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Abstract

The effects of graphical and textual visualisationsin a
multi-representational debugging environment were investi-
gated in computing studentswho used a software debugging
environment (SDE) that allowed them to view the execution
of programs in steps and that provided them with concur-
rently displayed, adjacent, multiple and linked representa-
tions.

The experimental results are in agreement with research
in the area that suggests that good debugging performance
isassociated with a balanced use of the available represen-
tations. Additionally, these results rai se the issue of whether
graphical visualisations promote a more judicious repre-
sentation use than textual ones for program debugging in
multi-representational environments.

1. Introduction

Only alimited numberof studieshave lookedattheis-
sueof representationoordinationin multi-representational
programmingervironmentsandhow perceptuaproperties
of therepresentationrsmployedcanaffectboththewayand
thesuccessvith whichthey areused.It hasbeensuggested,
for example,thatthe higherthe detuggingability, the less
frequentthe change®f focusin the sourcesf information
provided for the task[6]; that dehugging stratgy choice
is affectedby the type of representationwhich are avail-
able[3] andthatgooddehuggingperformances associated
with a balanceduseof the representationprovided by the
ervironment[4].

Researcton the useof multiple externalrepresentations
in otherareashasidentifieda setof functionsthatrepresen-
tationscanplay[1]. Representationsan,for example,play
complementaryroles either becausethey presentdiffer-

entinformationor becausehey supportdifferentcognitive
processes.An importantfactor when dealingwith multi-
representationadystemss their heterogeneityn termsof
modality Here modality is usedto meanthe representa-
tional form usedto presentor display information, rather
thanin thepsychologicakensef asensorychannel A typ-
ical modality distinctionis betweenpropositionaland dia-
grammatiaepresentationdkesearcton this issuehassug-
gestedthat representationsf differentmodalitiescanac-
tivatedifferentcognitive processeghattextual representa-
tionsgenerallyrequiremoreactive searct2] andpermitthe
expressionof abstractioror indeterminag while graphical
representationsompelthe representationf specificinfor-
mation[5].

2. Method

One of the aims of the work reportedherewasto re-
latedehuggingbehaiour, especiallywindow switchingpat-
terns, to visualisationmodality and delugging accuray.
The aspectof the experiment reported here considered
oneindependentyithin subjectsvariableandthreedepen-
dentvariables.Theindependenvariablewasvisualisation
modality (graphicalor textual). The threedependenvari-
ablesweredeluggingaccurayg, accumulatedixation time
betweenthe available representationgtotal time partici-
pantsspentfocusingon eachrepresentatiordndswitching
frequeny betweenthe availablerepresentation@he num-
berof change®f focusbetweerthewindows of the dehug-
ging ervironment).

The delugging ervironmentemployed(SDE) presents
image stimuli in a blurred form and allows visual atten-
tion to betrackedasthe usermoves anunblurred‘foveal’
areaaroundthe screen.Useof the SDE enabledmoment-
by-momentrepresentatioswitchingbetweerthe available
representationt® be capturedor lateranalysis.



Figure 1. Window switching frequency by vi-
sualisation modality

The SDE enabledparticipantsto view the executionof
a Java programand presentedin additionto the code, its
outputandtwo visualisation®f its execution.

Theexperimentaparticipantsvereforty two computing
undegraduatestudentsrom the Schoolof Cognitive and
ComputingSciencesat Sussg University, U.K. All of the
participanthadtakenathreemonthintroductorycoursein
Java, but their programmingexperiencevariedfrom having
takenonly this courseto a few extra monthsof experience
in Java andotherprogrammindanguages.

Participantsdehuggedfour buggyversionsof a program
of mediumsizeandcompleity thatsimulatedhebehaiour
of adrink dispensingnachine.Eachof theseversionswvas
seededvith a singleerror. Beforestartingthesedehugging
sessionsparticipantsspentapproximatelyone hour study-
ing the target program. Also, at the beginning of eachde-
buggingsessionparticipantcomparegampleof bothde-
sired and actual programoutputsso that they were clear
aboutthe effectsof the error.

In eachdehuggingsessiorparticipantsvereallowed up
to ten minutesto find the error They wereinstructedto
think aloudandto identify the errorin the programreport-
ing it verballyby statingits location,descriptioranda pro-
posedix for it.

3. Results and discussion

In orderto relatedehuggingperformanceo the otherex-
perimentalariablesthe 42 participantaveredividedpost-
hoc on the basisof quartilerangesaccordingto their de-
buggingaccurag level. Groupl comprisedheparticipants
with the lowestscoreswhile group4 comprisedhosewith
thehighestscores.

