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Abstract

Java program debuggingwas investigatedin computer
sciencestudentswho useda software debuggingenviron-
ment(SDE)thatprovidedconcurrentlydisplayed,adjacent,
multiple and linked representationsconsistingof the pro-
gramcode,a visualisationof theprogram,andits output.

Theaim of this investigationwas to addressquestions
such as ‘To what extentdo programmersuseeach typeof
representation?’,‘Are particular patternsof representation
use associatedwith superior debugging performance?’,
‘Are graphical representationsmore helpful to Java pro-
grammersthantextualones?’and‘Arerepresentationsthat
highlight data structure more usefulthan thosethat high-
light control-flow for Javadebugging?’

A modifiedversionof theRestrictedFocusViewer(RFV)
- a visualattentiontrackingsystem- wasemployedto mea-
sure the degree to which each of the representationswas
used,andto record switchesbetweenrepresentations.The
experimentalresultsare in agreementwith research in the
area that suggeststhat control-flow informationis difficult
to decodein anObject-Orientedlanguagelike Java. These
resultsalso suggestthat graphical representationsmight
be more usefulthan textual oneswhenthe degreeof diffi-
culty of the debuggingtaskposesa challengeto program-
mers.Additionally, theresultslink programmingexperience
to switching behaviour, suggestingthat althoughswitches
betweenthe codeand the visualisationare the mostcom-
monones,programmingexperiencemightpromotea more
balancedswitching behaviourbetweenthe main represen-
tation,thecode,andthesecondaryones.

1. Introduction

Whentrying to performa programmingactivity in ev-
erydaysettings,programmersnormally work with a vari-
etyof externalrepresentationsaswell astheprogramcode.
Someof theseexternal representationsareusedin debug-
ging packages,prototypingandvisualisationtools in soft-
waredevelopmentenvironments,or areincludedaspartof
internalandexternaldocumentation.Therefore,program-
mingnormallyrequirestheco-ordinationof multiplerepre-
sentations.

Probablythe mosttypical case,at leastfor novice pro-
grammers,of co-ordinationof external representationsin
programming,is workingwith debuggingpackages,acom-
monexampleof a visualisationtool. Novice programmers
oftenspenda largeamountof their time attemptingto un-
derstandthebehaviour of programswhentrying to discover
errorsin the code. To performthis task,novicesnormally
work with boththeprogramcodeandthedebuggeroutput,
trying to co-ordinateandmakesenseof theserepresenta-
tions. Yet very little is known abouthow multiple external
representationsareusedfor thiskind of programmingtask.

In [18] it wasshown thatvisualattentiontrackingmeth-
ods,andmorespecificallya tool like the RestrictedFocus
Viewer (RFV)[2] canbe usedto investigateissuesrelated
to theprocessof co-ordinatingmultipleexternalrepresenta-
tionsin programdebugging.Researchof this typecanoffer
importantcluesabouttherelationshipbetweenrepresenta-
tion useandprogramminginformation types,the issueof
sententialversusgraphicalrepresentations,anddebugging
performance.



2. Co-ordination of multiple external represen-
tations in programming

Two important aspectsto considerregarding the co-
ordinationof multiple representationsin programmingare
modalityandperspective[5].

2.1. Modality

Theterm ‘modality’ is usedhereto meanthe represen-
tationalformsusedto presentor displayinformation,rather
thanin thepsychologicalsenseof sensorychannel.A typ-
ical modalitydistinctionhereis betweenpropositionaland
diagrammaticrepresentations.

Thus,this first aspectrefersto co-ordinatingrepresenta-
tions which arebasicallypropositionalwith thosethat are
mainly diagrammatic.It is not clearwhetherco-ordinating
representationswith the samemodality type has advan-
tagesover working with mixedmultiple representationsor
whetherincludinga high degreeof graphicalityhaspoten-
tial benefitsfor performingthetask[1].

