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Abstract

Interactive simulations are increasingly important in scienceatidngyet most are inaccessib
to blind learnerdn developinganaccessible prototype oPhETinteractive sciencsimulationwe
encountered significant challenges in providing screen readessincluding the need td:) describe
unpredictablevent sequence®) cue productivénteractiors, and3) to simultaneouslgonvey multiple
changesTo address these challengasextendedxistingpractices for verbal description of visual
interactive contentindwe creatediew strategies for developing rich description for accessible

interactive science simulations.
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Introduction

Sciencesimulatiors range in complexity fronsimple tohighly complex. A broad range
of description strategies are needed to effectively increaseiswal access to all interactive
simulations Recent guidelinesKeane and Laverentor the description of interactive scientific
graphics are particularly relevant for simple interacti\zes more complexnteractives, like
simulations,presensignificant challenge In this work,we share strategies for designing
descriptions for a complex interactive simulatigve developed our strategitgsough an
iterative design process, includiegtensive useinteraction analysis ari@edback, for a PhET
interactive science simulatigismith et al.)

The PhET Interactive Simulations projatthe University of Colorado Bouldereates
science andnathematics simulations (or “sims”) for teaghiaind learning from elementary
school to college.Ae PhET projeateachestudents around the wondth over 150 interactive
sims Each sim s visuallyich, highly interactive, andupports exploratoriearning.Iin 2014 the
PhET project began an initiative to increase the accessibility of PhET Smswork focuses on
the development of descriptions intended for screen reader access for Balsonsand Satic
Electricity.

The Balloons and Static Electricity sim (Fig.1) addesses topics related to charge and
static electricity for students of age 10 to adult. The sim includedladd, a Sweater, and a
Wall, and allows students to explore the transfer of charges betweerhtteeseltjectsand the

resulting effect of a negative or neutral net charge on the Balloon.
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Fig. 1.In the Balloons and Satic Electricity Sim, Students Can TryeSeralPossible
Explorations(yellow callouts)with the Interactive ©jectsto Learn About Static [Ectricity.
Prior Work
Prior work in thedevelopment oYerbalized natural language descriptions (or simply
‘descriptions’)is addressingignificantacces challenges in scientific imag¢®IAGRAM
Center) graphs (Moskovitch and Walkemolecular chemical diagranfSorge et al.) andmath
games(Gerino, et al.)TheKeane and Laveremeportprovides guidance on creating effective
descriptions for visually impaired students using interactive siocegtaphics. Interactive
scientific graphics ardefined as “images that will change theppaarance in response to actions
taken by an external agent” (p.9hese resources provide usejuidanceonaspects of
developing effective descriptiofs.g.,guidelines regardin@revity, contextandtimeliness) In
our workwith a complex interactive sime discovereshew chalenges in provithg description

during interactionrequiring development @fdditionalstrategies.
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Method
Design Approach
Prior to this project, th&alloonsand Satic Electricity simwasinaccessibléo screen
reader softwareOur goalsm developing descriptiongjasto support access through technology
(computers and softwarepmmonly available in classrooms and to incorpadaseriptions into
the same sim used by students without disabiktresuting in a single, more inclusive, sim.
Our accessibldesign approach embraces the principles of the Web Content Accessibility
Guidelines, and leverages themantics of HTML5 and WAARIA. It rests orthree pillars:
1. Infrastructure: A robust webpagéke structure our parallel Document Olge
Model (PDOM),that provides &ierarclical representation of the sim’'s objecsd
that supports communication between sim, browser, and screen sedtilere
2. Multiple accesspoints: Keyboardnavigationandoperationthat provide users
familiar ways to navigate and interact with the sim, includingeen reader
commands
3. Descriptions. Textbaseddescriptionsead out by screen reader softwa provide
cues for interactiorgdynamic stateinformation andreattime feedbackas students
explore and engage with the sim.
About the Participants& Procedures
As part of an iterative design process, we recruitesicieen reader users for interviews
12 on early prototypessge als®@mith, etal.), and2 on more recent prototypes for a total of 14
interviews.The participantspanned a broad age range (19 years to 61 years). Participants
demonstrated differing levels of expertise with tigferred screen reader. All participants had
atleast some postecondary education
Journal on Technology and Persons with Disabilities
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Early prototypeswerekeyboard accessible, andntaineddescriptiondor all static
representations names and descriptions of objects that do not ch@dohge sectionsn Fig.2),
andtwo dynamic descriptisrepresating the changing amount charge on the Balloon and
the Sweater. Theemaining dynamigepresentationgere providedhrough live descriptioby
the interviewer, in what is sometimes called a Wizard of Oz procethissmethod allowed us
to learn how participants explored an interactive samestthe wordingof our static and
dynamic descriptiongndto idertify gapsin our description plan. @weeninterviews we
revisedthe desigrof the descriptions arithe keyboard interacins The last tvo interviewshave
been conducted on more complete prototypes without any live descppmoded.

