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OFF TO SEETHE WIZARD:
USING A “WIZARD OF OZ” STUDY TO LEARN HOW TO

DESIGN A SPOKEN LANGUAGE INTERFACE FOR PROGRAMMING
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�
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�
, BenNewton

�
, andJosephL. Zachary

�

Abstract — We are in the early stages of developinga
spoken language interfacethat will help beginners write
programs. Our goal is a systemin which a studentwill
talk to a computerusingEnglishsentences,in response
to which thecomputerwill generatesyntacticallycorrect
Java source code. We believe that such a systemwould
helpbeginningstudentsbyallowingthemto focusoncon-
ceptsinsteadof syntacticdetails,andthat it wouldalsobe
a boonto studentswith visualor mobility impairments.As
a preludeto designingand implementingsuch a system,
weevaluatedtheconceptvia a Wizard of Ozstudy. Volun-
teersubjectswere told that they were helpingusevaluate
a working system.In reality, an accomplishedprogram-
merwasplayingtherole of thepurportedsystem,andwe
were studyinghowthesubjectsinteractedwith it. We de-
scribethesystemthat weenvision,discusstheprocessof
running a Wizard of Oz studyin the context of our own
recentlycompletedstudy, andsummarizeour preliminary
results.

Index Terms— Spoken English programminginterface,
Wizard of Ozstudy, natural languageprocessing, teaching
introductoryprogramming.

INTRODUCTION

Thescenario: You area studentin an introductorypro-
grammingclass. We tell you that we have developeda
systemthat allows you to codeby sitting at a computer
monitoranddescribingaprograminto amicrophone.You
agreeto helpusevaluatethe system.We take you into a
roomwith acomputer, whichhasneitherakeyboardnora
mouse,andgive you generalinstructionsaboutusingour
system. We thenaskyou to usethe systemto complete
yourcurrenthomework assignment.

Theproblem: The systemdoesn’t exist. In fact, we
needto find outhow studentswouldpreferto interactwith
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suchasystembeforewecandesignanddevelopit.
Whatyoudon’t see:Yourcomputeris connectedover

anetwork to asecondcomputer. An expertsitsat thesec-
ondcomputerandpretendsto be the system.Theexpert
hears(andseesa transcriptof) everythingyou speak,de-
termineswhat the system’s responseshouldbe, anddis-
playsthis responsebackon yourcomputer.

This is thebasicoutlineof a Wizard of Ozstudythat
we spenta yearanda half creatingandrunning. A Wiz-
ardof Oz studyallows researchersto evaluatethedesign
of a new systembeforeactuallyimplementingit, andcan
be crucial in uncoveringdesignflaws andidentifying re-
searchissuesbeforethesystemis developed.Peopleinter-
actdifferentlywith computerprogramsthanthey do with
otherpeople[2]. If aresearcherwantsto learnhow people
will usea program,it is necessaryto convince themthat
they actuallyareusingthatprogram.

We thoughtthatour experiencewith thestudywould
beof interestto theFIE communityfor two reasons.First,
the long term goal that is served by the study—thecre-
ationof a systemthatwould allow beginningstudentsto
programby speakinginsteadof typing—couldimpactthe
delivery of introductoryprogrammingclasses. Second,
we hadno experiencewith Wizard of Oz studiesandno
ideawhatweweregettinginto. Wehavelearnedalot dur-
ing ourstudy, andwewould like to shareourexperiences.

