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Abstract 
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Spectrum Disorder 

 

Candace Marie Hayden, M.A. 

The University of Texas at Austin, 2017 

 

Supervisor:  Thomas Marquardt 

Co-Supervisor: Jessica H. Franco 

 

Individuals with autism spectrum disorder (ASD) present with a complex profile of 

individual strengths and atypical behaviors, but generally show a weakness in social 

communication and attention with a preference for visual stimuli (Bryan & Gast, 2000; 

Cihak et al., 2016; Rayner, Denholm, & Sigafoos, 2009). New technology may be able to 

address communication needs and support by building on strengths in a flexible and 

engaging manner. The purpose of this project is to explore the potential use of augmented 

reality (AR, (Craig, 2013)) as a tool for speech-language pathologists (SLPs) to use in the 

therapeutic setting. Research shows several applications of AR to improve language and 

communication skills in individuals with ASD, including in the areas of emotion 

identification, vocabulary learning, and developing foundation play skills. Positive 

outcomes from AR use may include increased motivation, attention, and learning new 

tasks. Benefits are weighed against the limitations of the use of emerging technology, with 

recommendations provided for clinicians. A guide is provided to give SLPs step-by-step 
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instructions for creating simple AR-based materials to use in the clinical setting, with 

suggestions for utilization and application of such materials. AR shows promise as a means 

to increase engagement for some clients with ASD; a practical guide may make more 

accessible this tool and provide support for both clinicians and the individuals they treat. 
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Chapter 1: Introduction 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that presents with 

impairments in social communication and interaction and restrictive or repetitive behaviors or 

interests (American Psychiatric Association, 2013). ASD may range in severity from level 1 

(requiring support) to level 3 (requiring very substantial support) regarding both verbal and 

nonverbal social communication and restricted behaviors. Typically, these areas of impairment 

include social communication, language, play skills, and attention.  

Social communication symptoms of ASD reflect difficulty with Theory of Mind or the 

ability to take the perspective of others and to understand other’s feelings and emotions (American 

Speech-Language-Hearing Association, 2016). Emotional understanding may include difficulty in 

emotional extraction, including recognizing facial expressions, controlling emotions, and 

empathizing with others (Clark, Winkielman, & McIntosh, 2008). Individuals with ASD have 

difficulty judging other people’s expressions, emotions, and intentions as well as integrating eye 

contact, facial expressions, and gestures. (American Psychiatric Association, 2013).  These cues 

aid typical social communication, making social reciprocity, or interactions with others, difficult. 

Social reciprocity derives from skills sometimes found to be challenging to individuals with ASD. 

Interaction with others requires joint attention and nonverbal social skills, both of which may be 

impaired in children with ASD (Loveland & Landry, 1986). Nonverbal communication skills can 

be a particular difficulty for people with ASD; even those who are high-functioning may report 

difficulty with nonverbal communication (Elder, Caterino, Chao, Shacknai, & De Simone, 2006).  

Although social skill impairment is part of the ASD diagnosis, the manner in which that 

impairment manifests varies from individual to individual.  

Difficulties in addition to social communication limitations may also be apparent in people 

with ASD. Often, one of the first indicators that a child may have ASD is a lack of speech beyond 

the age of 18 months, or little desire to communicate (Johnson & Myers, 2007). Language used by 

children with ASD can frequently be scripted or echolalic, a repetition of heard speech. Other 
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language-based symptoms in ASD include few communicative gestures, few or no requests, 

inability to follow one-step commands, and poor comprehension skills (Johnson & Myers, 2007). 

Furthermore, a child with ASD may not respond to hearing his or her name called, show a limited 

range of communicative functions, and may be unable to establish joint attention (Prelock, Paul, 

& Allen, 2011). Vocabulary and syntax skills frequently are impacted, which can interrelate with 

literacy skills (McMahon, Cihak, Wright, & Bell, 2016). These language and literacy abilities are 

vital for learning and maintaining knowledge necessary for educational and vocational success.  

Communicative success depends on language-based cognitive skills, including symbolic 

and pretend play, often are impaired in individuals with ASD.  Pretend play involves substituting 

an imaginary object or situation to fit the desires or needs of the participant (Bai, Blackwell, & 

Coulouris, 2015). Pretend play has three forms: object substitution (pretending one object is 

another object),  attribution of absent properties (pretending a toy is hot), and playing with 

imaginary objects (Leslie, 1987). Pretend play reflects a mental image or symbol and is closely 

related to other symbolic developmental skills, including language (Meltzoff, 2010). Impairment 

of pretend play may also be partially reflective of the inability to understand other perspectives 

and feelings, thus linking play to social communication (Baron-Cohen, Leslie, & Frith, 1985). For 

children with ASD, deficits in these critical play skills can reflect impairments in both language 

and social communication.  

A cognitive skill that may impact the communicative skills of an individual with ASD is 

attention. Individuals with ASD may have problems with attention, including selective, sustained, 

spatial, and shifting attention functions (Allen & Courchesne, 2001). Specifically, ASD can affect 

the ability to select and maintain attention on more than one object.  These attention difficulties 

may manifest in contexts where full social understanding requires attention to multiple stimuli.  

Typical errors in the areas of social communication, language, play skills and attention 

range in severity and can vary widely from individual to individual with ASD. Individual 

differences among people with ASD can manifest in a myriad of signs and symptoms. Additional 

functions, such as cognition, motor control, adaptation to change, and emotional regulation may 
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be impacted to varying degrees (Bai et al., 2015). The individual profile of each person with ASD 

should be examined to facilitate educational and vocational abilities in the areas of impairment. 

ROLE OF THE SPEECH-LANGUAGE PATHOLOGIST (SLP) AND CURRENT TREATMENT 

The role of the Speech-Language Pathologist (SLP) is to understand the variety of signs 

and symptoms that occur in the individual with ASD. Areas of intervention include addressing 

augmentative and alternative communication needs, social language, and goals for social 

interaction to allow full participation in the mainstream curriculum, if possible (American Speech-

Language-Hearing Association, 2016). The clinician must understand and acknowledge individual 

differences when determining strengths and needs to achieve therapeutic success. 

When deciding how to provide intervention for a client with ASD, SLPs have several 

evidence-based practices that have demonstrated success with ASD. One method of teaching new 

skills is termed chaining. Chaining involves breaking a task into a series of smaller steps to teach 

new skills and is an evidence-based practice for students with severe developmental disabilities 

(Spooner, Knight, Browder, & Smith, 2012). There are three types of chaining used to teach new 

skills: forward, backward, and total task (Cooper, Heron, & Heward, 2007). Forward chaining 

includes teaching a new skill from beginning to end, while backward chaining teaches new skills 

from the last step to the first. Total task chaining teaches the entire skill at once, with prompts 

provided for steps as needed (Cooper et al., 2007). When taught at the same time, the individual 

learns the entire routine without interruption and completes any steps that have been mastered with 

independence (Cihak et al., 2016). One example of a task taught by an SLP to a person with ASD 

could be a conversation sequence. The overall goal is a conversation, with components such as 

greeting, asking questions, taking turns, and on topic responses comprising the smaller steps. 

Breaking one bigger task into smaller steps allows systematic growth in acquiring a new skill.  

A procedure to facilitate the learning of new steps during a chaining task for individuals 

with ASD is the use of the picture schedule. While many students with ASD have difficulty with 

verbal instruction and memorization, they often respond better to visual information (Quill, 1997).  
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This preference for visual learning means that visual supports are a useful method to prompt and 

reinforce new steps and ideas (Rayner et al., 2009).  Visual activity schedules for students with 

ASD promote independent functioning in the classroom environment (Bryan & Gast, 2000). An 

example of a visual schedule used by an SLP is small pictorial representations of the steps of 

conversation. Using one image or photo for each phase of the conversation, such as greeting or 

taking turns, prompts the student to follow the rules of proper social conversation. Visual prompts 

and schedules are effective because they build on the visual strengths often found in people with 

ASD; however, the use of static images can be limiting (Chen, Lee, & Lin, 2016). Despite this 

drawback, visual schedules and prompts remain a useful tool in providing intervention for 

individuals with ASD when used appropriately.  

