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Abstract

The daysof specifyingmissionsfor mobile robotsusingtraditional programminglanguagesuchas
C++ andLISP arecomingto an end. The needto supportoperatordacking programmingskills coupled
with the increasingdiversity of robot run-time operatingsystemss moving the field towardshigh-level
robotprogrammingoolsetswhich allow graphicalmissionspecification.This paperexplorestheissuesof
evaluatingsuchtoolsetsasto theirusability Thisarticlefirst examineshow usabilitycriteriaareestablished
and performancearget valueschosen.The methodsby which suitableexperimentsare createdto gather
datarelevant to the usability criteria are then presented.Finally, methodsto analyzethe datagathered
to establishvaluesfor the usability criteria are discussed.The MissionLabtoolsetis usedasa concrete
examplethroughouthearticleto groundthediscussionshut the methodsandtechniquesregeneralizable
to mary suchsystems.

1 Intr oduction

The field of mobile roboticshasmaturedto the point whereit is time to move robotsout of laboratories
andinto the handsof users.However, beforethis transitioncanoccurbettermethodgor taskingrobotsare
required. Currently highly skilled robotic expertshand-craftrobot missionsusingtraditionalprogramming
languagessuchasC++andLISP. This unnecessarilgxcludespeoplewho arenot fluentcomputemprogram-
mersfrom functioningasrobotend-users.

Robotprogrammingoolsetsntendto improve this situationby providing anintegrateddevelopmenien-
vironmentfor specifying,evaluating,anddeploying robotmissions.Suchatoolsetshouldallow novice users
to specifyrobotmissionsusingavisualprogrammingparadigm Here,a visualeditorallows usersto graphi-
cally createmissiongcomple setsof tasks)oy selectingreusablénigh-level constructandrelatedperceptual
activities from menus.Integratedsupportfor evaluatingsolutionsvia simulationandfinally deploying them
onrobotsmustalsobeavailable.

The specificationof the componentsconnectionsand structureof the control systemfor a group of
robotswill be calledthe configuration. A configurationconsistof a collectionof agentsjnter-agentcom-
municationlinks, anda data-flav graphdescribingthe structureof the configurationcreatedrom the agents
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andchannels.Therearetwo typesof agents:atomicand assemblagesThe atomicagentsare parameter
izedinstancef primitive behaiors while assemblagesre coordinatedsocietiesof agentswhich function
asa new cohesve agent. The configurationreferenceghe low level primitives, but doesnot describetheir
implementationssincethatis generallyhardwaredependent A configurationgenerallyis a solutionfor a
particularrobotmission.

This article exploresthe issuessurroundingust how one beginsto evaluatethe usability of robot pro-
grammingtoolsetsusedto createand maintainconfigurations.It is necessaryo considerusability early in
the develop cycle[4, 10, 14, 15, 26, 33], but whenthe applicationis available, it mustbe evaluatedasto
its usability by the target audience.Therearefour popularprocedurego evaluatethe usability of software
packages[ZBin the Human-Computemterfacediterature. Heuristic evaluatior{25, 32] asksinterfacespe-
cialiststo studythe packageandlook for aspectshat,basecn their experiencewill be confusingfor users.
A processcalled Guideline$31] hasdevelopersrate their systembasedon a list of good interfacedesign
principles.In Cognitive walkthroughs developersperformsoftwarewalkthroughgo evaluatethe actionsre-
quiredby the toolsetbasedon a cognitive modelof how userswill expectthe interfaceto work. Usability
testing14, 23] attemptsto studyandmeasurehow representatie usersinteractwith the systemwhile per
forming realistictasks.The peculiaritiesof applyingUsability testingto a robotprogrammingoolsetarethe
focusof this article.

Thedesiredcharacteristicef a RobotProgrammingloolsetarepresentedn Section2. The MissionLab
system,an exemplartoolsetusedto groundthesediscussionsis presentedn Section3. Section4 presents
specifictechniquesvhich canbe usedto establistusability criteriafor toolsetswith Section5 documenting
the usability criteria establishedor MissionLab Designingexperimentsto generatevaluesfor usability
criteriais discussedh Section6 while two specificexperimentcreatedo evaluateMissionLabarepresented
in Section7. Theevaluationof experimentabatais discussedh Section8 with theresultsfor theMissionLab
experimentsaanalyzedn Section9. The summaryin Section10 concludeghearticle.

2 Robot Programming ToolsetRequirements

Behavior-basedrobotic systemsare becomingboth more prevalentand more competent[522, 8, 27, 13, 9,
16, 1]. However, operatordacking programmingskills are generallyforcedto usecannedconfigurations
hand-craftedy experiencedoboticists.This inability of ordinarypeopleto specifytasksfor robotsinhibits
theacceptancef robotsinto everydaylife. Evenexpertroboticistsareoftenunableto sharesolutionssince
thereis no commonlanguagefor configurationdescriptions. Indeed,a configurationcommonlyrequires
significantrework beforeit canbe deployedon adifferentrobot,evenonewith similar capabilities.

A robotprogrammingoolsetshouldattacktheseissueshead-on Currentmethodsfor specifyingmobile
robot missionsusingtraditionalprogramminganguagesuchasC++ or LISP mustbe replacedwith visual
programmingnterfacesto supportnovice users. The configurationscreatedmustremainarchitecture-and
robot-independentintil explicitly boundto the target robots, easingthe transformationfrom one system
implementationto another This independenceoupledwith supportfor multiple codegeneratorgensures
thatawide variety of robotscanbe supportedrom a singlehigh-level toolset.Finally, integratedsimulation
andrun-timesupportarerequiredto easethe procesof evaluationanddeployment.

Toolsetsshouldclearly separatalevelopmenttasks. Skilled developersarethenableto createlibraries
of high-level control abstractiongailoredto a particulartarget task domain. Robotcommanderganthen
select,parameterizeandcombinecomponentdrom thesdibrariesto performa variety of missionswithout
requiringdetailedroboticsknowledge.



MissionLalj6], presentedn the next section,is anexampleof arobotprogrammingoolsetwhich meets
thesegoals(Anotherexampletargetedto industrialroboticsis Onika[29 11]). MissionLabusesthe assem-
blage[18] abstractiorio permittherecursve constructiorof new coherenbehaiorsfrom coordinatedyroups
of otherbehaviors. This allows developersto build librariesof increasinglyhigherlevel abstractionsvhich
aredirectly tailoredto their end-usersheeds.MissionLabs supportfor the graphicalconstructiorof state-
transitiondiagramsallows the useof temporl sequencinffl] that partitionsa missioninto a setof discrete
operatingstateswith assemblagesplementingeachstate.

3 Example: The MissionLab Robot Programming Toolset

The MissionLabtoolsethasbeencreatedat Geogia Tech as an integrateddevelopmentervironmentfor
behaior-basedmobile robots. It providesoperatorsvith a graphicalconfigurationeditor which allows de-
velopingandvisualizingmulti-agentrobot missions.An integratedsimulatorallows preliminaryevaluation
of missionconfigurationsbeforethey are deployed. MissionLabalso permits mixing simulatedand real
robotswithin a singlemissionto allow evaluatingthe benefitsof additionalhardware.