NATURAL JAVA

Wearein theearlystagesof developingaspokenlanguage
interfacefor writing programs. Our goal is a systemin
which the usertalks to a computerusingnaturalEnglish
sentencesor sentencefragments,in responseto which the
computergeneratessyntacticallycorrectJavasourcecode.
We arenot trying to createa systemthat cansynthesize
programsfrom high-level specificationsspoken by non-
programmers.In the systemthat we envision, students
will describethe creationof programs,stepby step, in
muchthe sameway that an instructorin an introductory
programmingclassmight describeprogramcreationin a
lecture(Figure1). Our goal is to enablestudentsto work
at a higher level of abstractionby allowing themto pro-
gram without getting boggeddown in syntacticdetails.
Webelievethatthissystemwill beveryusefulfor students
learningto program,aswell asfor programmerswith vi-
sionandmobility impairments.
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We currentlyhave a working prototype,calledNatu-
ralJava,thattakestypedinput from thekeyboard[3]. Nat-
uralJava works within a subsetof Java and,more to the
point, within thesmallsubsetof Englishthat its develop-
ersuseto describeJava programs.Part of a typical inter-
actionwith NaturalJava appearsin Figure1; theresulting
sourcecodeappearsin Figure2.

To producethenext versionof oursystem,weplanto
usetheoutputof acommercialspeechrecognitionsystem
to driveNaturalJava. Beforeinvestingtheeffort to design
andimplementthis versionof the system,we neededto
find out how its intendeduserswould want to write and
edit sourcecodeusingspokenEnglish.

STUDY OVERVIEW

We createda simulationof a full spoken languageinter-
facefor programming.Our goal wasto recordthe inter-
actionsbetweenoursystemandagroupof beginningpro-
grammers.Now thatthestudyhasbeencompleted,weare
beginningto analyzethoseinteractionsto determinehow
studentstendto describeprogramcreationandwhat vo-
cabulary andsentencestructurethey prefer. We will also
find out how well a commercialspeechrecognitionsys-
tem performedat recognizingstudents’speechandlearn
how the studentsperceived the utility of the system.Fi-
nally, we will seeif the subjects’approachto speaking
to thesystemevolveswith experience.Theresultsof the
analysiswill drive thedesignof thefinal system.

We designedandconductedthe studyover a period
of about15 months. BetweenOctober2000 and May
2001,we implemented,andtestedthehardwareandsoft-
ware infrastructurerequiredfor the study. During the
summersemesterof 2001,we tried out the systemwith
a singlesubjectfrom an introductoryJava programming
class. During the fall semesterof 2001, eight subjects
from an introductory C++ programmingclassusedthe
system. (We chosestudentsfrom a C++ classbecause
no Java classwasoffered; fortunately, Java andC++ are
syntacticallysimilar.)

Overthecourseof thesemester, eachsubjectusedthe
systemoncea weekfor two hours. During eachsession,
the subjectwould typically usethe systemto work on a
homework assignmentfrom hisor herprogrammingclass.
If the subjecthadbegun work on the assignmentbefore
thesession,heor shewould e-mail thesourcecodeto us
asa startingpoint. At thecompletionof eachsessionwe
e-mailedtheresultingsourcecodebackto thesubject.

During the study we recordedapproximately200
hoursof interactionsbetweensubjectsandthesystem.We
aretranscribingeachsessionfor futureanalysis.

Below we sketch how our study looked from the
points of view of both the subjectsand the expert. See
[1] for moredetailsabouttheunderlyinginfrastructure.

1. CreateapublicmethodcalleddeqthatreturnsaCom-
parable.

2. Declareanint calledi andinitialize it to 1.

3. Declareanint calledminIndex andinitialize it to 0.

4. Declarea ComparablecalledminValueandinitialize
it to elements’firstElementcastto a Comparable.

5. Createaloopthatiterateswhile i is lessthanelements’
size.

6. Declarea Comparablecalledc andinitialize it to ele-
ments’elementAtappliedto i castto Comparable.

7. Createan if statementcontrolledby c’s le appliedto
minValue.

8. Assigni to minIndex.

9. Assignc to minValue.

10. Leavethis loop.

11. Invokeelements’removeElementAtwith minIndex as
aparameter.

12. ReturnminValue.

FIGURE1
INTERACTION WITH NATURALJAVA PROTOTYPE.