Video modeling provides a more dynamic method of visual stimulation that can ameliorate 

the limitations of visual stimuli and further build on strengths held by individuals with ASD. The 

theoretical basis for visual modeling stems from social learning theory (SLT, Bandura, 1977). SLT 

states that students learn after first observing a model demonstrating a skill, then mimicking that 

skill when motivated. When teaching a new skill, the clinician may provide a model, which the 

client will imitate and eventually learn to complete with independence. Video modeling can be an 

efficient application of SLT when desired behaviors develop from watching the video 

demonstration followed by imitation of the target behavior (Charlop, Dennis, Carpenter, & 

Greenberg, 2010). As opposed to the static image of a picture prompt, a video model can provide 

much more information to the viewer. For example, social communicative behaviors including 

verbal comments, intonation, gestures, and facial expressions can successfully be taught using 

video modeling (Charlop et al., 2010). In fact, using video modeling to teach facial expressions is 

a successful technique. Video modeling can teach judging of emotions in others (Young & Posselt, 

2012), initiating and maintaining a conversation with eye contact (Tetreault & Lerman, 2010), and 

appropriately initiating social communication and responding to peers during play (Maione & 

Mirenda, 2006). The use of a dynamic model that can be repeated outside of therapy time is useful, 

effective and efficient for clinicians and their clients. 
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An additional benefit of video modeling is the element of technology necessary to provide 

such models. Commonly, people with ASD report technology use to be a strength and interest, 

with a positive attitude towards computer-based training (Putnam & Chong, 2008). Interventions 

provided on iPods, iPads, and other tablets have been shown to be effective for functional, social, 

and behavioral intervention for children with ASD (Bellini & Akullian, 2007). Video models are 

predictable and, when used within a structured environment, provide routine and repetition – 

elements frequently preferred by people with ASD (Powell & Jordan, 1997). Technology has been 

found to be an interactive and safe tool that motivates and engages children learning cognitive and 

social skills (Cramer, Hirano, Tentori, Yeganyan, & Hayes, 2011). Video modeling combines the 

effectiveness of providing an instructive model with the benefits of using technology as a means 

to teach.  

Video modeling has limitations and is not a perfect vehicle for treatment. Attention 

impairments may exacerbate the difficulty some people with ASD have with learning new skills, 

such as interpreting facial expressions (McPartland, Webb, Keehn, & Dawson, 2011). Individuals 

who experience difficulty with sustained attention will struggle to maintain attention to a video 

model. In fact, because children who have ASD may have trouble focusing and attending to videos, 

static picture prompts and schedules may have an advantage because they do not require constant 

attention (Chen et al., 2016). Not only can sustained attention be a complicating issue, but 

switching the focus of attention may be a challenge for children with ASD, particularly when 

observing extended or complex social cue models (Landry & Bryson, 2004).  These limitations 

with video modeling indicate that using such models may not be the most effective treatment for 

all individuals with ASD, particularly those with difficulty sustaining or alternating attention. The 

ideal situation would incorporate the beneficial aspects of video modeling, with a supplemental 

prompt to assist with attention or focus as needed. 
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AUGMENTED REALITY 

The conflict of attentional focus difficulties when viewing video models may attenuate 

with the use of new technologies, such as augmented reality. Augmented reality (AR) is a live 

view of the user’s real environment, but with overlaid computer-generated sound, video, or 

graphics. (Chen et al., 2016). Essentially, the computer provides an augmented or supplementary 

view of reality by adding sensory information.  Whereas virtual reality immerses the user inside 

an entirely artificial environment, AR allows the user to see and appear to manipulate and interact 

with the real world in an enhanced way (Azuma, 1997). Virtual content can be combined with 

reality meaningfully to present new information (Bai et al., 2015). Essentially, AR can be used to 

take a real world scenario and change an element virtually. A popular use of AR is the mobile app, 

Pokemon Go!, which enabled users to view Pokemon monsters in their real world environment 

through viewing on a mobile device (Goerner, 2016). AR technology has been used to entertain, 

but can also be used to teach new skills.  

When using AR, an individual will see a live-action view through the utilization of a 

device, then will trigger additional content to be overlaid on that real world view. One method for 

the AR content to be activated is by the use of a marker. Marker-based AR involves a physical 

object or symbol that triggers a display of digital information (Chen et al., 2016). The physical 

marker could be a picture or an object actually present in the real world. The triggered display of 

digital information could be a video, picture, or audio prompt. AR apps, such as Aurasma can be 

used to pair the picture prompt to trigger the digital information, which appears to be overlaid on 

the real environment as viewed on a mobile device (Hewlett-Packard Development Company, 

2016). Other apps exist for the creation and viewing of AR, which requires a screen or monitor of 

some type for the user to view the modification to their environment.  

The unique benefits of AR technology as a teaching tool have a foundational framework 

in Universal Design for Learning (UDL) theory. UDL emphasizes the importance of enabling a 

student to learn in different ways, according to his or her needs (Smith & LeConte, 2004). Students 

of all abilities need to access curriculum and learning materials and should be provided support 
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according to individual strengths and weaknesses. AR can combine multiple methods of 

instruction: multiple static and dynamic visual stimuli and additional auditory stimuli, all accessed 

by a kinesthetic movement using a technological device. 

The ability to provide multiple media and digitally manipulate the environment visually 

indicates that AR could be a useful medium to provide intervention for people with ASD. For 

example, by using a picture schedule as a physical marker to trigger a video model, AR can fuse 

the advantages of static visual prompts with dynamic models (Cihak, 2016). Beyond combining 

the benefits of picture and video prompting, AR integrates proven intervention methods with the 

motivating aspects of new technology. Moreover, AR potentially eliminates current challenges 

with attending to visual content by enabling the clinician to manipulate and hone in on the intended 

focus of the intervention and allow the user to have some control over the trigger of the stimulus 

item (Cihak et al., 2016). Control of the trigger can lead to self-regulation of the intervention, 

empowering the individual with ASD.  The augmentation allows for interaction between the 

participant and the physical trigger, which encourages motivation, interest, and curiosity (Richard, 

Billaudeau, Richard, & Gaudin, 2007). Information provided initially can be built upon, giving the 

user a greater depth of knowledge of the stimulus. An individual with ASD may prefer to have a 

restricted viewing area to emphasize only the relevant information and block out the irrelevant 

(Charlop et al., 2010). In fact, AR may increase focus for individuals with ASD (Escobedo, 

Tentori, Quintana, Favela, & Garcia-Rosas, 2014). Additionally, interfaces created with AR apps 

are interactive and can be manipulated by hand, without the need for fine motor skills necessary 

to use a keyboard and mouse (Carvalho, Brandão, Cunha, Vasconcelos, & Soares, 2015). 

Furthermore, individuals with ASD respond well to intervention utilizing Augmented and 

Alternative Communication (AAC) graphics based systems; although, people with ASD are not 

always able to adapt to slight differences in different symbolic graphic representations (da Silva, 

Fernandes, & Grohmann, 2015). Stimulus materials provided by AR interventions provide visual 

information in real time which eliminates the need to understand symbol variations and may even 

encourage generalization of learned skills.  
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In summary, people with ASD possess common symptoms that lead to diagnosis, but are 

a heterogeneous group within that diagnosis. Evidenced-based interventions exist that may 

successfully teach needed skills to individuals with ASD, including speech and language skills 

such as social communication, language, and symbolic play development. Teaching skills by 

chaining small steps to lead up to a larger task is possible through currently used picture schedules 

and video models, each proven to be effective for some people with ASD. However, AR 

technology has the potential to have an even higher rate of success due to various improvements, 

including the incorporation of several teaching methods as prescribed by the UDL framework, 

encouraging motivation, and providing additional supports to encourage and improve upon 

attention deficits encountered by individuals with ASD.  Importantly, because the technology 

easily adapts to people of various skill sets, AR technology may be an effective means of 

intervention to address the needs of the widely diverse population of individuals with ASD.  

The purpose of this report is to inform SLPs who work with people with ASD on the 

potential uses and benefits of AR-based tools in the therapeutic setting. A review of the literature 

on this topic is discussed to assist SLPs with judging the merit of the current state of the evidence 

base regarding AR. Additionally, a resource guide is included to give step-by-step directions on 

how to create AR-based materials to use as an intervention for individuals with ASD. Finally, the 

report provides conclusions regarding AR use in therapy and recommendations for future research 

to advance this burgeoning avenue of intervention.   
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Chapter 2: Literature Review 

Augmented reality technologies are relatively new which has led to a rapid growth in the 

development of applications. While new technology is exciting and may promise incredible 

results, speech-language pathologists have the ethical obligation to base their clinical practice on 

research and evidence. Clinicians should examine the current state of the evidence and gauge the 

benefits of using augmented reality in the therapeutic setting. Although there have been no studies 

presented from the perspective of a speech-language pathologist in regards to augmented reality, 

there are several research studies that examine treatments with augmented reality within the scope 

of practice for a speech-language pathologist.  

