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Abstract
Autism Spectrum Disorders (ASD) is a neuro-developmental disorder. There is a tremendous variability in
individuals with ASD; however, it is mainly characterized by social behavioral deficits. Across the globe, the
prevalence of ASD is fairly consistent and the most current estimates are 1 in 59. There is no biological cure for
people with ASD and intervention is widely accepted as the only solution for them to improve the quality of their
lives. Among all the treatments, Applied Behavior Analysis (ABA) has more quantity of evidence than other
methods and it has more studies with the strongest levels of evidence. Using reinforcement is a vital and
indispensable part of ABA. Many researches reveal that children with ASD are more likely to become interested in
robots or other forms of Artificial Intelligence (AI) and in fact AI is used in the intervention for children with ASD.
The application of AI has been proven to be feasible and effective in the interventions. This essay aims at analyzing
the effects of the application of AI as reinforcement in ABA and providing suggestions for application of AI in
other aspects of ABA intervention. Hopefully this essay will be suggestive for the future application of AI in terms
of assisting the intervention for children with ASD in order to reduce the workload and cost.
Keywords: Autism Spectrum Disorders, children, intervention
1. Introduction
Autism Spectrum Disorders (ASD) is a neuro-developmental disorder. There is a tremendous variability in
individuals with ASD. There are social behavioral deficits that comprise the symptom profile of people with ASD.
The diagnostic criteria for ASD include three social impairments in the following areas: 1) Social-emotional
reciprocity which includes: difficulties with conversation, lack of sharing interests, and failure to initiate and
respond to social interactions; 2) nonverbal communication which includes: eye contact, facial expressions, and
nonverbal communication in general; 3) relationships which includes lack of interest in peers, difficulties in
imaginary play, failure to make friends, and adjust one’s behavior to fit the social context (American Psychiatric
Association 2013; World Health Organization 2018). ASD is characterized by behavioral deficits. In order to
receive the diagnosis, individuals need to have two of the four following symptoms: 1) excessive repetitive
behavior in motor movements, object use and speech; 2) insistence on sameness, inflexible routines, or ritualized
behavior; 3) abnormally intense interests, or interests with an unusual focus; 4) concerns a hyper- or hypo
sensitivity to sensory stimuli (American Psychiatric Association 2013; World Health Organization 2018).
Although the diagnostic symptoms of ASD are social and behavioral in nature, ASD is also characterized by
language, intellectual and motor deficits. Not necessarily everybody with ASD has these deficits: people with ASD
more likely to have deficits in those areas. ASD has a genetic basis and there is also environmental influence. ASD
actually begins at birth or shortly thereafter, symptoms might not be noticeable until the child become 2 years old.
Across the globe, the prevalence of ASD is fairly consistent. It was believed around 1 in 150 individuals had ASD
15 years ago. The most current estimates are 1 in 59. It is not actually because more people have ASD but because
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pediatricians become more aware of it and there is a change in the diagnostic criteria themselves which allow more
people receive the diagnosis. The disorder is more common in boys than it is in girls, and about 4 times as many
boys who receive the diagnosis than girls.
Since there is no biological cure for ASD, early intervention and education for children with ASD is reckoned to be
the only feasible way to relieve the symptoms and improve the quality of their lives. There are hundreds of
treatments which are claimed to be effective and helpful towards children with ASD; however, Applied Behavior
Analysis (ABA) is the only treatment that has strong scientific support for its effectiveness. Since the 1980s,
regular researches have shown ABA is evidence-based treatment. In the U.S., both the National Research Council
and American Academy of Pediatrics identify ABA as the most effective treatment for individuals diagnosed with
ASD. Using reinforcement is an indispensable part of shaping and reshaping children’s behavior when
implementing ABA intervention. Many researches reveal that children with ASD are more likely to interact with
AI rather than caregivers and peers, because AI seems less disturbing and more simple than human beings. AI is an
ideal
2. Literature Review: AI-Assisted Intervention for Children With ASD
Evidence-based interventions are generally time-consuming and very expensive. Artificial Intelligence is
reckoned to be an effective tool to cut off the high cost of labor and time. Several researches focus on the functions
of AI on the improvement of social abilities of children with ASD. Huijnen et al. (2016) have evaluated 14
identified robots in peer reviewed journals applied in studies with children with ASD, basically assessing these
robots’ operating mode and their functions on the social abilities of children with ASD. The aim of the research is
to increase knowledge on therapy and educational objectives that professionals work on with children with ASD. It
implies that AI can potentially be applied to a large scope of objectives for children with ASD, which functions as
a base to guide development of robot interventions. The research tries to map AI’s route to the intervention for
children with ASD in a general way. The pilot study carried out by Warren et al. (2013) focuses on one specific
area of AI’s function on children with ASD: whether robotic interaction can actually improve joint attention skills
of children with ASD. Joint attention skills are thought to be one of the most important aspects of social skills.
Results reveal that children improved in their ability to orient to prompts administered by the robotic system and
continued to display strong attention to the humanoid robot. The research highlights the potential benefits as well
as potent limitations of application of AI in the improvement of joint attention skills of ASD children. Simut
(2015)’s focus is on robots’ functions on other aspects of social skills. The findings of the results show that children
participating in the research had more eye-contact with the social robot compared to that with the human. The
conditions did not differ regarding the interaction elicited with the human accompanying the child. These
researches have proved the effectiveness of AI’s application in the interventions for children with ASD in a general
way. In 2018, Huijnen et al. (2018) conducted a research, studying roles, strengths and challenges of
robot-mediated interventions by using robot KASPAR for children with ASD. This research has given a big picture
of the function of the most cutting-edge humanoid on children with ASD.
Still, very few research focuses on AI’s function on one of the most essential features of ABA: reinforcement. This
