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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 structured

case 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 2-week

period. Interventions occurred twice-daily during school days and were facilitated by

school professionals in a middle school in Massachusetts, USA. Outcomes were

measured using the Social Responsiveness Scale 2 (SRS-2), a commonly used validated

measure of social communication in children with ASD, by the participant’s parent,

paraprofessional, and two teachers. Difficulties in usability during the study were recorded

through observation notes.

Results: The participant completed the 3-week study [one pre-intervention week

(baseline) and two intervention weeks] without any observations of adverse effects or

usability concerns. The parent and three educators completed the SRS-2 for the baseline

and intervention weeks, and results demonstrated significant improvement in social

communication after the intervention relative to baseline. The parent, special education
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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 2-week period was associated with

improvements in social communication.This study supports the use of this novel

technology to deliver assistive social communication and behavioral coaching in schools.

Keywords: autism, assistive technology, digital health, augmented reality, artificial intelligence, mental health,

social communication, special education

INTRODUCTION

Autism Spectrum Disorder (ASD) is a childhood onset
developmental condition with a rapidly increasing prevalence,
and is present in 1 in 59 school-aged children (Baio et al., 2018).
Impairment in social communication is the hallmark feature of
ASD, encompassing perseverative deficits in verbal and non-
verbal communication (American Psychiatric Association, 2013).

Evidence suggests that social communication can be improved
through a range of interventions for children with ASD (Locke
et al., 2013; Watkins et al., 2017). 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) (Snyder et al., 2016). 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 (White, 2014) and burnout among school
professionals (Corona et al., 2017).

Children are spending more time in school, with the length
of the school day increased to ∼7 h over the last few decades
(Kolbe et al., 2012). With almost a third of their day being
spent at school, schools 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 (Locke et al., 2013; Watkins
et al., 2017), increase both peer and teacher interactions, and
may help improve non-targeted skills such as language and
inappropriate behavior (Rogers, 2000) in children with ASD.
Within schools, there has been a move toward incorporating

Abbreviations: AI, Artificial Intelligence; AR, Augmented Reality; ASD, Autism

Spectrum Disorder; IEP, Individualized Education Program; SRS-2, Social

Responsiveness Scale 2.

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 (Bauminger and Kasari,
2000). Teachers have identified many barriers to implementing
successful inclusion programs, with lack of training, time, and
administrative support being key factors (Werts et al., 1996).

Prompt detection of ASD and early intervention are
thought to be critical to long term outcomes (Dawson et al.,
2010). 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 (Lopata et al., 2008; Corbett
et al., 2010), and greater anxiety in social situations where
they have repeatedly been unsuccessful (Bellini, 2006; Corbett
et al., 2014). 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 (Corbett et al., 2014).

While individuals with ASD express a desire to have a job
(Hendricks, 2010), persisting social skill deficits may pose a
key challenge (Hurlbutt and Chalmers, 2004). People with ASD
experience high rates of unemployment/underemployment that
exceed other groups with disabilities (Shattuck et al., 2012).
People with ASD also often have unflattering work histories,
with short-lived periods of work interspersed with long periods
of unemployment (Ohl et al., 2000). 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 (Holmes and
Fillary, 2010), eye contact (Amalfitano and Kalt, 1977), emotion
recognition (Kee et al., 2003), and conveyance of emotions
(Zapf, 2002), 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 (Wainer and
Ingersoll, 2011; Walsh et al., 2016), however the majority target
job-specific skills such as cleaning tasks (Van Laarhoven et al.,
2012) or shirt folding (Bennett et al., 2013). There is an immense
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need to develop social skills focused interventions that aid more
generalized workplace interactions (Fast, 2004).

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 (Locke et al.,
2013), but are hampered by limited training of human providers
alongside lack of physical resources (Dingfelder and Mandell,
2011; Locke et al., 2015). A range of assistive technologies have
proven to be effective interventions in ASD (Bauminger-Zviely
et al., 2013; Grynszpan et al., 2014), and assistive technology
provides one of the most common teacher-led strategies for
helping students with ASD in both general and special education
classrooms (Hess et al., 2008). While technologies such as the
iPad have undergone considerable research (McMurray and
Pierson, 2016), newer technologies such as smartglasses have also
attracted interest (Liu et al., 2017).

