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INTRODUCTION

Autism and autism spectrum disorder (ASD) are general termes dooupof
neurodevelopment disorders that typicallye characterized by impairments in social and
communication skills. The disorder appears within the first 3 years of life and in addition to the
affected development skills, autism also causes a deerkessponse to sensory information.
According to statistics from the U.S. Centers for Disease Control and Prevention (CDC), the disorder
affects around 1 in 88 children in the United States, dr@liftumber of diagnoses has been increasing
yearly’. Many peple may be unaware of the extent to which autism affects a large population of the
United Statesit may be surprising to note that more children are diagnosed with autism each year
than with juvenile diabetes, AIDS or cancer, combined.

Given the prevalece of autism in the juvenile population, many parents, caregivers, and
therapists seek out educational tools that cater to the needs of a child or student with autism.
Unfortunately, many of the tools available to consumers today focus on distinct agiebis
disorder, often neglecting other aspects outright. This is important when one considers the basic
social processing steps that an individual goes through in any given interaction. These steps involve
the recognition of emotion, the internalizatiorf that emotion, and the appropriate response to the
emotion. The problem that thesexistingeducational tools fail to address is the attention given to
multiple steps at once, and in particular, the transition betwéleose steps. These observations are

1 http://www.autismspeaks.org/whe-autism



especially important given the fact that many studies show that early assistance with social processing
has positive effects on the behavioral development of children with adtism

OBJECTIVES

The main objective for our projecto create an iPad applitian that assists students with
autism in one of the areas affected by the disorder. We chose the iPad as the platform for our project
because the App Store makes for convenient and inexpensive (or free) distribution of the software
and we wanted to makeuwr application as freely accessible as possible. We also found through our
interviews and research that the iPad is becoming a more common platform for developing
applications targetedor use inthe autism community, The common use of iPads means that th
students and aids will likely be familiar with tHevice making it easier for them to learn how to use
the applicationIn addition, using the iPad as the platform for our application removes any stigma
that might be associated with a specialized despecifically linked to a disability.

Our specific objectives for our application were derived from the interviews that we
conducted. These interviews and the motivation they provided in our chosen objectives is discussed in
further detail in the DesigRriteria section as well as at the beginning of the Methods section.

We chose to primarily address the difficulty that students with autism face in recognizing
emotions in facial expression® help students learn how to recognize facial cues for dhffe
emotions, we decided to create a game that would use repetitive picture matching to help students
identify the facial cues associated with basic emotions. One of our main objectives in the creation of
this game is to make it fun and intuitive to usethat it is appealing to the students. In particular, we
want the game to appeal to a young audience given the fact that early practice in recognizing socio
emotional cues for children with autism can improve social &kills

We also want to expand our ganto address more than just the first step of emotional
processing. Whila picture matching game can help students practice recognizing emotions on
different faces, we also brainstormed features of the game that would imelividualstudents apply

2 http://lwww.cdc.gov/ncbddd/autism/treatment.html

3 http://mashable.com/2013/02/01/innovativeautismcommunity
ipad/?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+Mashable+%28Mashable%29

4 http://www.autismspeaks.org/abouus/pressreleases/earlyintervention-improvessocialskillsbrain-activity-autism



the skils they learn in the game to their everyday lives. We want to help tbenmect the process of
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feeling associated with it. The first method fmynnecting our gme to real life situations to add in
familiar faces to the pictures being displayed in the game. The game will have the option to take
photos and save them so that the students can take pictures of people they interact with on a regular
occasion and hze them appear as some of the faces in the game. The addition of familiar faces
shouldh Yy ONBI aS (KS &ai0dzZRSyidQa lFoAfAde (2 NBO23yAl
are displaying. We also hope that the addition of these familiar facks&p the students translate

the skills they learn in our game into their everyday lives whichmiilirn help provide a context for

the emotions that they encounter. Another method for connecting emotional recognition to the other
steps of social prassing would be tanergeour gamewith the existing Emotionary app. Emotionary

is an emotional journal for the iPad that allows students to create entries based on the emotion that
they are feelingat a given timeEach entry is tied to an emotion and thieident records the context

in which they are feeling that emotiomtegratingour gamewith Emotionary would allow students to
look up entries for a certain emotion that they are practicing recognizing in order to provide a context
for a time that they &perienced that emotion.

