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Abstract

Rolesof variablesis a new conceptthat captulestacit
expertknowledg in a form that can, e.g. betaughtin in-
troductory programmingcourses. A role describessome
stereotypicuseof variables,and only tenrolesare needed
to cover 99 % of all variablesin novice-level programs.

This paper presentsthe first resultsof an experiment
wheeeroleswereintroducedo noviceslearningPascalpro-
gramming Studentavere divided into three groupsthat
were instructeddifferently: in the traditional way with no
treatmentbof roles; usingrolesthroughoutthe course; and
usinga role-basedorogram animatorin additionto using
rolesin teacing. The resultssuggestthat the introduc-
tion of rolesimprovesprogramcompehensiorandprogram
writing skills. Moreover, the useof the animatoraffectsthe
way studentsdescribeprograms: they stressdata-related
issuesconcerningthe deepstructue of a program, as op-
posedto directly visible opemationsand control structues.

1. Intr oduction

Programmingskills have been necessaryever since
computerswere invented. At the very beginning only
few programmersvere neededbut as computershecame
morecommonthe needfor skilled programmersncreased
rapidly. At that time, programmingwas taughtthe best
(andonly) way known, “via syntax,throughthe vehicle of
a singlelanguage”(Fincher 1999). More recently teach-
ing methodghatareconsideredo begoodhave beengath-
eredanddocumentedscollectionsof pedagogicapatterns
(FincherandUtting, 2002).New effortsto easeandenhance
learninghave variedin their generalapproachto improve
learning:moststudiesreporteffectsof new teachingmeth-
odsand newv waysof presentingeachingmaterials,while
reomganizationof topics andintroductionof new concepts
have beenfarmorerare.
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Researchinto teading methodscovers studiesexplor-
ing the usageof differentwaysto conductteachingses-
sions,including lecturescombinedwith discussiorgroups
(e.g.,Haganet al., 1998), problemsolving (e.g., Davies,
1996;Feldman,1999;Hanly andKoffman,1999;Koffman,
1986), watchingexamplecoderunningor predictingwhat
happensmext (e.g., Pirolli and Anderson,1985; Wieden-
beck, 1989), and learning by doing (e.g., Fleury, 1997;
Jenkins,1998))The othercommonapproachresearchnto
formsof materials includesstudiedrying to explaintheef-
fect of presentingmaterialsin differentways, suchasthe
useof graphicsandgraphicalmetaphorsn learningmate-
rials (e.g.,McKay, 199%, 199%), andprogramandalgo-
rithm visualizationand animation(seeHundhauseret al.
(2002)for an overview). As anexampleof the third cate-
gory, reomganizationoftopics Ginat(2001)hasstudiedpos-
sibilities to introducealgorithmefficiency considerationat
anearly phaseof learningprogramming.

We know only two examplesof the last cateyory, re-
searchinto new conceptghatcanbeutilizedin teachingel-
ementanprogrammingsoftwaredesignpatternsandroles
of variables. Software designpatterns(Clang/ and Linn,
1999)representanguagendapplicationndependensolu-
tions to commonlyoccurringdesignproblems. The num-
berof patterngs potentiallyunlimited,andtherearesetsof
patternsfor variouslevels of programmingexpertise(e.qg.,
elementanypatternsfor novice programmergWallingford,
2003))andapplicationareaqe.g.,datastructuregNguyen,
1998)). Researclinto the useof patternandicatesthatin-
structorsshouldexpectto refinethe patternghey offer stu-
dentson aregularbasis(Clang/ andLinn, 1999).

Roles of variables(Sajaniemi, 2002, 2003) describe
stereotypiausage®f variablesthatoccurin programsover
andover again.Only tenrolesareneededo cover 99 % of
all variablesin novice-level programmingandthey canbe
describedn acompactandeasilyunderstandableay (Sa-
janiemi, 2002). Ben-Ari and Sajaniemi(2003)have shavn
thatin onehour’'swork, computessciencdeacherganlearn
rolesandassignthemsuccessfullyn normalcasesAs op-
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posedto the patternsapproachthe setof rolesis sosmall
thatit canbe coveredin full during an introductorypro-
grammingcourse.

To find out the effectsof usingtherole conceptn teach-
ing programmingo novices,we conductecda teachingex-
perimentwith threeexperimentalconditions:onegroupof
studentsvereinstructedn thetraditionalway, anothemwith
roles coveredduring the course,and the third group with
rolesandrole-basednimationof programs.This paperre-
portsthefirst resultsof the experiment.

