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Background:  

 

Impairment in social communication is the primary deficit 

in school-aged children with autism spectrum disorder 

(ASD). Research has shown that there are efficacious 

interventions to address social communication deficits, yet 

their delivery is hampered by the lack of human and time 

resources. Emerging assistive technologies, such as 

smartglasses, may be able to help augment the social 

communication interventions currently provided by 

human educators and therapists. While emerging research 

suggests assistive socio-emotional coaching smartglasses 

can be effective and usable in research settings, they have 

yet to be studied amidst the complex social, physical, and 

time-constrained environment of the school classroom. 

This single-subject study reports on the feasibility and 

efficacy of 16 intervention sessions of the Empowered 

Brain Face2Face module, a smartglasses-based social 

communication intervention. 

 

Methods:  

A 13-year-old fully-verbal adolescent male student with a 

diagnosis of ASD received a total of 16 smartglasses-

aided intervention sessions over a two-week period. 

Interventions occurred twice-daily during school days, and 

were facilitated by school professionals. Outcomes were 

measured using the Social Responsiveness Scale 2 (SRS-

2), a commonly used validated measure of social 

communication in children with ASD, by his parent, 

paraprofessional, and two teachers. Difficulties in 

usability during the study were recorded through 

observation notes.  

 

Results:  

The participant completed the three-week study (1 pre-

intervention week (baseline) and 2 intervention weeks) 

without any observations of adverse effects or usability 

concerns. The parent and 3 educators completed the SRS-

2 for the baseline and intervention weeks, demonstrating 

significant improvement in social communication after the 

intervention relative to baseline. The parent, special 

education teacher, and general education teacher noted 

marked reductions in SRS-2 total T score, with 

improvement in SRS-2 social communication, social 

motivation, social cognition, and restricted interests and 

repetitive behavior subscales.  

 

Conclusion:  

Smartglasses are a novel assistive technology that can help 

facilitate social communication and behavioral coaching 

for students with ASD. The use of the Face2Face module 

by Educators over a two-week period was associated with 

improvements in social communication. While further 

research is warranted, this study supports the use of this 

novel technology to deliver assistive social 

communication and behavioral coaching in schools. 

 

Introduction 

 

Autism Spectrum Disorder (ASD) is a childhood onset 

developmental condition with a rapidly increasing 

prevalence, and is present in 1 in 68 school-aged children 

(1). Impairment in social communication is the hallmark 
feature of ASD, encompassing perseverative deficits in 

verbal and non-verbal communication (2).  

 

Evidence suggests that social communication can be 

improved through a range of interventions for children 

with ASD (3, 4). While these efficacious interventions 

have been studied in the school environment, their 

implementation has been somewhat thwarted by a lack of 

educational resources as schools attempt to provide 

specialized educational needs to a growing number of 

children with ASD. The magnitude of the demand for 
specialized educational resources is considerable, with the 

US school system providing half a million children with 

ASD federally-mandated special education under the 

Individuals with Disabilities Education Act (IDEA) (5). 

The mismatch between supply and demand of such 



educational interventions has not only led to limited 

support for students with ASD, but also to parental 

dissatisfaction (6) and burnout among school professionals 

(7).  

 

Children are spending more time in school, with the length 

of the school day increased to  approximately 7 hours over 

the last few decades (8). With almost a third of their day 

being spent at school, they have become a central part of 

children’s lives. Schools are not only educational 

establishments, but highly social environments, with many 

interpersonal relationships and interactions between 

students, teachers, and other educational professionals.  

 

Schools are fertile ground for social interventions that 

have been found to be broadly effective (3, 4), increase 

both peer and teacher interactions, and may help improve 

non-targeted skills such as language and inappropriate 

behavior (9) in children with ASD. Within schools, there 

has been a move towards incorporating students with ASD 

in inclusive classrooms where they learn alongside their 

neurotypical peers. However, this has not resolved many 

of the social functioning limitations seen in students with 

ASD, many of whom struggle with feelings of isolation 

and loneliness during school time (10). Teachers have 

identified many barriers to implementing successful 

inclusion programs, with lack of training, time, and 

administrative support being key factors (11). 

 

Prompt detection of ASD and early intervention are 

thought to be critical to long term outcomes (12). 

Interventions for social communication, especially those 

delivered around school-settings, are also important for 

long term success. As children with ASD mature, they 

gain greater insight into their social communication 

deficits. This realization has a series of consequences, 

including increased stress when interacting with 

unfamiliar peers (13, 14), and greater anxiety in social 

situations where they have repeatedly been unsuccessful 

(15, 16). While there is concern that without intervention, 

impairment in social functioning may be lifelong, role-

play exercises and interactive games between humans can 

significantly increase social skills (16). 