This sectionprovidesan overview of the MissionLabtoolsetto groundthe usability evaluationswhich
will follow. In-depthdescription®f MissionLabcanbefoundin the MissionLabusers manual[8.

3.1 The SocietalAgent theory

The theoreticalbasisof MissionLabis the Societal Agent theory[2Q 21], which describeshe recursve
compositiorof agentsn bothnaturalandman-maderganizationsMinsky proposesnagent-basestructure
of humanintelligencein “The Societyof Mind"[24]. TheSocietalAgenttheorybroadenshisagentmetaphor
by proposinghatcoordinatedocietieof physicalagentsanbeviewedascoherenagentsn theirown right.

This providesinsightinto therecursve compositionof societalagents Considera herdof buffalo moving
acrossa plain. Eachindividual animalhasa variety of motor behaiors active, suchas herding, obstacle
avoidance,and eating. Eachof thesemotor behaiors canbe representeds an agent. Eachbuffalo is an
agentconstructedrom its own individual motor behaiors. Within the herd, a cow and her calvesgroup
togetherandform acowwi t h_cal f agent. The herditself is an aggreateof all the societalsubgroups
of which it is constituted. As a whole, the herd hasboth speedanddirection and constituteshe top-level
recursvely constructedagent.

Examplesarealsocommonin humancircles,with military organizationseingthe mostprominent.For
example, squadsof soldierstrain, live, andfight togetherwith the intentto form a cohesve squadagent
which is interchangeablevith othersimilarly performingsquadagents.Thereare certainwell documented
commandsand actionswhich eachsquadmustbe capableof carryingout, independentf their particular
individual subpartsThis allowsthelieutenantommandingheplatoonto planatthesquadevel, andignore
the detailsandidiosyncrasief individual soldiers. Similarly, the compary commandewill abstractthe
platoonsinto coherenbbjects sinceplatoonsalsoconstitutecoherentaigents.

3.2 The Configuration Description Language

The ConfigurationDescriptionLanguagg/CDL) captureghe SocietalAgent theoryin arecursve composi-
tion languagédailoredfor representindgpehaior-basedobotconfigurationsCDL representsnly themission
configuation, notthe robot-andarchitecture-dependeimplementation®f the behaioral primitives. CDL



encouragesreationof genericmissiondescriptionsdy partitioninghardware specificinformationfrom the
bulk of the configuration supportedy anexplicit bindingstep.

CDL specifieshow primitivesareinstantiatedand coordinatednot how they areimplemented.This is
necessanto allow configurationsto remainindependentf implementationdetails. Each primitive must
have a CDL prototypewhich specifieshow it is invoked. An importantfacetof CDL is its supportfor the
constructionof reusableassemblagesThis allows building librariesof high-level primitivesfor laterreuse.
Assemblagesaredefinedusingthe def Agent keyword and canbe usedinterchangeablyvith primitives.
The syntaxandsemanticof CDL is formally definedin [20, 21] andtheinterestedeadershouldlook there
for in-depthtreatments.

3.3 The MissionLab Toolset
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Figurel: Block diagramof the MissionLabSystem.

The MissionLabtoolsethasbeendevelopedbasedupon ConfigurationDescriptionLanguage.Figure 1
shaws a block diagramof the MissionLabsystem.The userinterfacecentersaroundthe graphicaldesigner



(ConfiguratiorEditor - CfgEdif). Fromheretheusercandevelopconfigurationsbind themto specificrobots,
and generateexecutables. The CDL compiler generatesrchitecture-specificode basedaccordingto the
usersintentions.Built-in supportfor the AURA [2] architecturellows deploying andmonitoringconfigura-
tionson the multiagentsimulatorand/orrobots,all from within MissionLab

CfgEditis usedto createand maintainconfigurations.lt supportshe recursve constructionof reusable
componentst all levels: from primitive motor behaiors to entiresocietiesof cooperatingobots. CfgEdit
supportghis recursie designprocesdy facilitatingthe creationof coordinatecassemblagesf components
which arethentreatedashigherlevel componentsvailablefor laterreuse.lt allows deferringcommitment
(binding)to a particularrobotarchitectureor specificvehiclesuntil the abstractmissionhasbeendeveloped.
This explicit binding stepsimplifies developmentof a configurationwhich may be deployed on different
robotic vehicleswith eachperhapgequiringuseof a differentbehavioral architecture The procesf retar
getinga configuratiorwhenhardwarerequirementghanges thuseased.

MissionLabcurrentlypossessethe ability to generatecodefor eitherthe ARPA UnmannedSroundVe-
hicle (UGV) architecture[1312, 27, 28] or for the AURA architecture[119, 2]. The AURA executableslrive
both simulatedrobots,severaltypesof Denningrobots(DRV-1, MRV-2, MRV-3), anda robotic HUMMER
all-terrainvehicle. The binding processgdeterminesvhich compileris usedto generatehe executablecode
andwhich librariesof behaior primitivesareavailablefor userplacementvithin the graphicaleditor. The
MissionLabsystem[3Q is availablein bothsourceandbinaryform at
http://ww. cc. gat ech. edu/ ai / robot -1 ab/ resear ch/ M ssi onLab.

3.4 lllustrati ve MissionLab session

Figure 2 showvs a screensnapshobf CfgEdit with a military missionto surey a minefield loaded. This
displayis whereend-usersvill normallyinteractwith the system.Missionsareconstructedy addingstates
andtransitionsto the workspace.Onceadded theseobjectsare further specifiedby choosingappropriate
behaioral andperceptuahctionsto carry out their task. The selectionprocessusespopupmenusshoving
availablelibrary componentsgachwith ashortdescription.Figure3 shavsa screersnapshobf theselection
popupusedto choosea new behavior for amissionstate.

Oncean appropriatebehaior is selectedjt mustbe parameterizedor the specificmission. Figure 4
shaws a screersnapshobf the parametemodificationpopupfor the Away Fr omperceptuatrigger, which
specifiesvhenabehaioral transitionshouldoccurata certaindistancefrom adetectedbject. Noticetheuse
of radio-tuttonsfor selectingwhich classe®f objectsthe perceptuaprocesss sensitve to andthe sliderbar
for settingthetriggerdistance.

The high-level abstractionsvailableto the missioncommandeareassemblagesonstructegreviously
for othermissiongusingtheeditor)thatweresubsequentlgrchivedto thecomponentibrary. Figure5 shovs
thecomponent®f the MoveTo behaioral assemblagdt is built asa cooperatiely coordinatedassemblage
of threeotherassemblagedNoi se, Avoi dObst acl es, andMbveToGoal . Therecursve construction
of componentst all levels allows designergo focus on building high-level componentstailoredto their
specifictargetdomain,yetdraw uponprevioussolutions.

4 Establishing Usability Criteria

Usability criteria are necessaryand useful during two stagesof a products life cycle. First, they should
sene asdesigngoalsto focusdevelopmentefforts. Secondly whenthe endproductis available, usability



Figure2: CfgEditdisplayinganexampleMission(encodedsafinite statediagram)to
suney aminefield.