Discussion

In this work, we summarize threlescription challenges found @mir interviews andthe
strategies we developetliring ouriterative design process to address these challeAgade
by-side demonstration of thatestvisual prototype and its desg@tion hierarchy can be found

online atbit.ly/phetdemos-balloonand staticelectricity.

Challenge 1: How to support multiple pathways of interactionand exploration?

PhET sims are designedpoovide operended exploratoryexperiencedn Balloons and
Satic Electricity, students may explore whiadppens when the Ballo@released near the
Sweateor near the WallStudents may explore what happens when the Balasrasmall or
large amount of negative charges and is rele&atents may explore botkarning pathways,
and morein any order.

Additionally, gudentsusinga screen readecan utilizemultiple waysto interact with an
online resourceThey may use anyor all) of the followingapproacheshe arrow (or cursor)
keysto listento descriptionsine by ling screen readeshortcut keysto listen for structural
Journal on Technology and Persons with Disabilities
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features(e.g.,headingy, orthe Tab keyto navigate throughnteractive objects (e.g., buttons).
Descriptionsdesigmed for Balloons and Static Electricity neededo supporiscreen reader users
in exploring multiple learning pathways in the sirhile usingdiverse interaction approaches.
Our strategy to support multiple pathwayfsnteraction and exploratias to providea
rich hierarchical system afhodular descriptiond.he hierarchical sticture provides navigational
support,uniquely identifesthe objectsn the sim with unchanging (or static) descripticar
reflecs any statehangs to these objects with updated ¢lynamig descriptionslt also
providesa summarized wpo-datedescription of the entire sifthe Scene Summayy All

descriptions are modulaandmake sensen contextwhen heardn any order.

Path 1 Path 2 Path 3
Explore with the Arrow keys Explore with headings Explore with the Tab key
Balloons & Static Grab

Balloons & Static Electricity

Electricity Yellow Balloon, button
Scene Summary @ Scene Summary
Remove Wall, button
—e Simulation contains a Play Area and a @ Play Area
Control Panel. The Play Area is a small Two-balloon
room. The Control Panel has ... 3 :
} Sweater Experiment, off switch
[Brief static introduction]
Reset Balloon, button
Currently, room has a balloon, a QYG’IOW Balloon
sweater, and a removable wall. Look for grab button to
play.
Yellow balloon, in center of play area, [Static cue for Balloon] Reset All, button
evenly between sweater and wall. ...
@ Wall
Balloon has a few pairs of negative
and positive charges. The sweater ... Control Panel
[Dynamic List: State of the Room]
Balloon Settings

—e Grab balloon to play.
[Static cue for Balloon]

Grab
Yellow Balloon, button

Fig. 2. Three Possible InteractivearningPathways firough theSim's Hierarchical
Description &ucture: Arrow keys @ft), headings (center), and Tab key (right).
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The result is a rich set of descriptions that can be navigated by screemusadg in
multiple ways (Fig.2)andremainunderstandable regardless of the learning patlexplored. A
studentchoosingto navigae the simine-by-line with the arrowskeys (Fig.2, Path 1vill first
encounter the Scene Summdgybigpicture viewof the simand a cue for interactiofhe
studentmay choose tammediately interacby following theinteractioncue or continie
exploring with the arroeysto assess afiossible interactionbefore choosingheir learning
path A student choosingp navigatethe sim by using shortcut keys to brovieadings(Fig.2,
Path 2will find sevenmeaningful headings inalding thosefor the “Scene Summatyand*“Play
Ared sectionsExploring anysection more deeply will provide the opportunity to interact with
objects in the simA student choosing to navigate timeractive objects in theimusing the Tab
key (Fig.2, Path 3yvill find actionoriented static descriptions, like the “Grab Yellow Balloon”
button or “Remove Wall” button, eacimderstandable independent of other descriptions.
Challenge 2: How to support productive expl orationwithout over-directing?