Althoughprogrammersnormallyhaveto coordinaterep-
resentationsof differentmodalities,therehasnotbeenmuch
researchon this topic in the areaof programming. One
of the few examplesis the GIL system[11], which at-
temptsto provide reasoning-congruentvisual representa-
tions in the form of control-flow diagramsto aid the gen-
erationandcomprehensionof LISP, a functionalprogram-
minglanguagewhichnormallyemploystextual 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-
vantagesfor the useof multiple representationsof mixed
modality. In [3], it wasfound that studentsmight benefit
from thedualcodingthatresultsfrom presentinga graphi-
cal visualisationof theprogramtogetherwith a textual ex-
planationof it.

Otherstudiesin the areahave beenconcernedwith is-
suesrelatedto theformatof theoutputof debuggingpack-
ages[12, 13]. Thosestudieshave offered conflicting re-
sults about the co-ordinationof representationsof differ-
entmodalities.In [13], it wasfound thatsubjectsworking
with representationsof the sameand differentmodalities
hadsimilarperformance,while in [12], it wasreportedthat
thoseworking with differentmodalitiesshowed a poorer
performancethanthoseworkingwith thesamemodality. In
bothcases,participantsworkedwith theprogramcodeand
with the debugger’s output. The debuggernotationsused
by bothof thesestudiesweremostlytextual. Theonly pre-
dominantlygraphicaldebuggingtool usedby thesestudies
wasTPM [6]. While theperformanceof theparticipantsof

theformerstudy[13] wassimilar for thetextual debuggers
andTPM, thesubjectsof the latterstudy[12] foundwork-
ing with TPM moredifficult. Oneimportantdifferencebe-
tweenthesetwo studiesis thatwhile theformerusedstatic
representations,thelatteremployeda visualisationpackage
(dynamicrepresentations).The additionalcognitive load
of learningandusinga multi-representationalvisualisation
packagemayexplain thedifferencein findings.

2.2. Perspective

Perspective is the aspectwhich refersto co-ordinating
representationsthat highlight either the sameor different
programminginformation types. Computerprogramsare
informationstructuresthat comprisedifferent typesof in-
formation [15], andprogrammingnotationsusually high-
light someof theseaspectsat the cost of obscuringoth-
ers[8] (thematch-mismatch hypothesis). Experiencedpro-
grammers,whencomprehendingcode,areableto develop
a mentalrepresentationthatcomprisesthesedifferentper-
spectives or information types, as well as rich mappings
betweenthem [14]. Someof thesedifferent information
typesare: function, data structure,operations,data-flow
andcontrol-flow. It is anopenissuewhetherco-ordinating
notationsthathighlight differentinformationtypeswill be
more beneficialto programmersthan working with those
thathighlight thesameones.

2.3. Java debugging

To date, there have been numerousinvestigationsof
debuggingbehaviour acrossa rangeof programminglan-
guages[7, 16,19] andpreviousresearchhasalsoexamined
theeffect of representationalmodeuponprogramcompre-
hension[10, 11, 12, 13].

However, thesestudieswere performedmainly in the
context of proceduralor declarative computerlanguages.
It is not clear whetherthe resultsgeneraliseto the (cur-
rentlypopular)Object-Orientedparadigm.Researchin pro-
gram comprehensionfor Object-Orientedlanguagessug-
geststhatthesekindsof languagehighlightfunctionaswell
asstaticdataelementinformationwhilst obscuringcontrol-
flow information[4, 20]. However, it is not clearwhether
novice programmersworking with mediumsizeprograms
find comprehendingfunctionandstaticdataelementinfor-
mationin Object-Orientedlanguagesaneasytask[21], spe-
cially becauseasprogramsizeincreases,this sortof infor-
mationtendsto becomediffuse.