public Comparable deq () {
int i = 1;
int minIndex = 0;
Comparable minValue =

(Comparable)elements.firstElement();
while (i < elements.size()) {

Comparable c =
(Comparable)elements.elementAt(i);

if (c.le(minValue)) {
minIndex = i;
minValue = c;

}
}
elements.removeElementAt(minIndex);
return minValue;

}

FIGURE2
SOURCE RESULTING FROM INTERACTION IN

FIGURE 1.
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The Subjects’View

We providedthesubjectswith a simpleone-window user
interface,which wasdivided into threeregions: thecode
region, the promptregion, andthe messageregion. The
evolving sourcecodeappearedin thecoderegion, which
wasthe largestof thethree.Thepromptregion indicated
whetherthesystemwasprocessinganinput or wasready
to receive the next input. Themessageregion displayed,
as necessary, messagesthat requestedmore information
from the useror warnedthat the previouscommandwas
not understood.

Theonly input device availableto thesubjectswasa
headsetwith a boommicrophone—weremovedthe key-
boardandmouse. A typical interactionwith the system
wentasfollows:
� Initially, thepromptreads“Pleasestateyour next re-

quest.”
� Thestudentsays“Give mea for loop thatgoesfrom

zero to ten new paragraph.” (The subjectswere in-
structedto say“new paragraph”to mark the endof
eachrequest.)

� The prompt changesto “Processing,pleasewait”
while thesystemdeterminesa response.

� A messageappearsin themessageregion: “Nameof
index variable?”

� Thesubjectsays“i new paragraph”.
� The programin the coderegion changesto contain

for (int i = 0; i <= 10; i++) {}
� Theinitial promptis redisplayed.

The Wizard’ sView

The hidden expert, who we will call the wizard, wore
headphonesand sat at a computerin a different room.
The wizard manipulatedthreewindows: a text editor in
whichhecomposedthesourcecode,atext editorin which
hecomposedmessages,anda read-onlywindow thatdis-
playedtheoutputof thespeechrecognizer.

Thestudent’sutteranceswere
� sentto thewizard’sheadphonessohecouldhearwhat

thestudentsaid;
� pipedthroughaspeechrecognizer, whoseoutputwas

bothdisplayedto the wizard (in casehe forgot what
thestudentsaid)andloggedto a text file;

� recordedto anaudiofile.

Each time a commandwas issued,the wizard re-
spondedby either modifying the code or composinga
message,asappropriate.Whenthe wizard saved the re-
sponseto a file, the subject’s display was updated. All
sourcecodemodificationsandmessageswerelogged.

ORGANIZING A STUDY

The amountof preparationthat wasrequiredto organize
the studysurprisedus. In this sectionwe summarizethe

organizationaleffort.

Get Institutional Review Board Approval

A Wizardof Oz studyuseshumansubjects,soyou must
getapproval from your InstitutionalReview Board(IRB).
You will bedeceiving your subjects,which is acceptable
to theIRB solong asyou inform your subjectsof thede-
ceptionafter the studyis completed.Make sureyou get
approval to delayinforming thesubjectsof thedeception
until thestudyis complete.If anyonefindsout beforethe
studyis finished,word couldspreadto othersubjectsand
invalidatefuturedata.

Build an Interface

For the deceptionto be effective, the interfacemust be
convincing. The interface cannot show any signs of
the humanbehindthe scenes. Screenupdatesmust be
instantaneous—theusershouldn’t seethe charactersap-
pearingone-by-one.Conferencingsoftwareis not a good
solutionbecausemouseandeditor cursorswill move in
anobviouslyhumanway. This is why we decidedto have
thewizardcommitall changesto a file, andto only then
havethestudents’interfacedisplaythesechangesdirectly
from thefile.

More subtle indicatorsof humanintervention must
alsobeobscured.For example,we werecarefulnot to let
thestudentsseetheoutputof thespeechrecognitionsoft-
ware. Subjectsseeingpoorly recognizedspeechleading
to perfectlygeneratedcodewould quickly becomesuspi-
cious.