The aim of teachingis to causesome changein a
learnersknowledgeandskills. Thereareanumberof learn-
ing theorieswith differentviews on what changesshould
be favored and how thesechangeanay be achieved (see,
e.g., Hundhauseret al. (2002)). The resultof learning
canbe generallycharacterizedo be one of the following:
a setof factsasthey aredescribedn the learningmateri-
als; a setof factswith effective accessmechanismge.g.,
the dual-codingtheory); a setof self-generatedacts(e.qg.,
the cognitive constructvism theory); a skill to apply given
or self-generatedlactsin new situations;andfinally, a full
replicationof experts’ mentalmodel(the epistemidfidelity
theory).

Programmings askill whereknowledgeaboutprogram-
ming languagesprogrammingtechniquesandapplication
domainare utilized to createnew artifacts,i.e., new pro-
grams. Thusthe purposeof teachingprogrammingcannot
be just an introductionof a setof factsbut their applica-
tion in new situationss alsoneeded On the otherhand,in
programminghe differencesetweennovicesand experts
aresohugethatit is unreasonablt strive for epistemicfi-
delity in the first programmingcourses.Therefore we set
asour goal to give studentsprogrammingknowledgeand
the skill to applythis knowledgein new situationsandwe
will measureur succes®nthatlevel of learning.

Therestof this paperis organizedasfollows. Section2
describesherole conceptandits potentialusesin teaching
to program.Section3 presentsheexperimentnddiscusses
its results.Finally, Sectiond containghe conclusion.

2. Rolesof Variables

Sajaniemi2002)hasintroducedheconcepbf theroles
of variablesasaresultof asearchfor acomprehensie, yet
compact,setof characterizationsf variablesthat can be
used,e.g.,for teachingprogrammingand analysinglarge-
scaleprogramsHis work is basen earlierstudieson vari-
ableusemadeby EhrlichandSolovay (1984),Rist(1991),
andGreenand Cornah(1985). Rolesaresupposedo cap-
turetacitexpertknowledge— a view supporteddy the find-
ingsmadeby Ben-Ari andSajaniemi2003).

2.1 The Role Concept

A role describeshe dynamiccharacteof avariableem-
bodiedby thesuccessionf valuesthevariableobtainsand
how the new valuesassignedo the variablerelateto other
variables.For example,in therole of a stepper a variable
is assignedh successiomf valuesthatis usuallyknown in
adwanceassoonasthe successiostarts— eventhoughthe
lengthof thesuccessiomaybeunknownn. Therole concept
doesnot concerntheway avariableis usedin the program;
only thesuccessionf valuesandtheirlifetimes,do matter

program doubles (input, output);
var data, count, value: integer;
begin
repeat
write('Enter count:. ');
readin(data)
untii  data > O;
count := data;
while count > 0 do begin
write('Enter value: );
readin(value);
writeln("Two times ', value,
"is 7, 2*value);
count = count - 1
end

end.

Figure 1. A short Pascal program.

As an example,considerthe Pascalprogramin Figure
1. In thefirst loop, the useris requestedo enterthe num-
ber of valuesto belater processedh the secondoop. The
number storedin the variabledata , is requestedepeat-
edly until a valid input is obtained. The variablevalue
is usedsimilarly in the secondoop: thereis no possibility
for theprogrammeto guessvhatvaluestheuserwill enter
Sincethesevariablesalwaysholdthelatestin asequencef
valuestheirroleis saidto be most-ecentholder. Thevari-
ablecount , hawever, behaesvery differently: onceit has
beeninitialized, its future valueswill be known exactly. It
will stepdownwardsoneby oneuntil it reachests limiting
valueof zero.Therole of this variableis thatof a stepper

Table1 givesshortdescriptionsof all roles;for a more
comprehensie treatmentseethe Rolesof VariablesHome
Page (Sajaniemi,2003). The organizeris the only special
role for arrays;usually the role of an arrayis that of its
elementse.g.anarrayof gatheersis itself a gatheer.

The setof roleshasbeenobtainedthroughan analysis



Table 1. Informal role definitions.

Fixedvalue A variablewhichis initialized withoutary calculatiorandwhosevaluedoesnotchange
thereafter
Stepper A variablesteppingthrougha successionf valuesthatcanbe predictedassoonasthe

successiostarts.

Most-recentiolder

A variableholdingthelatestvalueencountereth goingthrougha successionf values.

Most-wantedholder

A variableholdingthe “best” valueencounteredofarin goingthrougha successiowof
values.Thereareno restrictionson how to measureéhe goodnes®f avalue.

Gatherer

A variableaccumulatinghe effect of individual valuesin goingthrougha succession
of values.

Transformation

A variablethat always getsits new value from the samecalculationfrom value(s)of
othervariable(s).

Follower A variablethatgetsits valuesby following anothewariable.

One-vayflag A two-valuedvariablethatcannotgetits initial valueonceits valuehasbeenchanged.
Organizer An arraywhichis only usedfor rearrangingts elementsafterinitialization.
Temporary A variableholdingsomevaluefor avery shorttime only.