Furthermore,debuggingstudieshave tendednot to em-
ploy debuggingenvironmentsthataretypical of thoseused
by professionalprogrammers(i.e. multi-representational
softwaredebugging environments,SDEs). Suchenviron-
mentstypically permit the userto switch rapidly between



Figure 1. The debugging envir onment used by par ticipants

multiple, linked, concurrentlydisplayedrepresentations.
Theseincludeprogramcodelistings,data-flow andcontrol-
flow visualisations,outputdisplays,etc.

3. Method

Theaim of this work wasto relatedebuggingbehaviour,
especiallyrepresentationuseandco-ordination,to debug-
gingaccuracy, representationmodalityandperspective.

This experimentconsideredfour independentvariables,
threewithin subjectsandonebetweensubjects,andthree
dependentvariables. The within subjectsvariableswere
visualisationmodality (textual or graphical),visualisation
perspective (datastructureor control-flow), andtypeof er-
ror (datastructureor control-flow). The betweensubjects
variablewasparticipant’sprogrammingexperience(lessex-
periencedor moreexperienced),definedby a combination
of their Java and generalprogrammingexperience. The
threedependentvariablesweredebuggingaccuracy, accu-
mulatedfixation timeandswitchingfrequency betweenthe
availablerepresentations.Accumulatedfixation time refers
to the total time participantsspentfocusingon eachrep-
resentationfor eachof the debuggingsessions.Switching
frequency refersto the total numberof switchesinvolving
eachpossiblepair of representations(codeand visualisa-
tion, codeandoutputandvisualisationandcode)for each
of thedebuggingsessions.

3.1. The experimental debugging environment

The Java SDE enabledparticipantsto seethe program
code,its outputfor a sampleexecution,anda visualisation
of this execution. A screenshotof the systemis shown in
Figure1. Participantswereableto seetheseveralprogram
classfilesin thecodewindow, oneata time,throughtheuse
of theside-tabs(‘coin’, ‘pile’, ‘till’ in theexampleshown).
Also, thevisualisationwindow presenteda visualisationof
the program’s executionsimilar to thosefound in Object-
Orientedsoftwaredevelopmentenvironments[17]. Thisvi-
sualisationhighlightedeitherdatastructureor control-flow
aspects. Theserepresentationswere selectedbecausere-
searchin Object-Orientedprogramcomprehensionhassug-
gestedthat functionanddataelementinformationis high-
lighted in languagesof this programmingparadigmwhile
control-flow is obscured(seeSection2.3). In our experi-
ments,theserepresentations,andtheJava SDE,werestatic
in that participantswerepresentedwith selectedprecom-
putedinformationabouttheprogramexecution. We chose
to presentinformationin this way sothatwe couldcontrol
for issueslike the increasedcomplexity of dealingwith a
full debuggingenvironmentandtheephemeralnatureof the
informationpresentedby adynamicdebuggingtool,which,
asmentionedin Section2.1,couldhave playeda role in the
discrepancy of resultsreportedin [12] and[13].

The SDE was implementedon top of a modified ver-
sion of the RestrictedFocusViewer (RFV) [2]. The SDE
presentsimagestimuli in a blurred form. Whenthe user
clicks an image,a sectionof it aroundthe mousepointer
becomesfocused. In this way, the programrestrictshow



muchof astimuluscanbeseenclearlyandallowsvisualat-
tentionto betrackedastheusermovesanunblurred‘foveal’
areaaroundthe screen.Useof the SDEenabledmoment-
by-momentrepresentationswitchingbetweenconcurrently
displayed,adjacentrepresentationsto becapturedfor later
analysis.

A previous studywhich employedthe SDE to validate
thesuitabilityof thistechnologyto investigateJavaprogram
debugging offeredpromisingresults[18]. Specifically, it
suggestedthat debugging performanceis not affectedby
thismethodof trackingvisualattentionandthattheremight
befixationandswitchingpatternscharacteristicof superior
debuggingin this context.