The design of thelescriptions need to support studemi$ onlyin exploring the sim, but
alsoin choosing productive exploratiofsr learning. With theBalloons and Static Electricity
sim learning from the simequiresnteraction with the Balloon. e Balloon’s largeige, its
bright color, andts central location between the Sweater and WaNipleimplicit visualcues
These cues indicate sighted studestthatinteracting with the Ballooand exploring
relationships between the Balloon, Sweater,\aadl will be productive(Podolefsky,et al), and
studentstypically begin interactingvith the Balloonwithin seconds o§im useln our early
accessible prototypescreen reader ussadid not initially interactwith the Balloon, choosing
lessinformative interactions firstin thesenitial designs heither thecues for interaction nor the
Balloon descriptiongffectively communicatk the significance of the Balloon
Journal on Technology and Persons with Disabilities
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Our strategyto support productive exploratios to cue productive interactions through
both navigation order andescriptionWe designed the hierarchigavigation ordeto align
with the visual scaffoldirg ofthe sim Unchanging @r statig descriptionsdentify objects within
the sim indicatetheir hierarchical relationships to each offaard simultaneously provida
pedagogically relevant navigation order for the interactive itemsisith For example,hie
Sweater, the Bbon, and the Walare foundwithin the hierarchyn the “Play Ared section
(Fig.2, column 2) Though structurally at the same level of importanadien listeningn order
(first to last) the Balloondescription comeafter thedescription of theSweater and before the
description of theVall. This ordesituaesthe Balloon semanticallpetweerthe Swear and the
Wall, just as it is situated between these two objadise visual layoytand cues the user that
there are likely relationships to explore between these objects

To highlight the significance of the Balloomng embeddedhreeplayful interadion cues
to suggestthat grabbing th&alloonmight bea productive way to begin exploratiorhe sim’s
Scene Summary enagth a nonspecific cue “Grab balloon to play,” (Fig.2, column 4.
second cue, “Look for grab button to play” (Fig.2, columnigfpund atthe end of théBalloon’s
descriptionandprovides specifistructuralinformation about the “Grab” interaction (i.e., itis a
button) The finalcug the button’slabd, is simple and acticioriented,"Grab Yellow Balloori.

The static descripnsand navigation orderingrovideinformation to the student about
the objects and the relationships between them, whiletiéeactioncues provide hints at what
might be a productivepportunityfor exploration. The navigation ordering neither pbatsi nor
enforces any specific interaction pathway, and nothing in the desosiptdicate tstuders
specifically what exploration® engage with. Eadtescriptioronly provides cueto the student
to support exploration.
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To illustrate, here is an example user scenéristudent arrives at the siemndthe
screen reader automatically begins reatliegScene Summariyom the top of the description
hierarchy which ends witliGrab balloon to fay.” The screen readeontinies readingthrough
the Play Area Sweateiand Balloon descriptiondn the Balloors descriptionthey hearthe cue
“Look for Grab button to playThe student presses thab key and hears,Grab Yellow
Balloon, button”. Theypress the Spabarto beginaninteractive exploratiowith the Balloon
Challenge 3: How to support awar eness of multiple simultaneouschanges?

As students explore and interact with the sim, they make changegttsabdthese
changes caaffect other objectsA single interactioroftenresulsin multiple simultaneous
changes that students need to know alieat.example, presy) the Reset Allbutton (Table 1)
resulsin statechanges tat least two objectshe Balloonandthe SweaterA more complex
exampleis the interaction oflragging the Balloon and rubbimigon the Sweater (Fig)3This
interaction results in multiplehange to the Balloon (position amét charge)and tathe
Sweater (location afemainingpairsof chargesandnet charge De<riptions repeaas rubbing
continues.

Tablel. Improved Description fahe Reset AllButton

Early prototypes released state changesfor | Redesigned description releases
all objectsupon pressing the Reset All an alert to summarize what
button happened

e Sim screen restarted.

¢ Yellow balloonin center of Play Area. _
e Everything rest.

e Has no more negativeharges than
positive charges.

e Sweater has no more positive charges
than negative charges.
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. inti i . Improved descriptions
RUBBING: Descriptions in early prototypes RUBBING: with Interactive Alerts

Yellow balloon has a few
more negative charges than
positive charges. Sweater has
a few more positive charges
than negative charges.

Left. On sweater.
rug1 Yellow balloon picks up
negative charges from

sweater.

Yellow balloon has a few
more negative charges than
positive charges. Sweater has
a few more positive charges
than negative charges.