 Studies and articles that evaluate the current state of AR research use as a therapeutic tool 

were found using the University of Texas library system databases, including PubMed, 

PsychINFO, and ERIC (“ERIC,” n.d., “PsychINFO,” n.d., “PubMed,” n.d.). A further search was 

performed on Google Scholar (scholar.google.com). This tool provides a broad search of sources 

including articles, theses, books, abstracts, works from academic publishers, universities, and 

websites (“Google,” 2017). Search terms included the following: “augmented reality” and 

“autism,” “augmented reality” and “ASD,” “augmented reality” and “therapy,” “augmented 

reality” and “intellectual disability,” and “augmented reality” and “social skills.” Additionally, the 

references cited by the identified studies provided additional articles not found given the initial 

Internet search criteria.  

In order to qualify for inclusion in this review, the articles had to meet the following 

requirements: 1) peer-reviewed article, 2) study subjects must be diagnosed with autism spectrum 

disorder, and 3) objective for intervention must be within the scope of practice for a speech-

language pathologist. Five studies were found that met these criteria (Bai et al., 2015; Chen et al., 

2016, 2016; Cihak et al., 2016; McMahon et al., 2016).  A summary of these articles is shown in 

Table I. The studies included intervention to individuals with ASD in several areas using AR-

based tools. One group of researchers taught children with ASD to identify emotions within stories 
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and the facial expressions that accompany those emotions (Chen, Lee, & Lin, 2015). AR enabled 

the participants to view their own faces making the appropriate facial expressions by 

superimposing a 3d face model on top of a mask, when viewed on a monitor. Chen et al (2016) 

also developed an AR-based tool that provided supplementary information on emotions depicted 

within a storybook. AR provided specific focus on certain elements of the picture, eliminating 

other visual distractions and emphasizing the most important emotional aspects.   

 AR has been used to overlay the image of various virtual toys on a simple block to 

encourage the development of pretend play in children with ASD (Bai et al., 2015). AR tools also 

were used with a group of young adults to add saliency to vocabulary words necessary for 

vocational skills (McMahon et al., 2016). The AR provided videos with additional auditory, visual, 

and written stimuli to facilitate learning science vocabulary words. A final study combined a 

picture schedule with a video model with the use of AR to teach young children a brushing teeth 

sequence (Cihak et al., 2016). These studies reported positive effects from intervention, methods, 

potential long term effects, and the reasons for success bear additional discussion. 

 

USING AR TO TEACH FACIAL EXPRESSIONS 

Current practices and research show that photos and videos are effective tools to teach 

people with ASD about facial expressions, emotions, and their meanings (Blum-Dimaya, Reeve, 

Reeve, & Hoch, 2010). Chen, Lee, and Lin (2015) sought to discover if AR supplementation would 

allow people with ASD to see those expressions on their own faces to facilitate the connect 

between expression and thought. Additionally, researchers examined the potential for real-time 

mood stimulation to enhance self-facial expression treatment. When clinicians teach emotions, a 

challenge may be that the client is not feeling the emotion and has difficulty imitating the facial 

expression due to the lack of engagement. This study pursued the question of whether AR could 

be used to apply content to participants with ASD, thus assisting them to explore their facial 

expressions. Specifically, researchers wanted to create an Augmented Reality Self-Facial 
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Modelling (ARSFM) system that could increase emotional expression recognition and improve 

social skills. 

In this multiple baseline research study, the participants were three adolescents previously 

clinically diagnosed with ASD, with no other specific disabilities, cognitive development delays, 

IQ greater than 85, and sensory abilities within normal limits. As reported by their parents, all had 

poor social communication skills and rarely understood how to respond to other’s emotions with 

the appropriate facial expressions. The three participants (two male and one female) ranged in age 

from 10-13 years. Parent reports, teacher reports, verbal IQ scores, clinical observation, and 

behavior scales provided background information qualifying participants.  

During the intervention, virtual 3-d facial models of each participant were developed to use 

as the overlay content. The facial models were created with Facial Studio 3.2 software using front 

and side photographs of the participants. The models were digitally manipulated to show six facial 

expressions: happiness, sadness, fear, disgust, surprise, and anger, according to the Facial Action 

Coding System (FACS, (Hamm, Kohler, Gur, & Verma, 2011)). An AR mirror system was set up 

in the treatment room so participants could see themselves with virtual 3-d facial expressions when 

triggered with a physical marker. The markers used were six basic emotion masks. 

During treatment, an occupational therapist told a short, realistic story with 4-5 illustrations 

that demonstrated one specific emotion. Participants would answer test questions regarding the 

emotion depicted in the story, select and wear the appropriate emotion mask, then look at a 

television screen in front of them to see their own 3-d virtual face with the same emotional 

expression overlaid on the mask.  

During the baseline phase, the children listened to the story scenario and were asked to 

determine the emotion described through questioning, with no prompting. During the intervention 

phase, the participants met with the therapist once a week.  
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Table 1: Augmented Reality Research Summary 

                                                 
1 1Romeiser Logan, Hickman, Harris, & Heriza, 2008  
 

Study # of 
Participants 

Age 
Range 

Diagnosis Study Design Level of 

Evidence1 

Effect 

Bai, Z, et 
al. (2015) 

12, decreased to 
10 given 

language and 
joint attention 

issues 

4-7 years 
old 

Previous ASD 
diagnosis, severity 

determined by CARS2, 
parent report, and direct 

observation 

Within-subject Level 3 AR increase 
frequency and 

duration of pretend 
play 

Chen et al. 
(2016) 

6 (5 boys, 1 girl) 11-13 
years 

ASD, no other 
disabilities, IQ>90 

Single subject, 
multiple baselines 

Level 2 AR increased 
identification of 

emotion in 
storybook 

Chen et al. 
(2015) 

3 (2 boys, 1 girl) 10-13 
years 

ASD, no other 
disabilities, IQ>85 

Single subject, 
multiple baselines 

Level 2 AR increased 
identification of 

emotions in story 
scenarios 

McMahon 
(2015) 

4 (2 girls, 2 
boys) 

19-25 
years 

ASD or ID, participants 
in PSE program 

Single subject, 
multiple probes, 

across skills 

Level 2 AR highly effective 
for teaching science 

vocabulary 

Cihak 
(2016) 

3 male students 6-7 years 
old 

ASD Multiple baseline Level 2 Immediate 
improvement in 
performing task 
with AR, skill 

maintained for 9 
weeks 
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Study Topic of Intervention  AR 
viewing 

setup 

Intensity Traditional 
Materials 

AR app Commercially 
available? 

Bai, Z, et 
al. (2015) 

Pretend play Monitor 
acts as 
mirror 

1 session (~60 minutes)  Blocks Goblin XNA For research 
only 

Chen et al. 
(2016) 

Facial expressions, social 
cues 

Monitor 
acts as 
mirror 

(7) 30 minute sessions Storybook Augmented 
Reality Video 

Model Storybook 
(ARVMS) 

No 

Chen et al. 
(2015) 

Self-expression of 
emotions, emotion 

identification 

Handheld 
device 
display 

(7) 30 minute sessions Read-aloud 
scenario 
and basic 

face masks 

Augmented 
Reality Self-

Facial Modelling 
(ARSFM)  

No 

McMahon 
(2015) 

Acquisition of science 
vocabulary 

Handheld 
device 
display 

15 minute sessions until 
mastery (4-5 sessions 
for each list for ASD 

participant) 

Vocabulary 
cards 

Aurasma Yes 

Cihak 
(2016) 

Activities of Daily 
Living (ADL) 

Handheld 
device 
display 

~5 minute sessions until 
mastery (15-29 sessions 

needed) 

Picture 
schedule 

Aurasma Yes 

Table 1, cont.: Augmented Reality Research Summary   
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An occupational therapist read a scenario, after which the participant selected one of the 

six basic emotional masks and viewed the AR overlay. If incorrect, the therapist asked what 

each mask represented and why the appropriate mask should be selected. A follow-up 

phase was conducted two weeks after intervention and followed the same procedures as 

the baseline phase. 

After the baseline phase, researchers noted that the participants were not able to 

correctly identify which facial expression corresponded with its equivalent emotion. 