Other Any othervariable.

of all the programsn threeelementaryprogrammingtext-
books (Sajaniemi,2002). In this analysis,the threemost
frequentroles, fixedvalug stepperandmost-ecentholder
accountedor 84%of all variables.

The role of a variable may changeduring the execu-
tion of a programandthis happensisuallysomeavherebe-
tweentwo loops. For example,in the programof Figure
1, thetwo variablesdata andcount couldbecombined
to a single variable,say count (making the assignment
“count := data; " unnecessary)lherole of thisvari-
able would first be a most-ecentholder andthen, in the
secondoop, a stepper

It shouldbe notedthatrolesare cognitive — ratherthan
technical— concepts. As an example, considerthe Fi-
bonaccisequencd, 1, 2, 3, 5, 8, 13, ...whereeachnum-
beris the sumof the previoustwo numbers.A mathemati-
cianwho knowsthe sequencevell canprobablyseethe se-
guenceasclearly asarnybody seesthe sequencd, 2, 3, 4,
5, ..., 1.e.,thecontinuumof naturalnumbers.Onthe other
hand, for a novice who hasnever heardof the Fibonacci
sequencéeforeandwho hasjust learnedthe way to com-
puteit, eachnew numberin this sequencds a surprise.
Hence the mathematiciaimay considera variableasstep-
ping througha known successionf values(i.e., a steppey
while thenovice considerst asagatheer accumulatinghe
previousvaluesto obtainthenext one.

2.2 UsingRolesin Teaching

Thesetof rolesis sosmallthatit canbefully coveredin
anintroductoryprogrammingcourse.As rolesaretoolsfor

programmingthey shouldnot betaughtasa separatéssue
but introducedgraduallyasthey appeaiin programs.Even
thoughthereis a exact technicaldefinition for eachrole,
informal definitions(in the style of Table 1) are sufficient
for novices.

In additionto schemaknowledge concerningthe roles
themseles, role utilization includes stratgjic knowledge
abouttheir usein programming. For a novice it may be
difficult to startto write a program:new programmingcon-
ceptsform an overwhelmingsetof fragile knowledgethat
is hardto apply (Davies, 1993) and the decisionof what
knowledgeto applyfirst is not easy This problemcandi-
minishedby guiding novicesto starta programmingtask
by thinking aboutdatarequirementswhatroles (andcon-
sequentlyariables)areneededo cover theinput andout-
putrequirementsf theprogrammingassignmentandwhat
codesequencearetypical for theseroles.

Role knowledgecanbe further advancedby role-based
programvisualizationand animation. PlanAni (Sajaniemi
andKuittinen, 2003)is arole-basegrogramanimatorthat
usegoleimagedor visualizingvariablesandrole-base@n-
imationfor visualizingoperationsA roleimage—avisual-
izationusedfor all variablesf therole— givesclueson how
thesuccessie valuesof thevariablerelateto eachotherand
to othervariables. For example,a most-wantedolder is
depictedby two flowersof differentcolors:a bright onefor
thecurrentvalue,i.e., the bestfoundsofar, andagrayone
for theprevious,i.e.,thenext best,value.

Figure 2 is a screenshotof the PlanAni userinterface.
Theleft paneshavs the animatedprogramwith a color en-
hancemenshawing the currentaction. The upperpart of
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[ program palindrome;
const MaxLen = 8;
var len , i : integer;
candidate : array [1..MaxLen] of char;
pali : Boolean;
hegin
repeat
write(’ Enter length: ');
readln(len);
if {len « 1) or (len > MaxLen)
then writeln("Must he between 1 and *, MaxLen)
until (len »=1) and (len <= MaxLen);
fori:=1 to len do begin
write(’Enter *, i,’. letter: °);
readln(candidate[i])
end;
pali := true;
fori:=1tolendo
pali := pali and (candidate[i] = candidate[len-i+1]);
if pali
then writa('It is')
else write('It is not’);
writeln(’ a palindrome.’)
end.
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Figure 2. The user interface

the right paneis resened for the variables,and below it

thereis the input/outputareaconsistingof a paperfor out-
putanda platefor input. The currentlyactive actionin the
programpaneon theleft is connectedvith anarrow to the
correspondingzariableson the right. Wheneer the color
enhancemenis moved to a new locationin the program,
thenew enhancemeritashes.

3. Experiment

To testthe hypothesighatintroducingrolesof variables
in teachingfacilitateslearningto program,we conducted
an experimentduring anintroductoryPascalprogramming
courseat universitylevel. Studentsveredividedinto three
groupsthat were instructeddifferently: in the traditional
way in which the coursehad beengiven severaltimesbe-
fore, i.e., with no specifictreatmentof roles; usingroles
throughouthe course;andusinga role-basegrograman-
imator in exercisesin additionto usingrolesin teaching.
The courselastedfive weeks,with four hoursof lectures
andtwo hoursof exerciseseachweek.