The resultsfor window switching frequeng are illus-

Figure 2. Window fixation for support repre-
sentations by visualisation modality

trated in Figure 1. There were main effects for group
(F(3,38)= 3.704,p .01) but not for modality Planned
contrastcomparisonsndicated that switching frequeny

peakedfor group 3 (t(38) = 2.355,p  .05). Therewas
alsoaninteractioneffect for modality by group(F(3,38)=

5.10,p .01).Plannectontrastomparisonsevealedalin-

eartrendfor thetextual condition(F(1,38)=9.995,p .01)
anda quadratiarendfor the graphicalcondition(F(1,38)=

8.061,p .01)whichindicatesalinearincreasean switch-
ing frequeng for the textual condition when going from

lessto moreaccurategroupsandquadratic(peakingin an
intermediategroup) for the graphicalcondition. Individ-

ual t-testsalso shaved significantdifferencesin termsof

modalityfor groups3 (t(11)= 2.548,p .05)and4 (1(10)
=-2.308,p .05).

Theresultsfor window fixationtimesrevealmaineffects
for window (F(3,38)=823.36,p .01)andinteractionef-
fectsfor window andgroup(F(9,38)=2.431,p .05).The
codewindow wasthe mostfrequentlyused(about79% of
thetime agains9%for the objectsandoutputwindowsand
only 3% for the call sequencavindow). Regardingthein-
teractioneffect, plannedcontrastcomparisongaking into
accountthe sumof fixation timesfor the threesupporting
representation@he two visualisationglusthe outputwin-
dow) indicatedthatfixationtime for thesethreerepresenta-
tionspeakedor group3 (t(38)=2.117,p .05). Figure2
illustratestheseinteractioneffect graphically This figure
presentghe datasplit into graphicalandtextual conditions
to provide a pointof comparisorwith Figurel; however, as
therewere no interactionsfor the combinationof window,
modalityandgroup,the differencedetweergraphicaland
textual supportvisualisationsllustratedin thisgrapharenot
significant.

Theseresultssuggesthatdeluggingaccuray is related



to a more balanceduse of the available representations.
While poor performersshav a low degree of interaction
with the supportvisualisationsthosein the intermediate
andhighaccurag groupsinteractmorewith theserepresen-
tations(the intermediategven morethanthe advanced,as
both switchingfrequeny andfixation time for the support
visualisationgeacha peakfor the third group). Thesere-
sultsseemto suggesthatparticipantdn differentaccurag
groupsmight have chosendifferent detugging strateies.
Although all of themfocusedpredominantlyon the code
window, participantsn thelowestperformancgroupchose
to useastratgy basedalmostexclusively onthecode while
participantsn othergroupsseemedo usethe otherrepre-
sentationgo supportheinferenceglravn from the code.

The fact that switching frequeny peakedfor group 3
seemso bein agreementith thesuggestionn [6] that, at
leastfor professionaprogrammersgehuggingability was
inverselyrelatedto switchesof focusbetweenthe sources
of informationprovidedfor thetask. Theseresultswereex-
plainedin termsof the programmersthunkingability (the
ability to detectmeaningful,hierarchicalunitsin the code
duringproblemsolving). A high chunkingability is related
to arobustmentalrepresentatioof the programandthere-
foreto alow needfor duplicatingreferenceso theavailable
representationdt is possiblethatthe deluggingability of
participantsn groups3 and4 hasreached pointfor which
this explanationis valid.

Theresultsalsosuggestlifferenteffectsfor theadvanced
group in terms of modality Participantsof this group
switchedmorefrequentlyin the graphicalconditionthanin
thetextual onewhile for window fixation therewereno sig-
nificant differencesnvolving modality. This suggestshat
participantsn thehighestaccurag groupperformedonger
fixationsin the graphicalconditionthanin thetextual con-
dition. Therefordt seemghatthetextual visualisatiorcon-
dition requiredmore active representatiogoordinationfor
thisgroup.

Theseesultscanbeinterpretedn several,possiblycom-
plementaryways. Oneis that the specificity of graphical
representationfb] helpsprogrammerso detectthe mean-
ingful unitsor chunksof thecode andin thiswaydecreases
theneedfor switchingconstantlybetweertheavailablerep-
resentationsOtherinterpretatioris thatastextual represen-
tationsgenerallyrequiremore actve search2], this con-
dition might have employeda higheramountof working
memoryresources.This probablymeantthat participants
werenotableto holdasmuchinformationin workingmem-
ory aboutthe programasin the graphicalcondition. As
aresult,representatioswitchingwasmorefrequentwhen
workingwith textual visualisations.

Another way to explain theseresultsis that different
modality conditions promotedthe deploymentof differ-
entdehuggingstratgiesfor peoplein the bestperforming

group. Differentdelugging stratgies might requirea dif-
ferenttypeof supportfrom specificinformationsourceg3],
andtherefore n this case a differentfrequeng of switch-
ing. Furtherresearcho clarify the causeof theseeffects
will examinetheverbalprotocolsdata.

4. Conclusions

This paper presentedresults of representatioruse in

a multi-representationatielbugging ervironmentand dis-
cussedthe effect of modality within this ernvironment.
In general, good delugging performanceis associated
with a more balanceduseof the availablerepresentations;
however, this investigationhas raisedthe questionabout
whethergraphicalvisualisationgpromotea morejudicious
useof thevisualisationgor successfuperformers.Further
analysis possiblyof the verbalprotocolsdata,is neededo
clarify thisissue.
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