Responses to test questions increased in accuracy significantly during both the intervention 

phase and the follow-up phase.  

The researchers concluded that ARSFM facilitated social skills training of 

adolescents with ASD as demonstrated by their improvement in recognizing social signals 

in everyday contexts. ARFSM raised awareness of facial emotions, increased sustained and 

selective attention by providing an additional focus, and elicited positive emotions as 

observed and reported by participants. Parents of the participants reported an improvement 

in social skills and more attempts at expressing their feelings after the intervention. The 

researchers attributed the success to the use of lifelike stimulus materials and novel 

applications to help extend learning in a more realistic way, as made possible by the AR 

technology.  

AR STORYBOOKS TO TEACH NONVERBAL SOCIAL CUES 

A second study by Chen, et al. (2016) investigated the potential of AR to teach 

nonverbal social cues to children with ASD. The researchers developed an Augmented 

Reality Video Model Storybook (ARVMS) to provide focused stimuli to nonverbal social 

cues for children with ASD. An AR app was developed to provide a close-up look at 

nonverbal social interaction cues occurring within a story book. Video fragments overlaid 

onto the book content when viewed with the app provided the participants with scenarios 
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that reflected everyday life and analyzed a situation specifically made to take into account 

the child’s own daily life experiences. Researchers created 20 videos, each depicting a 

social cue that appeared throughout the story. They hypothesized that the augmented video 

overlaid on the static storybook would strengthen attentional focus on the social cues 

present. To maximize attention, each video was 30-45 seconds in length and was repeated 

six times once triggered. The videos were tested on similarly aged children without 

disabilities to ensure an appropriate level of difficulty. A panel of experts provided content 

validity for the materials used.  

The participants for this single subject, multiple baseline design study were six 

adolescents. The five boys and one girl ranged in age from 11-13 years, and had a clinical 

ASD diagnosis. The participants had no other specific disabilities or comorbidities, 

received no other therapy during the study, reported sensory abilities within the normal 

range, and had an IQ of greater than 90. According to parent and teacher reports collected 

beforehand, the participants exhibited poor social and communication skills, rarely 

understood the emotions of others, and frequently responded inappropriately due to a lack 

of understanding of social scenarios and emotions. 

The experiment included a baseline and intervention phase, with maintenance data 

collected at four weeks post intervention. During the baseline phase, an occupational 

therapist educated the participants on the meaning of six words used for emotions (anger, 

fear, disgust, happiness, sadness, surprise). Next, the children watched a video clip 

conveying one of the emotions and were quizzed on the emotions portrayed in the clip, 

using the FACS with the six words (Hamm et al., 2011). During the intervention phase, the 

children met with the therapist for 35-40 minutes twice a week for a month. After 

instruction on system operation, the participants read the storybook and used the AR app 

to view supplemental videos emphasizing the social cues within the story. During an 
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assessment period, the children selected one of the six basic facial expressions with its 

accompanying label without prompting. The children were asked to mimic the facial 

expression and pretend to feel the emotion the expression represented. If the child were 

incorrect, he or she would watch the ARVMS an additional time. During the maintenance 

phase, procedures followed that of the baseline phase, but with different videos.  

During the baseline phase, the children were observed attending to irrelevant 

aspects of the video scene, as opposed to focusing on plot events and social cues. The 

participants were unable to recognize emotions within the videos as evidenced by low 

scores on facial expression matching. During the intervention phase, all six scores 

increased significantly from baseline. The children seemed curious and interested in the 

association between the virtual video supplements and the emotional expressions. The 

participants asked questions about the gestures used and why the faces changed. They 

demonstrated a greater ability to differentiate between facial expressions.  

Chen et al. (2016) acknowledged several limitations of their study, including 

selection bias and excluding individuals with intellectual disability, a comorbidity 

sometimes seen in children with ASD. However, they reported that their system utilizing 

AR technology improved social skills in children with ASD and provided an added 

incentive to learning that increased engagement with the task. Moreover, the researchers 

noted that the use of materials reflecting real life is critical for learning new skills in this 

population.  

AR INTERVENTION TO TEACH PRETEND PLAY SKILLS 

Bai, Blackwell, and Coulouris (2015) investigated the potential for the virtual 

component of AR to stimulate the development of symbolic play for children with ASD. 

They hypothesized that AR could support mental representation by overlaying a digital, 

imaginary object in place of a simpler play object. The AR system was compared to a non-
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computer-assisted situation to test the theory that modeling play intent only results in 

imitation, not original play.  

The intervention procedures included a virtual mirror set-up, created with a 

monitor, webcam, table, and play materials. The play materials available to the children 

were simple blocks with physical markers placed on top to trigger the augmented display. 

Augmented materials followed either a car, train, or airplane theme. The AR system was 

created to allow three types of increasingly sophisticated play behaviors. First, a vehicle 

would overlay on the block with some moving accessory to promote engagement, such as 

spinning tires or propellers. Next, vehicle-related props would be augmented in addition to 

the vehicle to encourage action. Finally, non-augmented toys, such as cotton balls, popsicle 

sticks, or squares of felt, would be placed into the play scenario to examine generalization 

of pretend play to non-augmented materials.  

Before the experiment took place, a trial was conducted with neurotypical children 

of similar ages to identify any potential problems with the system. Children at an average 

of 58.8 months were deemed to have the appropriate hand-eye coordination to complete 

tasks. Researchers removed some items with sensory feedback and a five-minute 

familiarization period was added to allow the participant to become familiar with the AR 

technology. 

The within-subject experimental design tested results between an AR and non-AR 

system to influence the frequency and duration of pretend play in the trial subjects. 

Participants had three tasks; the order of which was randomized. Twelve children, ten male 

and two female ages 4-10 years old participated in the study. The Childhood Autism Rating 

Scale, second edition (CARS2, (Schopler, Van Bourgondien, Wellman, & Love, 2010), 

parent interviews, and direct observation in the home environment were used to determine 

ASD severity. Based on CARS2 scores, participants ranged from mildly to moderately 
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inappropriate in object use during play, with one participant scoring as age appropriate. 

Levels of pretend play at home ranged from never to frequent, with the majority of 

participants sometimes or seldom engaging in pretend play. All participants were familiar 

with computer devices, although seven of the ten reportedly had poor fine motor skills.  

Procedures for the intervention followed the same script for both AR and non-AR 

play scenarios. First, the researcher explained the rules, put a block on the table, then 

prompted by saying “Show me how you play with this block as a car/train/airplane” (Bai 

et al., 2015). Each participant received a maximum of three prompts. During an AR trial, 

one additional prompt encouraging the child to watch the screen was provided to bring 

initial attention to the extra imaginary content. Data was collected from video footage and 

coded to identify the type of play occurring during the intervention. A blind, independent 

rater coded ten random clips for inter-rater agreement. Also, both parents and participants 

were interviewed to gauge the overall experience. 

The results showed a significant increase in pretend play frequency and duration in 

the AR compared to the non-AR play scenario. Two participants were excluded from the 

final results due to severe language and joint attention impairments; however, all other 

participants adapted to the AR display without difficulty. Eight of the ten parents of the 

remaining participants indicated that their children were more engaged and enjoyed play 

more in the AR condition. Nine of the 10 participants noted that the AR intervention was 

a fun experience. The investigators noted significantly more verbal prompts needed to 

facilitate play in the non-AR condition than the AR condition. In examining differences 

between those participants who randomly began with the non-AR condition first, an 

increase in pretend play during the following AR condition indicated generalization from 

AR objects to spontaneous play.  
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The investigators identified several advantages to AR that result in more effective 

treatment for children with ASD.  First, the AR assisted the children in maintaining a play 

theme, which helped reduce play perseverations sometimes noted in children with ASD. 

Second, using AR to visually represent an alternative play object supplemented memory 

demands, essentially giving the children more cognitive resources to access the internal 

representations needed to play symbolically with novel ideas. Overall, AR was found to be 

more engaging, as evidenced by fewer required prompts and favorable participant report.  

Several conclusions were based on individual performance due to the diversity of 

the ASD participants. Overall, the AR treatment was most beneficial for helping children 

adapt to new themes beyond their perseverative interest. Also, while the AR treatment had 

the most positive effect on those who were most delay in pretend play, those same 

individuals did not generalize to non-AR object play. The children who engaged in 

occasional pretend play before the study also produced more pretend play in the AR 

condition and additionally improved in the use of non-AR objects in the AR system, 

demonstrating some generalization.  