longitudinal research is to conduct a pilot study, aiming at analyzing AI’s function as a reinforcer in ABA
intervention and hoping to provide constructive suggestions for the application of AI as an effective reinforcer in
ABA interventions.
3. Theoretical Framework: AI-An Ideal Reinforcement
There are several prevalent treatments for ASD and the beliefs underlined those treatments. Applied Behavior
Analysis (ABA) is the only treatment that has strong scientific support for its effectiveness. Since the 1980s,
regular research have shown ABA is evidence-based treatment. In the U.S., both the National Research Council
and American Academy of Pediatrics identify ABA as the most effective treatment for individuals diagnosed with
ASD. There are actually several different approaches that fall under the ABA umbrella (National Autism Center,
2015). Each approach has their own views regarding training, teaching style and priorities.
The first approach illustrated is Verbal Behavior (VB) therapy. VB is based on ABA principles and theories of B.F.
Skinner (1957). The therapy teaches vocal or non-vocal languages by linking words to their functions (Sundberg
2008, 2014). It believes that improved language skills will lead to the reduction of disruptive behavior.
Interventionists would believe anybody can learn language. They provide frequent and immediate prompts while
following the child’s need during the therapy sessions. There is research demonstrating the effectiveness of VB in
teaching language acquisition, but it lacks evidence for its improving daily living skills and overall outcome
(Stolte et al., 2016; Montallana et al., 2019).
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Pivotal Response Treatment (PRT) is another therapy that relies on the principles of ABA. Interventionists focus
on specific areas of development and believe that improvements in those areas will lead to improvement in other
areas. Pivotal areas include: motivation, response to multiple cues, self-management and initiation of social
interaction. The approach is child-directed, and incorporates the elements of natural language training. There is
evidence to support this treatment’s effectiveness (Ventola et al., 2016; Duifhui et al., 2017; Bradshaw et al., 2017;
Versschuur et al., 2017; Brock et al., 2018; Vernon et al., 2019).
Treatment and Education of Autistic and Related Communication Handicapped Children (TEACCH) was founded
in the 1970s and it is based on the assumption that the symptoms of ASD are lifelong impairments intractable.
TEACCH is a behavioral treatment but is not exactly ABA. Core aspects of the intervention involves
accommodations, such as eliminating distractions, and providing ample visual cues. A 2013 review of TEACCH
found that: those received the intervention made meaningful social and behavioral gains; however, they did not
make meaningful gains in perceptual, motor, verbal and cognitive skills. Also, they made very limited gains in
communication and daily living skills (Park et al., 2018; Alateeqi et al., 2019; Fuller et al., 2019).
In addition to ABA approaches, there are other treatments which are not based on evidence. The relationship-based
treatments hypothesize that the primary social deficit in ASD comes from a disturbed relationship between the
child and the primary caregiver. Floortime is a developmental intervention that emphasizes relationship and
engagement in order for a child to develop a sense of self. It involves meeting a child’s developmental level and
challenging them to move up the hierarchy (Mercer, 2017; Movahedazarhouligh, 2018). Relationship
Development Intervention (RDI) is designed to improve communication and social skills by exposing authentic
emotional relationships in a gradual and systematic way (Hobson et al., 2016; Loucas et al., 2016).
There are also education-based alternative treatments. Social Thinking is a discussion-based intervention for
adolescents with advanced cognitive and language skills. Individuals discuss why a skill is important and how
thinking about the social world can help them adapt. Social Story is a psycho-educational intervention which
provides detailed descriptions of social situations and responses to help the student navigate social experiences
successfully (Crooke et al., 2016; Muller et al., 2016; Juliet, 2018; Bottema-Beutel et al., 2018; Grenier et al.,
2019).
Reinforcement is a vital component of any teaching programme. For children with ASD, they need more
reinforcement than the natural environment can provide. They may not know how to play with toys or they find it
difficult to do so. Common social contingency may not be motivating to them. Typical play may not be enjoyable
to them as they may be reinforced by sensory interests or negative attention. As a result, caregivers or teachers
often need to develop reinforcer. It is necessary to decide what item or activity may be able to be turned into a true
reinforcer. We have to 1) consider using appropriate existing preferences and take advantage of the child’s personal
preferences, 2) vary current preferences and include even the stereotyped behavior into the activity, such as, if the
child like running all around we can play chase, 3) try several toys that the child seldom access to and see which
one he likes. Although we do not have complete control of what a child would find reinforcing, we can certainly
influence their preferences. We can 1) limit access to powerful reinforcers, 2) pair new reinforcers with current
ones, 3) sell the reinforcer. On the surface, potential reinforcers might not all seem to be interesting to children with
ASD. It is up to the teachers to make them fun. There are several ways to make the reinforcer more enticing to the
child. Reinforcers can be shown in a variety of ways with creative presentations; elements of surprise and suspense
can make children with ASD more excited to play the reinforcer; enthusiastic tone and positive facial expression,
go along with sound effects and comments can also make the reinforcer seem more appealing; physical contacts
like tickles can make some children with ASD will link a new reinforcer with fun time. A humanoid robot is
assumed to be an effective reinforcer because: 1) the robot which is originally designed to accompany children is
age appropriate; 2) it is practical and easy to deliver; 3) the humanoid robot involved in this program is portable
and user-friendly which can be used repeatedly and regularly; 4) the humanoid robot is not solitary and can be
easily during other activities (Beaver et al., 2017; Anderson et al., 2017; Johnson et al., 2017; Jessel et al., 2017;
Fritz et al., 2017; MacNaul et al., 2018; Goldman et al., 2019; Matsuda et al., 2019; Vandbakk et al., 2019). This
research attempts to test the effectiveness of the humanoid Wukong as being the reinforcer applied in an intensive
ABA intervention program.
4. Application of AI as Reinforcement in ABA Intervention: A Single-Case Study
The AI involved in this research is Wukong, a humanoid robot for education and entertainment, designed by
Ubtech. The product parameters of Wukong are listed in the following chart.
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Table 1. Product Parameters of Wukong
Dimension

