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Abstract

Java program dehugging was investigatedn computer
sciencestudentswho useda softwae delugging erviron-
ment(SDE)that providedconcurently displayedadjacent,
multiple and linked representationsconsistingof the pro-
gramcode,a visualisationof the program,andits output.

Theaim of this investigationwas to addressquestions
sud as ‘To what extentdo programmersuseead type of
representation?’;Are particular patternsof representation
use associatedwith superior detugging performance?’,
‘Are graphical representationamore helpful to Java pro-
grammerghantextualones?’and‘Are representationshat
highlight data structue more usefulthan thosethat high-
light contol-flow for Javadelugging?’

A modifiedversionof the RestrictedocusViewer (RFV)
- avisualattentiontradking system wasemployedo mea-
sure the dggree to which ead of the representationsvas
used,andto recod switthesbetweerrepresentationsThe
experimentalresultsare in agreemenivith reseach in the
areathat suggestshat contmwol-flow informationis difficult
to decoddn an Object-Orientedanguagdike Java. These
resultsalso suggestthat graphical representationamight
be more usefulthan textual oneswhenthe degree of diffi-
culty of the dehuggingtaskposesa challengeto program-
mers.Additionally, theresultdink programmingexperience
to switching behaviouy suggestinghat althoughswitches
betweerthe codeand the visualisationare the mostcom-
monones,programmingexperiencemight promotea more
balancedswitching behaviourbetweerthe mainrepresen-
tation, the code,andthe secondaryones.

1. Introduction

Whentrying to performa programmingactvity in ev-
erydaysettings,programmersiormally work with a vari-
ety of externalrepresentationaswell asthe programcode.
Someof theseexternal representationare usedin delug-
ging packagesprototypingand visualisationtoolsin soft-
waredevelopmentervironmentsor areincludedaspart of
internaland external documentation.Therefore, program-
ming normallyrequireshe co-ordinationof multiple repre-
sentations.

Probablythe mosttypical case,at leastfor novice pro-
grammers,0f co-ordinationof external representations
programmingis working with detuggingpackagesacom-
mon exampleof a visualisationtool. Novice programmers
often spenda large amountof their time attemptingto un-
derstandhebehaiour of programsvhentrying to discover
errorsin the code. To performthis task, novicesnormally
work with boththe programcodeandthe deluggeroutput,
trying to co-ordinateand make senseof theserepresenta-
tions. Yetvery little is known abouthow multiple external
representationareusedfor thiskind of programmingask.

In [18] it wasshown thatvisualattentiontrackingmeth-
ods,andmore specificallya tool like the RestrictedFocus
Viewer (RFV)[2] canbe usedto investigateissuesrelated
to the procesof co-ordinatingmultiple externalrepresenta-
tionsin programdehugging.Researclof this typecanoffer
importantcluesaboutthe relationshipbetweernrepresenta-
tion useand programminginformationtypes,the issueof
sententialversusgraphicalrepresentationsand delhugging
performance.



2. Co-ordination of multiple external represen-
tationsin programming

Two important aspectsto considerregarding the co-
ordinationof multiple representations programmingare
modalityandperspectivg5].

2.1. Modality

Theterm‘modality’ is usedhereto meanthe represen-
tationalformsusedto presenor displayinformation,rather
thanin the psychologicakenseof sensorychannel.A typ-
ical modality distinctionhereis betweerpropositionaland
diagrammaticepresentations.

Thus,this first aspectrefersto co-ordinatingrepresenta-
tionswhich are basicallypropositionalwith thosethatare
mainly diagrammaticlt is not clearwhetherco-ordinating
representationsvith the samemodality type has adwan-
tagesover working with mixed multiple representationsr
whetherincluding a high degreeof graphicalityhaspoten-
tial benefitsfor performingthetask[1].

Althoughprogrammersiormallyhave to coordinateaep-
resentationsf differentmodalitiestherehasnotbeermuch
researchon this topic in the areaof programming. One
of the few examplesis the GIL system[11], which at-
temptsto provide reasoning-congruentisual representa-
tionsin the form of control-flov diagramsto aid the gen-
erationandcomprehensionf LISP, a functionalprogram-
minglanguagevhich normallyemploystextual representa-
tions. In [11], it is claimedthat this systemis successful
in teachingnovicesto programin this language however,
this work did not compareco-ordinationof the sameand
differentmodalities.