SelectGoodWizards

Goodwizardsarecrucial.They spendeverysessionreact-
ing to whatever the subjectdoes.It is impossibleto pro-
videguidelinesto thewizardstelling themhow to respond
in every conceivablesituation. The wizardswill have to
make unsuperviseddecisionsvery quickly and exercise
goodjudgmentin choosinganappropriateresponse.Fur-
thermore,thewizardsmustbeconsistent:oncethey pro-
vide somefunctionality, they must continueto provide
that functionality for the rest of the session. (Any loss
of functionalitybetweensessionscanbeexplainedasthe
resultof correctinga problemfoundby anothersubject.)

Find a Good Con Man to Front the Study

Therewill bealot of lying, soyouneedsomeonewhocan
lie quickly andconvincingly. Equally important,the lies
told mustbe consistent.For instance,oneday we hada
network problemthatalloweddatato flow from thesub-
ject’s machineto thewizard’s machine,but not the other
way. As we did our troubleshootingof the problem,we
hadto tell asequenceof consistent(but increasinglymore
elaborate)lies to explainouractionswithoutrevealingthe
truenatureof theproblem.
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Practice,Practice,Practice

It is importantfor the wizardsto do many practiceses-
sionsbeforestartingto work with subjects. They need
to feel comfortablewith theinterface,andevery response
needsto be automatic. The more comfortablethey are
with theirvarioustasks,theeasierthingswill bewhenthe
studyactuallystarts.

Practicealsoprovidesa valuableopportunityto find
andwork out bugswith thesubjects’interface.For exam-
ple,our practicesessionsshowedthat thesubjectstended
to focuson the sourcecodewindow while waiting for a
responsefrom the system. Therefore,the subjectswere
missingmessagesbeingsentto themto requestmorein-
formation.Consequently, wedecidedto havethemessage
window flashred whena messagearrived. This avoided
theproblemof thesubjectsitting idly waiting in vainfor a
responsein thesourcewindow, with thewizardpowerless
to do anything.

Get Your Story Straight

Think outthebasicstructureof thefictionalsystem.When
we first solicitedvolunteers,they asked how the system
worked. We couldn’t say, “Well, you see,thereis this
personat anothercomputerpretendingto be this system
	�	
	 ” It is importantto have a plausiblestory, but we rec-
ommendgiving asfew detailsaspossible. It is amazing
whatstudentswill remember. Severalstudentscontinued
to pressfor detailsaboutaspectsof our systemfor weeks
afterour initial explanation.

RUNNING THE STUDY

Runningthestudyrequiresagreatdealof timeandenergy.
Much of theeffort herecenterson recruiting,training,re-
taining,anddebriefingthesubjects.

Recruiting Subjects

One of our biggest problems was recruiting subjects
from introductoryprogrammingclasses.Our goal each
semesterwasto recruit ten subjects.During the summer
of 2001,we offeredthestudentstheincentive thatpartic-
ipating in thestudywould presumablymake it easierfor
them to completetheir assignments.Unfortunately, we
endedup with only onevolunteer.

Therewereseveralreasonswhy studentswerereluc-
tant to volunteer. First, many of our undergraduatestu-
dentswork full-time jobs and try to limit their time on
campusas much as possible. Spendingtwo hours per
weekfor a sessionin our studywasnot appealing.Sec-
ond,many studentsput off working on an assignmentas
long as possible. They don’t want to commit to an ad-
ditional two hours in their schedulebecausethey may
needthattimeto work onsomeotherassignment.Finally,
somestudentsprobablyfeargettinginvolvedin aresearch
projectbecausethey aren’t surewhatit will entail.

Duringour testingphase,wehadtroublegettingsub-
jectsto show up regularly. This wasfrustrating,sincethe
front man’sandthewizard’s time waswasted.Thisprob-
lem wasin part a lack of adequateincentive, andin part
a problemof procrastination.If thereis no strongincen-
tive to show up, andif someotherdistractionarises,the
subjectcaneasilychooseto skipa session.