 

While individuals with ASD express a desire to have a job 

(17), persisting social skill deficits may pose a key 

challenge (18). People with ASD  experience high rates of 

unemployment/underemployment that exceed other 

groups with disabilities (19). People with ASD also often 

have unflattering work histories, with short-lived periods 

of work, interspersed with long periods of unemployment 

(20). While there are many barriers to people with ASD 
obtaining employment, it has been found that the social 

demands that accompany jobs are a key challenge. Social 

skills such as small talk (21), eye contact (22), emotion 

recognition (23) and conveyance of emotions (24), have 

all been found to be important for jobs and job interviews.  

Technology-aided social skills interventions have become 

increasingly studied, and may provide  long term benefits 

to people with ASD who are seeking employment (25, 

26), however the majority target job-specific skills, for 

example cleaning tasks(27) or shirt folding (28) . There is 

an immense need to develop social skills focused 

interventions that aid more generalized workplace 

interactions(29). T 

 

Novel assistive technology may potentially address this 

disconnect between demand and availability, with the 

promise of improved quality of education, reduced burden 

on teachers, and potentially reduced costs for school 

districts. Socially focused interventions may be especially 

suitable to digitization given that they can be particularly 

useful for children with ASD (4), but are hampered by 

limited training of human providers alongside lack of 

physical resources (30, 31).  A range of assistive 

technologies have shown themselves to be effective 

interventions in ASD (32, 33), and assistive technology 

provides one of the most common teacher-led strategies 

for helping students with ASD in both general and special 

education classrooms (34). While technologies such as the 

iPad have undergone considerable research (35), newer 

technologies such as smartglasses have also attracted 

interest (36). 

 

The Empowered Brain Technology Platform 

 

The Empowered Brain is a tool that provides socio-

emotional coaching to children and adults with ASD (37-

39). The Empowered Brain consists of a smartglasses 

platform in combination with a series of selectable 

software modules that focus on key coaching areas, such 

as improving attention to social cues, helping coach facial 

emotion recognition, and aiding in transitioning between 

different environments. In this study, the Empowered 

Brain Face2Face module was tested on Google Glass 

smartglasses hardware.  

 

Smartglasses, like Google Glass, are head-worn 

computerized glasses that can transmit visual and auditory 

information to users through a small clear optical 

display(s) and bone conduction/audio speaker, 

respectively. Smartglasses, like smartphones, typically 

contain a wide variety of sensors that can collect data 

regarding the user’s body movements and interactions 

with the environment. These sensors include a camera, a 

microphone, an accelerometer, a gyroscope, and Wi-

Fi/Bluetooth.  

 
Face2Face Module 

 

The human face is one of the most powerful tools in social 

communication (40), and is of fundamental importance in 



interpersonal interactions (41). Faces display information 

regarding traits, stable features such as gender and 

identity, and more dynamic facial data that helps with 

understanding of emotion, intention, attention, and 

understanding speech (42, 43).  

 

Impairment in social cognition (44, 45) and social 

motivation (46) have both been described as being 

relevant to the facial perception, processing, and 

recognition difficulties of people with ASD (47-49), 

including how much attention they pay to socially salient 

features, such as the eyes of others (47, 50, 51). Gaze 

indifference and gaze aversion are two proposed 

hypotheses that may help to explain the altered eye gaze 

behavior seen in ASD. In gaze indifference, the eyes of 

others are not seen as an important or engaging stimulus 

(52), while in gaze aversion, eye contact is avoided as it is 

seen as threatening (53) or results in sensory 

overstimulation (54). These altered patterns of attention to 

faces and eyes may be especially pronounced during non-

passive circumstances, such as interactive social situations 

(55). Certainly, given the heterogeneity of ASD in both 

neurobiological underpinnings and behavioral 

presentation, it is unlikely that one unified theory alone 

will explain the multitude of altered facial processing 

abilities or eye gaze patterns that have been described. 

 

It is in this context that the Empowered Brain Face2Face 

module aims to provide a social communication 

intervention that improves social motivation and 

cognition, while being simultaneously coded to address 

the underlying challenges described by both gaze 

indifference and gaze aversion hypotheses. Face2Face 

achieves this, in part, by utilizing game-like augmented 

reality (AR) to increase the social motivation of the user to 

engage with the face of another person. Face2Face also 

provides an intervention that is graduated in intensity, 

difficulty, and is highly customizable through both human 

and artificially intelligent machine input.  Face2Face relies 

on utilizing the relatively preserved visual skills in ASD 

when delivering its cues, and uses audio alerts that are 

considerate of the sound hypersensitivity experienced by 

many with ASD. The approach of Face2Face is reflective 

of its origins as an updated and enhanced version of Face 

Game, a previously described smartglasses research app 

that has been studied in ASD (36, 56). 