The Empowered Brain Technology
Platform
The Empowered Brain is a tool that provides socio-emotional
coaching to children and adults with ASD (Keshav et al., 2017;
Liu et al., 2017). The Empowered Brain consists of a smartglasses
platform in combination with a series of 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 Face2Facemodule 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 (Jack and Schyns, 2015), and is of fundamental
importance in interpersonal interactions (Pavlova et al., 2017).
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 (Lee et al., 1998; Pascalis et al., 2011).

Impairment in social cognition (Baron-Cohen, 1991; Baron-
Cohen et al., 1995) and social motivation (Chevallier et al.,
2012) have both been described as being relevant to the facial
perception, processing, and recognition difficulties of people with
ASD (Kirchner et al., 2011; Tang et al., 2015; Tanaka and Sung,
2016), including how much attention they pay to socially salient
features, such as the eyes of others (Klin et al., 2002; Jones
et al., 2008; Kirchner et al., 2011). 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 (Moriuchi et al., 2017), while in gaze aversion, eye
contact is avoided as it is seen as threatening (Tottenham et al.,
2014) or results in sensory overstimulation (Corden et al., 2008).
These altered patterns of attention to faces and eyes may be
especially pronounced during non-passive circumstances, such
as interactive social situations (von demHagen and Bright, 2017).
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
simultaneously addressing 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 (Figure 1).
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 (Keshav
et al., 2017; Liu et al., 2017).

To play Face2Face, the user wears the smartglasses system
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 (von dem Hagen and Bright, 2017), and reduce
barriers to generalizability of learned skills (Shindorf, 2016). The
Face2Face module requires two people to be present: the user
and the facilitator (another person who will help facilitate the
Empowered Brain-augmented interaction).

The Empowered Brain can 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 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
toward.

This cartoon-like character gradually fades as the user
moves his gaze toward 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
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FIGURE 1 | Intervention aimed to increase face-directed gaze via an augmented-reality game on smartglasses. (A) User can start the game (Face2Face) by voice

command or tapping the side trackpad of the glasses (Google Glass Explorer Edition). He sees and hears feedback via the screen and bone-conduction speaker.

(B) User has a social interaction (e.g., a conversation, in the case of a verbal participant), and the game gives feedback in realtime while the pair maintain interaction.

(C) Representation of on-screen feedback: the user has maintained gaze with the partner for a predefined period and earns a star and temporary face mask as

reward. (D) When mutual gaze is lost, the user receives graphical, verbal, and auditory coaching to resume. (E) As the game progresses, it takes longer periods of

gaze maintenance to earn further stars and masks.

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. The socio-emotional coaching apps of the Empowered
Brain have been previously found to be well-tolerated (Keshav
et al., 2017), feasible to use (Liu et al., 2017), free from
adverse effects in people with ASD (Sahin et al., 2018),
and associated with improvements in the symptoms of ASD
(Liu et al., 2017) and attention deficit hyperactivity disorder
(Vahabzadeh et al., 2018). 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, AI, 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 social communication
intervention than a controlled research setting (Lawton
and Kasari, 2012). Teachers and their paraprofessional
colleagues may be ideal personnel to help deliver school-based
communication interventions in students with ASD (Lawton
and Kasari, 2012). Their intimate knowledge of a student’s
strengths, weaknesses, and style of learning, 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 (Ryan
and Patrick, 2001).

This report outlines the efficacy, usability, and safety of
the Empowered Brain Face2Face module intervention twice
during every school day over a 2-week time period. In this
report, the facilitators were several of the school professionals
who were familiar with the research participant (education
paraprofessional, special education teacher, general education
teacher). Additionally, the intervention was used during the
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school day, and within an inclusive classroom setting. Outcomes
were measured with the Social Responsiveness Scale 2 (SRS-2)
School-age Form. The SRS-2 is a validated social communication
measure used in ASD populations (Constantino and Gruber,
2012), 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
(Dickson et al., 2017) and parents (Ashman et al., 2017), with
recent research noting that parental ratings may be higher than
that of teachers (Nelson et al., 2016).