During thefall semesterof 2001,we changedtactics
andofferedto paythevolunteers$20persessionfor their
participation.Wewereableto recruiteightsubjects.With
only oneexception,wehadnotroublegettingthesubjects
to show up regularly. In fact, somestudentsasked us to
make up tasksevenwhenthey hadno homework assign-
ments.

Initiating Subjects

The purposeof a Wizard of Oz study is to find out
how subjectswould like to usethe systembeing devel-
oped. Giving the subjectstoo much instruction or too
many exampleswill biashow they usethe system. The
subjectswill attemptto duplicateyour instructionsor ex-
amplesinsteadof doing things their own way. Alterna-
tively, giving thesubjectstoo little informationmayresult
in thesubjectsdoinguninterestingthings.

Initially, we did not provide enoughinformation to
thesubjects.This resultedin somesubjectsdictatingsyn-
tax symbolby symbol. Sincewe weretrying to develop
a syntax-freemethodof programming,thesesessionsdid
not provideuswith interestingdata.

After thefirst groupof sessions,we settledon a for-
mula that worked well. We gave the subjectsa way to
think aboutworking with our programandoneconcrete
exampleof how to useit. We told them:

Think of the computeras if it were one of your
classmates.It knowsexactlywhatyouknow, and
youshouldgiveit instructionson whatto write in
theeasiestwordspossible.

We alsogavethemthefollowing writtenexample:
To print “Hello, world” to the screen, you can
say“Print quotehello commaworld quoteto the
screennew paragraph.”

Given the mentalpicture and the example,our subjects
hadenoughinformationto startworking with our system
usinga largervocabulary anda wider varietyof sentence
structures.

Reactionof the Subjects

During our study, we receivedfeedbackfrom subjectsin
two forms. At theendof eachsession,we askedthesub-
ject to move to a computerwith a keyboardand fill in
a web-basedevaluationform. We also received sponta-
neousverbalfeedbackfrom subjectsduringtheirsessions.

The evaluationform requestedfeedbackon whether
the systemwaseasyto use,which featuresworked best
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andworst,andwhatwouldmakethesystemeasierto use.
We received a numberof useful (and amusing)replies.
One student,for example,appreciatedthe help that the
systemgavewith C++ syntax:

I alsowasimpressedwith howwell it understood
whatto dowith pointers,it understoodbetterthan
I did. I just told it whatI thoughtI wantedandthe
assignmentswere madecorrectly.

Anotherstudentcomplainedabouttheerrorfeedback:

Whenit says“Commandnotunderstood” I’m left
in the dark. Did I mumble, was it bad wording,
wasmy commandtoo long, was there a specific
word that it wasn’t ableto understand,or what?

A third studentwasa bit greedy:

Also it would be great if the program knew how
to write functions. If I could just tell themwhat
I wantedmy variablesto be, and the idea that I
wanteach functionto do,andit did it, thatwould
begood.

The subjectsoften forgot they werebeingrecorded;
their unguardedcommentsgive us insight into their im-
pressionsandexpectations.Someremarks(e.g., “Wow!
That’s great!”) exhibit surprisethat the program func-
tioned correctly. Others(e.g., “No! That’s not what I
wanted.”) revealwhenthesubjectsperceivedproblems.

Suchcomments,takenin conjunctionwith therelated
changesto thesourcecode,will helpussortoutwhatusers
meantwhen they employed ambiguouslanguage. One
suchsourceof ambiguity is the word “add,” which can
be usedto describea mathematicaloperation(e.g., “add
x to y”) or to ask that an objectbe includedin a larger
context (e.g., “adda methodto this class”).

We alsogot evidencethat somesubjectsweredelib-
eratelychallengingour system.Onewomandeclaredten
variablesin a single command,countedthem, and then
saidunderherbreath,“Let’s seeif it cando this.”

