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ABSTRACT

Many first-hand accounts from individuals diagnoseéth autism
spectrum disorders (ASD) highlight the challengekerent in
processing high-speed, complex, and unpredictabbeials
information such as facial expressions in real-tilnethis paper,
we describe a new technology aimed at helping geoppture,
analyze, and reflect on a set of social-emotiongnads
communicated by facial and head movements in ligeias
interaction that occurs with their everyday soatalmpanions.
We describe our development of a new combinatiohasfiware
using a miniature camera connected to an ultramdt@ together
with custom software developed to track, captuméerpret, and
intuitively present various interpretations of tHacial-head
movements (e.g., presenting that there is a highaiility the
person looks “confused”). This paper describes thew
technology together with the results of a seriepitidt studies
conducted with adolescents diagnosed with ASD whkeduthe
technology in their peer-group setting and contgduto its
development via their feedback.

Categories and Subject Descriptors
J.4 [Computer Applications]: Social and behavioral sciences —
psychology.

General Terms
Design, Experimentation, Human Factors.
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Autism spectrum disorders, Asperger’s SyndromejaFadfect,
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1. INTRODUCTION

Autism spectrum disorder (ASD) encompasses a wahge of
developmental issues that typically manifest inldttood, with
mild to dramatic implications for social interaatio
communication abilities, sensory perception, angetitive
behaviors and interests [1]. ASD includes Autisbisorder
(AD); Asperger syndrome (AS); and Pervasive Develeptal
Disorder — Not Otherwise Specified (PDD-NOS).

L

Figure 1: Autistic adolescents using the wearableamera
system and facial analysis software to capture arehalyze
their social interactions.

AD, also known as “classical autism,” affects bebaun the
areas of social interaction, verbal and nonverbahraunication,
and exhibited interests. Some frequently associatgdptoms
seen in autistic persohiclude discomfort with eye contact; low
levels of expressed empathy; diminished or nonexisverbal

! Many people diagnosed as having an ASD have esguies
preference for the usage of “autistic person” iadtef “person
with autism.” See Sinclair 1999
http://web.syr.edu/~jisincla/person_first.hfar an essay on this
respectful use.




communication; increased sensitivity to touch; tipe
movements, such as flapping hands or rocking; taiset of
speech; and difficulty in perceiving and reacting athers’
conversational and emotional cues [2].

AS, sometimes also called “High-Functioning Autis(hiFA), is
primarily characterized by significant preoccupatiavith a
particular subject, repetitive routines, lack oformtination, and
inappropriate behavior in social situations. Spepatterns can
also be directly affected in this population; fostance, speech
may be overly formal or monotonal, and a person exyibit a
lessened capacity to understand figurative speedebople
diagnosed with AS can usually function in normatisty but
frequently experience difficulties relating to ntarlard
communication behaviors and problems with socig¢raction
[3].

The PDD-NOS diagnosis encompasses a series of egmapt
frequently found both in people diagnosed with statand people
with developmental delay and cognitive impairmefBD-NOS
is essentially a ‘subthreshold’ condition in whiah insufficient
number of the standard criteria for autism are imetyever, PDD-
NOS itself is a clinical diagnosis reflecting pesive social and/or
cognitive difficulties [4].

Our goal in this paper is to illustrate some of tiethods we have
tried to use for individuals diagnosed with ASDhielp them with
social communication. Individuals in these situasiooften
struggle with multiple levels of social interactgrdue to inherent
difficulties picking up on interpersonal cues thasult in
nonstandard socialization. We propose that an ideailal skills
intervention would have a number of components
complement a technical solution to the problemaaich

(1) It should be personally situated, allowing gegson to explore
and learn in a social environment that is as réalsd natural as
possible. This may provide intrinsic motivationléarn since the
training would be focused on interacting with peoplhom they
know and care about. It may also be better for ggizeng the
knowledge he or she has acquired in familiar sgttinvith
familiar persons to other less familiar situaticarsd interaction
partners.

(2) Just-in-timetraining may enable a person to get feedback at

the moment of need, when learning is most sougSocial
situations can be overwhelming, so another key corapt of our
approach is to use technology that enables systemqiloration
of social interactions, thereby helping users gmioremental
insights into their expressions and those of others

(3) Easy-to-use and fun technologies should alloverem
opportunities for learning than is typically availain infrequent,
school-based therapeutic sessions.