Work in thealgorithmanimationarea([3]) hasfoundad-
vantagedor the useof multiple representationsf mixed
modality In [3], it wasfound that studentsmight benefit
from the dual codingthatresultsfrom presentinga graphi-
cal visualisationof the programtogetherwith a textual ex-
planationof it.

Other studiesin the areahave beenconcernedwith is-
suesrelatedto the formatof the outputof detuggingpack-
ages[12, 13]. Thosestudieshave offered conflicting re-
sults aboutthe co-ordinationof representationsf differ-
entmodalities.In [13], it wasfound thatsubjectswvorking
with representationsf the sameand differentmodalities
hadsimilar performancewhile in [12], it wasreportedthat
thoseworking with differentmodalitiesshoved a poorer
performancéhanthoseworkingwith thesamemodality. In
both casesparticipantsvorkedwith the programcodeand
with the deluggers output. The detuggernotationsused
by both of thesestudiesweremostlytextual. Theonly pre-
dominantlygraphicaldehuggingtool usedby thesestudies
wasTPM [6]. While the performancef the participantsof

the formerstudy[13] wassimilar for thetextual detuggers
andTPM, the subjectsof the latter study[12] found work-

ing with TPM moredifficult. Oneimportantdifferencebe-

tweenthesetwo studiesis thatwhile the formerusedstatic

representationshelatteremployeda visualisatiorpackage
(dynamicrepresentations).The additional cognitive load

of learningandusinga multi-representationalisualisation
packagamayexplain thedifferencen findings.

2.2. Perspective

Perspectie is the aspectwhich refersto co-ordinating
representationthat highlight either the sameor different
programminginformation types. Computerprogramsare
information structureghat comprisedifferenttypesof in-
formation[15], and programmingnotationsusually high-
light someof theseaspectsat the cost of obscuringoth-
ers[8] (the matdh-mismatb hypothesis Experiencegro-
grammerswhencomprehendingode,areableto develop
a mentalrepresentatiothat compriseshesedifferentper
spectves or information types, as well as rich mappings
betweenthem[14]. Someof thesedifferentinformation
typesare: function, data structure,operations,data-flav
andcontrol-flow. It is anopenissuewhetherco-ordinating
notationsthat highlight differentinformationtypeswill be
more beneficialto programmergshan working with those
thathighlightthe sameones.

2.3. Java debugging

To date, there have been numerousinvestigationsof
dehugging behaiour acrossa rangeof programminglan-
guageg?7, 16,19] andpreviousresearcthasalsoexamined
the effect of representationahodeuponprogramcompre-
hension10, 11, 12, 13].

However, thesestudieswere performedmainly in the
contet of proceduralor declaratve computerlanguages.
It is not clear whetherthe resultsgeneraliseto the (cur
rently popular)Object-Orientegbaradigm Researcln pro-
gram comprehensioror Object-Orientedanguagessug-
gestghatthesekindsof languagéehighlightfunctionaswell
asstaticdataelemeninformationwhilst obscuringcontrol-
flow information[4, 20]. However, it is not clearwhether
novice programmersvorking with mediumsize programs
find comprehendindunction andstaticdataelementinfor-
mationin Object-Orientedanguagesneasytask[21], spe-
cially becausasprogramsizeincreasesthis sort of infor-
mationtendsto becomdliffuse.

Furthermoredehigging studieshave tendednot to em-
ploy detuggingervironmentsthataretypical of thoseused
by professionalprogrammergi.e. multi-representational
softwaredehugging ervironments,SDES). Sucherviron-
mentstypically permitthe userto switch rapidly between
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Figure 1. The debugging environment used by participants

multiple, linked, concurrentlydisplayedrepresentations.
Thesencludeprogramcodelistings,data-flav andcontrol-
flow visualisationsputputdisplays etc.

3. Method

Theaim of this work wasto relatedetuggingbehaiour,
especiallyrepresentatiomiseand co-ordination,to detug-
ging accuray, representatiomodalityandperspeciie.