At theendof the coursetherewasanexaminationwhich
was gradednormally for the purposeof the course. Stu-
dents’answersvere,however, analyzedor this experiment
in otherwaysto find qualitative differencesbetweenthe
groups.
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of the PlanAni program animator .

In orderto prevent studentsfrom switching back and
forth betweergroups thelectureswerescheduledo occur
atthesametime. As aconsequencéwo lecturershadto be
used.Bothteacherfiadalongexperiencen giving lectures
to undegraduatestudentsand both had taughtthe course
before.Theteachegiving traditionallecturesdid notknow
aboutthe role concept. Thus, therewere no negative ef-
fectsof theteacheravoiding someissuesdn his lecturesas
he did not know what the experimentwas exactly about.
In orderto find ary differencesausedy differentteachers
andstudentsdifferentdegreeof engagemerih thecourse,
theexaminationincludedquestionghatwerenot relatedto
variablesandthuswere expectedo yield similar resultsin
all groups.

Both in the middle and at the end of the course,some
studentswere given programcomprehensioand program
creationtaskswhich werevideotapedTheseprotocolswill
be analyzedaterto find qualitatve differencesn the con-
ceptualevel of utterancestudentsisedwhentalking about
programs.

3.1 Method

The experimentwas a between-subjeaiesignwith the
contentof instructionas the between-subjedtactor The
subjectswere divided into three groups: one receving



Table 2. Basic data about the experimental groups. In all scales higher values are better.

Group P

Traditional Roles Animation | All
Numberof subjects 26 32 33 91
Femalesubjectq%) 30.8 18.9 24.2 24.2 | 0.7380
High schoolmathematicsverage(scalel-3) 2.4 2.2 2.1 2.2 | 0.1343
High schoolmothertongueaverage(scalel-3) 2.4 2.2 2.1 2.2 | 0.1851
High schoolinformationtechnologyaverage(scalel-3) 25 2.6 2.6 2.6 | 0.9828
High schoolart average(scalel-3) 2.2 2.3 2.4 2.3 | 0.7039
Spreadsheetsageaverage(scale0-2) 1.3 1.0 1.2 1.1 | 0.2827
Programmingoursesverage(scale0-2) 0.8 0.9 1.0 0.9 | 0.9539
Programmingexperienceaverage(scale0-2) 0.8 0.5 0.8 0.7 | 0.4566

normallecturesand exercises(the traditional group), one
attendinglectureswith systematicuse of variablesroles
throughoutthe course(the rolesgroup), andoneattending
the samelecturesas the roles group but using role-based
animatorin exercisegthe animationgroup).

All groupswere presentedhe sameinstructionalmate-
rials andexampleprogramswith the only exceptionbeing
thepresentationf roles.In therolesandanimationgroups,
roleswereintroducedin the lecturesgraduallyasthey ap-
pearedin exampleprograms. In the lecture hand-outthe
declaratiorof eachvariablehadits role in acomment.Stu-
dentswere alsogiven a printedlist describingall roles (4
pages). In exercises.the role of eachvariablewas men-
tionedto studentsin thetraditionalgroup,thesameamount
of teachingtime was spentwithout explicitly mentioning
roles. Thehand-outsvereotherwiseequivalentto the other
groupsexceptmissingrole namesn variablecommentsAs
a substituteto therole list, traditionalgroupstudentsvere
giventhesameprogramsas“further examples”.Duringlec-
tures,the sameprogramsvereexplainedto all groups.

Duringexercisesall groupsexecutedour programspne
programin eachexercisesessionexceptthe first one. In
thesetasks,the animationgroup usedrole-basedorogram
animatorPlanAni,andtheothergroupsusedavisualdehug-
ger(TurboPascal. 7.0). Eachexercisesessiorstartedwith

studentspresentingtheir solutionsto home assignments.

Animations, lasting between20 and 40 minutes,were al-
ways usedat the end of the sessions.In eachsessionthe
teacheffirst presentedhe animationstepby stepusingher
computerand a video projector In the animationgroup,
theteacheexplainedfor eachnew role whattheroleimage
wasandhow it tried to visualizethe mostimportantproper
tiesof therole. In all groups,studentaveretheninstructed
to runtheanimationusinggivendata,carefully selectedy
theteacherThereafterstudentanimatedhe programwith
theirown inputdata.Finally, theteachediscussedvith stu-
dentsaboutcomplicatedssuesor otherproblemsstudents
hadin understandinghe program. All the time, students

wereencouragedb proceedslowly with theanimationand
predicttheeffectof thenext statemendnthevaluesof vari-
ablesandotheraspect®f the program.

Hundhauseret al. (2002) argue that the way students
usevisualizationtechnologyhasa greaterimpacton effec-
tivenessthan the contentof the visualizations. By using
the sametasksandactiities in all groups we have tried to
male surethatthe cognitive activities werein eachgroup
equialentso that differencesin their performancewould
not be dueto differencesn cognitive activities but to the
contentof thevisualizations.