Limitations of the study included a small sample size and no measurement of 

maintenance of skills or change over time. Some problems noted with the use of AR 

included the participant covering the physical marker and the limited size of the play area 

available within the sight lines of the camera used. The investigators did not conclude 

whether the unique properties of the AR system led to participant satisfaction and 

improvement, or if the novelty of the AR system led to increasing motivation and 

engagement. Future studies should examine the ability to fade out the visual effect entirely 

and to consider the AR system in a social play context.  



 

 
  
 

20 

AR AS A VOCABULARY TEACHING TOOL 

McMahon, Cihak, Wright, and Bell (2016) investigated the effects of AR 

vocabulary instruction for students with intellectual disabilities (ID) and ASD. The 

investigators used marker-based AR vocabulary instruction to teach postsecondary 

students with ID and ASD science vocabulary as a part of a vocational treatment program. 

Also, the study investigated whether AR-based intervention would be socially acceptable 

for their participants. 

This multiple-baseline study included four participants – one male student with 

ASD, and one male and two female students with ID. The students were between 19 and 

25 years of age and were enrolled in a postsecondary education program. Participants were 

previously diagnosed with ID or ASD, enrolled in special education, had an IEP, were 

familiar with mobile devices, and previously attended a course called Digital Literacy for 

students of the postsecondary education program. IQ of participants ranged from 45 to 85.  

Three science vocabulary lists of 10 words each with clear definitions were 

developed. The vocabulary test designed for each grouping of words had multiple choice 

questions and picture labeling. The 30 science vocabulary terms were printed and used as 

static stimulus materials. The AR content began with a 25-30 second video for each 

vocabulary term with a title slide of the vocabulary term, then audio of the definition read 

aloud. Next on display was a labeled picture or figure, video of a 3d simulation showing 

the location with spoken audio of the definition, then a repeat of the labeled picture or 

figure with the definition read aloud for the third time.  

The study procedures consisted of a baseline, AR training, and intervention phase. 

During the baseline phase, participants were given a minimum of three science vocabulary 

assessments to determine ten science terms unknown to each. During the AR training 

phase, participants were taught to scan the printed vocabulary word using Aurasma, a free 
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AR app that overlays digital information on a physical marker (Hewlett-Packard 

Development Company, 2016). For the training sessions, vocabulary and video content 

were related to currency, as opposed to science. Least-to-most prompting was used to teach 

participants to use the AR system. Students remained in the training phase until they could 

independently scan the vocabulary word and access the AR content within 10 seconds. 

During the intervention phase, students met in the computer lab once a day for three days 

a week. Participants would practice all ten words three times each, moving  to the next set 

of ten vocabulary words once they scored greater than 80% on the vocabulary test. 

Although the Aurasma app has a 2 to 3-second time delay between triggering and 

displaying AR content, participants were instructed to verbally define the word before the 

content was displayed to facilitate attention.  

The intervention was judged to be significantly effective or highly effective for all 

participants. Specifically, the student with ASD learned all the words from the first set of 

vocabulary in four sessions, from the second set of vocabulary in five meetings, and from 

the third set of vocabulary in an additional five sessions. He demonstrated immediate 

improvement using the AR vocabulary intervention. All students reported that the AR 

experience was an enjoyable way to learn new science vocabulary.  

Limitations of the study included its small sample size. The participants were ideal 

candidates for intervention because they were highly motivated adults attending a 

postsecondary education program and had previously attended a digital literacy course. 

Results of similar studies may not be as favorable if participants are not as motivated and 

well prepared. The researchers question whether the novelty of AR may have a positive 

impact on learning that would fade with time. Additionally, no effort was undertaken to 

compare results with other treatments relative to  effectiveness, time involved, and cost.  
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AR CHAINING TO TEACH A NEW TASK 

Cihak, Moore, Wright, McMahon, Gibbons, and Smith (2016) investigated whether 

AR combining static picture schedules with dynamic video models would be  effective in 

teaching elementary-aged students with ASD a chain task. Researchers questioned whether 

the learned task remained consistent over time after learning from AR and if using AR 

could be a socially valid way to teach a new skill, specifically toothbrushing. While 

teaching a daily living skill such as toothbrushing is not within the scope of practice for an 

SLP, this study is included for review because of its use of interventions traditionally 

employed by SLPs, specifically picture schedules and video modeling.   

This multiple-baseline study included three male elementary students with ASD, 

aged 6-7 year old. The students primarily used Alternative and Augmentative 

Communication tools such as the Picture Exchange System or the Pragmatic Organization 

Dynamic Display to communicate. Participants were required to have a diagnosis of ASD 

or ID, an Individual Education Plan with adaptive behavior goals related to personal care, 

and no physical disability that would impact the skill completion. Participants 

demonstrated moderate intellectual disabilities in cognitive and adaptive functions.  

The materials for the intervention consisted of a physical marker and augmented 

material triggered by the Aurasma app. The children were given an iPod touch to access 

the augmented material. The physical marker consisted of a five-step picture schedule of a 

toothbrushing task. The AR content consisted of a 62-second video clip demonstrating the 

full 16 steps of a toothbrushing task from the child’s point of view. When the picture 

schedule was scanned with the iPod camera using the Aurasma app, the video would trigger 

and begin playing.  

The experiment consisted of baseline, pretraining, AR intervention, and 

maintenance phases. During the baseline phase, the participants were shown a picture 
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schedule on display near the classroom sink and given one verbal cue to brush their teeth. 

After five sessions, the participants moved on to the pretraining phase, which included 

instruction on how to operate the iPod and Aurasma app independently and practice with 

an unrelated task. During the AR intervention phase, the students were given one verbal 

cue to scan the picture with the app and brush their teeth. If the child did not self-initiate 

within five seconds, teachers would provide least-to-most prompts. The child was judged 

to be complete once he or she was 100% independent for all steps over three consecutive 

sessions. The maintenance phase was conducted nine weeks post treatment and followed a 

similar procedure to the baseline phase.  

To measure treatment effect, the 16 steps of toothbrushing according to 

independent completion were scored. Scores assigned by a classroom teacher and a 

research assistant provided a comparison for interobserver agreement measures. The 

introduction of the AR intervention showed an immediate increase in independent 

performance by the students. At nine weeks post treatment, task completion remained 

significantly high. The teachers reported that the AR technology was effective, easy to use 

and develop, and an effective teaching tool. The students enjoyed the AR content and 

wanted more pictures to be able to turn into a video.  

The use of AR allowed the students to open the app and focus the device on the 

marker to trigger the content – physical movements that promoted attention to the task. 

This kinesthetic element increased focus and minimized distraction and may be a reason 

for AR success. Additionally, the multiple representations allowed for increasing action 

and access to the material; children must kinesthetically attend to the trigger to access the 

content, then watch, listen, and respond to that content. AR provided multiple options to 

students to access their learning material compared to a picture schedule or video model 

alone.  
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The results of the study may indicate the profile of a student who would most 

benefit from AR intervention. Students who need more support than a simple picture 

schedule, but have difficulty attending to a video model may be ideal candidates for AR 

intervention. These students must also have access to the app and have the dexterity to 

open the app and point it at the marker.  

Limitations of the study include no controlling for brushing teeth outside the home 

and any effects from the additional practice. The small sample size limits generalizability 

to the population as a whole and only one maintenance probe measurement was collected, 

which cannot account for the stability of long-term results. Moreover, prompting was used 

during the AR intervention phase only, meaning that the effects of prompting may impact 

the apparent effectiveness of the AR content. Further research is needed to identify the 

beneficial components of this intervention, and to compare AR directly with video 

modeling and picture prompting.  

ADDITIONAL FINDINGS  

 This literature review excluded several observational studies on the effects of AR-

based therapy due to a lack of peer review, but these bear mentioning to highlight the 

diversity of AR implementation available. A speech therapist in Portugal helped to develop 

an AR-based app to enhance engagement and motivation with PECS symbol cards for 

children with ASD (da Silva et al., 2015). When the child scanned the card with the AR 

app, content such as 3-d or real life videos related to the symbol card would appear on the 

card. The researchers noted increased engagement, enjoyment, motivation, and attention 

compared to the traditional teaching of the PECS symbol cards.  