This case study attempted to use some elements of a single-
subject design, although did not include repeated measures
during individual phases of the study, an important element
of single-subject studies. The focus on incorporating some
elements of single-subject design was deemed to be important
as 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 (Horner et al., 2005).
Single-subject research has already helped to identify computer-
assisted guidance for students with ASD as an evidence-based
practice (Barton et al., 2017). The lack of repeated measures
during individual phases is however a key limitation.

METHODS

A 3-week structured case 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.

A Case Study Incorporating Elements of a
Single-Case Design
This case study utilized some components of single-case
experimental design. Single-case experimental approaches
have been shown to be methodologically sound (Horner
et al., 2005; Kratochwill and Levin, 2010; Smith, 2012),
capable of demonstrating effectiveness of interventions,
and is especially suitable for the assessment of outcomes of
psychological/behavioral interventions (Robey et al., 1999;
Borckardt et al., 2008; Smith, 2012).

Our case study incorporated the four of key features of a
high-quality single-case design as far as it was possible to do
so (McMillan, 2004). One of these features is using ratings
or measures that are reliable and consistent. Our study uses
a validated and reliable 65-item scale that is viewed as a
gold standard measure for measuring social communication in
people with ASD. Three other important features that have
been identified, and are included in our methodology, are: (1)
having a detailed description of the measurement and treatment
conditions (the school classroom); (2) having at least one baseline
and treatment phase; and (3) changing only one variable between
phases (use of the Empowered Brain smartglasses).

The fifth and final feature of single-case design is the ability to
repeat the measurement as often as necessary. In our study, the

key behavioral measure was repeated three times, at the end of
the baseline week, and at the end of each of the two intervention
weeks. While having repeated measures within each study week
would offer more data, and would more robustly fulfill this fifth
feature on paper, there were a number of factors that made this
impractical. Firstly, the educators in our sample had limited time
to provide more regular rating assessments as they were not only
the facilitators of the intervention, but also continued in their
full-time teaching role throughout the study. Secondly, the use
of the SRS-2 as a daily measure of social communication has
not been studied, and the authors believe that other simpler
behavioral measures may be more appropriate if more regular
measurements were needed. Thirdly, a reasonable amount of data
was collected during our study. The SRS-2 is a robust assessment
of social communication, with 65 different scored items, and
was performed by four different individuals on three different
occasions, providing a total of 780 rated items regarding the
participant. However, the lack of daily/near daily data are noted
by the authors as a limitation in this study, and makes the study
design most consistent with a case study.

The study commenced with a baseline week (Week 1),
during which 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 (Dickson et al.,
2017). 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
interventions. 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
10min long and was delivered at approximately the same times
each day. At the end of Week 2, following eight intervention
sessions, the participant’s 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 10min during the class period,
within his classroom, while another education professional was
in the room.

The Intervention
During the intervention weeks, the participant received the
intervention twice every school day during the same school
periods (Figure 2). The intervention was provided by his general
education teacher in the morning, and his special education
teacher in the afternoon. One of the 16 interventions was
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FIGURE 2 | Study design. (A) Overall design of the 3-week study. A baseline week was followed by 2 weeks where Empowered Brain intervention was added to the

interventions the school otherwise proveded. At the end of the baseline week and each Empowered Brain week, the participant was rated according to the

gold-standard autism rating scale, the Social Responsiveness Scale-2nd Edition (SRS-2) (See Figure 4). SRS–2 ratings were conducted in all cases by the

participant’s general education teacher, the special education teacher, paraprofessional, and the parent. (B) Design of each day of the study during the intervention

period. Two 10-min intervention sessions were run daily, with a late morning session in the participant’s regularly scheduled general-education class (See Figure 3),

and an afternoon session in his regularly scheduled special-education pullout class.

provided by the paraprofessional during a class when the
special education teacher was unexpectedly unavailable. The
intervention ran concurrently to the class the participant was
attending. The educator identifies a peripheral location in the
classroom where the intervention was performed, with the
student and educator sat facing each other (Figure 3).