3.1.1 Subjects

The subjectswere undegraduatestudentsstudying com-
puter sciencefor the first semester Studentsattendedhe
samefirst lecture wherethey filled out a short question-
naire which solicited information concerningtheir high
schoolgradesandtheir previous experiencewith comput-
ers and computerprogramming. After the first lecture,
studentyn=80) wererandomlydivided into threegroups,
andchi-squaredestswere performedon gradesand expe-
riencemeasureso find ary statisticallysignificantdiffer-
encesamongthe groups.This procedurevasrepeatedintil
groupswith no significantdifferenceswverefound andthe
averagef thetraditionalgroupwerebetteror the sameas
average®f the othergroupsfor the mostimportantproper
ties: high schoolmathematicsspreadsheatsageandpro-
grammingexperience. The largestdifferencewasin pro-
grammingexperience(x? = 4.054, df = 2,p = 0.3988).

After the first lecture, 11 new studentsenrolled. Due
to strict time limits they could not be allocatedusingthis
procedurebut the groupsstill retainedtheir suitability for
the experimentas shovn in Table 2 that summarizeghe
main propertiesof the groups. The last column of the
table gives p-valuesfrom x? testsandthey indicatethat
therewere no statistically significantdifferencesbetween
thethreegroups.



In spreadsheatsage,value 1 correspondgo an intro-
ductory coursethat all new studentsare supposedo take
atthe beginning of their studies.In programmingcourses,
valuel correspondso avoluntaryshortintroductionto pro-
grammingthatprecedeshe courseof the experiment.This
shortintroductionusesthe Karel languagewhich has,e.g.,
no variables. In programmingexperience,value 1 corre-
spondgo having written somesmall programausingsome
programminganguagehaving variables.e.g.,usingKarel
or HTML werenotconsideregsprogramming.

The examinationwas a requiremenbf the course. Stu-
dentsparticipatingin the programcomprehensioandpro-
gramcreationsessionsveregivena smallcompensatiom
theform of acoffeevoucher Forthesessionssubjectsvere
randomlyselectecamongthosehaving no or little previous
backgroundn programming.

3.1.2 Materials

The examinationconsistedof four typesof questiongthe
numberof questionsn parentheses):

e Questionsnot relatedto variables(E-NONAR, 2):
Thesewereusedo find outpossibladifferenceamong
theteachersandto provide a referencepoint for each
subjectreflectinghis or herspersonakapabilitiesand
amountof engagemernin the course.In analyzingre-
sults,thesequestionsvereusedasa “pre-test”to eval-
uatethe scoresof otherquestions. For this purpose,
thesequestionswere designedo testsimilar type of
learning,i.e., a skill to applylearnedmaterialsin new
situationsasthe experimentaljuestions.

The first question concernedvarious looping con-
structsandsituationsfor which eachof themis appro-
priate. The secondquestionpresentedyntacticrules
for astrangdanguageogethemith potentialstringsof
thelanguage Subjectsvereaskedwhich stringswere
legalandwhy.

e Programsimulation(E-SIMU, 1): Subjectsvereasled
to predictthe outputof a 15 lines long programwith
a given input data. The programfound out prime
numbersusingthe sieve of Eratothenesndits output
containedhe primestogethemwith theiraccumulating
sum. The programcontainedwo steppes, onefixed
valug onegatheer, and one one-wayflag array; the
namesof the variablesbeing meaninglesone-letter
identifiers.

Theuseof roleswasclearbut thelogic of theprogram
was intendedto be cumbersomgpromotedby the
meaninglessariablenamesyothatstudentsvould be
forcedto usesimulationwhendecipheringthe output
of theprogram.

e Program comprehensionE-COMPR 1): Subjects
were presentedwith a 19 lines long program that
printed a dosagetable for a weeks medication,to-
getherwith the total amountof medicineneeded.The
students’task was to “describewhat is the purpose
of the given programand how it works”. The pro-
gramhadonefixedvalug onestepperonemost-ecent
holder, andone gatheer. The variableswere mean-
ingful singleletters,excepttheonly inputvariable(the
weightof the patient)thatwasa full meaningfulword.

Theprogramhadasimplelogic andeasilyunderstand-
abledomain.We expectedhatpracticallyall students
would understandhe programandwe wereinterested
in analyzingthewaysthey would explainthe program.
Variableswere namedmeaningfullyto promotedo-
main recognition,andto make comprehensiorasier
Full word identifierswereavoidedto malke it possible
to discriminatebetweenvariable namesand domain
conceptsn analyzingprogramdescriptions.

e ProgramconstructionE-CONSTR1): Subjectsvere
asledto write a programthatfirst getsasits input the
numberof exercisesessionsand the total numberof
exerciseassignments. Then, the numberof accom-
plishedassignmenti eachexercisesessiorfor a stu-
dentwill beinputandthe programcalculatesvhether
thestudenthasaccomplishe@requirednumberof as-
signments. This will be repeatedas mary times as
therearestudents.