In public schools in California, an AR app called MOSOCO was developed as a 

complement to the Social Compass curriculum created to help children with ASD practice 

social skills in a real-life situation (Escobedo et al., 2012). The Social Compass curriculum 



 

 
  
 

25 

is an eight-step program between children with ASD and their typically developing peers 

to learn and practice social skills, including eye contact, space, and proximity, initiating 

interaction, asking questions, sharing interests, and finishing an interaction. The mobile 

AR application was developed to provide opportunities to practice social skills in real life 

situations outside the classroom. When simultaneously used by a group of children, 

MOSOCO suggests interaction with a partner also operating the app by displaying that 

person’s name and photograph. When the two users are close together, the students are 

paired, thus beginning an interaction. The visual schedule used in the Social Compass 

curriculum synchronizes between users and systematically highlights each step with 

support prompts. Student progress is monitored, recorded, and also self-reported after the 

exercise. During a pilot testing program including children 8-11 years old, the students 

reported favorably regarding fun, engagement, and teaching ability of the app. All students 

were able to use the features of MOSOCO. Interestingly, the neurotypical students 

experienced a reduction in motivation as the study continued and the novelty wore off; 

however, the ASD students continued to desire to practice their new social skills. Overall, 

the number of interactions increased. The students with ASD spent more time interacting 

with others during the use of MOSOCO, while the neurotypical students spent more time 

alone with MOSOCO, possibly due to exploration of other functions on the smartphone. 

After the trial and removal of MOSOCO, the neurotypical children were more likely to 

include the students with ASD in their play group, and the students with ASD joined in 

more easily. 

Finally, a qualitative study evaluated the Mobile Object Identification System 

(Mobis), a mobile AR app designed to increase attention and elicit positive emotions in 

children with ASD (Escobedo et al., 2014). Mobis provides a personalized experience by 

allowing the teacher to upload photos and audio clips of stimulus materials used in the 
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classroom and manually specify the level of prompting the child would receive. The app  

automatically adapts to the user and increases or fades prompting as suitable for the user. 

Specifically, 12 low-functioning children with ASD between the ages of 3 and 8 used 

Mobis for this intervention. The students, who had goals of object discrimination, would 

be prompted by the app to grab the right object. If they grabbed an incorrect object, the app 

would prompt them to select the right object. If they selected the correct object, a short, 

rewarding video would appear. The students increased on-task participation by 62% when 

using Mobis and were happier, more motivated, and showed more determination. When 

children no longer had access to Mobis, attention and positive emotion levels returned to 

near baseline. Whereas the researchers involved in this study did not note the success of 

the object discrimination therapy task, physically using the Mobis did increase attention 

and positive responses in the students with ASD during treatment.  

LITERATURE REVIEW DISCUSSION 

The five research studies represent intervention conducted on a total of 25 

individuals with ASD and an additional three persons with ID. All studies demonstrate 

positive effects of AR-based treatment in the teaching of specific skills. This volume of 

research provides  preliminary information on applications of AR technology in the 

therapeutic setting. Facial expressions may be explored and learned through augmented 

and realistic visualization of the user showing that same facial expression. Nonverbal social 

cues and situational emotions depicted in story books can be isolated and emphasized 

through AR-based video content. Pretend play and symbolic thinking can be encouraged 

with the guidance of augmented toys. Vocabulary may be taught using multiple modalities 

to improve memorization and knowledge skills. Finally, AR can combine the advantages 

of proven visual methods to teach a new task. This novel new technology has been shown 

to increase motivation and attention for people with ASD.  
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Clinicians must be cautious when drawing conclusions about the overall 

effectiveness of AR technology. This review discussed five interesting applications of AR 

intervention, but there is no repetition of procedure, intervention, or task available in the 

literature. Additionally, only three of the studies effectively used a maintenance phase to 

evaluate long-term effects of the intervention, although all of these were relatively short-

term after the intervention. Moreover, none of the studies quantitatively measured 

generalization to tasks outside the AR intervention. Although one of the advantages of AR 

technology is that it strongly utilizes components of the real world, which should encourage 

generalization outside of the therapeutic environment, researchers cannot conclude that the 

the skills learned via AR generalize to real world situations. Furthermore, each study has 

confounding variables that make it difficult to identify with certainty the aspects of AR that 

are beneficial and those that are not. The results imply that AR helps to focus attention, but 

it cannot be determined if the attentional focus comes from the novelty of the situation and 

technology, or from the actual attending to additional stimuli. However, the diversity of 

implementations of AR technology used in these studies demonstrates the potential for AR 

to supplement many proven, traditional therapy techniques. Whether from the technology 

or the novelty, the results imply that motivation, attention, and focus can increase from the 

simple addition of an AR component to many therapy interventions. 

The body of research on AR-based intervention for people with ASD is small, due 

to its recent innovation and relative accessibility. Research guiding and promoting the use 

of AR technology for typically developing children is more prevalent and warrants the 

continued research of AR as an educational tool for students with ASD, particularly given 

its technological and visual aspects. Continued research in the applications and usefulness 

of AR intervention is vital. A natural next step for AR intervention research is to directly 

compare AR with currently widely used practices, such as picture schedules, video 
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modeling, and traditional therapy. Comparisons need to be made in regards to not only 

effectiveness, but also in terms of time, both time to achieve goals and time to create AR-

based materials for intervention. Even if the client is technologically-minded, the clinician 

needs to be comfortable with the technology and have relatively easy access to create 

materials in the fast-paced clinical or educational environment. While the research 

validating AR as an evidence-based practice is in its infancy, studies provide an optimistic 

enough outlook to warrant the use of such tools and materials for students and clients with 

ASD.  
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Chapter 3: A guide to creating AR materials in speech-language 
pathology. 

The use of AR-based technology in the therapeutic setting may have beneficial 

effects for students with ASD. An SLP with a student with ASD may want to utilize the 

motivating, attention holding, engaging benefits of AR technology. Unfortunately, the 

systems and apps described and developed  are not available for consumers at this time. 

Developing an entire system is time-intensive and requires computer programming skills 

to develop. Fortunately, options exist that can allow SLPs to develop AR-based therapy 

materials in a time efficient manner. This guide provides instruction to the SLP on how to 

take advantage of AR in the therapy setting and to prevent SLPs from feeling overwhelmed 

or unqualified to use such tools. 

The studies reviewed described the use of AR for people with ASD.  A prime 

advantage of using such technology comes from combining previously evidence-based 

intervention techniques with the added level of digital content. AR is not recommended as 

an isolated intervention, but can contribute to higher engagement, attention, and positive 

outcomes when used with current treatments (da Silva et al., 2015). Essentially, the SLP 

may identify multiple paradigms to bolster treatment intervention with the addition of AR. 

This guide will inform the SLP on basic principles of AR content creation and use, with 

the idea that only imagination limits the implementation of AR as a therapy supplement.   

Before deciding to use AR as a therapeutic tool, the clinician must verify that the 

intended audience is appropriate for the intervention. From the research reviewed, we can 

conclude that the ideal candidate would have ASD, potentially with deficits in social 

communication or vocabulary acquisition, both of which have shown favorable outcomes 

to treatment (Chen et al., 2015, 2016; McMahon et al., 2016). Optimally, the user would 

have sufficient sensory abilities, as well as joint attention (Bai et al., 2015). Moreover AR 



 

 
  
 

30 

is used most effectively with students who have trouble attending or focusing, as AR may 

be the essential element that enables these students to access maximally the intervention 

(Escobedo et al., 2014). 

Depending on the development and implementation of the AR, several tools or 

devices will be necessary to create appropriate stimulus items. Most importantly, to run 

any apps, a smartphone or tablet will be required. Fortunately, the growing prevalence of 

mobile devices has contributed to a decrease in cost, increase in storage, and growth in 

computing power that makes these devices suitable for families and children to use 

(Carvalho et al., 2015). Mobile devices are widely used which leads to greater social 

acceptance of device use.  