This experimentconsideredour independenvariables,
threewithin subjectsand one betweensubjects,andthree
dependentwariables. The within subjectsvariableswere
visualisationmodality (textual or graphical),visualisation
perspectie (datastructureor control-flov), andtype of er-
ror (datastructureor control-flov). The betweensubjects
variablewasparticipantsprogrammingxperiencelessex-
periencedr more experienced)definedby a combination
of their Java and generalprogrammingexperience. The
threedependenvariableswere detuggingaccurag, accu-
mulatedfixation time andswitchingfrequeng betweerthe
availablerepresentationsdhAccumulatedixation time refers
to the total time participantsspentfocusing on eachrep-
resentatiorfor eachof the detugging sessions.Switching
frequeng refersto the total numberof switchesinvolving
eachpossiblepair of representationgcode and visualisa-
tion, codeand outputandvisualisationand code)for each
of thedehuggingsessions.

3.1. Theexperimental debugging environment

The Java SDE enabledparticipantsto seethe program
code,its outputfor a sampleexecution,anda visualisation
of this execution. A screenshotof the systemis shovn in
Figurel. Participantswereableto seethe several program
clasdfilesin thecodewindow, oneatatime,throughtheuse
of theside-tabg‘coin’, ‘pile’, ‘till' in the exampleshawn).
Also, the visualisationwindow presentea visualisationof
the programs executionsimilar to thosefoundin Object-
Orientedsoftwaredevelopmenervironmentq17]. Thisvi-
sualisatiorhighlightedeitherdatastructureor control-flow
aspects. Theserepresentationsvere selectedbecausee-
searchin Object-Orienteghrogramcomprehensiohassug-
gestedhat function and dataelementinformationis high-
lighted in languagef this programmingparadigmwhile
control-flow is obscuredseeSection2.3). In our experi-
ments theserepresentationgndthe Java SDE, werestatic
in that participantswere presentedvith selectedprecom-
putedinformationaboutthe programexecution. We chose
to preseninformationin this way sothatwe could control
for issueslike the increaseccompleity of dealingwith a
full deluggingervironmentandtheephemerahatureof the
informationpresentedby adynamicdetuggingtool, which,
asmentionedn Section2.1,couldhave playedarolein the
discrepang of resultsreportedn [12] and[13].

The SDE was implementedon top of a modified ver-
sion of the RestrictedFocusViewer (RFV) [2]. The SDE
presentdmagestimuli in a blurredform. Whenthe user
clicks animage, a sectionof it aroundthe mousepointer
becomedocused. In this way, the programrestrictshow



muchof a stimuluscanbe seerclearlyandallowsvisualat-
tentionto betrackedastheusemovesanunblurredfoveal’
areaaroundthe screen.Useof the SDE enabledmoment-
by-momentrepresentatioswitchingbetweenconcurrently
displayedadjacentrepresentationt be capturedor later
analysis.

A previous studywhich employedthe SDE to validate
thesuitability of thistechnologyto investigatelava program
dehugging offered promisingresults[18]. Specifically it
suggestedhat dehugging performances not affected by
this methodof trackingvisualattentionandthattheremight
befixation andswitchingpatternscharacteristiof superior
deluggingin this context.

3.2. Participantsand procedure

The experimentalparticipantsvereforty nine computer
scienceundegraduatestudentsrom the Schoolof Cogni-
tive and ComputingSciencesat Sussg University, U.K.
All of the participantshad takena three monthintroduc-
tory courseto Java, but their programmingexperiencevar-
iedfrom having only takenthiscourseto afew extramonths
of Java experienceandeven having workedasprofessional
programmers.The lessexperiencedprogrammerdiad on
average3 monthsof Java experience(basicallythe dura-
tion of the introductory Java course)plus 10.5 monthsof
otherprogrammingexperiencewhile themore experienced
grouphadon averageoneyear of Java and 13 monthsof
otherprogrammingexperience.

