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Abstract

Autism Spectrum Disorder is a neurodevelopmental disorder characterized by difficulties in social communication and repetitive motor behaviors. These symptoms can significantly them impair their daily functioning. ASD has complex neurobiological mechanisms and one of the reasons ASD is a spectrum is because of the wide neurological manifestations that have been found. Apart from the underlying neurological mechanisms, ASD individuals have a challenging time integrating multisensory stimuli. This is the main cause of why ASD includes abnormal sensory processing. Apart from conservative treatments, art interventions have been shown to be effective to treat social, developmental and behavioral symptoms of ASD. Art therapy can provide an alternative way of communication and has been shown to help children with ASD to improve their interpersonal relationships. 















	



Paul Collins, an American writer, said “Autists are the ultimate square pegs, and the problem with pounding a square peg into a round hole is not that the hammering is hard work. It’s that you’re destroying the peg.” Individuals with ASD are often misunderstood due to lack of knowledge of their condition. To correct misconceptions regarding autism spectrum disorder is important to not only learn about the condition’s underlying behavioral and biological mechanisms but in addition to educate the public about alternative therapies like art based therapies that can significantly reduce ASD symptoms and improve life quality. 
Autism Spectrum Disorder is a neurodevelopmental disorder characterized by difficulties in social communication and repetitive motor behaviors. Research has shown that these two areas are affected in all individuals with ASD regardless of their race, ethnicity, or socioeconomic group. The overall prevalence of autism spectrum disorder in the US is estimated to be 27.6 out of 1,000 individuals are diagnosed with it (National Institute of Mental Health, 2023). Unlike the past, ASD is now classified as a spectrum, meaning individuals with ASD can range from mild to severe symptoms. Individuals can have a diagnosis of ASD and be high-functioning individuals or their autisms could render them low-functioning where they have a challenging time with interpersonal communication. Even though people with autism experience many challenges, they can also have many strengths. They can learn things in detail and retain the information for long periods of time. Their ability to learn both auditorily and visually is very strong, consequently, they can excel in math, science, music and art (National Institute of Mental Health, 2023).
ASD is diagnosed mainly based on behavior, since all patients greatly vary in their physiological symptoms. The DSM-5 describes the social communication symptoms of ASD as “deficits in social communications and social interactions across multiple contexts,” (APA, 2022).  Individuals with ASD have a particular challenging time with social and emotional reciprocity. For example, they are not able to have a back-and-forth conversation, have an abnormal way to approach people and topics of conversation, and have reduced share of interests, emotion, and affect. The second deficit is that ASD individuals have difficulty with understanding and giving non-verbal cues and body language. Some examples of this type of behavior are making little or no eye contact, appearing to no look or listen when people are talking, displaying facial expressions or movements that seem out of context, having an unusual tone of voice and appearing to not respond or are slow to respond when calling their name. The third category in communication deficits is difficulty understanding, developing, and maintaining social relationships. This can play out in various scenarios like having a hard time making friends, or difficulty adjusting behavior in different social contexts. An example of this behavior is talking at length of their favorite subject without noticing people are not interested or do not give a chance for other people to respond. Irritability and aggression are common among ASD individuals, and this can range from minor physical aggression to verbal aggression (National Institute of Mental Health, 2023). 
The second criteria that individuals must meet to have a diagnosis of ASD are repetitive motor behaviors. Motor behaviors are usually restricted and repetitive, and it is normally accompanied by uncommon sensory behaviors. There are four categories under restrictive, repetitive patterns of behavior, interests, and activities. The first category is repetitive motor movement, use of objects, or speech. The next category is firmness to maintain sameness, extreme adherence to routines, or ritual patterns or verbal or nonverbal behavior. The third category is intense and fixated interests in an abnormal level of intensity. For example, strong attachment to something or preoccupation with unusual objects. The last category in this type of behavior is hyperactivity or hyporeactivity to sensory input or sensory aspects of the environment. They can get easily upset by slight changes in routine and have difficulty with transitions. For an individual to be diagnosed with autism spectrum disorder symptoms must be present in the early developmental period, individuals must show the three subcategories of social communication deficits, individuals must show two out of the four categories of restrictive, repetitive patterns, and all the symptoms mentioned above should cause clinically significant impairment in social, occupational and other areas of daily functioning. According to the DSM-5, ASD can be accompanied by other disorders like fragile X-syndrome or psychiatric conditions like ADHD and anxiety (APA, 2022). 