 

The user wears the smartglasses while the Face2Face 

module is running, and interacts with another person who 

will be positioned in front of the user. This interactive 

facilitation recognizes that “real-world” situations allow 

for the challenges of social communication to be most 
apparent (55), and reduce barriers to generalizability of 

learned skills (57). The Face2Face module requires two 

people to be present: the user and the facilitator (another 

person who will help facilitate the BPAS-augmented 

interaction). 

 

The Empowered Brain is able to detect the presence of a 

human face, determine where a user is looking relative to 

that face, and help guide user’s gaze toward the face in 

real-time. Guidance to the user is provided through the use 

of visual directional prompts and auditory tones that vary 

depending on the positioning of the user’s gaze and the 

positioning of the detected face. The Empowered Brain 

modules use developmentally and contextually 

appropriate game-like elements to make the experience 

engaging and fun for both child, adolescent, and adult 

users. For example, a cartoon-like character is optically 

superimposed over the face that they are being guided 

towards. This cartoon-like character gradually fades 

relative as the user moves their gaze towards the target 

face, eventually disappearing completely. At this point the 

user obtains points for successful task completion. The 

module has a series of levels and difficulty settings. 

Specific game data elements are recorded and transmitted 

to a secure central artificial intelligence (AI) powered 

processing center where they are available for viewing 

through a web-based dashboard. User performance is 

measured through graphs of rewards, events, and attention 

data. Addition video-frames of eye events are also 

captured.  The socio-emotional coaching apps of the 

Empowered Brain have been previously found to be well 

tolerated (56), feasible to use (58), free from adverse 

effects in people with ASD (59), and associated with 

improvements in the symptoms of ASD (58) and attention 

deficit hyperactivity disorder (60). These studies were, 

however, conducted in controlled research settings, 

utilizing the caregivers of participants with ASD, and 

were based on a single intervention session.  

 

The Empowered Brain features key innovations in 

physical design, artificial intelligence, and data analytics, 

and is supported by software, engineering, and data 

partnerships with a number of technology companies 

including X (formerly Google X, Mountain View, CA), 

Affectiva (a leading Emotion AI company, Boston, MA), 

and Amazon (use of an experimental AI technology). 

 

Educator-facilitated and Classroom-based 

 

The real-world school setting has proven itself to be a 

more difficult environment to provide a teacher-led social 

communication intervention than a controlled research 

setting (61). Teachers and their paraprofessional 

colleagues may be ideal personnel to help deliver school-

based communication interventions in students with ASD 
(61). Their intimate knowledge of a student’s strengths, 

weaknesses, and style, combined with their established 

position in delivering guidance, places them in a unique 

position. Students’ perception of teacher support and 



teacher-led promotion of interaction and respect have been 

linked to increased student motivation and engagement 

(62).  

 

This report outlines the efficacy, usability, and safety of 

the Empowered Brain Face2Face module intervention 

twice during every school day over a two-week time 

period. In this report, the facilitator were several of the 

school professionals who were familiar with the research 

participant (education paraprofessional, special education 

teacher, general studies teacher). Additionally, the 

intervention was used during the school day, and within an 

inclusive classroom setting. Outcomes were measured 

through the use of the Social Responsiveness Scale 2 

(SRS-2) School-age Form. The SRS-2 is a validated social 

communication measure used in ASD populations (63), 

and consists of 65 items, resulting in a total score, and five 

subscale scores (social awareness, social cognition, social 

communication, social motivation, and restricted 

interested and repetitive behaviors). The SRS-2 can be 

completed by teachers (64) and parents (65), with recent 

research noting that parental ratings may be higher than 

that of teachers (66). 

 

The study used a single-subject design. Single-subject 

research can be used as a means to testing and 

understanding the use of novel technology in educational 

settings, and has been identified as an important 

contributor to  evidence-based practice in special 

education (67). Single-subject research has already helped 

to identify computer-assisted guidance for students with 

ASD as an evidence-based practice (68). 

 

Methods 

 

A three-week study of the Empowered Brain Face2Face 

module was conducted in a 13-year-old male student with 

ASD (“the participant”), in a middle school in 

Massachusetts.  

