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Abstract—Recent studies show increased social communicative 

behaviour by children with Autism Spectrum Disorder (ASD) 

following human robot interaction (HRI). To further these test 

effects, we designed a study that would substitute human-

conducted vocabulary testing with HRI by converting a 

vocabulary test used in Tager-Flusberg’s experiment (1985) to a 

NAO robot-delivered test. It was discovered that intensive and 

interactive robotic programming is equally as effective at 

standardized testing and may in fact promote more accurate 

responses and increased opportunities for social 

interaction/utterance production. Further, the unique HRI 

software designed for the purpose of this study revealed some key 

algorithm design choices that when compared to previous studies, 

provide insight into future protocols for robot-based intervention 

in ASD therapy. 
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I.  INTRODUCTION 

Human Robot Interaction (HRI) is a proven and effective 
way to engage children with Autism Spectrum Disorder (ASD). 
Humanoid robotics provide a reduced yet dynamic interface that 
is predictable and engaging. With it, a number of socio-
communicative activities can be carried out and observed.  

A. HRI in ASD Therapy 

HRI provides many unique advantages over its human 
counterpart by creating repetitive and highly predictable patterns 
of stimuli through an embodied agent, that can be interacted with 
in real-time. In doing so, robots can emulate human interactions 
with far more accuracy than augmented/virtual reality or 
software applications and may be used to transfer social 
behaviours to real-world socialization more easily. It is evident 
that children with ASD have a greater inclination to interact with 
robots for extended periods of time in comparison to 
neurotypical children.  

B. NAO humanoid robot 

The NAO humanoid robot is an autonomous robot 

developed by Aldeberan Robotics that was selected to be a part 

of this and many preceding studies for a few notable reasons. 

Firstly, the unintimidating size/stature of the robot places it in 

between a toy and a peer, making it extremely attractive for 
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interaction with children with ASD. The plastic construction 

and various flashing LEDs enhance its toy-like appearance, 

encouraging an intuitive experience.  Furthermore, children 

with ASD seem indifferent to the human-likeness of computer 

programs i.e. they do not display the expected anthropomorphic 

bias1 and are therefore, less likely to question the seemingly 

biological body movements generated as the robot talks/dances. 

Further, individuals with ASD tend to be less influenced by the 

visual origin of a perceived sound than neurotypical controls. 

Hence, they do not seem to experience the McGurk effect to the 

same degree2. This is particularly important in the selection of 

a robot as it means that NAO’s lack of facial expressions and 

inability to move his “mouth” while speaking does not 

significantly affect speech perception nor does it elicit a 

negative response. Ultimately, the aforementioned reasoning 

more than justified our use of a NAO humanoid robot for the 

purpose of delivering the Robot Vocabulary Test. 

C. PPVT to RVT 

 Tager-Flusberg’s (1985) paper examined the 

representational nature of word meaning in children with ASD 

and compared the results obtained to matched typical and 

atypical children. Tager-Flusberg used the Peabody Picture 

Vocabulary Test (PPVT) to assess the understanding of words 

“for basic and superordinate level categories” to better 

understand the organization of semantic representation in 

children with ASD3. Our study re-created this experiment with 

a robot-delivered Peabody Vocabulary Test i.e. a Robot 

Vocabulary Test (RVT) using HRI algorithms. This approach 

not only provided us with a control to compare our results to but 

also allowed us to measure the effectiveness of robot mediated 

interventions in a quantifiable way. 

II. PROPOSED STUDY & OBJECTIVES 

Recent findings regarding stereotyped behaviors endorse the 
use of robots in therapy. In fact, children with ASD displayed 
fewer stereotyped behaviours during robot-based intervention 
than they did in traditional classroom settings. Short HRI 
sessions lasting up to 14 minutes and 30 seconds have proven to 
be effective in extracting non-stereotypical behaviours in 
children with ASD4.  We hoped to build on this research by 
extending total interaction time to up to 25 minutes, with shorter 
20 second rewards and longer interstitial rewards of up to 40 
seconds. This novel HRI algorithm was used to asses both 

3 H. Tager-Flusberg "The Conceptual Basis for Referential Word Meaning 

in Children with Autism." Child Development 56, no. 5 (1985): 1167. 
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response accuracy and utterance production. Additionally, this 
study compared the efficacy of this algorithm to other related 
studies with the ultimate goal of arriving closer to a standardized 
guideline for designing robot-mediated interventions. In this 
way, we aimed to further encourage the imminent paradigm shift 
towards measuring robotic efficiency in therapy, as opposed to 
simply rejoicing over the affinity for robots within the realm of 
ASD diagnosis/therapy.  