Families and school systems have significantly improved in their way to integrate individuals with ASD, however, there is still much to be done so that highly functional ASD individuals can be more independent. In the past 20 years, patients with ASD have attained higher levels of education. Sadly, employment does not match the educational statistics. In the USA, only 25% of adults with ASD have their own households, the remainder are still economically dependent on their families.  Marriage and long-term relationships are rare among individuals with ASD and friendships are more common among higher functionally individuals with ASD but their friendship rates are still lower than the average population (Lord, Elsabbagh, Baird, & Veenstra-Vanderweele, 2018). 
ASD is a spectrum because of the numerous variations of altered brain development and connectivity in ASD children; this results in many manifestations of the condition.  Unlike other neurodevelopmental disorder, ASD is not caused by impairment of a specific brain region, it is thought to be a result of “overall brain reorganization beginning early in development,” (Lord, Elsabbagh, Baird, & Veenstra-Vanderweele, 2018). Even before individuals show behavioral manifestations of ASD, scientists have been able to observe subtle alterations in brain areas that have to do with social and attentional mechanisms. Due to the enormous amount of research done on the neurobiology of autism spectrum disorder, clinicians now have a detailed timeline of neurological and neurodevelopmental delays that happen in children who will develop ASD to improve the accuracy and time of a diagnosis. The behavioral symptoms of ASD normally emerge in the first two years of life.  During this period of development, the brain exponentially grows, and this is seen by cortical expansion, fiber myelination and maturation, and functional organization of neural circuitry (Girault, & Piven, 2020).  
Neuroimaging studies done in siblings of children diagnosticated with ASD show that altered brain development precedes any behavioral symptom in the second year of life.  Compared to non-ASD children, children with ASD have faster expansion of the surface area of their cortex. Measurements from head circumference and MRI in toddlers show that brain size at birth was normal, and overgrowth of the brain started later in the first year of life. The cortical volume of the brain is composed of two things: cortical thickness (the matter inside of the brain) and surface area. Scientists observed that the cortical surface area had a faster rate of growth among ASD individuals, especially from 6 to 12 months of age. And this precedes overall brain overgrowth in the second year of life. One study reported an increase in cortical surface are of the temporal, parietal and frontal lobes of children who would eventually develop ASD. A more recent study demonstrated an accelerate growth in occipital, temporal and frontal lobes. Studies regarding cortical thickness have contradicting results, what scientists speculate is that after age 3 cortical thickness in ASD children will vary from the accepted standard among non-ASD children. A longitudinal study demonstrated that ASD boys show more gyrification in their temporal, frontal and parietal lobes compared to stable or decreasing gyrification of the controls (Girault, & Piven, 2020). 
Other brain structures affected by ASD are the subcortical structures, including the amygdala. ASD individuals tend to have an enlarged amygdala compared to controls. More specifically, the greater volumes in the right amygdala in toddlerhood are associated with poorer social and communication skills at age 6. It has been reported that the volume size of the amygdala, thalamus, caudate and language abilities were different than children with language delay only. This suggest that autism affects a different neural mechanism regarding language compared to the individuals who only had a language delay. Studies done with a functional MRI were able to assess how infant with ASD process speech depending on the blood flow of the brain. Infants who would go on to develop ASD were deficient in their blood flow supply to the left hemisphere of their brain and there was a weaker synchronization between hemispheres in areas regarding language. The corpus callosum in individuals who would develop ASD is bigger in size compared to controls in the first year of life, decreases to normal size by age two and then it becomes smaller compared to the control from age 3 onward. The area and thickness of the cerebellum are linked to restricted and repetitive behaviors at 24 months (Girault, & Piven, 2020).
To understand how individuals with ASD process environmental stimuli, it is necessary to comprehend how non-ASD people process sensory information. According to Murray and Wallace, “multisensory processing represents the merging of sensory information from different modalities.” Our sensory receptors are designed to receive information from the outside world in many ways. All this information is sent, processed and organized by the brain to create a clear perception of the world (Siemann, Veenstra-VanderWeele, & Wallace, 2020). For the brain to have a complete picture of the outside environment it must combine the stimuli from different sources. For example, when a person speaks the brain of the listener must integrate the image of the person speaking, specifically the lips along with the sound of speech. 