Figure3: Examplelist of behaiors availablefor states.

experimentscanmeasurevaluesfor thesemetrics,providing statisticaldatafor determiningthe succesand
degreeof completionof the developmenteffort. Table 1 depictsan exampletechniquefor presentinghe
usabilitymetrics.
Notice that eachline in the table lists a unique tuple combining an attribute and measurablevalue
usability attribute value to be neasured andspecifiegargetvaluesfor thatfeature.Us-
ing a table suchasthis, the designercan focus his/herefforts on improving performancen areasthat are
important,insteadof wastingtime on improving insignificantaspects.This table also providescriteria to



Figure4: Examplelist of parametergor Away Fr omperceptuatrigger.

Figure5: ExampleMoveTo assemblage.

objectively determinavhenthe developmenprocesss finished.Onceaproductachievesall of theminimum
acceptablealuesjt canbeconsideredatistictory We now defineeachof thecolumnsappearingn Tablel.

Usability Attrib utes



Tablel: An exampleusability criteria specificatiortablefor someindeterminatdask
(After [14], page223) NoticethatUsabi l ity Attri butes arevague
high-level conceptswhile the Val ues to be Measured are concrete
performancenetrics.TheCur rent Level shavstheaverageuserperfor
manceon existing systems.TheWor st Accept abl e Level , theTar -
get Level ,andtheBest Possi bl e Level arepredictionsof the av-
erageperformancef userson thenew system.

Example Usability SpecificationTable

Worst Best
Usability Valueto be Current Acceptable| Tamget Possible
Attribute Measured Level Level Level Level
Novice Time to perform ac- | 30minutes | 20minutes | 5 minutes
performance | tionA
Novice Time to perform ac- | 54 minytes | 5minutes | 1minutes | 15seconds
performance | tionB

TheUsabi lity Attri butes arehighlevel conceptthataredeemedmportantto thecustomers,
suchasthe performancef new users.The carefulselectiorof attributesis necessaryo ensurghatall
importantfacetsof the human-computeinterfacearecovered. For example,thougha lot of attention
is normally placedon improving the performancédor usersfamiliar with the systemall usersbegin as
novices. Therefore|jf the systemis too painful for new usersto learn,therewill be no expertusersto
consider

Value to be Measured

TheVal ue to be Measur ed selectsa particularaspecof theattribute for whichwe will specify
performancdigures. A particularattribute may have several relevant valueswhich can be usedto

measureaspectf it. For example,given an attribute suchas “novice userperformance’thereare
mary valueswhich canbe measuredo illuminate aspectsf the attribute. A small subsetincludes
“time to performabenchmarkask; “time to performa particularaction; and“numberof errorswhile

performingabenchmarkask’ Theideais to take a high-level conceplik e “novice userperformance”
anddevelop concretemetricsthat can be experimentallyverified andwhich provide insightinto the

attributeitself. Of coursea particularvaluemayberelevantto multiple usability attributes.

Curr ent Level

TheCurrent Level representtheaverageperformancechiezedby thetargetclassof participants
usingthecurrentstateof theart. In casesvhereusersof theexisting systemsareunableto performthe

proposedask,avalueof not possi bl e canbeenteredlt isimportantto list thesevaluesto setthe

thresholdthe new productmustcompetewith. Thereis little hopefor acceptancé a new productis

worsethanwhatthe customersrecurrentlyusing.

Worst AcceptableLevel



Theworstacceptabléevel setsheminimumsfor thedesignprocessAny valueswhichare,onaverage,
below this thresholdrequirefurtherrefinementeforethe productcanbe consideredinished. These
valuesarenormallycloseto thecurrentlevelssincecustomersvon’t switchto somethingclearlyworse
thanwhatthey currentlyhave. Thesearethe bestestimateof the levels below which the customers
will notusethe product.

BestPossibleLevel

The upperboundon the level of performancehat could reasonablybe expectedis calledthe Best
Possi bl e Level . This knowledgeis usefulto aid understandingf the significanceof the per
formancevalues. The value shouldbe setto the highestlevel that could reasonablybe expected,on
average from usersof the system.A usefulmethodto determinethesemaximumsis to basethemon
the performanceof memberof the developmenteamusingthe system.It is unlikely thata userwill
ever beasfamiliar with thesystemasits designergnd,thereforetheir performancas likely to beless.

TargetLevel

Thetargetlevelsdefinewhatthe designershouldbe striving towards. Thesegoalscanbe setbasedn
market suneys, predictedcustomemeedsandotherrelevantinformation. Normally this valuewould
be setlast, after the Best andCur r ent valuesare availableto provide guidance. It is important
thatthe designethassomeinput into theselevelsto ensurethey arerealisticandachiezablewith the
availablelevel of personnelndtechnology It doeslittle goodto settargetsthatareout of reach.

5 Example: MissionLab Usability Criteria

In this section,using MissionLabas a concreteexample, usability criteria are establishedhat sene asa
preludeto an actualusability evaluationof the toolset. (An exampleof analyzingOnika appearsn [11]).
Two primaryobjectveswereidentifiedasimportantfor the evaluationof MissionLab

1. Shaw thatit is significantlyfasterto createrobot configurationsby usingthe MissionLabtoolsetthan
by writing correspondind code.

2. Shaw thatthe MissionLabtoolsetis well suitedto the configurationdesigntask.

Giventheseobjectives,thefollowing usability criteriaweredeveloped,usingthe procedureslescribedn
theprevioussectionto ratetheusabilityof the MissionLabconfiguratioreditorfor specifyingrobotmissions:

1. Time to add a nission step
The time requiredto adda new stepto a missionis animportantdeterminerin how long it takesto
constructmissionsfrom taskdescriptions.

2. Time to specialize a step
The time requiredto changethe behaior of a stepin a missionsequencés a predictorof the time
requiredto modify existing configurations.

3. Time to paraneterize a step
Thetime requiredto changehe parametersisedby a missionstepalsoimpactsusability of thetoolset.



4. Time to add a mission transition
Thetime requiredto createa new transitionbetweenwo operatingstatesn a missionsequencegives
anindicationof how easilytheuseris ableto manipulatethe configurations.

5. Time to specialize a transition
Thetime requiredto changehe perceptuakventscausinga particulartransitionin amissionsequence
is a predictorof thetime requiredto modify existing configurations.

6. Time to paraneterize a transition
Thetime requiredto changehe parametersisedby a perceptuahctivity alsoimpactsthe usability of
thetoolset.

7. Nunmber of conpiles required to create a sinple configuration
Thenumberof edit/compilationcyclesrequiredto createbenchmarlconfigurationsneasureshelevel
of understandingf the users.

8. Time to create a sinple configuration
Thetime requiredto createbenchmarkconfigurationsenesasa yardstickmetric, giving a handleon
theoverall performancef thetestparticipantausingthetoolset.

9. Ability to create a configuration
A binary metric which catalogsthe ability of participantsto successfullycreateconfigurationsusing
thetoolset.