Participantperformedive detuggingsessionsThefirst
onewasawarm-upsessiorandit employedafunctionalvi-
sualisation.The four main sessiongollowed, two of them
usinga datastructureandthe othertwo a control-flow vi-
sualisation.Also, two of thememployeda textual andthe
othertwo a graphicalvisualisation. In this way, the main
sessiongomprisedhe four waysin which perspectie and
modality could be combined,and their order and combi-
nationswerecounterbalancedcrosgarticipantandtarget
programs.

The dehuggingsessiongonsistedf two phasesin the
first phaseparticipantswere presentedvith a specification
of thetargetprogram.This programspecificatiorconsisted
of two paragraphslescribingin plain Englishthe problem
that the programwasintendedto solve, the way it should
solweit (detailingthe solutionsteps specifyingwhich data
structuresto use and how to handlethem), togetherwith
somesamplef programoutput(both desiredandactual).
When participantswere clear aboutthe task that the pro-
gramshouldsolve andalsohow it shouldbe solved, they
moved on to the seconbhaseof the session.

In the secondphaseparticipantswere presentedwith
threewindows containingthe programcode,a samplein-
teractionwith the programanda visualisatiorwhich illus-

tratedthisinteraction.They wereallowedupto tenminutes
to detug eachprogram.They wereinstructedo identify as
mary errorsaspossiblein this programandto reportthem
verbally by statingthe classfile andline numberin which
they occurredaswell asa brief descriptionof them. They
werealsoencouragedyesideseportingtheerrors,to think
aloudthroughouthis secondohase.

public void add(Coin c) {
for (int i=0; i<piles.length; i++) {
if (c.label.equal s(piles[i].coin_type))
pil es[0].add(c);
}

}

public static void main(String args[])
throws | OException {
Till nyTill = new Till();
bool ean end_of _coins = fal se;
Buf f eredReader in = new Buff er edReader
(new I nput St reanReader (Systemin));

while (!end_of _coins) {
String coin_type = in.readLine();
if (coin_type.equal s("end"))
end_of _coins = true;

Coin coin = new Coi n(coin_type);
nmyTi || .add(coin);

Systemout.println("Till contents:");
nyTill.count();

Figure 2. Segment of the program code for
the Till class.

The target programsconsistedof five short Java pro-
grams. The ‘warm-up’ sessionprogramdetectswhether
a point is inside a rectangle given the co-ordinatef the
point andthe verticesof the rectangle. The first and sec-
ond experimentalprogramprint out the namesof the chil-
drenof asamplefamily. Themaindifferenceébetweerthese
two programsgs thatthe secondoneis a moresophisticated
versionof the first one. Thethird andfourth experimental
programg‘Till' programs)ountthe cashin acashregister
till, giving subtotalsfor the differentcoin denominations.
Again, the main differencebetweenthesetwo versionsis
thatthefourth programis implementedn a moresophisti-
catedway. Someof the code,outputfor asampleaxecution
sessioranda control-flov graphicalisualisatiorof this ex-
ecutionfor oneof theTill programsareshovn in Figures2,
3 and4 respectiely.

The programsf thetwo maindehuggingsessionsvere
seededvith four errors,andthe ‘warm-up’ sessiors pro-
gramwasseededvith two errors. The errorsof the main



deluggingsessiongrogramscanbe classifiedas‘control-
flow’ and ‘data structure’. In this classification,control-
flow errorshave to do with the execution of the program
notfollowing a correctpath. For example,the control-flow
errorin theTill programis locatedin thetwo lastlinesof the
whileloop of its mainprocedureTheseawo linesshouldbe
includedwithin an elsestructure,so that the execution of
the programeither acknavledgesan end-of-coinscaseor
addsthenew cointo thetill, but neverfollowsbothpathsat
thesametime.

Data structureerrors normally have undesiredconse-
guencedor the programdatastructures.For the Till pro-
gramof Figure2, the datastructureerror is locatedwithin
the only instructionof theif structureof the add method.
This errorconsistf every coin addedo thetill beingsent
only to the first mone pile, regardlesof its type. In this
way, themoney pile receving all coinsis onewhich should
only accumulateoinsof a one-penc&lenomination.