Three options will enable an SLP to create and use AR materials in the therapy 

room. Tools used by SLPs need to be easy-to-use to include those clinicians who are less 

comfortable with new technology. Apps must also be cost and time efficient to maximize 

time spent with clients. Additionally, implementations for AR needs to be flexible to enable 

clinicians to modify materials for multiple users and address individual goals. Three 

commercially available apps were identified that meet these criteria. Aurasma, provides 

the SLP with the greatest ability to implement AR technology (Hewlett-Packard 

Development Company, 2016). Aurasma uses a mobile device camera to reigster a trigger 

for additional media superimposed onto the device’s screen. A second option for clinicians 

is to use Quick Response (QR) codes, which can be scanned by a mobile device and 

activate additional media. Although QR codes do not act as an additional stimulus, they 

imitate the aspects of AR that improve focus and engagement and are very simple to create 

and use. Finally, Samsung’s Look at Me app provides social communication supports via 

a mobile device with challenges that incorporate reality with augmentation (Samsung, 

2016). A summary of the applications is presented in Table 2. 
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App Cost Required technology Additional 

materials needed 
Time to create 

Aurasma Free Computer with Internet 
connection, Mobile device 
with Aurasma app installed 

Stimulus materials: 
videos, pictures, 

objects 

10+ minutes 

QR Codes Free Computer with Internet 
connection Printer, Mobile 
device with QR code reader 

none 5+ minutes 

Samsung 
Look At 

Me 

Free Samsung Galaxy phone or 
tablet 

none none 

Table 2: Augmented Reality App Summary 

AURASMA 

The Aurasma app is a readily available app that allows users to create AR 

experiences (Hewlett-Packard Development Company, 2016). Aurasma uses image and 

object recognition to scan a physical item or picture that triggers additional digital content, 

referred to as auras. Aurasma is a free app, available on iPad, iPods, and Android-based 

smartphones or tablets. A visual guide is shown in Figure 1, as well as a detailed description 

to help clinicians create materials for their own use. 
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Figure 1: Visual guide to creating materials using Aurasma app 

Before beginning the Aurasma project, the clinician must decide what the trigger 

will be that triggers the digital response on the app. In Aurasma, the trigger is an image. 

Triggers can include picture schedules, PECs symbols, a page from a book, a printed 
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vocabulary word or a simple facial expression image (Chen et al., 2015, 2016; Cihak et al., 

2016; da Silva et al., 2015; McMahon et al., 2016). Clinicians could use any image-based 

materials available to them, including flash cards or photographs. Any static image already 

employed by the client may be used to trigger the AR content. Once the clinician selects 

the image or photo, that image should be saved to the computer used to create the aura.  

The AR developer must decide what digital content will appear once the image is 

triggered. Examples of digital content include a picture of an alternative item, video 

models, 3d simulations, or a recorded PowerPoint presentation giving further information 

about the trigger object. Free and publicly available videos may be found on websites such 

as YouTube or can be filmed and edited by the clinician (“YouTube,” 2017). The purpose 

of this added content may be to instruct further, prompt, or to improve motivation by adding 

an element of fun. After the content is created, it should be saved to the  computer used to 

create the aura. 

To begin making the aura, the creator should download the app to the device used 

during the intervention. Next, the developer will need to create an account and log in to the 

Aurasma Studio website (studio.aurasma.com). On the top right side of the page is an 

option to “Create New Aura”. The user will be prompted to upload a trigger image or select 

from an existing trigger image uploaded by another user. The image may be uploaded from 

a file saved on the computer, or from DropBox. Another option available is to have the 

digital content triggered when the participant arrives at a specific destination with the 

Aurasma map running on the device. This feature could have applications if the student is 

accessing various places within the community, but is not sensitive enough to be used in a 

classroom setting. 

Once the trigger image is selected and uploaded, the developer will have the 

opportunity to modify the picture by zooming in or out or masking to select only the 
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pertinent image information. The app will be looking for this exact image to trigger the 

data, so users should ensure the picture is as intended. Once the developer has finished 

altering the trigger image, the “Next” button on the top right-hand side of the screen will 

continue the process. 

At this point, the creator will need to upload the overlay, which is the digital content 

that will appear on the screen once the physical content acts as a trigger during app 

operation. A snapshot of the overlay will be visible in the window on top of the trigger. 

This display shows the position of the overlay once triggered. The creator may change the 

position and size of the overlay within the screen to completely cover the trigger or to 

appear alongside the trigger within the viewing area. Additional overlays may be added to 

the trigger which are activated by further actions such as tapping, time delay, or based on 

the beginning or ending of the previous overlay. After the overlay is placed and timed 

according to creator preferences, click the Next button on the top right-hand of the page.  

Next, the aura is saved, previewed, and given a name and any tags if the creator 

would like it to be searchable by others. Due to the public nature of the Aurasma app, 

confidential information, including pictures or videos of students should not be used in the 

public mode. By selecting the “Unshare” button on the top of the screen, the creator may 

make the aura private and unsearchable by public Aurasma users. The aura is now complete 

and ready to be used by the student.  

In order to use the aura, the participant must open the Aurasma app on the phone 

or tablet and sign in using the same username and password associated with the account 

used to make the aura on the computer. The auras may need refreshing if it is the first time, 

which can be done by selecting the “Auras” tab within the “Explore” section and dragging 

downward. Next, select the viewfinder by tapping the open square icon in the center bottom 

of the app. Upon opening the app in the future, the viewfinder will appear on the screen 
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first. Now, line up the trigger image within the viewfinder window and watch the digital 

content appear on the device.  

This process may be repeated and used again for unlimited trigger images with 

accompanying overlaid content. The benefit of the Aurasma app is the open-ended nature 

and relative ease of creation. Aurasma can accommodate both handheld manipulation of 

focusing and triggering images or can be set up across the table from a student in a mirror 

configured to be activated as images enter the camera’s viewfinder. Many stimulus items 

can be used and given additional content to accommodate individual goals and needs within 

the therapeutic setting. Caution must be taken, however, when selecting images to act as 

physical markers. The images must be unique to provide discernment between triggers. 

Keeping this limitation in mind will assist the clinician in creating many meaningful stimuli 

for clients with ASD.  

QR CODES 

A somewhat more simple implementation of AR technology available to therapists 

and consumers is the Quick Response (QR) code. QR codes are used as a marketing tool 

to provide easy access to additional information from scanning a code printed on an 

advertisement or packaging. Codes can be created using a computer or mobile device and 

printed for a client to scan and access additional content. While other, more complex AR 

tools are capable of providing instruction and intervention by combining picture stimuli 

with video stimuli, QR codes can only allow access to the digital material such as a website, 

video, imagine, or text after scanning the code. In this way, using QR codes is only 

beneficial from a potentially engaging and motivational standpoint. Whereas QR codes 

have limited application and benefit, they are straightforward and fast for an SLP clinician 

to create and use as a therapy material. A table summarizing the steps to creating QR code 

materials is included below, with more detailed instructions following. 
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Step 1: Select or create media that will activate when code is scanned. Examples: 

website, YouTube video, image, PDF, Google maps location, or text 

Step 2: Go to qrstuff.com 

Step 3: Select media type from list in left column 

Step 4:  Insert information (website URL, text, etc.) 

Step 5: Click "Download QR code" and save code 

Step 6: Print code  

Step 7: Download any QR code reader app to mobile device 

Step 8: Use QR code reader app to scan printed code and access material 

Table 3: Steps summarizing Quick Response code creation 

Clinicians can access QR code generators on the Internet. Several free QR code 

generating websites exist, but the review will use QR Stuff for demonstration purposes due 

to the flexibility of the encoded content (www.qrstuff.com). First, the clinician must 

determine what type of content will be generated on a mobile device screen after scanning 

the code. Several options available on QR Stuff include a website URL, YouTube video, 

image, PDF, Google maps location, or plain text. Once the data type is selected, the 

clinician should insert any pertinent information needed to produce that content, such as 

the address of the website or YouTube video, uploading the image file, or typing the text 

to display. Finally, the QR code is generated in the preview window on the right-hand side. 

By clicking “Download QR Code,” an image file can be saved to the computer, which can 

be printed and used as a stimulus material.  
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To use the QR code during therapy, the clinician must have a mobile device with 

QR code reader app installed, available for free on Android and Apple devices. The app 

will open with a viewfinder, which is aimed at the code, immediately accessing the content 

on the smartphone or tablet. A QR code is provided below and is scannable for 

demonstration purposes.  

Figure 2: A QR code. When scanned with a QR code reader, it will display “You just 
scanned your first QR code!” 