Multiple studies have shown the advantages of a multisensory system over a single sensory input. When the brain receives information from multiple modalities it enhances its accuracy and reduces reaction time. For example, psychological studies have shown how the added visual information of lip reading enhances the understanding of speech, especially in noisy environments. There are multiple sites in the brain where multisensory input is processed and each of these sites produces a unique neuronal response to sensory inputs (Siemann, Veenstra-VanderWeele, & Wallace, 2020).  The sensory signals must travel long cortical distances to be integrated by the brain. Sometimes the signals are communicated through many brain regions, and it requires a multi-synaptic network to reach the location in the brain where integration takes place. Other times the signal can be convey through a single synaptic network. 
It is estimated that 85% of ASD individuals show an abnormality in sensory processing. Abnormal sensory processing can affect sight, sound, touch, smell and taste. Studies have shown that individuals with ASD can be hypersensitive or hyposensitive to environmental stimuli. Furthermore, it is possible for an individual to be hypersensitive with one type of stimuli (ex. sight) and hyposensitive to another type of stimuli (ex. touch). ASD individuals have a diminished capability to integrate information from multisensory modalities. And this diminished capacity is directly correlated to the severity of the symptoms (Siemann, Veenstra-VanderWeele, & Wallace, 2020).
A cross-sectional study studied multisensory speech perception in individuals with and without ASD from 7 to 19 years of age. Participants had to identify spoken monosyllabic words with varying degrees of background noise. They repeated this experiment with an addition of a video of the speaker saying the syllabus to test how much did the visual cues helped them understand what was being spoken. Younger children with ASD, ages 7 to 12, scored significantly lower in speech perception compared to controls. When participants had only the audio, meaning a uni-sensory cue, ASD children had a similar performance to the controls. Once the video was added, typically developed children were able to understand speech much faster, and the visual cue did not help ASD children at all. This suggests that individuals with ASD have no problem processing a single sensory cue but struggle with multisensory integration. Another study done by Miller inn 1982, showed that individuals with Autism have impaired multisensory integration with non-verbal stimuli (Beker, Foxe, & Molholm, 2018).  
Scientists first started to question if ASD had any genetic bases when they observed that ASD was commonly found among children with genetic syndromes like Fragile X syndrome and tuberous sclerosis. A meta-analysis of twin studies published in 2016 shows that 74-93% of ASD risk factors are inheritable. Studies show that families with a child with ASD have 7-20% more chance of having another child with ASD. In addition, there is 4 times higher risk for boys to develop ASD compared to girls. Some genetic risk factors associated with ASD and other neurodevelopmental disorder are copy-number variant genes. A genomic copy-number variant is when a part of a chromosome is deleted or duplicated, this can be either inherited or happen spontaneously. Two examples of these variants are chromosome 16p11.2 deletion and duplications, and chromosome 15q11-q13 duplications. In addition, genetic analysis has identified two major groups of ASD associated genes. The first group are the genes involved in gene expression regulation (GER) and genes involved in neural communication.  ASD seems to follow a pattern of complex inheritance and when combine with common variants it increases the risk of ASD (Satterstrom, Kosmicki, Wang, Breen, De Rubeis, An, Peng, Collins, Grove, Klei, Stevens, Reichert, Mulhern, Artomov, Gerges, Sheppard, et al, 2020). Other genes that being studied to see if they contribute to the heritability of ASD are the SHRANK gene family, CAPG gene and GWAS genes. SHRANK genes code for a protein that connects neurotransmitter receptors to signaling proteins. The CAPG genes is crucial for the functional formation of functional synapses and the GWAS genes are relevant in for sodium, potassium and calcium channels (Masini, Loi, Vega-Benedetti, Carta, Doneddu, Fadda, & Zavattari, 2020).
Even though ASD has a strong genetic component, environmental factors are thought to increase the risk for developing ASD. Advance maternal age (more than 40 years) and advance paternal age (more than 50 years) have been identified as potential risk factors for a having a child with ASD in several studies. Other risk factors include short intervals of time between pregnancies, maternal metabolic conditions, hypertension, maternal obesity, diabetes, immune system disorders, viral infections during pregnancy, prenatal valproic acid, and preterm birth. Prenatal exposure to air pollution or certain pesticides increases the risk for an infant to develop ASD.  Perinatal ASD risk factors are umbilical cord complications, injury or trauma at birth, maternal hemorrhage, neonatal anemia and ABO Rh blood group incompatibility (Masini, Loi, Vega-Benedetti, Carta, Doneddu, Fadda, & Zavattari, 2020).On the other hand, several studies show that preconceptual folic acid supplements decrease the risk of ASD and several neurodevelopmental disabilities. 