Another objective of our projeatvasto add in customizable features to our applicatidkde
conducted some initial interviews at the Pacific Center for Autism Education (PACE) to discuss our
application idea and to collect inforrtian about design considerations for our produlet.talking
with speech and occupational therapists and aids at PACE, they stressed the variety of individualized
needs that their students have. They suggested a number of customizable features that would b
KSt LIJFdzZAE Ay GFAf2NRAY3I 2dzNJ AL YS (G2 RAFFSNByG ai
sufficient to add in all of the customizable features that were mentioned, we would like to add in as
many customizable features as possible to incegthe number of students who could use our
applicationin the future

Throughout our project we intend to keep meeting with the students and therapists at PACE.
This will provide us with feedback on the usability of our application and the appeal tiwtg for
the students. This will also give us regular feedback on how intuitive the game is to use and ease at
which the settings can be changed to customize it for different users.

DESIGN CRITERIA

Much of theearlybackground research conducted by qaroject team involved processing
the work that past students and researchers have completed on the topic. We were very lucky to
have two predecessors to the same field of work, former students of ENGR110/Ba0appily
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brought us up to speed on the sepf the work they had left upon graduag from Stanford, as well
as the future direction they saw for the project. Coincidentally, these two former students also
represented the first group that we interviewed to commence Discdwarotion. Anna Ly and &in-

Lee Hsueh had originally created two difet programs fotheir masters projectanotherfor the
guarter-long project in ENGR110/210. These two programs included an iPad app called Emotionary,
which served as a journal or diary for users and allothedh to document different situations in
which they felt a variety of emotions by taking pictures, keeping written logs, or recording voice
memos. In addition, Anna and Héiee created a series of migames for the Xbox Kinect system,
which involved a m physical aspect of social development for students with autism. The games
provided the students with a way to practice waving skills (a lesson in personal space and proper
greetings) as well as emotion recognition.

The interview provided us with mamwaluable notes about the future of our project, one of
which would become the base upon which we chose to model our final project. The pair emphasized
the need to add a sense of realism to our eventual application, saying that students would respond
better to more realistic facial expressions and emotions, and that doing so would allow their practice
to be more transferrable to the real world application of these skills. In addition, they stressed the
importance of developing a solid feedback system. Orte@problems they encountered with
Emotionary was that students would often press random buttons on the screen in the hopes of
receiving some sort of feedback. Even if the feedback was negative (e.g:ugp moessage displaying
"Wrong Answer"), the studes would continue to press the button in order to see any sort of action
on the screenln creating our application it will be important to limit our feedback system to only
include positive feedback for correct answers.

Among other key points, Anna andiH-Lee also mentionethe idea ofintegratingour
eventual iPad app to their existing Emotionary appis connectiomould allow students not onlio
practice their social and emotion recognition skills, ibwtould alsogive them some real world
contex to the emotions that they encounter.

Shortly after our meeting with Anna and Hdire, our team met with the project suggestor,
Kurt Ohlfs, director of the Pacific Autism Center for Education (PACE). Kurt had many suggestions for
the direction we couldake with our new project, and was very enthusiastic about helping us find the
best fit for the time period we were constrained by. An importéadt we took from our meeting was
that the majority of theapplicationghat Kurt had encountered focused orvkeloping
communication skills in students with autidess verbal studentsas opposed taevelopingthe more
basic skill of emotion recognition. This was an important point in our design process, as it led us to
research some existing solutions and disamoexactly what was lacking from these programs. Kurt
also mentioned that the need for a simple way to track and output data for each user was very
important, as it would allow therapists and caregivers to tailor their lessons and interactions with the



students according to the feedback they received from the appvell as generally tracking the
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This meeting with Kurt spurred many ideas for the direction we could take our app. Both
during the meeting and in subsegnt brainstorm sessions as a team, we managed to develop a few
compelling ideas that would directly address the semmotional development concerns for students
with autism. Among these ideas, we discussed the feasibility and impact of programs such as an
application that would help students improve their skills with organizing and planning their days, a
more detailed calendar application that assists students in moving from task to task on a daily basis, a
matching game that would help with the recognitiof emoton based on facial expressions. \Also
considered directly expanding on Emotionary itself. In the end, we felt that we identified most with
the idea of an emotion recognition game, and we were excited to continue with this path as it
seemed to e more novel, with very few existirgpplicationson the market. We were also enthused
about the possibilityf interactingour game with the existing Emotionary app, something Anna and
HainLee had mentioned, as it would add more depth to the learning@se.This potential
integrationwith Emotionary also led us to choose the emotion recognition game as it was the best
complement to the Emotionary app in terms of helping students further develop theirsocio
emotional skills.

