional services per week 

with the school’s psychologist, social workers, physical therapist, occupational therapist, speech and 

language pathologists, and behavior analysts. The school’s special services staff chose participants who 

met the criteria and students who had a clear preference for the robot. 

 

Setting 

 

Sessions occurred in various rooms within the school without the distraction of peers. Some of the 

rooms had windows visible to the outside and into the hallways. The rooms were not soundproof and were 

audible to and of peers passing in the hallway. Isolated rooms included physical and occupational rooms, 

staff member’s offices, music rooms, speech and language rooms, social workers’ rooms, and empty 

classrooms. The robot and laptop devices were required to be near an electrical outlet and were limited to 

where within the room the setup and session occurred. The RAIS remained within five to ten feet of the 

robot setup whether sitting at a table or on the floor with the robot. 

 

Materials 

 

The physical system included a NAO robot from Aldebaran Robotics (now Softbank). The robot 

was semi-autonomous with the RAIS providing commands through a laptop connected through Wi-Fi.   

 

Procedures 
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MOVIA provided all equipment for each session, which would be brought to the school for each 

of the sessions. Sessions were conducted twice a week.  Students were seen for 20 minutes during a standard 

pull out from their classroom. This was part of their regular schedule for being seen by the psychologist, 

PT/OT, or speech pathologist. The student was generally accompanied by a paraprofessional who provided 

direct support. The WHPS specialist led the session and the MOVIA RAIS operated the robot. Data was 

collected by the Specialist in her normal way and by the MOVIA RAIS specialist. The RAIS implemented 

a prompt hierarchy, after the robot made an attempt with verbal prompting, to stay on task if the student did 

any of the following: (a) stood up and increased distance greater than five feet of the robot; (b) the subject 

of the conversation became irrelevant to the subject of the original conversation; (c) the student engaged in 

distracting behaviors such as motor/vocal stereotypy. The Special Service therapists were asked to intervene 

when necessary to prompt the student to attend to or follow the robot’s model throughout the session using 

least to most prompting (gesture, visual, verbal, partial physical, full physical) when the robot’s attempt to 

redirect the student was unsuccessful. 

Throughout the study, sessions in which the participant engaged in disruptive behaviors, such as 

aggressive behavior towards robot or adult, would result in early termination of the session and the data 

from that session would be noted. If an incident occurred where the robot fell over or crashed (and needed 

a reboot), it may or may not cause the participant to withdraw from the robot. If the incident resulted in the 

participant crying or removing him/herself more than five feet from the robot for more than five minutes, 

the session continued where the robot sat down and waited for the adult to attend to the student. 

Throughout the process of delivering the RAI, the WHPS staff and the MOVIA team assessed the 

student’s progress to determine if modifications were needed in the process. Determining the access and 

attainment of curriculum grades and learning outcomes required the team to develop a process and practice 

for evaluating student’s performance and progress in the RAI sessions. This was accomplished through 

progress monitoring and by conducting formative assessments and data collection and analysis. This 

process allowed staff to determine appropriate modifications to the activities and lesson development. 

 

Results 

 

The participants in the pilot study were assessed after each session by the RAIS. The RAIS created 

a report for the school indicating the students’ performance during that session. This data was based on 

observation.  The student was also assessed by the school staff in the same way that all of the special needs 

students are assessed. The following results were reported by the school staff utilizing the typical tools for 

each student. The district assessment and analysis of each student’s performance and progress was based 

on that student’s IEP goals/objectives. Both the Whiting Lane staff and the RAIS reported high engagement 

throughout the pilot study. One student’s engagement fell off halfway through the semester. This decline 

was credited to the student’s attaining mastery of the material and, because no new material was available 

at that time, the student became bored with the interactions. Students demonstrated skill attainment on 

targeted skills (attention, literary skills, reading comprehension, social skills, coping, articulation, 

reciprocal communication). The WHPS staff reported students demonstrating generalization and carry over 

of skills acquired in the RAI sessions to other environments (i.e., classroom, home, playground). Students 

demonstrated positive response to the robot’s feedback & positive reinforcement. Students personified the 

robot and established a positive social relationship with the robots. As an example, a student wrote a card 

to the robot following the end of the sessions stating that he would remember the robot and he hoped the 
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robot would remember him. The positive relationship and response to the robot was also reflected in 

parental feedback on their child’s progress in social interactions. One of the parents requested a play date 

with the robot and her child. Student performance data allowed staff to scaffold the level of difficulty and 

provide modifications to the lessons/activities and sessions. Analytical results based upon data collected is 

shown below for four of the participating students: 

 

 
 

 

Discussion 

 

The review and assessment of these measures and data indicated that RAI resulted in educational 

and therapeutic benefit for students with ASD. The WHPS utilization of RAI provided staff with an 

effective instructional technology tool to support the unique abilities, characters, and needs of students with 

autism (ASD). The Whiting Lane RAI sessions were dynamic, interactive and productive. The relationship 

between the student, robot, and teacher reflected a high degree of motivation and engagement in the lessons. 

A student’s positive engagement was often evidenced in his/her attachment and emotional bond with the 

robot, responding to the robot as a peer. The use of the system led to a set of best practices for implementing 

RAI in the elementary school setting, as follows: 

1. Establish a multidisciplinary team to provide oversight and support the collaborative 

practice w/ the RAI specialist. 

2. Provide for functional training and technical support prior to implementation. 

3. Identify and select students to participate in the RAI sessions based on their unique abilities, 

characteristics, and needs. 

4. Determine the Core Curriculum goals and targeted skills for instruction and intervention. 

5. Develop smart IEP goals and objectives and align/correlate them to the RAI activities. 

6. Develop a schedule for RAI sessions and lesson preparation, identifying potential barriers 

to the instructional activities and impart them with fidelity. 

7. Determine the process and measures for formative assessment and progress monitoring, as 

well as data collection/analysis, to evaluate student progress and determine appropriate modifications to the 

RAI lessons/sessions. 
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8. Integrate RAI as an integral part of a school’s assistive technology and instructional 

framework and practice. 

9. Provide communication/information to parents and the school community on RAI to 

support continued work and efforts to improve assistive technology and specially designed instruction. 

 

Based on this outcome the district implemented RAI in its regular program of delivery to the special 

needs students at Whiting Lane School. RAI was shown to be a viable and successful tool for interventions 

with the school’s ASD population. The RAIS operated system provided very good success for outcomes, 

but the necessity of additional personnel to operate the system was a barrier to broad application. Lessons 

learned from this pilot led to the successful development of a system that is easier to use and can be operated 

by the teacher or therapist themselves without the need for additional personnel. 

 

 

 

 

Author Note 

 

This work was done in a collaboration between West Hartford Public School District and MOVIA Robotics with the intention of 

developing and refining commercial products and services for the benefit of special needs students and service providers in the 

ASD community.  

 

Aspects of the system are based on initial research at the University of Connecticut funded by the NIMH through R21 and R33 

awards (1R21MH089441-01, 5R21MH089441-02, 4R33MH089441-03 Anjana Bhat PI, Timothy Gifford COI) 
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