Table2 liststheusability criteriausingthetabular form developedearlier TheCur rent Level values
area priori estimatebasedn participantasingatraditionalprogrammindanguageThesepredictionscan
bere-evaluatedusingthedatagatheredrom experiment (presentedh Section7.2). TheWbr st Accept -
abl e Level s werepickedarbitrarily by the designerasestimateof the performancdevelsbelow which
experiencedorogrammerswill avoid usingthe system. Theselevels areintendedto be slightly lower than
the performanceof programmersisingthe C language.The systemwill be acceptabléf experiencedoro-
grammerssuffer only a mild dropin productiity, sincethe systemwill alsoempaver non-programmersas
reflectedin Attribute 9. For this classof novice roboticistswe arelooking for a clearimprovementfrom not
beingableto specifymissionsto thesuccessfutonstructiorof robotconfigurationsTheBest Possi bl e
Level s weredeterminedbasedon the performanceof the developer Thesevaluesarelikely unapproach-
ableby all but very experiencedusers.TheTar get Level s reflectthedesigngoalsof the project. These
numbersvereselectedstargetsfor the developmenteffort to provide a clearbenefitto usersovertraditional
programmindanguages.

6 DesigningUsability Experiments

Oncemetricshave beenspecifiedandthevariousvaluesselectedit is necessaryo determinenow datacanbe
gatheredo allow measuringhe levelsfor the metrics. This is not aneasytaskandrequirescarefulplanning
andexecutionto preventbiasandnoisefrom swampingthe underlyingdata.

Objective methodsfor datagatheringgenerallyinvolve testsubjectsusing the systemundercontrolled
conditions[1]. Commonly the softwareis instrumentedo gatherkeystroke andtiming information that
will allow determininghow the userperformedcertaintasks. The experimentsarebestif administeredy a

10



Table2: TheMissionLabusability criteriaspecificatiortable.

MissionLab Usability SpecificationTable
Worst Best

Usability Valueto be Current | Acceptable| Tamget | Possible
Attribute Measured Level Level Level Level
Novice user

1. | performance Timeto adda missionstep 1 Min 30sec 10sec | 1lsec
Novice user

2. | performance Timeto specializea step 2min 1min 30sec | 3sec
Novice user

3. | performance Time to parameterize step 1min 1min 30sec | 2sec
Novice user

4. | performance Time to addamissiontransition 1min 30sec 10sec | 2sec
Novice user

5. | performance Timeto specializea transition 2min 1min 30sec | 3sec
Novice user

6. | performance Timeto parameterizatransition | 1min 1 min 30sec | 2sec
Novice user Number of compilesto createa

7. | performance configuration 4 5 2 1
Novice user Timeto createasimpleconfigura-

8. | performance tion 20min | 20min 15min | 5min
Non-programmer

9. | performance Ability to createconfigurations No Yes Yes Yes

third party obsener to remove biasandto keepthe developersfrom interjectingknowledgenot commonly
available. This obsereris responsibldor logginginterestingeventsin ajournal of the experiment.Theses-
sionsarealsovideotapedo provide a methodfor closerandrepeatedxaminationof interestingdetails(and

asa permanentecordin caseof disagreementwith participants).Althoughthesesteriletestervironments
clearlyimpactparticipantperformancethey do allow objective comparisondetweercompetingechniques.

It is importantto notethat beforeconductingexperimentssuchastheseinvolving humansubjectsit is
necessaryo gainappro/al at mostinstitutionsfrom an oversightorganization. At Geogia Techthis is the
Human SubjectsBoard. Theseexperimentswere approved for this project, by that board, contingenton
participantgeadingandsigningtheinformedconsenform reproducedn Figure6.

Gatheringthe datausing objective methodsis clearly preferable but not always possible. Certainat-
tributes(i.e., initial impressionusercomfort, etc) areby naturesubjectve andbestgatheredvia question-
nairesandinformaldiscussionsOf coursethequestionsnustbecarefullycraftedto minimizesamplingbias.
The Questionnairdor UserInterfaceSatistction(QUIS)[7] hasbeendevelopedat the University of Mary-
land asa generalpurposeuserinterfaceevaluationtool andhasundegoneextensie testingandvalidation.
The QUIS testcanprovide a startingpointto creatinga customizedestto extractthe desirednformation.
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Figure6: Thisconsenform wasapprovedby the Geogia Techoversighthoardfor use
in the usability experimentqPatternedafter[14], page300).
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7 MissionLab Usability Experiments

We now presentwo usabilityexperimentsvhichweredevelopedo allow establishingaluesfor theusability
attributesin Table2. In Experimentl the participantsconstructa seriesof configurationgo achieve writ-
ten missionspecificationsisingthe graphicalconfigurationeditor. Experiment2 repeatghe procesdor the
subsebf subjectsn Experimentl comfortableusingatraditionalprogramminganguage Sinceparticipants
conductExperiment2 using corventionaltext editors, it is necessaryo exercisecarein the experimental
procedureso ensurethatasmary of the usability attributesaspossiblearebeingmeasuredccurately Par-
ticipantswereasled a priori if they werefluentin the C programminglanguage.Of thoseansweringyes,
half wererandomlyassignedo completeExperimentl first andthe remaindeicompletedExperiment first.
Thiswasintendedo allow measuringhelearningeffect which aidedthe secondexperimentperformed.

Theremaindepof this sectionpresentshedevelopmeniof the experimentsthe procedureso befollowed
in carryingthemout, thenatureandtype of datageneratedandthe evaluationmethoddollowedin analyzing
thedata.

7.1 Experiment 1. CfgEdit Mission Specification
7.1.1 Objective

Determine the performance of novice and expert usersspecifyingbenchmark robot missionsusing the
Configuration Editor.

Therearetwo targetaudiencedor MissionLab Non-programmersvho areableto usethetoolset,and
expertprogrammersvho cansuccessfullyutilize both MissionLabandtraditionalprogramminganguages.
Test participantsare dravn from both participantpools for this experiment. This allows testingboth the
hypothesighatskilled programmerganutilize the MissionLabsystemwith little dropin productiity after
minimal training, andthatthereexistsa groupof peoplewho cancreatea MissionLabconfigurationbut are
unableto constructhe correspondingodedirectly.

To evaluatethis researchproject’s military relevance,an attemptwas madeto include a number of
U.S. Army Resenre Office Training Corps (ROTC) studentsas test participants. This allows testingthe
claim thatmary will be ableto modify a MissionLabconfigurationbut unableto manipulatecorresponding
configurationswritten in traditionalprogramminglanguages.f a significantnumberof the ROTC partici-
pantsareableto usetheMissionLabtoolset,it will explicitly shav theimpactof thisresearctior themilitary
community

7.1.2 Experimental Setup

An independenthird party obsener conductsaandmonitorsthe experimentgo ensura@mpartiality.
TestEnvironment

1. A smallquietroomwhereparticipantscanbe obsenedunobtrusvely.
2. Videotapesquipmento recordthe session.

3. An X Window-basedwvorkstation(SUN SFARC 10).
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Desired Test participants

Thebroadesspectrunof peoplepossibleshouldbe run throughthis experiment.How thesetestpartici-
pantsarechoseraswell astheir numbershave the largestimpacton the significanceof thetestdata.ldeally,
arandomsampleof potentialuserdarge enoughto ensurestatisticalsignificanceshouldbe usedassubjects.

Unfortunatelythe numberof testsubjectanecessaryo ensurestatisticalsignificancds dependendn the
expectedvariancein the datato be gathered.Therefore,asa first step,the testpool suggestedelon will
provide astartingpointto estimatehe experimentaparametersThe datagatheredrom thisgroupcannotbe
assuredo bestatisticallysignificanta priori but, evenwithoutthoseassuranced, shouldprovide insightinto
whetherthe claimsaresupportedat all by experimentalevidence.This initial datawill alsobe conducveto
refiningtheseexperimentsandprovide guidancefor a betterselectionof the subjectpool for similar studies
undertalenby otherresearchers.