3.3. Debugging accur acy scoring

The audio recordingsof the dehugging sessionswere
analysedo identify the participants’delugging accurag.
Eachsetof utteranceseportinganerrorwasscoredaccord-
ing to whethemparticipantsdentifiedtheplaceandnatureof
theerrorcorrectly Theplaceof theerrorwasconsidereds
correctif participantamentionedhe line of codewherethe
bug occurred,andonly partially correctif they mentioned
the methodwhereit happened.Similarly, identifying the
natureof the errorwasconsiderediscorrectif participants
describedt appropriatelyor if they proposeda correctfix
to it. If, for example,they describedan effect but not the
causeof theerror, this secondscorewould beconsidereas
partially correct.

4. Results

Theresultsof the experimentin termsof delhuggingper
formanceandtypeof errorshov thatmoreexperiencedgro-
grammerswere ableto spotmore errorsthanlessexperi-
encedones(F(1,45)=5.481,p < .01)andthatthatcontrol-
flow errorswere more difficult to spotthandatastructure
errors(F(1,47)=9.101,p < .01). Also, therewasaninter-
actioneffect betweerlevel of experiencetype of errorand
modality (F(1,47)= 4.158,p < .05). Thisinteractioneffect
is illustratedin Figure5. This figure shavs thatwhendeal-
ing with datastructureerrors, less experiencedprogram-
mersfound graphicalrepresentationsioreuseful,whereas
for more experiencedorogrammersnodality of visualisa-
tion did not have aneffect. Onthe otherhand,for control-
flow errors lessexperiencegrogrammerseemnto dobetter
with textual representationsyhile moreexperiencedound
graphicalisualisationsnoreuseful.

rsunx%java Til

unknown coi n: end

Till contents:

5 1p coins is 0.05 pounds

0 2p coins is 0.0 pounds

0 5p coins is 0.0 pounds

0 10p coins is 0.0 pounds

0 20p coins is 0.0 pounds

0 50p coins is 0.0 pounds

0 1 pound coins is 0.0 pounds
The total is: 0.0 pounds

rsunx%

Figure 3. Output from a sample execution ses-
sion of the Till program.

It shouldbe notedthattherewere no significantresults
linking programmingperspectie to dehuggingaccuray, ei-
theron their own or with ary of the otherindependenvari-
ables.

4.1. Representation use

This part of the analysistried to relate switching fre-
gueng andaccumulatedixation time to programmingex-
perience,type of error and visualisationperspectie and
modality.

Two separatANOVAs wererun, onefor switchingfre-
gueng andanotheffor fixationtime. Theresultsfor switch-
ing frequeny show a significanceeffect for switchingtype
(F(2,46)=94.527 p < .01),switchesbetweerthe codeand
the visualisationbeing by far the mostcommon,and near
significancdor theinteractioneffect betweerlevel of expe-
rience,typeof switchandperspectie (F(2,46)= 3.045,p =
.057). Thisinteractioneffectis illustratedin Figure6. This
figure shavs that more experiencedparticipantsexhibit a
higherfrequeng of switching thanlessexperiencedones
for switchesbetweenthe codeand outputrepresentations,
but even moresowhenusingcontrol-flow visualisations.

Theresultsfor fixation time shav thatparticipantspent
themosttime looking atthe coderepresentatio(F(2,46)=
3459.542p < .01),andthattherewasaninteractioneffect
betweentype of representatioand perspectie (F(2,46)=
7.595,p < .01). Figure7 illustratesthis interactioneffect
graphically This figure compareghe amountof time peo-
ple spentlooking at the differentrepresentationfor both
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Figure 4. Control-flo w graphical visualisation
of a sample execution session of the Till pro-
gram.

the datastructureandthe control-flow visualisationcondi-
tions. It canbe seenthatpeoplespentmoretime looking at
thecodein thecontrol-flov conditionthanin the datastruc-
ture one. On the otherhand,participantsspentmoretime
looking at the visualisationin the datastructurecondition
thanin the control-flov condition.