Each intervention session was split into three segments,
during which time the teacher was encouraged to engage
in a natural conversation with the participant about relevant
academic topics, for example a student’s current project,
homework assignments, or academic activities of the day. Each
intervention lasted 10-min. The three phases were as follows:

1) “Pre-Face2Face,” in which the participant and facilitator
conversed without the Empowered Brain for 1min;

2) “Face2Face,” in which the participant and facilitator conversed
while the participant wore Empowered Brain running the
Face2Facemodule for 8min; and

3) “Post-Face2Face,” in which the participant and facilitator
conversed without the Empowered Brain for 1min.

During the Face2Face phase (Phase 2), the participant would
wear the Empowered Brain and would experience the feedback
coaching of the Face2Face module as he conversed with
the educator. During the conversation, the Face2Face module
monitored the level of attention the participant was directing to
the educator’s face. The participant could gain game-like points
and AR rewards when he looked toward the educator during the
conversation. If the participant looked away from the educator,
he would get visual and auditory guidance to help him redirect
his attention back to the educator.

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.

The Classroom Setting
This study was performed in a public middle school in
Massachusetts, USA. The intervention was delivered twice-daily
during school days. The first session was delivered by the
student’s general education teacher during the morning general
education class. This classroom setting consisted of 2 educators,
the general educator teacher and a paraprofessional, looking after
a class of 23 students. The second daily session was delivered
by the student’s special education teacher during an afternoon
special education class. The special education teacher was aided
by a paraprofessional in looking after the 11 students in this class.

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
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FIGURE 3 | Intervention in the context of an inclusive, general-education classroom. (A) Teacher and study participant before onset of an intervention session.

(B) Intervention session begins when participant puts on the smartglasses running the Face2Face software. (C,D) Teacher and learner have one-on-one time, and

discuss mostly academic topics while the AR smartglasses provide rewards for mutual gaze. (E) Half the intervention sessions in this study were conducted within a

general-education classroom. (F) The teacher succeeded in conducting the one-on-one session in the back of the classroom, while simultaneously managing the rest

of the classroom. In this example other students were delivering presentations of their class projects. Consent was obtained to publish this photograph in a publicly

accessible research journal.

affiliate of the Commonwealth of Massachusetts Department of
Public Health. The study was performed in accordance with
relevant guidelines and regulations, and in accordance with the
Helsinki Declaration. Written informed consent was obtained
from all parents/legal guardians of all minors involved in this
study. Consent to conduct this research was also obtained from
all educators involved in the study. Written informed consent
was obtained from the participant’s parent for the publication of
their identifiable information.

RESULTS

The baseline school week concluded with no concerns by
the participant’s teachers or parent (mother). All three school
educators and parent 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 2-week intervention period, twice-daily
during the 4 days of school in each week. School educators and
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TABLE 1 | Special education teacher.

SRS-2 Measure Week 1 (Baseline) Week 2 Week 3

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.

SRS-2 Measure Week 1 (Baseline) Week 2 Week 3

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).

SRS-2 Measure Week 1 (Baseline) Week 2 Week 3

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.

SRS-2 Measure Week 1 (Baseline) Week 2 Week 3

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

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 Tables 1–4 (and in graphic format in
Figure 4).
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FIGURE 4 | Total and subscale Social Responsiveness Scale 2nd Edition (SRS-2) T scores for educators and parent at baseline and at the end of the intervention

weeks.

DISCUSSION

Emerging assistive technologiesmay 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 to 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.

The findings of our case study demonstrate preliminary
evidence that this particular autism-focused intervention, the
Empowered Brain, is associated with improvements in social

communication. This improvement was observed through
the use of the SRS-2, a gold standard and validated social
communication scale. The student’s 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 only 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
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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 (Sahin et al., 2018).