 

The study utilized a single-case experimental design, with 

a within subject control. This approach has been shown to 

be methodologically sound (67, 69, 70), capable of 

demonstrating effectiveness of interventions, and is 

especially suitable for the assessment of outcomes of 

psychological/behavioral interventions (70-72). 

 

The study commenced with a baseline week (Week 1), 

where the participant received no intervention, and had his 

regular school and home schedule. At the end of the week, 

school educators and his mother completed the SRS-2 

based on the interactions and behaviors they witnessed 
during the baseline week. The SRS-2 was completed by 

three school educators: the participant’s special education 

teacher, general education teacher, and assigned 

paraprofessional. The use of cross-informant (educator 

and parental) ratings is the gold standard in child 

behavioral assessments (64). The participant’s baseline 

week was the control for this report.  

 

The study then proceeded to the first intervention week 

(Week 2) where the participant received twice-daily 

Face2Face intervention. The intervention was facilitated 

by one of his school educators, during which time the 

participant continued to be in the classroom alongside his 

peers. The intervention was 10 minutes long and was 

delivered at approximately the same times each day. At 

the end of Week 2, following eight intervention sessions, 

the participants educators and parent each completed an 

SRS-2 based on the behavior seen during that week.  The 

second intervention week (Week 3) was a duplicate of the 

first intervention week, and a repeat SRS-2 was completed 

at the end of the week.  

 

The participant completed the intervention during two 

class periods, one general education class and one special 

education class. The structure of both classes allowed for 

the teacher to facilitate the intervention for 10 minutes 

during the class period, within their classroom, while 

another education professional was in the room. The 

teacher and participant sat facing one another for the 

duration of the intervention, and were instructed to 

converse about academic topics (e.g. the participant’s 

current project, homework questions, or the day’s lesson) 

during the 10-minute intervention. The 10 minutes were 

split into three segments: 1) “pre-Face2Face”, in which 

the participant and facilitator conversed without the 

Empowered Brain for one minute; 2) “Face2Face”, in 

which the participant and facilitator conversed while the 

participant wore Empowered Brain running the Face2Face 

module for eight minutes; and 3) “post-Face2Face”, in 

which the participant and facilitator conversed without the 

Empowered Brain for one minute.  

 

The Participant 

 

The participant was a white Caucasian male aged 13 years 

and 11 months. He was diagnosed with ASD by his 

pediatrician at the age of 2. He receives special education 

services with an Individualized Education Program (IEP) 

at a mainstream public school in Massachusetts. 

 

The participant previously had ASD-related interventions 

including applied behavioral analysis, occupational 

therapy, and speech and language therapy. He has 

previous experience with smartphone and tablet devices. 

He has no concurrent psychiatric disorders, and was not 

receiving any psychotropic medication at the time of the 
study. Additionally, he has no history of epilepsy or 

seizures. 

 

Consent and IRB Statement 



 

The use of the Empowered Brain running on multiple 

head-worn computing devices by children and adults with 

ASD was approved by Asentral, Inc., Institutional Review 

Board, an affiliate of the Commonwealth of Massachusetts 

Department of Public Health. The study was performed in 

accordance with relevant guidelines and regulations.  

Consent was obtained from the mother of the participant, 

and assent was obtained from the participant. Consent was 

also provided by all educators involved in the study. 

 

Results  

 

The baseline school week concluded with no concerns by 

his teacher or parent (mother). All three school educators 

and his mother completed the baseline SRS-2 at the end of 

the initial week. 

 

The intervention was delivered to the participant on a total 

of 16 occasions over the two-week intervention period, 

twice-daily during the four days of school in each week. 

School educators and the parent noted no usability or 

adverse effects that resulted in an intervention session 

being terminated early or being postponed. All three 

school educators and the participant’s parent completed an 

SRS-2 at the end of Week 2 and Week 3, following eight 

total intervention sessions and 16 total intervention 

sessions respectively. The results of the SRS-2 ratings are 

outlined in Table 1, 2, 3 and 4 (and in graphic format in 

Figure 1). 