Thus, our research has been oriented not only drdwatping
these individuals interact with others, but alsdpimg them
thoroughly understand their own patterns of intéoac The
principal contribution of this work is a novel pdigm oriented

aroundin situ social learning technology. Our system is framed

around live computer-assisted facial affect analyi®dicated to
helping the recipients of the intervention devekimtegies for
social interaction that can be generalized to offierations. By
creating non-invasive and simple-to-use technolegy,hope to
make our system accessible to a broad range oflgeeith
autism.

that

The paper is organized as follows: the followingctem
highlights social interaction difficulties in autisand surveys
existing technologies for teaching facial expressiaderstanding
to individuals on the spectrum. Section 3 descrthesmobile PC
platform that we use and presents the facial aisafysd results
visualization software that we developed. Sectighsand 5
describe the pilot experiments and present thdtseand lessons
learned, and Section 6 concludes the paper anthesitseveral
future directions of this work.

2. SOCIAL DIFFICULTIES IN AUTISM
SPECTRUM DISORDER

There are many socialization difficulties assodateith a

diagnosis of ASD. Individuals face major issues effective

communication stemming from factors as diverse #agss
incurred through eye contact; difficulty of timingnh oral

exchanges; non-standard analysis of conversatinardigs, often
leading to the missing of standard conversationa¢sg and
particular issues with conveying and interpretingog@on in

speech in a normative fashion. At the same timayynpeople on
the autism spectrum have strengths related to miatey

information [14], sometimes accompanied by enhampezdeptual
function [15]. We have aimed in this work to addremutistic
social difficulties and leverage autistic procegssirengths, by
providing a forum in which autistic individuals camalyze their
interactions in two separate ways: both in reaktimo that a
guantitative analysis of facial expressions (asdidty an affect-
recognizing program and live video input) can beested by the
child and a teacher; and in a recorded settingyhith the child
can record naturally-evoked facial expressions wswlthe facial-
expression reading program to analyze these expnsssater.

Through this dual method, we hope to encourage iticads

thinking experience of facial affect interpretatitrat will come
more naturally to individuals on the spectrum, lesyttend to be
more adept at managing quantitatively presentestnimition than
they are at processing qualitative and highly suthje

information such as interpersonal social cues.

A number of intervention approaches have been dpeel to
teach people on the autism spectrum social readkigs. A

majority of these are structured programs thateeittocus on
prototypic basic emotions or on social skills tmag such as
reducing socially inappropriate behavior and imfmgvpersonal
hygiene [5, 6]. Structured programs that teachbtéisic emotions
use carefully constructed facial schematics [7, a8jd other
nonverbal stimuli [9]. These teaching approaches generally
accepted by individuals diagnosed with HFA/AS, thefre is little
scientific evidence that acquired skills generalizereal-time,
real-world interactions. Mind Reading DVD [10] ia ateractive
DVD guide to emotions with video clips that portrég1 mental
state concepts. To the best of our knowledge, ithis only
available system for teaching autistic people faedpressions
and mental states beyond a simple set of basic i@msot |t

presents interactive games for players to pradhtieg ability to

recognize a wide range of emotions and social &ginam face-
videos.

Our approach with wearable technologies offerstHerfirst time,
the ability to conductjust-in-time in situassistance to help
individuals with HFA/AS to learn facial expressionsnd
underlying emotions in their own specific natumavieonments. It



achieves this through a mixture of new hardware aedv
software capabilities.

3. MATERIALS AND METHODS

3.1 Overview

The principal physical components of our systemlude a
Samsung ultramobile computer and attached Logitachera, as
detailed in section 3.2. In sections 3.3 and 34 detail the two
custom software applications that are used on thepater to
analyze and interact with the facial affect infotioa.

3.2 Hardware

Our goal is to help autistic individuals interadthwpeople in a
live setting and develop a qualitative intuitiontbé visible facial
communication of their own and others’ social-emmioél states.
For example, we want them to see, in real timesoihebody is
looking confused or disagreeing with what they saging, or if
somebody is looking interested or smiling. To tad, we wanted
to allow them to process — both live and in lagzorded contexts
— their facial expressions and the expressionbaeif friends. We
chose to use Samsung ultramobile PCs (8.96" x 4&«8893" in
size, 1.52 Ibs) to process the live recorded vidl¢e.used a very
small Logitech USB camera attached to the ultrafeatimputers
to assist with mobile camera processing. The hamehisashown
in Figures 2 and 3.

camera lens

Y

O

Figure 2: back of Samsung mini-computer with attacked
camera for video capture

Figure 3: front of Samsung mini-computer.