Thetime requiremenfor eachparticipantis 2 hours. The actualnumberandskill setsof the participants
is generallygovernedby the breakdavn of peoplevolunteeringto participate. As an initial guideline,the
desiredtestparticipantsareasfollows:

1. ROTC students
2. CSstudentdamiliarwith C
3. individualsfamiliar with the MissionLabtoolset
4, participantsvith randomskill levels
Software

1. GNU C compilerversion  or newer

2. MissionLabToolsetversion  with loggingenabled
Tasks

1. Deploy arobotto moveto aflag, returnto homebaseandstop.

2. Deploy arobotto retrieve minesoneby one,returningeachto the Explosive OrdinanceDisposalEOD)
area.Whenall the minesaresafelycollected therobotshouldreturnhomeandstop.

3. Deploy arobotto retrieve a specifiedflag while avoiding surweillance. Allow the robotto move only
whenthe missioncommandesignalsit is safe.

4. Deploy arobotto explorea minefield. Eachpossiblemine mustbe probed.If it is dangerousnarkit
asamine;if it is safe,markit asarock. Therobotshouldreturnhomewhenall unknavn objectsare
marked.

5. Deploy arobotfor sentryduty. Chaseandterminateary enemyrobots,thenreturnto guardinghome
base.

Programming Model
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. All of theconfigurationgreatedy theparticipantsareexecutedn simulationfor this evaluation.Since
we aregatheringmetricsconcerninghe missiondevelopmentprocessand not concentratingn their

execution,it is felt thatlittle would be gainedby imposingtheadditionalcomplexity requiredto deploy

eachconfigurationon real robots. This alsoallows the simulatedhardwareto be idealizedto reduce
compleity.

. The simulatedrobots possesa completeand perfectsensormodel, allowing determinationof the
identity, color, andrelative locationof all objectswithin rangein theirervironmentwith asinglesensor
reading.

. The ervironmentalobjectsare partitionedinto four physicalclassesFixed, movable,containersand
robots. Eachobjectcanbeary color although for theseexperimentsa classificatiorbasedon color is
createcandenforced.Minesareorange enemyrobotsarered,flagsarepurple,EOD areaqcontainers
whereminescanbeplaced)aregreen rocksareblack,treesandshrubsaredarkgreen homebaseis a
white rectangleandunknown objects(eithera mineor arock) arebrown.

. Whena mine is beingcarriedby a robot or residingwithin one of the EOD areasit is not visible to
ary of therobot’s sensors.This includesthe robot carryingthe objectandary otherrobotsoperating
within theervironment.

. To simplify the controlsoftware,therobotsin this studyareidealizedholonomicvehicles.This means
thatthey canmovein ary directionandneednot dealwith turningradiusissues.The systemdoesnot
simulatevehicledynamicsjonly the maximumrobotvelocity is restricted.

Theseidealizationsand simplificationsresultin a straightforvard programmingmodelpresentedo the

testparticipantslt becomeasierto explain andfor themto understandherequirementsvithout detracting
from the validity of the missionconfigurationusability experimentsthemseles. Sincethe modifications
applyequallyto eachparticipantary resultingbiasis eliminatedin the comparisons.

7.1.3 Experimental Procedure

The participantswere given oral and written specificationsor a seriesof five tasks,one at a time, and
instructedto createrobot configurationswhich fulfilled thosemissionrequirements.The sameuninvolved
third party wasusedasthe instructorfor all of the experiments.All interactionsbetweerthe instructorand
theparticipantwerescriptedto ensureconsisteng. If any questionsvereasledby participantsafterthey had
begunatask,thatsessiorwasmarkedasincomplete.

1. Participantseadandsignedtherequiredinformedconsenform.

2. Participantsweregiven a tutorial introductionto the MissionLabgraphicalconfigurationeditor. This

provided anintroductoryoverview of the MissionLabtoolsetand helpedthe participantsbecomefa-
miliar with usingthe system.Thetutorial scripthadthe participantsconstrucia simpleconfigurationin
cooperatiorwith the persormonitoringthe experiments.Thetaskwasto causearobotto move around
pickingup mines.Theobsenerassistedheparticipantsn completingthistask,usingit to demonstrate
usageof thetoolset.

3. Repeatedor eachof the5 tasks:
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(a) Gavetheparticipantghe next taskdescriptionandaskedthemto construcia configurationwhich
achievedit.

(b) At this point, the obsener left the room and only offered assistancevhenthe testparticipants
asledfor aid. This policy allowedthetestparticipantdo decidefor themseleswhenthey reached
a stumblingblock, andkeptthe obsener from interjectinghelp whenit may not have beenre-
quired. This alsoallowed all helpto beloggedandattemptedo preventbiasfrom creepinginto
the experimentsfrom unequalmountsof helpbeinggivento certainparticipants.

(c) Thetestparticipantsusedthe configurationeditorto constructa configurationwhich performed
the desiredask,compilingandtestingtheir solutionsusingthe MissionLabcompilationfacilities
andsimulationsystem.

(d) Whenthe usercreatedconfigurationcorrectlycompletedhetask,or if the participantsverenot
finishedwithin 20 minutes,the testingobsener re-enteredhe room. If the participantbelieved
they had completedthe task, they then demonstratedheir solutionin both of the testworlds
provided. The experimentwasonly markedassuccessfuif their solutionperformedcorrectlyin
bothtestcasesAt this pointarny questionsvereanswerednd,if the participants’solutionswere
incompleteor incorrect,they werecorrectedandmissingportionsexplainedbeforethe next task
wasintroduced.

4. After completingasmary of thetasksaspossiblewithin 2 hours,the sessiorconcludedwith asuney.

7.1.4 Natureand Type of Data Generated

Metricsmeasuringheperformancef eachparticipantaregatheredy instrumentinghe MissionLabsystem,
by theexperimentobsener, via videotape ,andthroughparticipantsuneys. Theresultsareusedto determine
how theMissionLabsystenperformsagainstheresultsgatheredn Experimen®, andto evaluateits usability
in general.For both Experimentl and Experiment2, at leastthe following datavalueswere generatedor

eachsubjectcompletingoneof the5 tasks:

o o0~ W N P

7.2

. Time expendedcreatingeachconfigurationuntil first compile.

. Log of thedurationsof compilations.

. Log of thelengthof intervalsbetweercompilations.

. Numberof compilationsbeforerunningthe simulator

. Numberof compilationsafterfirst simulationuntil eachtaskis completed.

. Time requiredto finish eachtask. If the participantfails to completethe task,the obsener estimates

their progresgowardsasolution( , -, -, -).

Experiment 2: Mission Specificationusing C

7.2.1 Objective

Determine the performance of participants on taskssimilar to Experiment 1 when using a traditional
programming language.
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This experimentis intendedto provide dataallowing a direct comparisorto the datagatheredn Exper
iment1. Ideally, the samesubjectpool shouldperformboth this experimentand Experimentl in a random
order Thereshouldalsobe at leasta oneday breakbetweenthe two experiments.Of course, participants
who arenotprogrammersvill beunableto performthis experiment.Giventhegoalof duplicatingasclosely
aspossibleconditionsin Experimentl, the proceduresndtasksarethe sameasin Experimentl exceptfor
differencesotedbelow.