 

Table 1 

SPECIAL EDUCATION TEACHER 

 
Week 1 (Baseline) Week 2 Week 3 

SRS-2 Measure Raw score  T-score  Raw score T-score  Raw score T-score 

Total Score 82 66 70 62 55 57 

Social Awareness  7 53 6 51 7 53 

Social Cognition  17 69 15 65 13 62 

Social Communication  31 67 27 64 21 58 

Social Motivation  12 60 10 57 8 53 

Restricted Interests and 

Repetitive Behavior  
15 68 12 63 6 52 

 

Table 2 

GENERAL EDUCATION TEACHER 

 
Week 1 (Baseline) Week 2 Week 3 

SRS-2 Measure Raw score T-score Raw score T-score Raw score T-score 

Total Score 99 72 41 52 34 50 

Social Awareness  6 51 10 62 7 53 

Social Cognition  16 67 6 49 5 48 

Social Communication 36 72 12 50 9 47 

Social Motivation  26 85 8 53 8 53 

Restricted Interests and 

Repetitive Behavior  
15 68 5 51 5 51 

 



Table 3 

PARENT (MOTHER) 

 
Week 1 (Baseline) Week 2 Week 3 

SRS-2 Measure Raw score T-score Raw score T-score Raw score T-score 

Total Score 109 80 61 61 50 57 

Social Awareness  12 70 7 54 10 48 

Social Cognition  19 74 11 59 10 57 

Social Communication  36 78 19 59 15 55 

Social Motivation  16 71 9 56 10 58 

Restricted Interests and 

Repetitive Behavior  
26 87 15 68 10 59 

 

 

Table 4 

PARAPROFESSIONAL EDUCATOR 

 
Week 1 (Baseline) Week 2 Week 3 

SRS-2 Measure Raw score  T-score Raw score T-score Raw score T-score 

Total Score 92 70 85 67 90 69 

Social Awareness  9 59 9 59 11 64 

Social Cognition  18 70 19 72 17 69 

Social Communication  27 64 23 60 30 66 

Social Motivation  18 71 12 60 12 60 

Restricted Interests and 

Repetitive Behavior  
20 77 22 80 20 77 

 

 



 
 

 

Figure 1. Total and subscale Social Responsiveness Scale 2 T scores for educators and parent at baseline and at the 

end of the intervention weeks.  

 

   

Discussion 

 

Emerging assistive technologies may help to augment the 

delivery of social communication interventions in 

educational settings. There is great demand for such 

technologies given the growing ASD student population 

and current lack of access to specialized resources. 

However, it is important the study several aspects of these 

technologies, including their usability, reliability, efficacy, 

but also the ability for users to use and benefit from the 

technologies in real-world settings. This is especially 

important when technologies are created for use in schools 

given the challenges in integrating assistive digital tools in 

the busy schedule and environment of a classroom. 

 

Our findings demonstrate preliminary evidence that this 

particular autism-focused intervention, the Empowered 

Brain, resulted in an improvement in social 

communication. This improvement was observed through 

the use of the SRS-2, a gold standard and validated social 

communication scale. The students parent (mother), 

special educator teacher, and general education teacher, 

reported an improvement in the SRS-2 global scale in 

addition to improvement in social communication, social 

cognition, social motivation, and restricted interests and 

repetitive behavior subscales. The paraprofessional who 

was least familiar with the student, and who provided a 

single intervention, did not note any substantial change in 

the SRS-2 total score.  

 

Our findings have a number of implications and 

limitations, adding to the current literature in several 

important ways. Firstly, it was evident that a wide variety 

of school educators were able to use this smartglasses 



intervention with the student, despite this being their first 

experience with smartglasses. The school educators were 

keen to support the student’s social communication needs 

through technology. Secondly, the educators were able to 

use this technology in the school setting, and specifically 

within the same classroom that the child would otherwise 

be attending. Compared to a research setting, this dynamic 

classroom/school environment poses considerably more 

sensory, social, physical and organizational challenges. 

Finally, the successful and timely completion of all 16 

intervention sessions of Face2Face demonstrates that this 

is a practical and usable technology in this setting. At no 

time were any issues of usability or negative effects with 

the use of Face2Face noted, and lack of adverse effects 

have been previously reported in a larger population (59). 

 

There are a number of limitations to our findings. Firstly, 

the single-subject research method does reduce the 

generalizability of our findings to the broader ASD 

student population. While research on smartglasses in 

ASD has been quite limited, cohort studies following 

multiple learners would help to improve our 

understanding of the efficacy of such interventions across 

the spectrum. 

 

As with any intervention, there is always a possibility of a 

placebo effect. The smartglasses provide a game-like 

experience that augments a person’s normal perceptual 

experience. It is possible that such a novel experience is 

particularly prone to a placebo effect on the student, as 

well as the raters. On the other hand, people with ASD 

struggle with new experiences, and may also demonstrate 

extreme reactions to experiences that are difficult to their 

normal schedule, or that incorporate novel sensory stimuli 

(2). It was therefore reassuring that over 16 sessions, this 

digital perceptual experience did not result in these well 

documented ASD-related adverse behaviors such as 

tantrums and/or meltdowns.  
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