3.3 Facial Analysis System

To interpret the live video feeds, we use the faaimalysis

framework and C++ software of el Kaliouby [1This framework
combines bottom-up vision-based processing ofdbe &nd head
movements (e.g., a head nod or smile) with top-dpvelictions
of mental state models (e.g., interest and agrgéinmterpret the
meaning underlying head and facial signals overetini

multilevel probabilistic algorithm using Dynamic Bssian

Networks models the hierarchical way with which jpleoare

thought to perceive facial and other human behaji@] and

handles the uncertainty inherent in the processattfbuting

mental states to others.

At camera speed, the inference system locates waukst 24
feature points on the face and uses motion, shaple calor

deformations of these features to identify 20 facad head
movements (e.g., head pitch, lip corner pull) dicecunits from

the Facial Action Coding System [13] and 11 comroative

gestures (e.g., head nod, smile, eyebrow flashg pérson’s
affective-cognitive state is then inferred basedvat the model
has learned from training examples that relate ¢oations of

these facial and head movements to higher-levebtiem” labels.

Our inference approach here is unique in that fipsuts the
inference of six states of mind that extend beydne basic
emotions. These six states aregreeing, concentrating,
disagreeing, interested, thinkirend confused The first three of
these states (which in this paper and in the watk the kids we
loosely refer to as “emotions”) are designated um system as
“positive” emotions, since they frequently indicathat a

conversation with a person on the spectrum is @aicg

productively; the last three, including “Thinkingfay indicate
that a conversation has reached a point where ghaker may
want to reiterate or rephrase a previous pointriafeoto make
sure the listener understands. The other noveltypoment of the
system is that it accounts for the richness andpbexity inherent
in facial affect signals by allowing for multipleappings from a
face (e.g., a smile) to a mental state (@greeing, interested

3.4 Emotion Bubbles

In preparation for this project, we designed theoEom Bubbles
interface for the Facial Analysis System using Bssing, a
Graphical User Interface-oriented language witiA¥A base. In

replacing the default output of the Facial Analysystem, which
had consisted of a line graph on which all six rakestates were
tracked over time, the Emotion Bubbles interface gpecifically
designed to provide information about levels of goms in a
simple and intuitive way that would be easily asdds to

individuals on the spectrum. The numeric level afke emotion
was therefore represented as the percentage obbld full

radius displayed on screen. Each emotion displsasiassigned
a particular color. As given above, the “positivahotions were
assigned “cool” colors (green, blue, and purpledidgating a
productive state, and the “negative emotions” wassigned
“warm” colors (red, orange, and yellow) indicatithgt the user of
the interface should be aware of a possible coatiersl

impediment. Each bubble is updated dynamically witery new
output line from the Facial Analysis System. Thetpot

frequency of the Facial Analysis System’s text-basetput is
once per every five frames. Given our particuladianeare for this
project (the Logitech mini-camera with an inputnfiea rate of
about 5 frames per second) this corresponds toEtmetion



Bubbles interface updating two to three times pmroad. This
update rate was frequent enough for our needsmmstef giving
the adolescents fairly frequent information abolg tive or
recorded video they were analyzing.

The Facial Analysis System and the Emotion Bublisrface
were presented side-by-side on the Samsung saseshown in

Figures 4 and 5. The Facial Analysis System wind@s retained
to present information about which parts of theefagre being
tracked; the Emotion Bubbles front end was addeprdeide an
intuitive view of which emotions were currently bgiunderstood
from the given input by the Facial Analysis System.

Figure 4: lllustration of Facial Analysis System vileo input and Emotion Bubbles interface.

Figure 5: lllustration of Facial Analysis System vileo input and Emotion Bubbles interface.



4. PILOT EXPERIMENT

4.1 General information

We piloted the Facial Analysis System/Emotion Bueisbl
software combination on the Samsung/Logitech harelaathe
Groden Center in Providence, RI, a facility thabypdes

services to individuals with diagnoses of ASD asll vas

individuals with other developmental disabilities.