PRELIMIN ARY RESULTS

The subjectsexpressedgreatenthusiasmfor the natural
languageprogramminginterface. After finishing a ses-
sion,onestudentasked,“When canI buy this software?”
While respondingto the post-sessionquestionnaire,an-
otherstudentwrote,“The featurethatI likedthebestwas
the automaticsyntax. It wasvery convenientto speakas
if I wastalking to anotherperson.”

After eachsession,we rana script to collatethedata
we collected. Thesedataincludedthe recordingof the
subject’s requests,the transcriptionby the speechrecog-
nition software,messages/questionsthatpassedfrom the
wizardto thesubject,andthechangesmadeto thesource
codefile. The collation allows us to view a command-
by-commandevolutionof theprogram,sothatwecansee

eachinputandits results.Wearecurrentlymanuallytran-
scribingeverythingthat eachsubjectsaidfor later study.
A completesetof transcriptsis not yet available,andwe
arejustbeginningto analyzethesedata.However, wecan
alreadydraw somepreliminaryconclusions.

Subject Evolution

Thetranscriptsthatwehavecompletedto datereveal
that, over time, the subjectsbecamebetterat expressing
themselvesto thesystem.In earlysessions,for example,
someof thesubjectstendedto dictatesyntax;in laterses-
sions,thesesamesubjectsbegan to phraseprogramde-
scriptionsat a higher level. For example,subjectscom-
monly neededto insert#include <iostream> into
their programs.Hereis how onesubjectissuedthesame
requestin hisfirst andlastsessions:
� Poundincludelessthaniostreamgreaterthan.
� Includeiostream.

After the first few sessions,the subjectsgainedthe
confidenceto phraserequestsin English rather than by
dictatingsyntax. Evenso, therearemany examplesof a
subject’sability to preciselydescribealanguageconstruct
improving with time. Thefollowing requests,all of which
involvecreatingloops,wereextractedfrom thetranscripts
of a singlesubject. Oneor moreweekspassedbetween
eachsuccessive transcript.
� Createa fuh fuh fuh a loop that incrementsx by one

andwhich multipliestwo integersx timesy.
� Create a for loop. The three argumentsare for

[pause] for tempx equalsx2 next argumenttempx
is lessthanx2 thenthenext argumentis tempx incre-
mentedbyone.

� On the next line createa for loop that initializes an
int loop = zero teststhe loop while it’ s lessthanfive
andthenincrementsbyone.

The subjectsprobably spentmore time modifying
codethey hadalreadywritten thanthey did writing new
code.Comparethefollowing two excerptsfrom onesub-
ject’s transcripts.Thefirst, whichis composedof fivesep-
araterequests,is from asessionearlyin thesemester. The
secondis from a sessionlatein thesemester.
� Gouptwo lines.Goto theright sixspaces.Goto the

right onespace. Backspaceonetime. Insertcapitalv.
� Gouptwolinesandchangetheoneto a negativeone.

On reflection, theseresultsare not surprising. We
have observed that mostbeginning programmershave a
hardtime talking abouttheir programs,whetherthey are
askingquestionsor describinga solution. To make the
bestuse of a natural languageprogrammingsystem,it
may be necessaryto explicitly teachbeginning students
abasicvocabulary for talkingaboutprograms.
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SpeechRecognitionPerformance

A comparisonof the automaticallyandmanuallygener-
ated transcriptsshows that the speechrecognitionsoft-
wareperformedpoorly in our study. Herearethreepairs
of commandsissuedby oneof oursubjects.Thefirst com-
mandin eachpair is what the subjectactually said; the
secondis theoutputof thespeechrecognitionsoftware.
� (Spoken)Go up two linesandsendg to thedraw ar-

ray method.
(Recognized)Go to liens and extendedGE to the
draw our raymethod.

� (Spoken)Createa privatearrayof ints namedarray.
(Recognized)Createa private array of Inns named
our ray.