7.2.2 Experimental Setup

SameasExperimentl, with thefollowing exceptions:

Desired TestParticipants
SameasExperimentl, exceptfor the additionalrestrictionthatthey needto befluentin the C program-
ming language.

Software
1. GNU C compilerversion  or newer
2. Currentversionsof vi andenacs editors

3. MissionLabsimulationsystemVersion

7.2.3 Experimental Procedure

Sameas Experimentl, exceptthat the tutorial also presentsa library of behaiors and perceptuatriggers
that canbe calledfrom a traditional programminganguage.Insteadof presentinghe graphicaleditor, the
mechanic®f editing,compiling,andrunningprogramsarepresented.

The participantsaregiventhe exactsametaskdescriptionsas Experimentl andasked to constructcon-
figurationsby handto achieve them. Testparticipantsareallowedto usetheir favorite text editorto construct
the configurationsandthey evaluatetheir solutionsusingthe sameMissionLabsimulationsystemasin Ex-
perimentl.

An equivalentsetof motorbehaiorsandperceptuahctivities (triggers)areprovidedascallablefunctions.
A sampleC programwhich causeghe robotto simply wanderaboutis givento the participantsasa base
on which to createtheir solutions. Effectively, the subjects job is to constructby handthe missionstates
andtransitionsthat CfgEdit generatefrom the graphicaldescriptionsThisis intendedto give programmers
every advantagan reproducinghe MissionLabcapabilities.Startingthemoutwith lesssupportwould force
themto take farlongerto createa solution.

7.2.4 Natureand Type of Data Generated

Metrics measuringthe performanceof eachparticipantare gatheredby instrumentingthe build and run

scripts, by the experimentobsener, via videotape,and through participantsurweys. Thereare no event

logging capabilitiesavailable during the editing processasin Experimentl. Therefore the datagathered
during this experimentneedsto centeron loggingwhenthey startandstopediting, compiling, andrunning

their configurationsAs a minimum, thefollowing datavaluesaregenerated:

1. Time expendeccreatingeachconfigurationuntil first compile.
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Log of durationsof compilations.
Log of intervalsbetweercompilations.
Numberof compilationsbeforerunningthe simulator

Numberof compilationsafterfirst simulationuntil eachtaskis completed.

IR T

Time requiredto completeeachtask. If the participantfails to completethe task,the obsener will
estimateheir progresgowardsa solution( , -, -, -).

8 Evaluating Usability Experimental Results

The purposeof usability experimentds to establishvaluesfor certainusability criteria. Althoughraw data
is gatheredn severalforms, the mostdetailedinformationis foundin eventlogs generatedy the software
while participantsperformthe experiments.A carefuldesignof the eventlogging facilitiesis necessaryo
ensurethatthe desiredfacetsareproperlyrepresenteih thelogs. A simpleformatrepresentgachentryas
having atime stamp,thekeywordst ar t , end, or event followedby informationto identify the eventor
actionwhich took place. This type of log file is easyto generateby instrumentingthe software. It is also
straightforwardto generate parsingtool to computestatisticsfrom the eventlogs.

If we areinterestedn establishinghe durationof Act i on01 basedon the eventlogs, the parsetool
would extracta list of the durationsof the Act i on01 events. Theseraw durationscanthenbe correlated
with the classe®f users,visualizedto look for correlationsandmeaningfulstatisticssuchasmode,mean,
andstandardieviation canbe computed Usingthesestatistics the measuredaluesfor the usability criteria
canthenbedetermined.

9 Resultsof MissionLab Usability Experiments

9.1 Experiment 1 Resultsand Evaluation

Usability experimentl wasconductedisingtheMissionLahtoolsetin orderto establishvaluesfor thevarious
usability metricsfor novice andexpertusers.The taskinvolved specifyingbenchmarkobot missionsusing
the graphicaleditor Thetestswereconductedn the Geogia TechUsability Lab. Thelab is outfittedwith
one-way mirrorsandvideo camerasvhich allow monitoringandrecordingthe experimentsrom outsidethe
room. A third party conductedhe experimentgo ensureconsisteng andimpartiality. All experimentsvere
videotaped andlogging datawas gatheredboth by the proctor and automaticallythroughthe MissionLab
software.

Twelve peopleparticipatedn this experimentandareidentifiedwith a numericcoderangingfrom 1 to
12. Theskill setof the participantsvasasfollows:

ROTC student:
Participant12.

peoplefamiliar with the MissionLabtoolset:
Participant2, 5, and6.
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peoplewith no programmingsxperience:
Participantsl, 3, 7,10,and12 (Notethat12 is alsothe ROTC student).

peoplewith programmingskills, but no MissionLabexperience:
Participants4, 8,9, and11.

Figure7: A representatie tasksolutionfor Experimentl.

This experimentrequiredparticipantgo construckolutions similarto theoneshavnin Figure7, for each
of thefivetasksdescribedkarlier Figure8 shavsanannotategbortionof aneventlog generatedutomatically
by the MissionLabsystemwhile a userconstructedx configuration.Thelogs canbe usedto reconstructhe
numberanddurationof mary typesof eventsoccurringduringthe experiments Eventsincludeaddingstates
andtransitionsselectingnew agentdor tasksandtriggers,parameterizinghoseagentsandcompilationand
executionof the configurationsFor example thetime to specializea step(Modify Agent)occursin Figure8
from time 58.3to time 61.8in thelog. This interval startedwhenthe userclickedtheright mousebuttonon
state2 to choosea new taskandendedwhenthe userselectedvbveTo from the popupmenuof tasks.

A statisticalanalysisof thevariancen themeasuregarameterss necessaryo determinghesignificance
of the datagathered.Computingthis varianceallows researcherto understando what extent the datais
predictive for future research.ComparisondetweenExperimentl and Experiment2 shouldbe madeas
pairedsamplesvhenthe samepersonperformsbothexperimentssincethe performancef differentsubjects
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I'T Tnformation to rdentify event file /7

0.0: start Session
0.1: status StartTinme "827354547.5"
0.2: status Task "4"
0.3: status Subject "0"
/1 A new state was added to workspace //
16.2: start PlaceState "Statel"

16.8: end Pl aceState
/!l A state was noved to a new |l ocation //
19.9: start Myve
20.7: end Move
/1 A transition was added to connect two states //
21.7: start AddTransition Transl
22.8: status FirstState
23.6: end AddTransition
/1 State2 was changed to the MyveTo behavior //
58.3: StartMdify Agent State2 "Stop"
61.8: EndMbdi fy Agent "MoveTo"
/1 Unknown objects targeted for MyveTo //
64.3: StartMdify Parns State2 "MveTo None"
67.1: EndMbdify Parns "MoveTo Unknown obj ect s"
/1 Transition 1 was changed to Detect trigger //
276.1: StartMdify Agent Transl "FirstTi nme"
280.5: EndMwbdi fy Agent "Detect"
/1 Transition 1 was changed to detect Mnes //
340.9: StartMdify Parns Transl "Detect None"
343.9: EndMbdify Parns "Detect M nes"
/1 Configuration conpiled successfully //
538.4: event StartMke
602. 6: event CGoodMake
605.7: event EndMake
/1 The Configuration was executed //
607.2: start Run
678.7: end Run
824.2: end Session

Figure8: An annotategortionof a MissionLabeventlog. Commentsareenclosedn
/1 Il braclets. The numbersarethetime the eventoccurred(in seconds)
afterthestartof the experiment.

likely hasmorevariability thanfor the sameindividual. The detailedanalysisof theseexperimentscanbe
foundin [20].