5. Discussion

This investigationaimed to relate detugging perfor
manceto representatioruse in a multi-representational,
multi-modaldetuggingenvironmentssimilarto thosefound
in commercial software development ervironments and
softwarevisualisationpackage$17]. Thesesortsof envi-
ronmentare characterisedy having several concurrently
displayedepresentationsf the program.Thereis a central
representatiorthe programcode,anda seriesof secondary
representationthat supportit (programoutputand execu-
tion visualisations).Becausesoftwaredelugging erviron-
mentsareanimportanttool for novice programmersmod-
elling the procesof representationsein this sortof ervi-
ronmentis of centralrelevancefor educationapurposes.

The experimentalresultsdo not favour a particulartype
of representatiomsthe bestonebut suggesan interaction
betweerprogrammingxperiencegrrortypeandrepresen-
tation modality. They alsorelateprogrammingexperience
to specificswitchingbehaiour, andrepresentatiofixation

~——o— More experienced,
grahical visualisation

——c-—. More experienced,
textual visualisation

Debugging accuracy

— e Less experienced,
graphical visualisation

_____ Less experienced,
textual visualisation

Data structure errors Control-flow errors

Figure 5. Debugging performance for pro-
gramming experience, type of error and vi-
sualisation modality

Switches per minute

Visualis.-output Code-output
Code-output Code-visualis. Visualis.-output

Code-visualis.

Data Structure Visualisation Control-flow Visualisation

Figure 6. Switching frequency for program-
ming experience,type of switch and visuali-
sation modality . Lighter bars are for the less
experienced group, darker for the more expe-
rienced.

timesto programmingoerspectie.

It is not surprisingthat the more experiencedprogram-
merswere more successfuthanthe lessexperiencedpar
ticipantsin detectingerrorsin the programs.Also, the fact
thatcontrol-flow errorsweredifficult to find is in agreement
with researclin the Object-Orienteghrogrammingcompre-
hensiorareawhich suggestshatthiskind of languagéigh-
lights functionaswell asstaticdataelemeninformationat
the costof obscuringcontrol-flowv information[4, 20]. This
result contrastswith delugging studiesfor languagesof
otherprogrammingparadigmssuchastheonein [9], which
compareddelugging performancefor Pascaland BASIC
anddid notfind control-flow errorsparticularlydifficult for
participants.

The results suggestan interaction betweenprogram-
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Figure 7. Fixation time for available represen-
tation and visualisation perspective . Lighter
bars are for the contr ol-flo w condition, darker
for data structure

ming experience,type of error and representationmodal-
ity. Whendealingwith datastructureerrors,lessexperi-
encedprogrammerdgound graphicalrepresentationmore
useful,whereador moreexperiencedprogrammersnodal-
ity of visualisatiordid nothave aneffect. Ontheotherhand,
for control-flov errors lessexperiencegrogrammerseem
to do betterwith textual presentationsyhile moreexperi-
encedparticipantfoundgraphicalvisualisationsnoreuse-
ful. Thisseemgo suggesthatgraphicalrepresentatiorsre
mostusefulwhenthedehuggingtaskis challengingenough
for programmergdatastructureerrorsfor the lessexperi-
encedgcontrol-flov bugsfor themoreexperienced).

Similarly to previousfindings[18], theresultsshov that
participantsspentmost of the time focusingon the code
window. This is not surprising,becausehe codeis clearly
the main representationf the program. It wasalsomen-
tionedthat peoplespentmoretime looking at the codein
the control-flov conditionthanin the datastructurecon-
dition, andthat on the otherhand,participantsspentmore
time looking atthevisualisationin the datastructurecondi-
tion thanin the control-flov condition(seeFigure6). This
fact can be explainedby at leasttwo causeqor a combi-
nationof them). Thefirst oneis thatdatastructurevisual-
isationsweremoredifficult to understandhanthe control-
flow onesfor participantsandthereforethey hadto spenda
longeramouniof timetrying to comprehenthem. Thesec-
ondexplanationis thatdatastructurenformationwasmore
usefulthancontrol-flov andbecausef this the datastruc-
turevisualisationrwasmoreimportantin fixationtimeterms
thanthe control-flov one. Thefirst explanationseemso be
the morelikely onedueto the fact thatthe resultsdid not
shav a betterdehuggingperformancdor the datastructure
visualisationcondition.