3.2. Participants and procedure

Theexperimentalparticipantswereforty ninecomputer
scienceundergraduatestudentsfrom the Schoolof Cogni-
tive and ComputingSciencesat Sussex University, U.K.
All of the participantshad takena threemonth introduc-
tory courseto Java, but their programmingexperiencevar-
iedfromhaving only takenthiscourseto afew extramonths
of Java experienceandevenhaving workedasprofessional
programmers.The lessexperiencedprogrammershadon
average3 monthsof Java experience(basically the dura-
tion of the introductoryJava course)plus 10.5 monthsof
otherprogrammingexperience,while themoreexperienced
grouphadon averageoneyear of Java and13 monthsof
otherprogrammingexperience.

Participantsperformedfivedebuggingsessions.Thefirst
onewasawarm-upsessionandit employedafunctionalvi-
sualisation.The four mainsessionsfollowed,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
sessionscomprisedthefour waysin which perspective and
modality could be combined,and their order and combi-
nationswerecounterbalancedacrossparticipantsandtarget
programs.

Thedebuggingsessionsconsistedof two phases.In the
first phaseparticipantswerepresentedwith a specification
of thetargetprogram.Thisprogramspecificationconsisted
of two paragraphsdescribingin plain Englishthe problem
that the programwasintendedto solve, the way it should
solve it (detailingthesolutionsteps,specifyingwhich data
structuresto useand how to handlethem), togetherwith
somesamplesof programoutput(bothdesiredandactual).
Whenparticipantswereclearaboutthe task that the pro-
gramshouldsolve andalsohow it shouldbe solved, they
movedon to thesecondphaseof thesession.

In the secondphaseparticipantswere presentedwith
threewindows containingthe programcode,a samplein-
teractionwith theprogramanda visualisationwhich illus-

tratedthis interaction.They wereallowedupto tenminutes
to debugeachprogram.They wereinstructedto identify as
many errorsaspossiblein this programandto reportthem
verballyby statingthe classfile andline numberin which
they occurredaswell asa brief descriptionof them. They
werealsoencouraged,besidesreportingtheerrors,to think
aloudthroughoutthissecondphase.

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

piles[0].add(c);
}

}

public static void main(String args[])
throws IOException {

Till myTill = new Till();
boolean end_of_coins = false;
BufferedReader in = new BufferedReader

(new InputStreamReader(System.in));

while (!end_of_coins) {
String coin_type = in.readLine();
if (coin_type.equals("end"))

end_of_coins = true;

Coin coin = new Coin(coin_type);
myTill.add(coin);

}
System.out.println("Till contents:");
myTill.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 insidea rectangle,given the co-ordinatesof the
point andthe verticesof the rectangle.The first andsec-
ondexperimentalprogramprint out thenamesof thechil-
drenof asamplefamily. Themaindifferencebetweenthese
two programsis thatthesecondoneis a moresophisticated
versionof thefirst one. The third andfourth experimental
programs(‘Till’ programs)countthecashin acashregister
till, giving subtotalsfor the differentcoin denominations.
Again, the main differencebetweenthesetwo versionsis
that thefourth programis implementedin a moresophisti-
catedway. Someof thecode,outputfor asampleexecution
sessionandacontrol-flow graphicalvisualisationof thisex-
ecutionfor oneof theTill programsareshown in Figures2,
3 and4 respectively.

Theprogramsof thetwo maindebuggingsessionswere
seededwith four errors,andthe ‘warm-up’ session’s pro-
gramwasseededwith two errors. The errorsof the main



debuggingsessionsprogramscanbeclassifiedas‘control-
flow’ and ‘data structure’. In this classification,control-
flow errorshave to do with the executionof the program
not following a correctpath.For example,thecontrol-flow
errorin theTill programis locatedin thetwo lastlinesof the
while loopof its mainprocedure.Thesetwo linesshouldbe
includedwithin an elsestructure,so that the executionof
the programeither acknowledgesan end-of-coinscaseor
addsthenew cointo thetill, but never followsbothpathsat
thesametime.