As a concreteexample,considerhow the Ti me t o speci ali ze a st ep valuewasdetermined.
Whena new stepis addedto a missionit defaultsto the St op behavior. Usually this is not the desired
behaior andthe stepmustbe specializedy selectingthe correctbehaior from a popupmenu. The Ti ne
to specialize a step attribute measureshetime it takesfor a userto completethis specialization
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task. This actionis measuredrom thetime the userclicks the middle mousebutton on the stateuntil the left
mousebuttonis clicked on the OK buttonin the popupwindow. Thesepointsaredenotedn the eventlogs
with theSt art Modi fy Agent andEndMbdi fy Agent events.

Figure9 graphicallyshavsthelengthof time takenby eachparticipantto specializesteps.Thegraphsor
eachparticipantare stacled on top of eachotherfor easeof comparison.Figure 10 is a histogramshawing
thedistribution of this data. The horizontalresolutionof this graphis 1 second.The peakin this graphmarks
themodeat 3 secondsThis suggestshatexpertusergequireabout3 second$o choosea new behaior for a
step.ThemeasuredaluefortheTi me to speci al i ze a st ep attributefor novice userds computed
asthe averageof the 260 datapoints. This works out to secondswith a very high standarddeviation of
5.86secondsThe30secondargetvaluewaseasilysurpassetly thesenovice users.Theestimatedimefor a
programmeto modify aC file to invoke adifferentbehaior was2 minutes shaving thebenefitdMissionLab
usersgain.

Thelongright-handtail onthedistributiongraphin Figure10 aswell asthevariability in Figure9 appear
to shaw a consistentifferencein performancebetweemovice andexpertuserson completingthis action.
Looking at Figure9, Participantss and6 did quite well on this taskandgeneratedimesconsistentlyin the
5 secondange.Comparehoserecordswith Participants?, 10,11, and12 who exhibit far greatewvariability
andnumerougimesin the 20 and 30 secondranges.Theselong periodsareinstancesvherethe userswere
confusedaboutwhich behavior to select. This suggestshatthe methodusedto presenthe behaior choices
is confusingandmay requirereworking to be usefulto peopleunfamiliar with robotics.

Valuesfor theremainingusability criteriarelevantto experimentl wereestablishedimilarly. Theactual
valuesfor the usability criteriawereestimatedusingthe averagedurationsmeasurediuring the experiment.
Figurell presentsheseresultsin tatularform. Noticethatall timeswerelessthan25%of thetargetvalues,
andmary shaw far betterimprovements.This demonstratethat the systemis quite easyfor novicesto use
to construciandevaluaterobotmissions.

9.2 Experiment 2 Resultsand Evaluation

Experiment2 wasusedto provide a directcomparisorof the performancef participantasingthegraphical
editor versusthe traditional programminglanguageC. Participantsfrom the samesubjectpool performed
both this experimentand Experimentl in a randomorder Therewas a several day break betweenthe
two experimentsto attemptto minimize the benefitsassociatedvith repeatingthe sametasks. Of course,
participantswho were not programmersvere unableto performthis experiment. The primary goal wasto
duplicateconditionsin Experimentl ascloselyaspossiblesxceptfor theuseof theC programmindanguage.

Eachof thepeoplewhovolunteeredor Experimentl wereaskedif they werefluentin theC programming
languageThosewhowereableto programin C wereaskedif they would beableto take partin two sessions.
Threeparticipantg4,5and6) couldprogramin C but wereunableto participatén morethanonesessiorand
only completedExperimentl. Five of the participanty(1,3,7,10and 12) wereunableto programin C and
thereforedidn’t completeExperiment2.

This left four participants(2,8,9, and 11) who completedboth Experimentl and Experiment2. The
numericcodesassignedo theseparticipantsmatchthosefrom Experimentl. Two of the participantsvere
randomlyselectedo completeExperiment2 beforeExperimentl andthe othersdid Experimentl first.

A library of C functionswhich reproducedhebehaiors availablein the graphicaleditorwascreatecand
providedto the participants.A stubprogramandscriptsto build andexecutethe configurationgequiredthe
participantonly to createa suitablestatemachineto completethe missions.ThestandardJNIX text editors
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Participant ID 1

10
Non-programmers

12

Programmers

11

Had used Mlab

Specialize_Step Events

Figure9: Time to specializea step

Theverticalscaleis 40 secondsThe numberof actionsvariedbasedn how
usersproceededn thedevelopment.
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Figurel10: Distribution of the time requiredto specializemissionsteps. The Mode

occursat 3 secondssuggestinghatuserswill be ablechoosenen beha-

iors for stepsin about3 secondsfterthey have gainedexperiencewith the
toolset. Thelargeright-handtail suggestshatsomeusersarehaving diffi-

culty choosingbehaviors. Stepsto simplify this processvarrantattention
in future studies.
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Novice User Performance
Target | Measued | Standad
Valueto be Measued Level | Value Deviation
Time to adda missionstep 10sec | 2.2sec 1.9sec
Time to specializea step 30sec | 6.2sec 5.9sec
Timeto parameteriza step 30sec | 4.1sec 2.1sec
Time to adda missiontransition 10sec | 2.6sec 1.5sec
Time to specializeatransition 30sec | 4.9sec 5.0sec
Timeto parameterizatransition 30sec | 4.0sec 2.9sec
Numberof compilesto createconfiguration 2 2.0 1.7sec
Time to createa simpleconfiguration 15min | 7.4min 2.4min

Figurell: Experimentl establishedialuesfor the usability criteria

vi andenmacs wereavailablefor the participants’use. The sameMissionLabsimulationsystemwasused
to evaluatetheir solutionsasin Experimentl.

Due to the useof standardJNIX tools, the ability to automaticallylog editing eventswaslost in this
experiment.Thevideotapdakenof theexperimentsvasshotovertheshouldeof thetestparticipantsandnot
of sufficientquality to recreateaheir edit sessionHowever, by instrumentinghe build andrun scripts,useful
informationwasstill gatheredFigure12 shovs anannotatedventlog from this experiment.Thecomments
areenclosedn// [/ braclkets.Thestartof theexperiments logged,alongwith thetasknumber The start
andendtimesfor eachcompilearealsorecorded.This allows countingthenumberof compilationsaswell as
computingthetime the participantspentediting the configuration.The startandendtime for eachexecution
of theconfigurationin the simulationsystemis alsologged.

Figure 13 shows a representatie solutionfor a taskin Experiment2. Eachparticipantconstructeca
r obot _command function which calledthe library of behaiors and perceptuaprocesseso completethe
mission.This supportlibrary exactly matchedhoseavailablein the graphicalconfigurationeditor.