There is no treatment or therapy that can cure ASD, however, there are multiple conservative and experimental treatments to help manage ASD symptoms. A unique aspect of ASD is that the family’s reaction to the child’s diagnosis will have a significant impact in how the child responds to treatment. A longitudinal study published in 2014 studied how parent participation in early intervention affected children of 2 to 3 years of age in ASD treatment. Parent participation was correlated with increased IQ, achievement, and adaptability skills. Randomized control studies show that social skill groups where parents, and children or adolescents with ASD participate separately and together show positive results in social behavior. Parents with low levels of education have less success in securing specialized interventions that would greatly help their children with ASD. A survey done in European services for families with low levels of education show that low-cost and publicly funded interventions for children with ASD were not available to children until one year after their diagnosis. 
There is no pharmacological treatment that can directly treat ASD, but there are medications can help manage symptoms. Research has shown that medications like risperidone and aripiprazole improve symptoms of irritability and agitation with children and adolescents that have ASD. These medications decrease levels of aggression, self-injury and other disruptive disorders. Risperidone and Aripiprazole are classified as anti-psychotics and they are both mixed with dopamine receptor and serotonin receptor antagonist. Just because these drugs have dopamine receptor and serotonin receptor antagonist that does not mean that other medications with similar chemical components are safe or useful to treat ASD. Medications for ADHD like methylphenidate, atomoxetine, and guanfacine should only be used when individuals have both a diagnosis for ASD and ADHD. Studies have shown that if ADHD drugs are used to treat individual with only ASD, it might have detrimental effects (Hyman, Levy, Myers, & Council on children with disabilities, section on developmental and behavioral pediatrics, 2020). 
The most well-known treatment in North America for ASD is behavioral intervention. There are many forms of behavioral intervention, the most common one is Applied Behavior Analysis. All forms of behavioral intervention focus on play, social interaction, teaching the child to initiate communication, and learn natural consequences of behavior as opposed to receiving rewards. These interventions are done one on one by a professional or a therapist to teach the child linguistic and cognitive tasks like imitation and matching or sorting. The treatment is most effective when administered 15-20 or more hours per week. ASD children will overall benefit from both parent-mediated and ABA interventions. Parent-meditated interactions mainly affect social communication and reduce somewhat the ASD symptoms. ABA interventions help develop language skills, cognition and adaptive skills.
 In addition, other type of therapies like speech therapy and occupational therapy have been shown to be effective to improve ASD symptoms. For example, speech therapy has been shown to help increase spoken single word acquisition and simple sentence structure. Even though speech therapy has been proven to be useful in improving these small areas of language, there is still no empirical data that proves that it has any effect in complex language. Sensory-oriented treatments are used in occupational therapy in ASD treatment. These treatments improve sensory and motor skills in the short term. Other types of sensory treatments that are could potentially help ASD individuals but do not have as much research to back them up are auditory-integration treatments, music therapy and general environmental stimulation.
There is extensive research in how art interventions help children with autism spectrum disorder. Art is a vast topic that can include painting, drawing, creative writing, music, textiles, and crafts. Art can benefit individuals with ASD in variety of ways. A study published in the International Journal of Art shows how drawing and painting benefitted many children with ASD since it gave them an indirect form of communication. Occupational therapists should be equipped to maximize art therapy for ASD individuals by integrating sensory processing and behavioral skills (Bernier, Ratcliff, Hilton, Fingerhut, & Li, 2022).
Art interventions have been shown to be effective to treat social, developmental and behavioral symptoms of ASD. Using a wide range of art materials helps ASD children to work on their challenges in sensory processing. Art therapy has also been known to help ASD treat depression and anxiety since art can help with emotional regulation. Creating pictures and visual tangible toys can help ASD children integrate sensory experiences with cognitive and behavioral changes. Art-based interventions can engage multiple senses like sight, smell and touch at the same time. Activities can be adapted to the individual needs to provide a sense of security (Bitan, & Regev, 2022). One survey done in Sweden found that 44% of occupational therapists use art interventions to treat psychiatric illness. This shows that art interventions are not only useful to treat ASD but in addition a variety of symptoms (Bernier, Ratcliff, Hilton, Fingerhut, & Li, 2022). 