A. Objectives 

To this end, our investigation focused on two very specific 
outcomes: the first being the accuracy of answers produced 
when a standardized vocabulary test i.e. the Peabody Picture 
Vocabulary Test (PPVT) was converted from a human-delivered 
test to a robot-delivered program and secondly, how effective 
this novel HRI approach and the associated algorithms were in 
extracting verbal utterances from children with ASD, in 
comparison to the human-delivered test and to similar studies 
that used different algorithms. The two studies that were selected 
were “Measuring the Efficacy of Robots in Autism Therapy: 
How Informative are Standard HRI Metrics” by Momotaz 
Begum et al (2015), and “Robot-based Intervention Program for 
Autistic Children with Humanoid Robot NAO: Initial Response 
in Stereotyped Behavior” by Luthffi Idzhar Ismail et al (2012). 
Ultimately, we hoped to identify common algorithm design 
choices across studies that may point to best protocols for future 
use of robotics in ASD therapy.  

B. Working Hypotheses: 

Given the aforementioned parameters, we hypothesized that: 

 

1) HRI for the purpose of delivering the RVT will increase 

the accuracy of responses and socio-communicative 

expressions in children with ASD when compared to the 

human-delivered test from the Tager-Flusberg study. 

2) Our novel HRI algorithm will prove to be successful at 

generating verbal utterances. 

3) Our HRI algorithm will be at least as efficient as 

previous studies in generating social and non-stereotypical 

behaviours for children with ASD. 

III. METHODS 

The Research Ethics Board at Ryerson University was 

consulted to approve this study and consent was obtained from 

the children’s caregivers prior to its commencement. 

Researchers travelled to the schools where the observation 

sessions were held during the child’s regular schedule for 

Intensive Behavioural Intervention (IBI) or Applied 

Behavioural Analysis (ABA) therapy. The therapist was present 

during each testing module and the RVT was conducted by a 

Card Facilitator (directly involved), a Robot Technician, and 

two Observers (not directly involved). Each session was also 

audio recorded and ethnographic observations were taken in 

addition to the RVT Scores.  The sessions were then transcribed 

by at least two independent researchers using Child Language 

Data Exchange System (CHILDES) techniques. Two different 

measures of performance were used to evaluate the accuracy of 

the responses: 

1) Percent Affirmative Scores = # of times the child 

answered yes / the number of cards  

2) Percent Correct scores = # of accurate responses / 

number of cards 

Additionally, we included Mean Length Utterances (MLU) as a 

measure of child language production. MLU was calculated by 

counting the number of morphemes and dividing it by the 

number of utterances spoken. 

A. Observation Session Setup 

The observation setup involved the child sitting at a table 

facing the NAO humanoid robot with their therapist beside 

them. Also present beside the child, was the card facilitator who 

placed the respective PPVT card in front of the child in a 

predetermined order (one of 4 randomizations) immediately 

after the appropriate verbal prompt by the robot. The Robot 

Technician was seated at a separate table in the room with their 

laptop running the official NAO Integrated Development 

Environment (IDE), Choregraphe. Two additional observers 

were also present to record ethnographic observations and to 

tabulate the RVT scores. A total of 12 children aged 5 through 

11 were a part of this study and each child was visited three 

times. During each session the child was given a different (one 

of 4) card randomization.   

B. HRI Setup 

The Human Robot Interaction was established by connecting 

the robot to a power source and running NAOqi (Operating 

System) to access the LAN network broadcasted by our 

wireless router. The robot and the Robot Technician’s laptop 

were both running on the same network, allowing Choregraphe 

to be used to send our pre-programmed RVT to NAO. Once the 

RVT was run successfully, the robot was turned off completely 

and rebooted prior to the following session. This allowed the 

motors to cool down and ensured that the voice recognition 

capabilities were not compromised with prolonged usage, hence 

maintaining consistency across sessions. Moreover, any 

children that expressed discomfort or refused to interact with 

the robot were not forced to do so and in such cases the session 

was pre-maturely ended. Additionally, in the event that the 

robot fell over and was unable to get back up on its own, a 

judgement call was made as to whether or not the test will be 

restarted or the session ended early.  

IV. ALGORITHM DESIGN 

The first section of the Choregraphe application code 

delivered the instructions of the gameplay to the child whereas, 

the second portion read in the PPVT card images from an 

external CSV file. The robot had no knowledge of the actual 

image on the card, but simply generated a list of the categories 

i.e. a boat, food, a tool, a bird etc. associated with each card. 