We visited the Groden Center multiple times to owur pilot;
between visits, we iterated our protocol and safwaVith the
help of the Groden Center staff, we ran two diffierg/pes of
pilots; one in which the individuals worked withetlsoftware in
an essentially unstructured way, and another inclwithey
recorded video to try to elicit particular express from their
friends and then reviewed the video with the Fadiahlysis
System and the Emotion Bubbles later to gauge tbein
success.

Both pilots were run during all visits with the santhree
adolescent boys, diagnosed with AD, AS, or PDD-NOS.

4.2 Training

Prior to introducing the Facial Analysis System/HEoo

Bubbles combination in a group setting, we showachechild

in the pilot the interface in a separate settinging a standard
laptop computer with a front-facing camera with evhthe child

could watch as the Facial Analysis System analyhedt own

facial expressions, we verbally assisted each chitd
understanding the significance of the bubbles ahdirt
relationship to the facial expressions displayedtha Facial
Analysis System. We then conducted a series ofrrimb

exercises — asking, for example, whether they agréth the

statement “Macs are cool” for Windows aficionadosl ahen

pointing out that the Disagreeing bubble becangelaas Facial
Analysis System analyzed their facial expression.

4.3 Live video analysis

The live video analysis task essentially relied leading the
individuals to their own understanding of the dbilito

quantitatively analyze facial expressions in a greatting, thus
developing their qualitative intuition about affeet
communication. Depending on the cognitive abilibdaverbal
level of the participants watching and being anadyby the
Facial Analysis System, the experimenters wouldd htile
computer, manage the interaction verbally, or mejtthe latter
condition becoming more frequent as the participdrgcame
more comfortable with interacting with the Faciahalysis
System and the Emotion Bubbles. In situations whibre
experimenters did direct the interaction, our ingas generally
designed to help the participants elicit responsiéls specific
facial expressions from their friends, such as pimgy the
child with the computer to ask the child being véelvon the
Facial Analysis System screen, “Do you like the Beat?” with

the goal of causing the Agreeing bubble to growsime. Figure
1 illustrates how the participants actively used thchnology
while communicating with one another; Figure 6 dasimtes

how a staffer was able to help a participant hakl computer
for greater accuracy in facial expression analysis.

4.4 Recorded video analysis

During our second visit, we ran a task to help itidividuals
understand how they might try to elicit particulasponses in a
given social context. We asked them to record esef facial
expressions with the general goal of getting fates would
elicit the “agreeing” emotion bubble. We verballgrpsed the
task to emphasize the importance of getting thetiemadn a
natural conversation with the correct Emotion Beslihterface
response, i.e., “Can you get him to make some ftaslook
like he's agreeingwith you? It's like trying to get the purple
bubble to get bigger on the computer.”

Figure 6: Groden Center staff assisting student wit Facial
Analysis System/Emotion Bubbles video analysis.

After asking each child to record a few minutegtdir friends

making expressive faces with the goal of gettinge$athat
would register as ‘agreeing’, we separately tootheehild to a
different room to review their video and talk abdlé success
of their methods in eliciting the “correct” express This one-
on-one analysis with the child was also an oppdtuio talk

about how different expressions produced certaipblas and



bubble combinations. Figure 7 shows an experimeetéewing
a participant'’s recorded video and discussing theotibn
Bubble results with the participant.

Figure 7: Student reviews recorded video with expémenter
using the Facial Analysis System and Emotion Bubbde

5. RESULTS

The goal of these pilot studies was to increaserést in and
willingness to analyze and comprehend facial affetta
technology-aided conversational setting. The EnmoBabbles
interface was successful in helping the participathtvelop a
fast intuitive understanding of what the Facial Ae& System
interface was tracking and how different expressionight
produce particular results. Through this new urtdeding, the
participants were then able in conversations Withrtfriends to
try to cause particular emotion bubbles to increassize. In
particular, the experimenters witnessed multiplstances of
individuals who were trying to elicit a particul@xpression
adjusting their conversational flow to try to gbat expression.
According to the Groden Center staff, our pilotsrevalso
successful in helping the participants criticallyabze facial
expression in an attempt to find unspoken emotionask.