A meta-analysis done in 2022 included 1,171 participants in from ages three to sixteen years old. Four of the fifteen studies reviewed were done outside of the United States. Three studies used creative arts like drawing, painting, and clay use, eight used music interventions and four other studies focused on theater interventions. Individual treatment sessions ranged from thirty minutes to four hours. Some sessions were only once a week while others were three sessions per week over the course of five months. The creative art studies allowed the children to choose their art material. Some examples of the materials used are mediums for drawing, paint, clay or craft. Working on these mediums allowed the children to work through basic art concepts, motor skills, drama, risk taking, and problem-solving skills. In one particular art-based study, children were asked to construct four different faces (happy, sad, angry and fearful) by using eyes, eyebrows, nose and mouth. This is particularly helpful for children with ASD because they have trouble recognizing facial expressions and emotions. This type of exercise directly addresses that ASD specific challenge. Three of the studies found that children with ASD increased in social reply to consistency, level of intellectual response, visual response, verbal, and social communication. Creative art interventions appear to have a similar impact on ASD children regardless of if its administered as a group or to individuals. Fourteen out of the fifteen studies. In the meta-analysis showed that art interventions allowed ASD children to express themselves through a different medium, and it helps them to gain another perspective about themselves, others and their experiences. ASD children who received art interventions performed better in OTPF-4, an occupation therapy framework assessment. Most studies show that multiple sessions are needed to see a tangible benefit from the art interventions (Bernier, Ratcliff, Hilton, Fingerhut, & Li, 2022). 
Art is a medium to create a new identity and community, specially within individuals with ASD. According to Dr. Blythe Corbett “some propose that the art have the potential to nurture talent, reduce stigma, and provide a platform for others to see the ‘ability’ in disability.” The creative arts have the dual ability to entertain and educate individuals who struggle to understand vital aspects of the social communication and human experience. Art therapy and theatre can provide people with ASD and individuals with other disabilities to stimulate their imagination and learn about social communication. 
Apart form art interventions, theatre can also greatly benefit individuals with ASD. Studies that have used SENSE theatre, a theatrical intervention program in which youth with ASD learn acting techniques to model communication and behavioral skills. Techniques similar to this one has shown to improve participant’s social interaction and communication. Children with ASD will benefit the most of theatre when they are in a supportive environment, practice active role-playing and dynamic learning environment. Sadly, there are many obstacles of why children with ASD have limited access to theatrical opportunities. Children with ASD are many times stigmatized by peers and adults, they have limited availability of support, restricted affordability, and limited environmental arrangements (Corbett, 2016). 
Additionally, art therapy can also improve parent-child relationships. Findings suggest that spontaneous art that involves parent and child helps both parties express “feelings, unconscious fears, desires, fantasies and memories, thus reinforcing the bond between parent and child,” (Bitan, & Regev, 2022). Parent-child art therapy with children with ASD showed that there was improvement in the children’s ability to engage in pretend play, how much did the child felt understood, parental support, ASD related symptoms and decrease in disruptive behavior. 
The Milman Center in Israel provides a unique and intensive parent-child therapy program with a focus on improving a child’s social and psychological development. Children go twice a week since the time of their diagnosis until they start school with one of their parents. In the sessions the parent and the child engage in different art mediums depending on the art’s therapist specialization. Art therapists at the Milman Center have five main goals: working on the parent-child relationships, expanding, and developing the child’s ability to play, working on helping the child be more independent, working on sensory regulation, and emotional expression. An art therapist at the Milman Center said “for children with ASD, attending therapy with their parents can pave the way to including other people later on in their life,” (Bitan, & Regev, 2022). This is a very insightful observation since by working on the parent-child relationship, art therapists are helping ASD children build the skill set they need to build future relationships with other people. 
Individuals with ASD are usually misjudged by people who lack knowledge of their condition. It is important to disseminate information regarding symptoms, prevalence and care for ASD so that families, loved ones and strangers can develop more sensitivity when dealing with individuals with ASD. Apart from correcting misconceptions about autism, it is necessary to spread the word about other types of nontraditional therapies like art therapy and the performing arts to help children with ASD. One of the main struggles of people with ASD is communication and art can provide for an alternative way of communication. Art cannot only help treat ASD symptoms, but it can help improve the quality of the relationships of people with ASD. 
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