These category names corresponded to the question being posed 

to child, for example “Is this a boat?” The next section is the 

rewards code that decided which reward should be played after 

a given question was answered. This portion was particularly 

valuable as it constituted a part of the gameplay that was purely 

HRI driven and often elicited unique utterances from the 

children. Finally, the last module of the code decided whether 

or not to end the gameplay.   
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A. Choregraphe & NAOqi Framework 

Choregraphe is a multi-platform IDE application that can be 

used to program NAO behaviours to be run directly on a 

connected NAO. The interface is highly user-friendly and 

commonly-used actions/behaviors come pre-programmed in 

Choregraphe code boxes that can be dragged and dropped into 

the workspace. The code in each box can be edited to include 

unique functions. For the purpose of this study, Python was 

chosen as the programming language of choice. NAOqi is the 

operating system that runs on the robot and facilitates program 

execution when connected to same network.  

B. Overall Project Structure 

 

The overall project structure is 

described in Fig. 1. The main 

NAOqi component used for 

voice detection was the 

ALSpeechRecognition API.  

Furthermore, two types of 

rewards constituted our 

rewards system. The longer 40 

second interstitial rewards 

were run consecutively every 

10 questions and the shorter 20 

second rewards were randomly 

selected after each other 

question.   
Figure 1: Software Project Structure 

C. Design Decisions  

Fig. 2 was the code responsible for selecting the next 

question to be asked by NAO to the child. This implementation 

read in data from a pre-existing “script” file which provided a 

list of the images on the associated Peabody cards in the given 

order. The first 10 questions were posed with a prompt to prime 

the user to respond in the intended yes/no format that can be 

detected by the robot. Every third question within those initial 

10 were posed as “Is this a boat? No or Yes?”, whereas the 

remaining were asked as “Is this a boat? Yes or No?”. After the 

initial 10 questions, the NAO was instructed to pose questions 

without any prompts i.e. “Is this a boat?”. The appropriate 

phrase was selected from the script array at the appropriate 

index. This structured posing of questions in a repetitive manner 

emphasized the difference between human-to-human 

interaction and H.R.I. While a person may unintentionally 

prime their questions or provide prompts to help guide the child 

to a successful answer, the robot provided no such additional 

cues and created a highly predictable environment. 

 
Figure 2: Select Card code screenshot 

 
Figure 3: Select Reward code screenshot 

 

Fig. 3 selected an appropriate reward to follow the successful 

completion of a question by the child. Interstitial rewards were 

intended to elicit user interaction while providing a break from 

the redundant nature of the RVT. In addition, Interstitial 

rewards included songs that the children may have been familiar 

with such as “wheels on the bus” or “rain rain go away”, in 

hopes of preventing inaccurate responses or a complete 

disengagement from the test. The code extracted the reward 

number from a counter that was maintained throughout the 

length of the program and was incremented at each iteration to 

track how many questions had been posed. If the counter had 

reached the end of the interstitial rewards list i.e. reward #13, 

then it was reset to #9 (rewards 9-13 were interstitial). If the 

counter was not currently at the tenth question, then a reward 

was selected at random from reward #0 to reward #8, which 

corresponded to the shorter 20 second pieces. 

V. RESULTS & FINDINGS 

Response Accuracy results based on Percent Affirmative 

Scores and Percent Correct Scores were very similar to the 

Tager-Flusberg Peabody Vocabulary Test, suggesting that 

robot-mediated therapy can be at least just as effective as 

human-delivered tests. MLU findings continued to support an 

increase in utterance production for participants during sessions 

and over time. Moreover, we were able to observe an interesting 

role reversal in the children when the robot malfunctioned.  

A. Response Accuracy 

Similarly to the Tager-Flusberg study, we found a 

significant main effect of Stimuli type (i.e. central, peripheral, 

related, unrelated) on Percent Affirmative Scores and answers 

did not differ significantly as can be seen in Fig. 4. 

  

 
Figure 4: Percent Affirmative Scores between Tager-Flusberg and NAO-ASD 

B. Utterance Production 

The MLU findings continued to support an increase in 

utterance production for participants during sessions and over-

time (see Fig. 5). In fact, utterance production and contextual 

linguistic observations showed an increase after robotic 

malfunctions. Specifically, there were notable changes in 
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anthropomorphic bias displayed by the children over time with 

increased exposure to HRI. Although repeated measure 

ANOVA indicated no significant main effect of stimuli type on 

length of session, increased MLU over time and increased 

chance of malfunctions did increase language productivity 

based on cognitive modeling during longer sessions.  