Data structureerrors normally have undesiredconse-
quencesfor the programdatastructures.For the Till pro-
gramof Figure2, thedatastructureerror is locatedwithin
the only instructionof the if structureof the add method.
Thiserrorconsistsof every coinaddedto thetill beingsent
only to the first money pile, regardlessof its type. In this
way, themoney pile receiving all coinsis onewhichshould
only accumulatecoinsof a one-pencedenomination.

3.3. Debugging accuracy scoring

The audio recordingsof the debugging sessionswere
analysedto identify the participants’debugging accuracy.
Eachsetof utterancesreportinganerrorwasscoredaccord-
ing to whetherparticipantsidentifiedtheplaceandnatureof
theerrorcorrectly. Theplaceof theerrorwasconsideredas
correctif participantsmentionedtheline of codewherethe
bug occurred,andonly partially correctif they mentioned
the methodwhereit happened.Similarly, identifying the
natureof theerrorwasconsideredascorrectif participants
describedit appropriatelyor if they proposeda correctfix
to it. If, for example,they describedan effect but not the
causeof theerror, thissecondscorewouldbeconsideredas
partiallycorrect.

4. Results

Theresultsof theexperimentin termsof debuggingper-
formanceandtypeof errorshow thatmoreexperiencedpro-
grammerswereable to spotmoreerrorsthan lessexperi-
encedones(F(1,45)= 5.481,p � .01)andthatthatcontrol-
flow errorsweremoredifficult to spot thandatastructure
errors(F(1,47)= 9.101,p � .01). Also, therewasaninter-
actioneffect betweenlevel of experience,typeof errorand
modality(F(1,47)= 4.158,p � .05).This interactioneffect
is illustratedin Figure5. This figureshows thatwhendeal-
ing with datastructureerrors, lessexperiencedprogram-
mersfoundgraphicalrepresentationsmoreuseful,whereas
for moreexperiencedprogrammersmodality of visualisa-
tion did not have aneffect. On theotherhand,for control-
flow errors,lessexperiencedprogrammersseemto dobetter
with textual representations,while moreexperiencedfound
graphicalvisualisationsmoreuseful.

rsunx% java Till
5p
1p
2p
5p
1 pound
end
unknown coin: 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 shouldbenotedthat therewereno significantresults
linking programmingperspectivetodebuggingaccuracy, ei-
theron theirown or with any of theotherindependentvari-
ables.

4.1. Representation use

This part of the analysistried to relateswitching fre-
quency andaccumulatedfixation time to programmingex-
perience,type of error and visualisationperspective and
modality.

Two separateANOVAs wererun,onefor switchingfre-
quency andanotherfor fixationtime.Theresultsfor switch-
ing frequency show a significanceeffect for switchingtype
(F(2,46)= 94.527,p � .01),switchesbetweenthecodeand
the visualisationbeingby far the mostcommon,andnear
significancefor theinteractioneffectbetweenlevel of expe-
rience,typeof switchandperspective (F(2,46)= 3.045,p =
.057).This interactioneffect is illustratedin Figure6. This
figure shows that more experiencedparticipantsexhibit a
higher frequency of switching than lessexperiencedones
for switchesbetweenthe codeandoutputrepresentations,
but evenmoresowhenusingcontrol-flow visualisations.

Theresultsfor fixation timeshow thatparticipantsspent
themosttime lookingat thecoderepresentation(F(2,46)=
3459.542,p � .01),andthattherewasaninteractioneffect
betweentype of representationandperspective (F(2,46)=
7.595,p � .01). Figure7 illustratesthis interactioneffect
graphically. This figurecomparestheamountof time peo-
ple spentlooking at the differentrepresentationsfor both



Figure 4. Contr ol-flo w graphical visualisation
of a sample execution session of the Till pro-
gram.

thedatastructureandthe control-flow visualisationcondi-
tions. It canbeseenthatpeoplespentmoretime lookingat
thecodein thecontrol-flow conditionthanin thedatastruc-
ture one. On the otherhand,participantsspentmoretime
looking at the visualisationin the datastructurecondition
thanin thecontrol-flow condition.