Once we decided on the criéan of an emotion recognition game, we continued to brainstorm
and develop more details regarding what we would eventually include in our final app. Some of these
ideas included the use of video scenarios being played for students, who would have tdleelec
correct emotion based on the context in the scenario, as well as a game that involved the selection of
a facial expression based on the emotion as a written word. Ultimately, we decided to create a game
that did indeed involve selecting the correetcfal expressiofrom photosbased on a given emotion,
but also included the key aspects of matching real faces to real faces. Again, this choice came directly
from our interview with Anna and Hairee, who both mentioned the importance of adding a serfse o
realism to the game. With this goal in mind, we set out to create a prototype of the application.

METHODS

In talking with Kurt and the other therapists at PACE, we determined that one of the most
important objectives for our application is adding irstamizable features to make it usable for a
wider group of students with autismi\s part of the customization of the game, we also wanted to add
a sense of familiarity and realism to the game in order to make the skills acquired through the game
easily translatable to real lifeThis need for customizaticend familiarityin our applicatioralso lent
itself to creating a picture matching game becausseémedmost applicable to social processing for



students with autism and it alsseemedthat couldbema i@ Sl aAft & O0dzadi2YAT SR (2
specific needs.

Because we understood the importance of making our application as realistic as possible, we
determined that we wanted to use photographs of people making the emotional faces rather than
using icon®f faces for each emotion. We started with the basic concept of having two different
pictures to choose from so the student would tap whichever picture was displaying the prompted
emotion. We started taking pictures of ourselves making faces for diffenattions and discussing
which pictures were clearer and which were more difficult to determine the emotion. In discussing
the common facial signals between pictures of different people expressing the same emotion, we
came up with the idea of having an emple picture in the upper right hand corner demonstrating the
prompted emotion so the students could use it to recognize similar facial cues in the pictures that
they are choosing between. Our prototype is shown be(Bigure 1) The emotion that the studd is
finding is written in the upper left hand corner. The picture in the upper right hand corner always
matches the written emotion and can be used as an example of a person expressing that emotion.
The student then chooses from the bottom two photograplihich person is expressing the displayed
emotion.

Figure 1: Paper Prototype



After determining the basic structure for our game described above, we recruited 10 of our
friends and took pictures of each of them making the six emotions. We madetsupdiures had
similar white backgrounds that were as blank as possible to avoid distracting stimuli. We then
constructed alisplayprototype using foam core. The prototype consisted of a piece of foam core
with slots for each stack of photos and the emoot words. We organized rounds and ordered the
photos so that as the students were working with the prototype we would flip over the photos and
words to display the next round. We then added small lights around the edge of the board so that we
could manudly make the lights flash when the student got a correct answer as a method of positive
feedback.

After takingthe prototype to PACE and getting some feedback on the design from the students
and therapists there (see Results section for further discussigmototype feedback), we started
coding applicationFirst we drafted some preliminary sketches of the views within the application and
the screen flow process. We then discussed the algorithm that would choose the pictures for each
round and the screeflow layout of the game. Belom Figure 2 and Figurea@e some sketches from
our design process.
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Figure 2: ViewController Schematic
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Figure 3: Game Screen Schematic

The following is a description of the final application that we creAtélcreated wo icons for
our application, one for the standard iPad model and a higher resolution image for the new retina
display iPads. These icons will eventually be the outward display of the application in the App Store if
we chose torelease the product througthe App Store. When the code for the application is
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Figure 4: App Icon