The potential adoption of this technology may have
broad implications on the educational system. Anecdotal
feedback from educators involved in the study suggested
that they found the 10min intervention sessions to be
an important time period for assessment and relationship
building. This has implications for the larger context of
education, as it provides the teacher with additional tools
(data and trust/social capital) to increase personal agency and
effectiveness. The findings may also indicate a role for this
intervention to address the socio-communicative challenges
that often interfere with student engagement and teacher
effectiveness in schools. Classrooms endeavoring to deliver
an inclusive learning experience must balance administering
differentiated content-based instruction that engages the unique
abilities and needs of a neurodiverse student population while
simultaneously identifying individual-specific disruptions in
the learning process and implementing targeted interventions
informed by data derived from observation and assessment
(Table 5). Smartglasses, worn by student, can potentially serve
as a non-invasive mechanism (or platform) to administer and
monitor differentiated learning content as well as user-specific
targeted interventions. Smart glasses, worn by the teacher, can
potentially help to facilitate the collection of observational data
in real-time and provide immediate feedback for action as well
as long term goal setting and strategy developed during the
IEP process (this has not yet been tested). Smart glasses and
augmented reality as platforms for differentiated instruction
and targeted intervention in schools (as described above) can
theoretically be applied to every student in the classroom (based
on their specific needs) and can fundamentally change the
way academic content and curriculum is delivered as well as
impacting the way educators are trained and evaluated. Software
development for the device that can effectively address many of
the pain points and lingering challenges educators and parents
face is necessary to fully realize the potential of the platform.

Consideration must be given to a number of limitations of
the study, both in regards to methodology and the findings.
Firstly, this report is a case study, and there are limitations to
the generalizability of our findings to the broader ASD student
population. We have also noted that we had a limited number
of data points in our study. 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. Further testing of
this technology requires continuous measures to supplement the

TABLE 5 | Advantages for the educational system.

The advantages for schools and teachers include:

• A new tool for precise implementation of differentiated instruction and data

driven strategy development

• A quantitative method (to work alongside qualitative methods) of data

collection and analysis

• Interventions can be conducted in-class with little maintenance from teachers

• An increase in student ability to attend which should also translate into an

increase in quality time-on-task for both teacher and student

The advantages for parents include:

• Increased awareness of school-related challenges and interventions

• Increased engagement in school-based content and intervention strategies

• Improvement of real world skills observable and verifiable in the home

TABLE 6 | Potential challenges for broader adoption.

The challenges to broader adoption include:

• Educator reluctance to change practice

• Educator reluctance to adopt new technology

• Inherent difficulty in successfully changing well-worn practice

• Cost of device for cash-strapped schools and districts

• Lack of proliferation of smart glasses in main stream society

• New technology still in development

pre- and post-measures that have been obtained in this study.
Additionally, it is important to replicate these results in order to
understand causality.

Additionally, we have designed this intervention for use in the
educational system of the United States. There is considerable
variance in the curriculum, use of assistive technology, and
availability of special education resources in educational systems
across the world. While some systems would share many
similarities with the United States, there may be a need to make
cultural and country-specific adjustments to the technology.
The authors note that the base hardware of the Empowered
Brain, Google Glass, was never available for purchase in many
countries across the world. Importantly, there are a number
of additional challenges to the adoption of this technology by
the educational system, including educator attitudes and cost-
implications (Table 6).

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 (American Psychiatric Association, 2013).
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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In future studies, we intend to broaden the scope of our
target population to include students with other cognitive-
based learning disabilities. While measuring the effectiveness of
particular apps, we will alsomonitor the impact on overall quality
of time-on-task for teachers and students. Social and behavioral
issues often interfere with both a teacher’s ability to convey
content and skill, and the students’ ability to receive and absorb
that content and skill. If our intervention can increase attending
and reduce behavioral distractions, it should also have a positive
impact on the quantity and quality of time spent “on task” for
both teachers and students. If this proves to be the case, we can
begin to predict and plan for how much time “on task” will be
required to move toward proficiency and mastery for each child
in the classroom.
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