This programmingtask was designedto make sense
for the studentsattendingthe examination,andto call
for theuseof severalroles. An optimalsolutionwould
usetwo most-ecentholdeisthatchangeo fixedvalues
aftertheinitial phaseof theprogramjwo steppes, one
most-ecentholder, andonegatheer.

Moreover, subjectswereasked abouthow actively they
had attendedo lecturesand exercises. Studentghat had
attendedessthan 40 % of lecturesor exerciseswere dis-
cardedrom theresultsbecausehe effect of theinstruction
to their performancavasquestionable.

For the program compehensionprotocol tasks (P-
COMPR)two Pascalprogramswith sampleinput andout-
put were prepared. The first program(48 lines excluding
blank and commentlines) containedno loops andit was
usedin the middle of the coursethe secondone (29 lines)
wasusedat theend. Similarly, two programmingproblems
with exampleinput andoutputwere madefor the program
creationprotocoltasks(P-CONSTR)AIl materialsfor the
protocol taskswere pretestedusing second-yeastudents,
andsmall adjustmentsvere madeto improve the readabil-
ity of theready-mad@rogramsandto simplify the second
programmingask.



Table 3. Original grades in the experiment.

Question Group

Traditional Roles Animation

n =10 n=17 n =17

Mean SD | Mean SD | Mean SD
E-NONVAR/1 | 49 098| 39 169| 46 1.48
E-NONVAR/2 | 43 1.11| 35 161| 39 156
E-SIMU 34 221| 25 220| 2.8 2.36
E-COMPR 45 059| 41 169| 3.6 152
E-CONSTR 38 148| 38 1.72| 39 151

3.1.3 Procedure

Theexaminationlastedfour hours.Studentsanswerwere
first gradednormallyandthenanalyzedor the purpose®f
this experiment. The examinationwas gradedfor the pur-
posesof the coursewith a maximumof 6 pointsfor each
guestion.All gradeswerechecledby anotherteacher Al-
thoughseveralteachersvereusedfor grading,all answers
to eachquestionweregradedby the samefirst andsecond
graders.

Theprogramcompehensiormprotocoltasks(P-COMPR)
wererunindividually, eachsessiodastingbetweerd and47
minutes.Subjectstaskwasto familiarizethemseleeswith
the program,to summarizeit verbally, andto explain the
meaningof eachvariable.

Theprogramcreationprotocoltasks(P-CONSTR)were
runin pairsworking on the sameprogram.The purposeof
this procedurevasto encourageubjectso verbalizetheir
thinking whencreatingthe program. Whena pair hadfin-
ishedits task, the experimenterasled themto explain the
meaningof eachvariable.Prograncreationsessionsasted
betweenl8 and65 minutes.

3.2 Results

This paperpresentghe first analysisof the resultsob-
tainedfrom the examination. The programcomprehension
protocoltasks(P-COMPR)and programcreationprotocol
tasks(P-CONSTR)Wwill beanalyzedater

Sixty subjectsattendedthe examination. Subjectsthat
attendedessthan40 % of lecturesor exerciseswere dis-
carded)eaving 44 subjectdor theanalysis.Table3 lists av-
eragegradesandstandardieviationsfor eachquestionand
eachgroup.Differencedbetweergroupsarenon-significant
for eachquestion.

The gradesof the two E-NONVAR questionsbehare
similarly: thetraditionalgroupis best,the animationgroup
next best,andthe rolesgroupworstin both of them. Pear
sons correlationcoeficient betweenthetwo gradess r =
0.412, the two-tailed probability for a correlationof such

magnitudeo occurby chancebeingstatisticallysignificant
(SE(b) =0.281,¢t = 2.931,df = 42,p = 0.0054).

Thesetwo questionsverenotrelatedto variablesn ary
way; so differencedn gradesdo not dependon the inde-
pendentvariable— the contentof instruction— but reflect
variablesthat could not be controlled: differencesdetween
teachersand subjects’level of engagemenin the course.
To compensatdor thesedifferenceswe will not usethe
gradesof Table3 assuchbut we will usethe differencebe-
tweenasubjectsgrade(E-SIMU, E-COMPR E-CONSTR)
andhis or hersaveragefor the two E-NONVAR gradesas
scoredfor furtheranalysis.In orderto make figureseasier
toread,wewill furthermorescalethedifferencesothatthe
averageof the scoresof thetraditionalgroupwill be3.0.

The scoresfor the program simulation question (E-
SIMU) arepresentedn Figure3. Differencedbetweerthe
groupsarenon-significant.
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Figure 3. Average scores of the program sim-
ulation question (E-SIMU).
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Figure 4. Average scores of the program com-
prehension question (E-COMPR).