In fact,therewerenosignificanteffectsinvolving delug-

gingaccurayg andvisualisatiorperspectie, which suggests
that therewere no differencedn the effectivenessof data
structureversuscontrol-flow visualisationdor ary type of
error. Thisresultis in apparentlisagreemenwith research
in theareabecausaccordingto [8], amatchbetweertype
of errorandtypeof visualisatiorshouldproducehigherlev-
elsof accurag. Onefactorthatmight explain this discrep-
ang is thatstudiessupportinghematch-mismatchypoth-
esis[4, 8, 20 have mainly employeda singlerepresentation
(the programcode),while in this studytherewere several
representationgndthe one employedto testthis hypoth-
esis(i.e. the visualisation)had, as shovn by the fixation
timesdata,only asupportverolein thetask.

Anotherpossibilityfor thislack of supporfor thematch-
mismatchhypothesisis the amountof information pre-
sentedin the visualisationwindow. Becauseof the static
natureof the experimentaddehuggingtool, thevisualisation
window presentedh sequencef visualisationf the exe-
cution statein chronologicalorder (early executionstates
appearedtthetop of this window while thoseat theendat
the bottomof it). Theinformationrelevantto discover the
errorsin the programmight have beenthere,but to search
for it might have not beenan easytask. So, probablythe
match-mismatclnypothesisvasnot supportedbecauses-
suegelatingto informationdecodingandsearchweremore
relevantin this case.

The experimentalresultsregarding switching behaior
confirmedpreviousfindings[18] thatsuggesthatswitches
of the unblurredspotbetweenthe codeand the visualisa-
tion arethemostcommontypeof switchperformedoy par
ticipants. The differencewhenconsideringskill level was
thatthe moreexperiencedperformeda higherfrequeng of
switchingfor the codeandoutputrepresentationgut even
more so whenusing control-flov visualisations.One way
to interpretthis resultis that more experiencedprogram-
mersexhibit a morebalancedswitchingbehaiour between
the main andthe secondaryepresentationsHowever, the
reasonwhy they performedmore switchesin the control-
flow visualisationconditionis not clear It seemsasif they
knew thatthey would notfind theinformationthatthey were
looking for in thevisualisatiorwindow for the control-flow
condition, so they resortedto usethe outputwindow in-
stead.Thisway of reasoningvould suggesthatdatastruc-
turevisualisationgontainednorerelevantinformationthan
the control-flov onesin this case.However, asmentioned
above, theresultsdid not showv a betterdetugging perfor
mancefor the datastructurevisualisationcondition.

6. Conclusions

This studyinvestigatedlava programdeluggingperfor
manceandbehaiour throughthe useof a softwaredehug-
ging ervironmentthatprovidedconcurrentlydisplayedad-



jacentmultiple andlinked representationandthatallowed
visualattentionswitchesof participantgo betracked.

The experimentalresultssuggestthat graphicalrepre-
sentationamight be more useful than textual oneswhen
thedegreeof difficulty of the dehuggingtaskposesa chal-
lengeto programmersAdditionally, theresultslink dehug-
ging performanceo switchingbehaiour, suggestinghat
experiencedorogrammersxhibit a morebalancedswitch-
ing behaiour betweenthe main andthe secondaryepre-
sentations.Theresultsalsogive supportto researctin the
Object-Orienteghrogramcomprehensioareathatsuggests
thatlanguage®f this type highlight staticdataelementin-
formationatthe costof obscuringcontrol-flow.

The resultsof the experimentreportedhereneedto be
confirmedby moreempiricalstudieswith differentexperi-
mentalsettings. One experimentalfactor thatis important
to manipulates the useof a dynamicdeluggingerviron-
mentinsteadof, asin this case,a staticone. The use of
a dynamicdehugging ervironmentmight imposean addi-
tional cognitive load on participantsbut will enhancehe
ecologicabalidity of the experimentataskby providing an
interactive (andmoreauthentic'SDEervironment.Thisap-
proachwill alsoavoid the needfor lengthy sequenceand
difficult-to-searclstaticrepresentationi the visualisation
window, sincea singlevisualisationcanbe updatedn real
time.
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