SAMSUNG LOOK AT ME 

A commercially available app that provides specific AR-based eye contact 

intervention for users with ASD is the Samsung Look At Me app (Samsung, 2016), 

currently available on Android Samsung Galaxy devices (Samsung, 2016). The app uses 

the device’s camera to encourage attention on eye contact and nonverbal social 

communication using AR for various functions. After installing and opening the app, 

clinicians or parents can help their child create a profile to personalize the experience and 

allow for progress monitoring. The child is assigned daily missions and receives rubies, 

which may be converted to points with daily practice and completion. A Parent Mode is 

available to access photos taken during missions and view progress charts. Missions 

include the following tasks: 
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 Taking photos of a person moving from a blank expression to smiling, then ordering 

the photos from least happy to happiest (app facial recognition scores accuracy) 

 Aligning a human subject with contour lines for the face, eyes, nose, and mouth 

displayed on the screen 

 Taking a photo of the child with the appropriate facial expression to be placed in a 

cartoon image evoking a specific emotion 

 Focusing attention to the eyes by displaying an object over the eye position in a 

photograph 

 Imitating poses and taking pictures of those body postures  

Clinicians may find this app useful in the therapy room or given to parents as a 

homework tool to be used at home. Several missions encourage joint participation by the 

parent or clinician with the child. 

SUMMARY 

Aurasma, QR codes, and Samsung’s Look at Me App are three commercially 

available apps available to SLPs to create and use AR-based materials in the therapeutic 

setting. Although more complex tools have been developed and used in research to target 

specific skills, these three tools are able to replicate most of the basic treatments discussed. 

The discussed apps are relatively easy to use and create without needing advanced 

programming or technology experience. Aurasma, used in several research studies 

specifically for students with ASD, is a free app that can be used to implement AR-based 

therapy. QR codes and Samsung’s Look At Me app utilize aspects of AR to provide 

treatment options that require even less time than Aurasma, but with less flexibility and 

diversity of use. These three apps can give SLPs an opportunity to take advantage of the 

benefits of AR for their clients with ASD who may benefit from intervention. 
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Chapter 4: Discussion and Conclusions 

Augmented reality (AR) can be an effective tool to address the needs of people with 

ASD in the therapeutic setting. Research demonstrates that AR can be used to teach self-

facial expressions through the use of a simple face mask marker triggering a 3-d virtual 

model imposed on the face of the participant (Chen et al., 2015). Deeper and focused video 

instruction on the topic of emotions can be overlaid onto a storybook to develop an 

understanding of emotions (Chen et al., 2016). Pretend play skills can be taught by digitally 

displaying the imagined object on top of a simple block (Bai et al., 2015). Vocational 

vocabulary may be taught with the addition of auditory and video elements to increase 

saliency (McMahon et al., 2016). Combining a picture schedule with a full video model 

can teach students with ASD to complete a sequence of steps to perform a task (Cihak et 

al., 2016). Exploratory observational studies have found potentially successful uses of AR 

to increase understanding of PECs symbols (da Silva et al., 2015), guide social skills 

practice amongst peers (Escobedo et al., 2012), and reinforce object discrimination to 

increase focus on an activity (Escobedo et al., 2014). These eight favorable 

implementations of AR show the promise that the new technology has for providing 

intervention to people with ASD. The purpose of this guidebook is to explore the ways that 

AR successfully complements therapy for people with ASD and to give SLPs the basic 

knowledge to efficiently create AR opportunities in treatment.  

Resources are available to SLPs to enable them to implement AR practices into 

therapy with efficiency. Although many of the described interventions developed a 

noncommercially available app and AR system to provide the therapy, some used materials 

accessible to SLPs and others may be imitated with the basic tools available to consumers. 

In fact, two studies utilized the free app Aurasma to create stimulus materials as a 

vocabulary teaching tool and as a way to incorporate a picture schedule with video 
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modeling (Cihak et al., 2016; McMahon et al., 2016). With the use of a computer, mobile 

device, and digital stimulus items such as images or videos, the clinician can create AR-

based therapy with many of the materials already used the treatment room.  

Aurasma has been found to be the most widely distributed, flexible app available 

at this time to the general public. Using Aurasma to generate therapy materials can be as 

complicated or as simple as desired, depending on the clinician’s level of comfort with 

technology and digital media. The creation tools and app are very user-friendly, and the 

step-by-step instructions provided in this guide can provide additional help clinicians might 

need to begin working with this medium.  

As a medium for intervention, AR has several strengths. First, AR allows the 

creator and the user to manipulate and interact with the real world digitally. As therapy 

materials more closely resemble real world situations, clients will be able to generalize to 

other similar situations. Also, AR provides multiple methods of learning at the same time. 

Students can learn by taking advantage of their individual strengths. This flexibility 

contributes to the efficiency of the use of an AR system by allowing the same materials to 

be used by multiple students with varying needs. Furthermore, the visual nature of AR 

capitalizes on a strength largely held by people with ASD and provides support in a 

meaningful way. Using new technology can also be motivating, and the level of interaction 

provided by AR encourages curiosity and engagement, creating a more in-depth learning 

experience. Moreover, clinicians can hone in on the details of importance with AR, 

restricting the participant’s focus to the material that is important, and eliminating 

distractions. Even more important for people with disabilities in general is the fact that AR 

can be manipulated by hand and does not require fine motor skills to operate. Finally, AR 

can be adapted to supplement currently used evidence-based practices such as picture 

prompting and video modeling. There is great potential to easily insert AR into the 
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treatment activities already used by clinicians as a way to inject new curiosity and 

engagement into sessions.   

Although there are numerous benefits to the use of AR in the treatment setting, 

there are several limitations that must be considered. First, AR is a relatively new 

technology accessible to consumers. While there is some research governing use with 

typically developing children in a learning environment, there is little research aimed 

specifically at people with disabilities, and even fewer studies specifically for the ASD 

population. No treatments have been repeated  to replicate the original findings. A few 

studies included a follow-up phase, but long-term effects of AR treatment were not 

measured. Additionally, individuals with ASD demonstrate a myriad of strengths and 

weaknesses, and it is difficult to arrive at conclusions when such a heterogeneous 

population is studied. While the treatments may be effective for one person with ASD, 

another could have an entirely different profile and may not respond similarly to the 

therapy. Although a benefit of using technology is ease of adaptability, individuals may 

not respond to the technology in the same way. Some individuals will be engaged by 

technology, others may only appreciate the novelty of a new tool, and some may not be 

motivated by a device. Moreover, researchers cannot determine if the efficacy of AR 

treatment lies with the novelty of the stimulus, meaning attention and motivation effects 

would decrease over time as the new becomes familiar. In this case, any novel treatment 

would have the same effect, that would gradually decline over time. Importantly, there 

have been no comparisons of AR-based therapy with other currently practiced treatments 

in isolation, regarding effective treatment, long-term outcomes, and efficiency of use. 

Future research should strive to objectively compare the use of AR-based tools with 

proven methods currently used in treatment for people with ASD. Clinicians should have 

multiple, diverse tools to use, they need to know which are the most effective and efficient 
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for use in treatment. Also, future studies should focus on determining what factors of AR 

result in positive outcomes the most. Developing AR treatment materials does add extra 

time for developing and can be relatively straightforward or very complex. If clinicians 

could know what aspects of AR were particularly beneficial, especially to their clients with 

ASD, there would be more efficient development of treatment materials. Finally, longer-

term studies should be used to determine effects of AR-based therapy over time, both 

regarding efficacy of treatment over time, and regarding reduced novelty over time.  

RECOMMENDATIONS 

The evidence produced in this guide provides a starting point for the clinician 

desiring to successfully incorporate AR-based interventions into therapy for people with 

ASD. Based on positive outcomes as reported in the evidence presented, this report 

recommends that AR treatments may be used for clients with ASD between the ages of 3-

21 years old who have challenges with social cues and emotions, vocabulary learning, 

pretend play, or a sequence of steps. While the research specifically mentions these uses of 

AR, the SLP might, with caution, use AR to enhance the delivery of currently used stimulus 

items in a creative way. This ability for adaptation and creativity may prove particularly 

beneficial for any client who struggles to maintain focus and attend to therapy.  

CONCLUSION 

Augmented reality (AR) is an effective intervention for approaching various needs 

of children with ASD (Bai et al., 2015; Carvalho et al., 2015; Chen et al., 2015, 2016; 

Cihak et al., 2016; da Silva et al., 2015; Escobedo et al., 2012, 2014; McMahon et al., 

2016). The evidence at this time is early and limited, but provides very favorable conditions 

for further research and early clinical use. While more powerful tools to implement AR in 

clinical settings may develop over time, there are user-friendly tools currently available to 
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SLPs. These tools can be easily used to recreate the variety of examples of implementation 

of AR presented in the research. This guide explores the current uses of AR technology for 

people with ASD and provides instructions to create materials in the clinical setting. The 

advantages of using technology allow children to access treatment in a deeper way that 

encourages engagement and curiosity and stimulates attention and focus.  
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