In terms of interface design, it was illuminatirgee how the
individuals used the Emotion Bubbles in terms dittneeds
and preferences with regard to the graphical pt@mserAs a
result of their input, we added a number of feaure the
interface. The version used for our second roundpitifts
included features such as the ability to turn aithe bubble
individually (signaled by a series of bubbles ie thottom left;
bubbles which were not currently being displayedengrayed
out); the ability to move each bubble with the Sangsstylus;
the ability to “freeze frame” to help analyze thackl Analysis
System interpretation of the last facial affectréy¢he capacity
to turn the background black for easier viewingha bubbles;
and the ability to make the text larger and ofatiéht fonts to
facilitate reading for individuals with visual andognitive
impairments that made the original text difficudt read. These
considerations were difficult to anticipate priar tunning the
pilot study with these autistic individuals, and were able to
garner a significant amount of information about atvh

accommodations should be considered in futurefaterdesign
for people diagnosed with an ASD. The goals of $icitp and

intuitiveness of design were never ignored; regearchis field

is supportive of the fact that autistic people datipularly well

during analysis of information that is presentedsuth a way
that enables core information to be easily disarteading to
our emphasis on only showing colored bubbles footems

which were visible at all times.

6. CONCLUSIONS

This paper describes new technology for just-iretiim situ

learning of facial affect together with the resuifsa series of
pilot studies conducted with adolescents diagnasitid ASD

who used the technology in their peer-group settargl

contributed to its development via their feedbatkis is an
important milestone in this area of research pedgibecause
face-to-face, real-time understanding of emotios#ite is
difficult for this population. By bringing “emotidnand facial

affect from the realm of intangible concepts inke tarea of
quantitatively measurable and analyzable infornmatising the
Facial Analysis System/Emotion Bubbles interfaces were
able to allow these individuals to hold well-infoeth
conversations about how their expressions wereepad by
their friends and how they might change their faeigpressions
to demonstrate some particular idea.

Future interface design in this and related areasbenefit from
the knowledge we obtained in these pilot studiegpdrticular,
the principle that intangible information can benesented in a
fun and intuitive way could be very helpful in mplé contexts
for people with autism. This knowledge is particlyaiseful in
light of the fact that interface design for people the autism
spectrum is an under-researched area that can itodroen
increased attention.

The introduction of technology-assisted conversaioand
facial affect analysis may be extremely useful utistic people

in terms of helping them understand normative docia

interactions. Furthermore, science still doesrdivéh a deep
understanding of social interaction (e.g., how oféach facial
expression tends to get reciprocated, what thdstitat of
natural eye contact are, etc.) The same toolslolese to aid
autistic people in this discovery process can badu® help
advance the fundamental scientific understandingedis

With regard to the hardware, our major goal istteasnline our
system so that there are fewer and shorter wirdsaasimpler
assembly process for camera/computer configuratidfes may
also add a tripod or an accelerometer that withalthe system
to cope with “jitter” and process emotion accunatdb
counteract slight movement from the holder of thmputer.

In our future work with the Groden Center, we vatganize a
monthlong pilot to measure the cumulative effedtsvorking

with the Emotion Bubbles interface. We will loadettfracial
Analysis System /Emotion Bubbles interface onto Safnsung
ultramobile computers obtained for this purposehveihd train
the staff there to run our protocol, with modificais made as
necessary for individuals of varying cognitive #tk and the
availability of staff members. Throughout the ceursf the
study, we will visit each of the 15 autistic forcath 20 minutes a
day, three days a week. During this time, we wibrkvwith the



participants to help them think about their
communicate  nonverbally and appreciate
communication with the assistance of the Facial lysia
System and the Emotion Bubbles. Our goal is to fhip

population become more confident in everyday cirstamces
with the idea of using and understanding emotion
conversational situations. We will assess the gpgnts’

general state with regard to emotion perceptiom wie Texas
Alexithymia Scale (TAS-20); we will also performfbees-and-
after assessments of the participants with the (Bd¥tery, the
Classic Films Battery, and the Social Responsiveisesle for
the purpose of measuring the success of our appraac
developing appropriate responses to communicateoti@mal

state. Our goal is to make the mobile PCs a sgcu@itepted
part of interaction in that setting, so that thedsints will feel
able to interact with each other and analyze ttieénds’

expressions with the goal of enhancing effectiveammuoinication
and learning to better communicate through faciptessions.
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