Left. Yellow balloon has a few
more negative charges than
positive charges. Sweater has
a few more positive charges
than negative charges.

e

S5, € vYellow balloon has several more B ]

RUB 3 negative charges than positive . .
charges. Sweater has several more RUB 3 Dowa.. Yellow Balloon picks

positive charges than negative ) _u_p more negative charges.

charges.
Reset Balloon | Reset Balloon |

Balloons and Static Electricity

Fig. 3. RepetitiveDynamic Descriptions for the Balloon ar8lveatefRUB 1, 2, and 3 on left),
Layered with ihteractiveAlerts (RUB 1 and 3 on right) to Reduce Verbosity aegddtion
In early prototypesstate changesere communicated throughpdatedDynamic
Descriptions (Fig.5, column 29r eachsimobject.Describing the state changedone, however;
resulted in lengthy and repetitive descriptions when changes ocesumdthneously(Table 1,
column 1 and Fig.3 speech bubbles on th, lefid silence when no changes occurtésirsin
responsepften igrored the verbose and repetitive descriptions, had to deduce on theirabwn th
the change in chaeg was due to a charge transfer, and were left unaware of the state of the sim
when rubbingnteractionsresulted in no charges being transferred.
Our stratey for providingdescriptions of multiple simultaneous changet® design
highly-contextualized description aleftateractive Alert, to replace and/cstrategically
supportstate change@ynamic Descriptionys Dynamic DescriptiongFig.4, column 2)reflect

the statechangesn the description hierarchy, can be accessed at anyidimeview, and are
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read aloud dring interaction InteractiveAlerts (Fig.4, column 3), in comparisomre succinct
descriptions ofvhat is happeningn the simare onlyannouncedn contextat the instant they are
relevantas the event occurs, argimainhidden from revievin the sim’shierarchy.

Sim Hierarchy (PDOM) Browsable Descriptions

! Static Descriptions Dynamic Descriptions I Interactive Alerts

Title RUB 1: Left. On sweater.
Yellow balloon picks up

Balloons & Static Electricity Hee net posifive chargs & negative charges from
@ few more positive charges | Sweater.
Scene Summar p
4 than negative charges.  O----pRUB 2: Dynamic
@ PlayiArea — Description for balloon,
: then sweater.
@ S Has net negative charge, a
weatarie few more negative charges | RUB 3: Left. Yellow balloon
than positive charges. picks up more negative
Yellow Balloon » L charges from sweater.
Button: Grab Yellow Balloon RUB 4: Left. Again, more
Has net peutral charge, negative charges.
@Wall . Many pairs of negative and RUB 5: Right. No ch
|£ositive charges. : : Right. No change
in charges. More pairs of

Control Panel charges up and to the left.

Button: Remove Wall O----- = = = P| Wall removed from
Balloon Settings glay a2
Switch: Two-balloon ExperimentQ============sssssesemmnmnnnnenan-n- ) Green balloon

added to play area.
Button: Reset Balloon =

Button: Reset All O---- | . . . } Sim screen restarted.
| Everything reset.

Fig. 4. Description Strategy Includes Three Types of DescriptioriseHded Vithin a Parallel
DOM. Static Cescriptions (column 1) fon a Bowsable @tline, Dynamic [@scriptions (column
2) describe reviewable state changes, and InteractarsAcolumn 3) support interaction.

For interactions, like the Resa&ll examplein Table 1 a summarized Interactiveleéxt,
“Sim saeen restarted. Everytig reset; is read out instead tie two lengthier Dynamic
Descriptions. For the more complex rulibinteraction (Fig.B succinct reatime Interactive

Alerts that describe what is happening supghe lengthieland repetitivdDynamic Descriptions
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about the amount of charges on the sim's objects. The experiencd,ovdrath scenarios,
becomes more engaging while still effectively conveying theptexity of changes that the
studeris interaction caused.
Conclusion

Throughout our work we sought to maintdirevity, ensuretimelinessof description
delivery,and create descriptions that always make sense in context, consisitemtewious
work on descriptions for interactive scientific graphics (Keane and éatjeto do this within a
complex interactive simulation required that we utilize new stredefgir the design and delivery
of the descriptions. These strategies included providing a rolemat¢tical structure to support
multiple pathways of exploration andteraction,providing cues to support pedagogical use of
the sim, and layering difreedifferent types of description to support the conveyance of
complexity. User testing witlour sim prototypesndicate thathese strategies cée used to
effectivelyaddress thehallenges we have highlighted fmomplex interactive simulation3he
set of strategiegresentednay alsobe a usefucompanion to existing guidelines fdescribing
other types ointeractive graphics.
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