The scoredor the program compehensiorquestion(E-
COMPR)arepresenteéh Figured. Thedifferencebetween
the roles and animationgroupsis significant(two-tailed¢
test,t = 2.026,df = 41,p = 0.0493).

Answerswerefurtheranalyzedaccordingo thecorrect-
nessof comprehensionWe selectedall answershaving no
errorsand demonstratingull understandingf every de-
tail of the program,and countedgroup gradeaveragesor
them. For the traditionalgroupthe gradeaveragewas4.6,
for the roles group 5.0, and for the animationgroup 4.1
(rolesvs. animation,two-tailed¢ test,t = 1.718,df =
27,p = 0.0972). In the examination,answersveregraded
not only basedon the completenessf comprehensioibut
onthe“quality” —aspercevedby thegradingteachers- of
theexplanationalso.As all answerselectednto thisanal-
ysis demonstratedompleteunderstandingthe differences
in gradeaveragesmply differencesn theway subjectsde-
scribedthe program.

To find out qualitative differencesn subjects’descrip-
tions,we have plannedo analyzeor eachprogramdescrip-
tion the proportionsof statementsccordingto the type of
informationreferredto:

e domain: statementgoncerningthe input-outputrela-
tion andotheraspect®f theprogramrelatedto its task
from ausers perspectie

e data: statementgoncerningdataflow andthe mean-
ing of variablesotdirectlyvisiblein theprogram(i.e.,
deepstructure)

Table 4. Distrib ution of program descriptions
(E-COMPR) according to the level of expres-
sion.

Group Level
Operation| Dataonly |
Traditional 8 2
Roles 15 2
Animation 11 6

e mixed data: statementgelating data flow and the
meaningof variablesnot directly visible in the pro-
gramwith domaininformation

e opemtion: statementgoncerningspecificoperations
and control structuredirectly visible in the program
text (i.e., surfacestructure)

e mixedopemtion: statementgelating operationsand
control structuredirectly visible in the programtext
with domaininformation

This classificatioris a simplifiedversionof thatusedby
Penningtor{1987).Her subjectavereexpertsworkingona
moderatesize programwhereasour subjectswvere novices
workingonashortprogramandthereforeve cannotexpect
our subjectdo useasrich varietyof statementasPenning-
ton did. Penningtorfoundthatdata(andmixeddata)level
statementseflect deepknowledgeof a programand rep-
resentbetter comprehensiohan (mixed) operationlevel
statementshatarerelatedto the surfacestructuresof pro-
grams.Whenstudyinga program,it is impossibleto form
datalevel knowledgeunlessthe individual operationshave
beenunderstood.

For the purposesof this paper we did, only analyze
whetherprogramdescriptionscontainedary statementst
the operationor mixed operationlevels (in additionto pos-
sibledomainanddatalevel statements;olumn“Operation”
in Table4) or were written at domainand datalevel only
(column“Data only”). Due to the phrasingof the ques-
tion, practicallyall programdescriptiongontaineddomain
level statements.Table 4 givesthe numberof subjectsin
eachgroup using at leastsomeoperationlevel statements
vs usingdataanddomainlevel statementsnly. Datalevel
descriptionsare mostcommonamongthe animationgroup
(rolesvs. animation,y®> = 2.615,df = 1,p = 0.1058).
Now the low gradeaverageof the animationgroup can
be explained: gradingfavoreddetailed,operationlevel de-
scriptionsyielding lowestgradeaveragefor the animation
groupthathadmostdatalevel descriptions.
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Figure 5. Average scores of the program con-
struction question (E-CONSTR).

The scoresfor the program constructionquestion(E-
CONSTR)arepresentedn Figure5. Differencesetween
thegroupsarenon-significant.

A qualitatve analysisof errorsin the programswill be
donelaterandis nottreatedn this paper

Finally, we analyzedthe use of role namesin the an-
swers. As expected,no subjectin the traditional group
usedrole names. The rolesand animationgroup behaed
equally: 35 % of the subjectsin both groupsusedrole
namesRoleswereusuallyassigneaorrectlywith theonly
errorsmadeby two subjectsn therolesgroup.

3.3 Discussion

The questionsin the examination called for various
programming-relatedctivities: programsimulation, pro-
gramcomprehensionand programcreation. Even though
mostdifferencesn the resultsare not statistically signifi-
cant,the trendssuggesthat the effectsof usingrolesand
role-basednimationdependn the natureof theactiity.

In program simulation the differencesbetweenthe
groupsare smallestascomparedo the othertwo question
types. Thetraditionalandrolesgroupsperformedequally
well, while the performanceof the animationgroup was
slightly worse. The logic of the programto be simulated
was complicatedand cumbersomdor the studentsso the
only way to find out its outputwasto simulateits execu-
tion carefully Eventhoughtherolesof the variableswere
easyto find, themomentsvhenvariablesvereupdatedvas
noteasyto predict. It is thereforenaturalthatknowledgeof

rolesdoesnothelpin thistask.