5. Discussion

This investigationaimed to relate debugging perfor-
manceto representationuse in a multi-representational,
multi-modaldebuggingenvironmentssimilarto thosefound
in commercial software development environments and
softwarevisualisationpackages[17]. Thesesortsof envi-
ronmentare characterisedby having several concurrently
displayedrepresentationsof theprogram.Thereis acentral
representation,theprogramcode,anda seriesof secondary
representationsthat supportit (programoutputandexecu-
tion visualisations).Becausesoftwaredebuggingenviron-
mentsareanimportanttool for novice programmers,mod-
elling theprocessof representationusein this sortof envi-
ronmentis of centralrelevancefor educationalpurposes.

Theexperimentalresultsdo not favour a particulartype
of representationasthebestonebut suggestan interaction
betweenprogrammingexperience,errortypeandrepresen-
tationmodality. They alsorelateprogrammingexperience
to specificswitchingbehaviour, andrepresentationfixation

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

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 programmingperspective.
It is not surprisingthat the moreexperiencedprogram-

mersweremoresuccessfulthanthe lessexperiencedpar-
ticipantsin detectingerrorsin theprograms.Also, thefact
thatcontrol-flow errorsweredifficult to find is in agreement
with researchin theObject-Orientedprogrammingcompre-
hensionareawhichsuggeststhatthiskindof languagehigh-
lights functionaswell asstaticdataelementinformationat
thecostof obscuringcontrol-flow information[4, 20]. This
result contrastswith debugging studiesfor languagesof
otherprogrammingparadigms,suchastheonein [9], which
compareddebugging performancefor Pascaland BASIC
anddid notfind control-flow errorsparticularlydifficult for
participants.

The results suggestan interaction betweenprogram-



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. When dealingwith datastructureerrors,lessexperi-
encedprogrammersfound graphicalrepresentationsmore
useful,whereasfor moreexperiencedprogrammersmodal-
ity of visualisationdidnothaveaneffect. Ontheotherhand,
for control-flow errors,lessexperiencedprogrammersseem
to do betterwith textual presentations,while moreexperi-
encedparticipantsfoundgraphicalvisualisationsmoreuse-
ful. Thisseemsto suggestthatgraphicalrepresentationsare
mostusefulwhenthedebuggingtaskis challengingenough
for programmers(datastructureerrorsfor the lessexperi-
enced,control-flow bugsfor themoreexperienced).

Similarly to previousfindings[18], theresultsshow that
participantsspentmost of the time focusingon the code
window. This is not surprising,becausethecodeis clearly
the main representationof the program. It wasalsomen-
tionedthat peoplespentmore time looking at the codein
the control-flow condition than in the datastructurecon-
dition, andthaton the otherhand,participantsspentmore
time lookingat thevisualisationin thedatastructurecondi-
tion thanin thecontrol-flow condition(seeFigure6). This
fact can be explainedby at leasttwo causes(or a combi-
nationof them). Thefirst oneis thatdatastructurevisual-
isationsweremoredifficult to understandthanthecontrol-
flow onesfor participantsandthereforethey hadto spenda
longeramountof timetrying to comprehendthem.Thesec-
ondexplanationis thatdatastructureinformationwasmore
usefulthancontrol-flow andbecauseof this thedatastruc-
turevisualisationwasmoreimportantin fixationtimeterms
thanthecontrol-flow one.Thefirst explanationseemsto be
the morelikely onedueto the fact that the resultsdid not
show a betterdebuggingperformancefor thedatastructure
visualisationcondition.