 
Figure 5: MLU Score across sessions for child Kiera 

C. Evaluating Algorithm Designs 

Luthffi Idzhar Ismail’s (2012) paper on extracting non-

stereotyped behaviours from children with ASD used a shorter 

14 minute HRI algorithm that consisted of 5 modules, including 

an Introductory Rapport, NAO talks, NAO hand movement, 

NAO Song Play & Eyes Blink and NAO Song Play & Hand 

Movement. The gameplay also included a 30 second interval 

break between the modules. They found that children with 

higher IQ scores responded with less stereotypical behavior in 

the Robot-based Intervention Program than in normal human-

human interaction settings. There are some definite similarities 

in the algorithms used in both of our studies. First, both 

algorithms began with a period where the robot introduced 

itself. Secondly, both algorithms posed very directed questions 

to the children. Our algorithm did so by providing initial answer 

prompts such as “yes or no?”, whereas Ismail’s study achieved 

similar results by asking very pointed questions such as “What 

is your name?” and “How old are you?” in the NAO Talks 

module. This seemed to be an effective way to generate 

utterances as well as non-stereotypical behaviors as opposed to 

open ended and general questions. Furthermore, another 

commonality was the inclusion of body movements synced to 

music that was likely to be familiar to the child. While we used 

a structured rewards system, Ismail’s study focused on arm 

movement synched with nursery rhymes such as “twinkle 

twinkle” and “humpty dumpty”. The fact that our algorithm was 

able to elicit similar social interactions to Ismail’s study is 

extremely promising since our session was just under twice the 

length and far more redundant. Our algorithm can almost be 

considered an extension of the key components that proved to 

be effective in this 2012 study. Regardless, it is clear that 

directed questions and song/dance reward systems have a 

significant place in robot-mediated ASD therapy.  

   Conversely, Begum’s study followed a far more structured 

approach based on ABA therapy, wherein a command was 

presented, in this case, requesting the child to say “Hi!” with 

some prompts followed by reinforcement and rewards. Two 

types of prompts were used to encourage a response from the 

child; the first type was modeling where the robot performed 

the target behavior and the second was a verbal instruction. 

Additionally, Begum introduced some very useful metrics to 

measure robot efficacy in ASD therapy. Using these metrics, 

they found that all participants showed stronger gazing 

preference for the robot and that all children made efforts to 

interact, however the effectiveness of using robots was not 

established due to conflicting reports between participants. This 

is interesting because we can identify some key differences 

between the ABA algorithms and the one used in our study. 

Begum focused on one detailed action which was not presented 

as a question and also not proceeded by a reward involving 

song/dance modules. While on one hand this suggests that their 

algorithm was not as efficient at generating social behaviours, 

on the other, it reveals a possible shortcoming of implementing 

robot-mediated intervention as part of the currently-existing 

therapy protocols. Begum’s study carefully crafted an algorithm 

that modeled ABA therapy, a widely used program. If this 

robot-delivered version of ABA therapy was not particularly 

effective, then what does this mean for the future of robots in 

therapy? Does this mean that robot-based interventions will 

have to take a back-seat to traditional therapy or does it suggest 

that new robot-exclusive therapy methods will have to be 

developed and tested for implementation in ASD therapy? 

VI. CONCLUSION 

In conclusion, robot-mediated therapy remains a promising, 

yet somewhat uncharted area of research for ASD therapy.  We 

must cautiously proceed in any scenario that introduces non-

human interaction to a subset of the population that presents 

generally impaired social skills. However, the RVT was a more 

repeatable and highly randomized test that included child-

specific rewards and provided low impact testing. RVT also 

produced similar results for central and basic superordinate 

categories as Tager-Flusberg’s study. Our results on response 

accuracy were very similar to the Tager-Flusberg study, 

suggesting that robot-mediated therapy can be at least just as 

effective as traditional therapy. More importantly, a number of 

case studies from low, medium and high proficiency level 

speakers showed an increase in utterance production and MLU 

when the robot malfunctioned. In addition, for participants with 

medium to high-proficiency language levels, robotic-error 

produced role-reversals.  

Moreover, we were able to identify some very specific 

algorithm design choices that encourage social behaviours and 

utterance production by comparison to previous studies. Posing 

multiple highly-directed questions with prompts as well as the 

inclusion of song/dance rewards were essential in eliciting 

social behaviours.  

Nevertheless, in the future we hope to extend our study to 

include neurotypical controls and a larger sample size, 

including children of varying IQ levels and diagnoses. We are 

also looking to pre-program errors into the robot gameplay to 

further study the role-reversal we observed. We also hope to get 

an ethics approval to video record the HRI sessions in order to 

better study the visual cues and body language displayed by the 

children. Ultimately, it is crucial to model therapy algorithms 

on both existing therapy protocols as well as novel approaches 

in order to compare their efficiencies so that we may develop a 

comprehensive and transferable protocol for robot-based ASD 

therapy.  
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