Jehngetal. (1999)have studiedeffectsof visualization
on learningrecursion. They found smallerdifferencesn
taskswheresubjectdadto predicttheoutcomeof programs
thanin programcreationtasks.Our resultsagreeswith this
result.

In program compehensionthe roles group performed
best while the animationgroup was worst. The analy-
sis of the programdescriptionsshaved thatthe traditional
androlesgroupsgave detailed operatiorievel descriptions,
while datalevel descriptionsveremostcommonamongthe
animationgroup.

This differencen the natureof the programdescriptions
providedby animationgroupsubjectamay be explainedby
thedifferencesn thesoftwareusedn exercisegor program
animation. A semi-structuredntervien with the teacher
whosupervisedll exercisesessionsf therolesandanima-
tion groupsrevealedthat PlanAni usersconcentrateanore
on variableswhile deluggerusersspentmostof their time
following programcode (Sajaniemiand Kuittinen, 2003).
EventhoughPlanAniflashesachcodefragmentbeforean-
imatingits effect, studentsappearechotto follow the code.
As a consequencealeluggerusersgot a betterunderstand-
ing of thedetailedactionsof thecodebut PlanAniusergyot
abetterunderstandingf thetotal effect of theprogramand
how eachvariablecontributedto this. This might have af-
fectedthe way PlanAni usersthink aboutprograms:they
may considerthe life-cycles of variablesmore important
thanindividual actionsof the program.

An analysisof the gradesin the examinationrevealed
thattheteachergiave bettergradedor detailedanswerghat
explainedthe working of the programstatemenby state-
mentthanfor higherlevel description®f propertienot di-
rectly visible in the program. As the descriptionsof the
animationgroup stressedlataaspectanore than program
code theirgradesverelow. However, datalevel knowledge
is an indication of superiorprogrammingskill (Détienne,
2002; Pennington 1987). For example,Clang/ andLinn
(1999)cite a study demonstratinghat codereuse— which
demonstratesxpert-like programmingskill — wassubstan-
tially morecommonfor studentsvho gave datalevel pro-
gramsummaries.As a consequenceye may deducethat
the graderdid give lesscreditfor betterdescriptionsOne
maywonder whetherthis behaior is commonin program-
ming teacheravho usually are ignorantof even the most
centralresultsof the psychologyof programming.

In programconstructiontherolesandanimationgroups
outperformedhe traditional group. Again, the scoresfor
the roles group were better than those of the animation
group. We have not yet analyzedthe typesof errorssub-
jectsof thethreegroupsmade soit is impossibleio suggest
ary explanatiorfor this. In ary case gventhoughthediffer-
encesarenot statisticallysignificantit seemghatteaching



rolesto novice programmerselpsthemin programcon-
struction.

4. Conclusions

We have conductedan experimentto study the effects
of usingthe rolesof variablesconceptandrole-basedani-
mationin teachingprogrammingo novices,andpresented
a first analysisof the results. The role conceptcaptures
tacit expertknowledgein a form suitableto be introduced
to novices. The centralresearchyuestionhasbeenhow the
teachingof this knowledge affects novices’ programming
skills in programsimulation,programcomprehensiorand
programconstruction.

The resultsshawv that studentswvere ableto understand
therole conceptandto applyit in new situations:afterthe
course 35 % of the subjectausedrole namesn their exam
answersaeven thoughthe questionsdid not mentionroles
in ary way. All experimentalgroupsperformedequally
well on programsimulationbut groupsthat had beenin-
troducedto rolesperformedbetterin programcomprehen-
sionandconstruction.Moreover, the useof the role-based
animatoraffectedthe way studentsdescribeprograms:an-
imator usersstressedlata-relatedssuesthat describethe
deepstructureof programswhile the othergroupsstressed
directly visible operationsandcontrolstructureghatrepre-
sentthe surfacestructure . Thus,the useof theanimatored
to descriptionghatindicatebetterprogrammingskills.

The deeperunderstandingausedby the animatorwas
not, however, reflectedn the coursegrades.Teachergave
bettergradedor detailedsurfacestructuredescriptionghan
for answergevealingdeepunderstandinglt would be in-
terestingo seewhethersucha behaior is commonamong
teacherasvhoseknowledgeof the psychologyof program-
mingis usuallypoor.

The analysisof the answerswill be continued,andthe
programcomprehensiomnd constructiongprotocols,that
werenot dealtwith in this paperwill beanalyzedtoo. We
hopethat theseactivities will leadto a betterunderstand-
ing of how therole conceptandrole-base@nimationaffect
studentsprogrammingandcomprehensioprocesses.
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