Clicking the icon brings up the main load screen of the application. This sasdwd
odzid2yay atftleée DIFYSéeé GKAOK GlF1Sa (GKS dzaSNI Ayidz
the user to take their own photographs to add into the gamibe screen also contains the ProApps
logo and the DiscoverEmotidago.
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game closely resembles the prototype that we initially created. The word for the emotion is written in
the upper left corner and the upper right photo is asample picture that always corresponds to the
emotion word. The student then choses from the lower two pictures to find the picture where the
person is making a face corresponding to the written emotion. The student selects his or her guess by
tapping thephoto. If the student chooses the correct answer, the correct photo spins around and
three new photos and a new emotion words are displayed for the next round. There is a tally of the
score(presented as correct answers out of total roundsplayedn the upper right hand corner.
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Score: 8
Out of: 9

Surprised

Figure 6: Game Screen

Currently, the application is set up such that theragsmaximumon the number of rounds in
GKS 3IYSd ¢KS YIAYy f2FR AONBSYykYSydz Oy 6S I OO¢
the upper ldt corner. This simplified set up was ideal for testing with different students at PACE,
allowing them to play for different lengths of time and transitioning quickly between students as well
as for demonstrating the gam#&lodifyingthe code such that a \el would have a set number of
roundswould be easy

The algorithm generating each round for the game chooses two random emotions from the list
of six emotions, one for the correct emotion and one for the incorrect emotion. It then chooses 3
random peopé from the list of people whose photos have been added into the game, one for each of
the photos on the game screen. The side on which the correct picture will be displayed is also chosen
at random. Once the correct emotion, the incorrect emotion, the eotpicture location, and the
actors for the example picture, the correct picture and the incorrect picture have been chibgen
programloadsall of the correct images artisplayshem on the screen. The program is designed
such that each round is geraed at random, and there is no limit on the number of people whose



pictures can be added to the game (the minimum number is three so that each picture can be a
different person).

¢2 FTRR yS¢g LAOGIINBA (G2 GKS 3t Y Sin load ScrednnfS NJ 4 ¢
the game (see figurB). Selecting that button brings up a table of all of the actors (people whose
photos are included) currently in the gart@ee Figure 1)}rrom this menu, the user can add or delete
actors from the table. To add phad for an actor or edit the existing photos for an actor, the user
asStsSoia GKIFIG FOd2NDRa yIFYS FTNRY GKS FofST 6KAOF
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Actors

Edit New

Beth
Jessie
Philip
Kevin
Ben
Andy
Nick
Jen
Lauren
Zona
Melissa
karifa
jack

nancy
Figure 7: List of Actors Screen

On the details view for each actor, there is a fieldtfair name (a keyboard pops up to type
in the name) and six buttons, one for each emotion included in the game. Pressing on each button
brings the user to a new page for that emotion pictisee Figure 8)
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Figure 8: Actor Details Screen
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Enter Name:

Discover E)motion

Select Emotion:

Happy Sad Angry

Figure 9: Aatr Details Screen with Keyboard

Once on the screen for a given emoti@figure 10)there is a camera button in the lower left
corner of the page. To take a new photo or replace the existing photo, the user selects the camera
odzid 2y | yR 1 Kt&yamér&dpens soth®3ér cad wike a photo. The user can then back
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Figure 10: Happy Picture Screen

After creating the iteration of the application describadove, we loaded two iPads with the
game and took thm to PACE for a day of testing with the students théve. had preloaded the
applications with pictures of Stanford students. When we first got to the center, we played the game
with two of the studentsvho used the original prototype from one of our previous trips to the center.
These students quickly learned how to use the game, and played with it for approximately fifteen
minutes. We were then able to take some photographs of the PACE staff to imate'iato the
game. After loading in these photos of staff members that the students were familiar with, four
students, including the original two, played with the game.

We observed that the two students who had used the prototype previously and useapthe
earlier in the day were significantly more engaged with the game as they started to recognize some of
the people in the photos in the game. All of the students who played the game after adding photos of
the PACE staff commented on the people that thkegw in the pictures and seemed to be enjoying
recognizing the staff making the different emotions in the gawe. alsonoticedthat some of the
students were prone to repeatedly tapping the picture that they were guessing. Because the game
was prograrmedto respond to each tap, a double tap woudkipthrough rounds quickly as it would