245*149*112 mm

Internal memory

RAM 2GB/ ROM 16 GB

Weight

700g

Control method

Dual-mode bluetooth

Color

white

Battery

3.85v
lithiumbattery

Materials

aluminum alloy structure,
ABS housing

System
compatibility

iOS/Android

DOF

14 degrees of freedom

Software
programming

3D
visualization-based
simulation

(Degree
Freedom)

of

Speaker

(head 3; hands 2*2; waist 1;
legs 3*2)

4060mAh

4W mono speaker

The subject participating in the research is a 7-year-old boy, who was diagnosed as being with ASD on the mild
side at the age of 3 years 10 months. Timmy (pseudonym for the subject) had never been in any treatment before
the diagnosis and has been engaged in ABA training program for three years. The AI Wukong has been brought
into the program on 16 January 2019 and it has been used as a reinfocer ever since. The subject was hooked by
Wukong at first sight because of its interactive and innovative features. Wukong has become his best company and
strongest reinforcer for two months and the interest seems ever-lasting. The two-month application of Wukong as a
reinforcer is analyzed in accordance with SWOT matrix and the analytical report is summarized in the following
diagram (see Diagram 1).

Strengths

Weaknesses

1) Innovative and interactive

1) Not communicative enough

2) Practical and easy to deliver

2) Lack of emotional communication

3) Portable and user-friendly

3) Human-robot communication manner

4) Connected with any activity

4) Avoidance of human interaction

Opportunities

Threats

1) Technology-assisted intervention

1) Addiction to humanoid robots

2) An effective tool for inclusion

2) Unintended consequences, such as increase of
self-stimulating behaviors

3) Diversified reinforcement

3) Excessive reliance on humanoid robots

Diagram 1. SWOT Analysis of the Application of Wukong
With its interactive feature, Wukong attracts the child’s attention at first sight. It is practical and easy to deliver;
portable and user-friendly; and it is not solitary which can be connected with any activity. Wukong, as one of the
strongest reinforcers, is delivered at the end of each intervention section and it functions. On the other hand, the
weaknesses of Wukong as a reinforcer is quite obvious: 1) Wukong is not communicative enough. Users have to
wake up the humanoid every time they are about the start a conversation which is different from the pattern of our
daily conversation and it is impossible for children with ASD to increase the frequencies of starting a conversation
focusing on one topic (See Scenario I). Wukong cannot display much non-verbal communication and the
communication manner is different from that of human beings. The humanoid cannot detect and understand the
child’s emotional fluctuations which is displayed in Scenario II and III. Children with ASD usually have problems
to control their emotions and playing tantrum is more often for them than typically-developed peers (See Picture 1).
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3) Child with ASD finds Wukong very attractive and every time when he is home, he buries himself with Wukong
and repeats several functional sentences that he can master while neglecting his parents who try to have a
conversation with him.
Table 2. Wukong’s conversation with the ASD Child
Scenario I

Scenario II

Scenario III

Child: Wukong Wukong

Child: Wukong Wukong

Child: Wukong Wukong

Wukong: Huh?