In fact,therewerenosignificanteffectsinvolving debug-

gingaccuracy andvisualisationperspective,whichsuggests
that therewereno differencesin the effectivenessof data
structureversuscontrol-flow visualisationsfor any type of
error. This resultis in apparentdisagreementwith research
in thearea,becauseaccordingto [8], a matchbetweentype
of errorandtypeof visualisationshouldproducehigherlev-
elsof accuracy. Onefactorthatmight explain this discrep-
ancy is thatstudiessupportingthematch-mismatchhypoth-
esis[4, 8, 20] havemainlyemployedasinglerepresentation
(the programcode),while in this studytherewereseveral
representations,andthe oneemployedto test this hypoth-
esis(i.e. the visualisation)had, as shown by the fixation
timesdata,only a supportiverole in thetask.

Anotherpossibilityfor thislackof supportfor thematch-
mismatchhypothesisis the amount of information pre-
sentedin the visualisationwindow. Becauseof the static
natureof theexperimentaldebuggingtool, thevisualisation
window presenteda sequenceof visualisationsof the exe-
cution statein chronologicalorder(early executionstates
appearedat thetop of this window while thoseat theendat
thebottomof it). The informationrelevant to discover the
errorsin the programmight have beenthere,but to search
for it might have not beenan easytask. So, probablythe
match-mismatchhypothesiswasnot supportedbecauseis-
suesrelatingto informationdecodingandsearchweremore
relevantin thiscase.

The experimentalresultsregardingswitching behavior
confirmedpreviousfindings[18] thatsuggestthatswitches
of the unblurredspotbetweenthe codeand the visualisa-
tion arethemostcommontypeof switchperformedby par-
ticipants. The differencewhenconsideringskill level was
thatthemoreexperiencedperformeda higherfrequency of
switchingfor thecodeandoutputrepresentations,but even
moreso whenusingcontrol-flow visualisations.Oneway
to interpret this result is that more experiencedprogram-
mersexhibit a morebalancedswitchingbehaviour between
the mainandthe secondaryrepresentations.However, the
reasonwhy they performedmore switchesin the control-
flow visualisationconditionis not clear. It seemsasif they
knew thatthey wouldnotfindtheinformationthatthey were
looking for in thevisualisationwindow for thecontrol-flow
condition, so they resortedto usethe output window in-
stead.Thiswayof reasoningwouldsuggestthatdatastruc-
turevisualisationscontainedmorerelevantinformationthan
the control-flow onesin this case.However, asmentioned
above, the resultsdid not show a betterdebuggingperfor-
mancefor thedatastructurevisualisationcondition.

6. Conclusions

This studyinvestigatedJava programdebuggingperfor-
manceandbehaviour throughtheuseof a softwaredebug-
gingenvironmentthatprovidedconcurrentlydisplayed,ad-



jacent,multipleandlinkedrepresentationsandthatallowed
visualattentionswitchesof participantsto betracked.

The experimentalresultssuggestthat graphicalrepre-
sentationsmight be more useful than textual oneswhen
thedegreeof difficulty of thedebuggingtaskposesa chal-
lengeto programmers.Additionally, theresultslink debug-
ging performanceto switchingbehaviour, suggestingthat
experiencedprogrammersexhibit a morebalancedswitch-
ing behaviour betweenthe main andthe secondaryrepre-
sentations.Theresultsalsogive supportto researchin the
Object-Orientedprogramcomprehensionareathatsuggests
that languagesof this typehighlight staticdataelementin-
formationat thecostof obscuringcontrol-flow.

The resultsof the experimentreportedhereneedto be
confirmedby moreempiricalstudieswith differentexperi-
mentalsettings.Oneexperimentalfactor that is important
to manipulateis the useof a dynamicdebuggingenviron-
ment insteadof, as in this case,a staticone. The useof
a dynamicdebuggingenvironmentmight imposean addi-
tional cognitive load on participantsbut will enhancethe
ecologicalvalidity of theexperimentaltaskby providing an
interactive(andmoreauthentic)SDEenvironment.Thisap-
proachwill alsoavoid the needfor lengthysequencesand
difficult-to-searchstaticrepresentationsin thevisualisation
window, sincea singlevisualisationcanbeupdatedin real
time.
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