� (Spoken)Createa for loop thathasan int loopequal
zero as thefirst parametersecondparameterloop is
lessthanfifty third parameterloopplusplus.
(Recognized)To createfor loop thathasan into loop
equal zero as the first parametersecondparameter
loop is lessthan53rd parameterloop plusplus.

Thepoorperformanceof thespeechrecognitionsoft-
ware is not surprisingbecausewe didn’t exploit its full
capabilities.A new useris supposedto train the system
in two steps.First, theuserreadscannedtext thatcomes
with the system. Next, the userreadstext that is repre-
sentativeof hisor herwork, theninteractively correctsthe
errors.Weskippedthesecondstepof thetrainingbecause
it wouldhavebiasedthesubjects’choicesof wordsduring
thestudy.

Sincethe recognizedspeechwasn’t displayedto the
subjects,they couldn’t correctthe recognitionerrorsthat
weremadeby the speechrecognitionsystemor be self-
trainedto speakin amannerthatimprovedrecognition.To
complicatematters,speechin the programmingdomain
useswords(suchas“int”) andphraseconstructions(such
as“for loop”) thatdo not exist in standardEnglish.

Offline from the study, we have experimentedwith
trainingthespeechrecognitionsystemusingtext from the
programminglanguagedomain. It is possibleto tunethe
speechrecognitionsystemso that it is capableof recog-
nizing speechdespitethe unusualsentenceconstructions
usedto describeprograms.

Disfluenciesand Restarts

Disfluencies(e.g., wordslike “um” and“er”) andrestarts
(starting over in mid-sentence)posea significant chal-
lengeto naturallanguageprocessingsystems,even if the
underlyingspeechrecognitionis perfect. Our transcripts
reveala numberof disfluenciesandrestarts.Herearetwo
examples:
� Change the word void no skip that change the word

public to private.
� Go upfour linesandcreatea aa a an init method.

Webelievethatwecandealeffectively with theprob-
lemsposedbydisfluenciesandrestarts.First,weareusing
a shallow parserin the prototypethat will not fail catas-
trophically with ungrammaticalsentences.Second,in-
formationextractiontechniqueswork well over sentence
fragments,andif we loseoccasionalitemsdueto disflu-
enciesandrestarts,we candeterminewhatinformationis
missingfrom a commandandquery the userfor it. Fi-
nally, we can integrate the speechrecognitionsystem’s
correctionandeditingfunctionsinto theprogrammingin-
terfaceto helpminimizetheproblemsposedby disfluen-
ciesandrestarts.

CONCLUSIONS AND FUTURE WORK

Thesubjectsin our Wizardof Oz studyreactedpositively
to their experiences. Their post-sessioncommentsin-
cludedmany critiquesof thestrengthsandweaknessesof
the simulatedsystem.On balance,thesecommentshave
strengthenedourconviction thataspokenlanguagebased
programminginterfacewouldbenefitbeginningprogram-
mingstudents.

We have transcribedmostof the approximately200
hoursof audio recordings. A preliminary review of the
transcriptsshows that studentstend initially to describe
programsin purelysyntacticterms,andto thenslowly de-
velop the vocabulary requiredto describetheir programs
at amoreabstractlevel.

Our preliminaryreview alsorevealsthat theuntuned
speechrecognitionsoftwareperformedpoorly during the
study. Offline of the study, however, we have found that
thespeechrecognizercanbetunedto work with thekind
of speechthatis usedto describeprograms.

We will soonfinish transcribingall of the subjects’
utterances.We will thenanalyzethesetranscripts,in con-
junction with the sourcecodethe subjectsgeneratedor
modified,to determinethevocabularyandsentencestruc-
turethat thesubjectsemployedandto learnhow they de-
scribedprograms.Wewill thenfeedthisinformationback
into the designandimplementationof a working spoken
Englishprogrammingsystem.Eventually, we hopeto re-
peatthis userstudywith a realsystem.
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