Wukong: Huh?

Wukong: Huh?

Child: Could you sing me a song?

Child: Could you tell me a story?

Wukong: Sure! Listen attentively to this
song. (Wukong starts singing and the
child stops it at the beginning by
murmuring immediately.)

Child: Could you sing me the song “The
Happy Day has Begun”? (The
pronunciation and intonation of the child
is not clear enough for Wukong to
understand)

Child: Wukong Wukong

Wukong: (starts singing another song)

Wukong: Huh?

Child: (getting angry and starts to hit
Wukong)

Child: I want to listen to the Paw Patrol
story.
Wukong: Here is the story. We will
continue with the previous section.
(Wukong starts telling a story and the
child stops it at the beginning by
murmuring immediately.)

Wukong: It hurts!
Child: (still hits Wukong)

Wukong: (pause) The network is not
functioning and I am offline.
Child: (getting angry and starts to hit
Wukong)
Wukong: The network is not functioning
and I am offline.
Child: (crying and yelling loudly)
Wukong: (no response)

Wukong: It hurts!
Child：(crying and yelling)
Wukong: (no response)

Child: Wukong Wukong
Wukong: Huh?
Child: Show me a dance.

Picture 1: Child with ASD: Laughter and Tears
On the other hand, we also notice the opportunities of using humanoid in the intervention program as a useful
reinforcer. At the end of every intervention trial, a reinforcer should be displayed promptly and Wukong can be
integrated with any intervention activity which is based on ABA. More importantly, Wukong is also very popular
with typically-developed children and it is the most effective tool for inclusion program. Inclusion has been proved
to the most effective way for children with ASD to unleash their potential. In this research, researcher has brought
Wukong to the kindergarten where the child with ASD stays. Wukong instantly attracted the attention of
typically-developed children and they surrounded Wukong, starting to play with it (See Picture 2). Since the child
with ASD is very familiar with the functions of Wukong, he introduced Wukong to his peers with great confidence
and his peers immediately began to “admire” the ASD child’s ability to control Wukong. This sharing experience is
the first step for ASD child to get included into the mainstream education system. It has been proved that the
humanoid is able to become the bond between the ASD child and the typically-developed ones, bridging the gap
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between them, serving as the foundation of communication.

Picture 2. Wukong, Child with ASD and Typically-Developed Children
Admittedly, the two-month application also reveals the threats brought about by the humanoid: the reliance on the
robot can result in more self-stimulating behaviors, such as self-talking and avoidance with human interaction. The
child with ASD tend to be engaged with the humanoid robot probably because of its rigid way of communication
which is one of the two features of ASD. The child is more accustomed to the inflexibility of the communication
and avoids the contact with other people. It is a common phenomenon for ASD children to self-talk when he is
feeling bored or under great pressure. The frequencies of this stimulating behavior increase with the application of
Wukong.
The application of Wukong provides us with opportunities to find out advantages and disadvantages of humanoid
robots in intervention, which is hoped to be solved in the future and the humanoid will play a more important role
in intervention. Currently, humanoid robot is only suitable for being used as an effective reinforcer and its usage
should be under control.
5. Conclusion
April 2, 2019 is the twelfth annual World Autism Awareness Day and the theme for this year is “Assistive
Technologies, Active Participation”. The focus is leveraging the use of assistive technologies for persons with
autism as a tool in removing the barriers to their full social, economic and political participation in society, and in
promoting equality, equity and inclusion. ASD is not a disease to be cured, rather, it is a disability which needs
support and help. Currently, ABA is the most effective treatment for people with ASD, according to National
Research Council and American Academy of Pediatrics. One of the essences of ABA is using reinforcement. The
humanoid robot can be an effective reinforcer in trials and inclusion programs, but on the other hand, the
weaknesses of it are quite obvious. We should maximize its advantages while minimizing its negative effects when
it is being used as a reinforcer. The two-month application of Wukong, the most cutting-edged humanoid robot,
with a single subject yields the preliminary results. How should we use the assistive technologies to unleash the
potential of persons with ASD? What shall we do with assistive technologies for a better future for persons with
ASD? These are remaining questions to be answered by researchers and scientists.
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