9.2.1 Time to createa simple configuration

Figure 14 presentsdit timesfor the participantsusingthe C programminganguage Figure 15 graphsthis
dataand also the correspondingime spendediting in Experimentl for the four peoplewho participated
in both experimentsto allow a closercomparison.Thereare 12 instancesvherethe time taken usingthe
graphicaluserinterface(GUI) is lessthatwhenusing C. Thereis oneclearcaseof the GUI taking longer
and4 exampleswherethetimesarequite similar. Theseresultsshav usingthe GUI speedshedevelopment
process.
Noticethatonly Subject2 and11 wereableto do betterusingC thanwith the GUI (ononly oneof the5

taskseach).Thisis interestingsinceSubject® and11 performedthe GUI portion (Experimentl) beforethe
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[T Started the experinent //

Wed 10:56:37 AM Mar 20 1996
Starting task 3

/1 1st build of the solution //

Wed 11:03:28 AM Mar 20 1996
Start nmake

Wed 11:03:36 AM Mar 20 1996
End nmake

/1 1st build of the solution //

Wed 11:04: 07 AM Mar 20 1996
Start nmake

Wed 11:04:11 AM Mar 20 1996
End make

/1 2nd build of the solution //

Wed 11:05:08 AM Mar 20 1996
Start make

Wed 11:05:23 AM ©Mar 20 1996
End nmake

/1l 1st run to check correctness //

Wed 11:05:24 AM Mar 20 1996
Start run

Wed 11:05:54 AM Mar 20 1996
End run

/1 2nd run to check correctness //

Wed 11:06:20 AM Mar 20 1996
Start run

Wed 11:06:57 AM Mar 20 1996
End run

Figure12: An annotatedoortion of an eventlog from Experiment2. Commentsare
enclosedn// [/ braclets.

C sessionExperiment2). It appearghatthereis a speed-ugrom performingthe sameexperimentsagain
usingthe othermodality. However, eventheseparticipantsperformedthe tasksfasterusingthe GUI for the
othertasks.

The experimentwasstructuredo allow a direct comparisorbetweerthe graphicalconfigurationeditor
andthe C programmindanguageTheresults, summarizedelow, clearlydemonstrat¢he advantage®f us-
ing thegraphicaleditorover hand-craftingsolutionsin C. For the4 peoplewho completedbothExperimentl
andExperiment2:

In 12instanceparticipantcompletedataskfasterusingthe MissionLabconfiguratioreditorthanthey
completedhe sametaskusingC.

In only oneinstancedid a participantcompletea taskfasterusingC thanusingthe configuratioreditor.
Note: This occurredon Task5 andthe participanthadpreviously completedhe GUI portion.

In 4 casedimesweresimilar.
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Vector robot_conmand()
{
static int status = O;
i f(Si gSense( SAFE))
{
switch (status)
{
case O: /* At start */
status = 1;
return MoveTo(fl ags);
case 1: /* On way to flag */
i f(Near(flags,0.1))
{
status = 2;
return Stop();
}
return MoveTo(fl ags);
case 2: /* At flag */
status = 3;
return Stop();
case 3:
i f (Near (hone_base, 0.1))
return Stop();
return MoveTo(hone_base);

}
}

el se return Stop();

}

Figure13: A representatie tasksolution

In generalthetimesrequiredio generatesolutionsusingtheconfiguratioreditorweremoreconsistent.

Theaveragetime requiredby the4 participantdor eachtaskwas12.4minutesusingCand5.9minutes
usingthe configurationeditor.

Theaveragenumberof compilationswas4 usingC andonly 2 usingthe configurationeditor.

9.3 Summary of Experimental Results

Valuesfor varioususabilitycriteriafor thegraphicaleditorwereestablishedisingeventloggingdatagathered
in Experimentl. Table3 is areproductiorof Table2 with the measuredraluescolumnadded.This presents
theusability criteriain takularform for easeof comparisonNoticethemeasuredaluesareall far superiorto
theexpectedvalues.However, thelargeamountof variancen thetime usersspentpicking new behaviorsand
perceptuabctivities pointsout someremainingdifficulty in thatarea.A popupwindow currentlypresentsan
alphabeticalist of choiceseachwith a shortdescription.More effort is neededn both naming,describing,
andvisualizingthe behaviors andperceptuahctiities in orderto make their usagemoreapparent.
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Edit time usingC

Participant | Taskl | Task2 | Task3 | Task4 | Task5
547 1383 951 600 630
834 1342 526 766 —
635 626 413 659 538
1057 725 407 1269 241
1. Performedhe GUI tasksfirst.

2. PerformedheC tasksfirst.

Figurel14: Total edit time (in secondsWwhenusingthe C programminganguage.A
dash(—) indicatestherewasnt time to work on thattask.

10 Conclusions

In orderto ensurethe acceptancef theseproductsby end-usersusability methodsmust of necessitybe
introducedto robotics. This article hasdescribedmethodsand techniquesby which robot programming
toolsetscanbe analyzedalongtheselines. Choosingtarget valuesfor usability criteria providesdesigners
with metricsusefulto determinewhereto focustheir efforts anda yardstickto establishwhendevelopment
is complete.

Themeandiy which usabilityexperimentsanbe designedandadministeredo generat@ndanalyzedata
relevantfor this evaluationprocessasbeenprovided. It is importantthatsuchexperimentsewell designed
andimpartially administeredn orderto minimize biasandvariability in the data.

Beforerobotscanmaoveinto commonuseamongnon-programmeri is necessarthatthey becomeeasier
to task. Mission specificatiormustbe straightforwardandroutine. This article haspresenteé foundational
methodologyfor the evaluationof robotictoolsets hopefully, leadingothersin thefield to considerthe needs
of targetconsumer®sf this new technologyin anew light.
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Figurel5: Graphof thetime spenteditingin boththe GUI andC sessionsGUI ses-
sionsaremarkedwith andC sessionsvith . Theverticalaxisrepresents
time requiredto completethetasks.
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Table3: The MissionLabusability criteria with the experimentallymeasuredralues

included.
MissionLab Usability Criteria
Worst Best

Usability Valueto be Current | Acceptable| Tamget | Possible| Measured
Attribute Measured Level Level Level Level Value
Novice user

1. performance Timeto addamissionstep | 1 Min 30sec 10sec | 1lsec 2.2sec
Novice user

2. performance Timeto specializea step 2min 1min 30sec | 3sec 6.2sec
Novice user

3. performance Timeto parameterizastep | 1 min 1min 30sec | 2sec 4.1sec
Novice user Timeto addamissiontran-

4. performance sition 1 min 30sec 10sec | 2sec 2.6sec
Novice user Timeto specializeatransi-

5. performance tion 2min 1min 30sec | 3sec 4.9sec
Novice user Time to parameterizea

6. performance transition 1min 1min 30sec | 2sec 4.0sec
Novice userper | Numberof compiles

7. formance to createa configuration 4 5 2 1 2.0
Novice userper | Timeto createa

8. formance simpleconfiguration 20min | 20min 15min | 5min 7.4min
Non-
programmeper | Ability to createconfigura-

9. formance tions No Yes Yes Yes Yes
User

10. acceptance Generafeelingafteruse N/A medium good great good
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