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ABSTRACT

Inorganizationsthatareseekingahighdegreeofmaturity,itisnecessarytoachieveastatistical
controlofsoftwareprocessesandtoknowtheirbehaviorandoperationalperformance.Theapproach
adopted for the research involves reading articles and experience performance reports, practical
cases,discussion,theuseofgamesandsimulators,practicalprojects,andreflectionbystudentson
theknowledgelearnedandactivitiescarriedout.Theevaluationwasconductedwithundergraduates
enrolledinaComputerScienceBachelor’sdegreeprogramme,whoweredividedintoacontrolgroup
andanexperimentalgroup.Attheend,thetwogroupscarriedoutapracticalprojecttoevaluate
thelearningeffectivenessreachedbythestudents.Theresultsofthestudysuggestthattherewasa
differenceintheeffectivenessofthelearningresultingfromtheteachingapproachandtraditional
instruction.Theauthorsobservedameangainof30.06%intheexperimentalgroup,whichisevidence
ofthisriseinthelearningeffectiveness.
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INTRodUCTIoN

AStatisticalProcessControl(SPC)mustbestableandrepeatableandincludesasetoftechniques
forachievingthisgoal.Forsometime,ithasbeenemployedforcontinuousprocessimprovementin
industryingeneral,butwithregardtosoftwareorganizations,itsusecanberegardedasrelatively
recent(AlhassanandJawawi,2014).

ThedrivingforcebehindtheneedtofindabetterwaytoteachSPCtopicstosoftwareengineers
hasarisenfromempiricalconsiderationsaswellasthroughtheobservationsandconsultingofthe
authorsduringtheprocessimprovement.TheBraziliansoftwareindustryhaswidelyadoptedtheuse
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ofqualitymodels,suchasCapabilityMaturityModelIntegrationforDevelopment-CMMI-DEV
(SEI,2010)andtheBrazilianReferenceModelforSoftwareProcessImprovement-MR-MPS-SW
(SOFTEX,2016),whichnormally takesplace through theProcess ImprovementSoftware (SPI)
programmesimplementedbyconsultingfirms.

Asconsultants,weadoptseveraltrainingstrategiesforthetransferofknowledgeneededforthe
specificpracticesorexpectedresultsincludedintheprocessarea,particularlyinSPC,inorderto
developtheskillsandcompetenciesrequiredbythetechnicalteamoftheorganization.

Inthelightofthis,thisstudydesignedateachingmethodologyforSPC.Itshouldbenotedthat
ourobjectiveisnottoprepareanundergraduateprograminComputing,butrather,toimprovethe
teachingofSPCasatrainingschemethatcanbeadministeredatanylevelofeducationorinany
workenvironment,bothintheacademicworldandindustry.Thismethodologyiscomposedbya
completesyllabusandasetofstrategiesforteachingthissyllabus.

A formal experiment was conducted with undergraduates enrolled in a Computer Science
Bachelor’sdegreeprogramtocomparethelearningeffectivenessofthenewteachingapproachwith
thatofaclasstaughtbytraditionallecturers.Thisdecisionwasmadebecausetheresearchershad
easeofaccesstothisstudentpopulation.Theresultsofthestudyshowedthattherewasasignificant
differencebetweenthedegreesoflearningeffectiveness,sincethenewteachingapproachachieved
betterresultsthantheuseoftraditionalinstruction.

THE BACKGRoUNd To STATISTICAL PRoCESS CoNTRoL

Thequestforqualityimprovementmustfollowacontinuouspatternandbebasedontheconstant
applicationof strategies that allowproblems tobe recognised, andcertainactivities tobegiven
priority,whileadoptingaproactivestance.

WithregardtothematuritymodeloftheCMMI-DEVprocess,itisclearthatadistinctionshould
bemadethatdependsonthelevelofmaturityofasoftwareorganization(Rocha,SouzaandBarcellos,
2009).UntilLevel3ofCMMI-DEV,atraditionalanalysisisconducted,whichinvolvescollectingthe
dataofaprojectandcomparingthemwiththeestimatedvalues.Incontrast,atthehigherlevelsof
themodel(CMMI-DEV),itisnecessarytostatisticallycontrolthesoftwareprocesstodetermineits
organizationalobjectivesanditsclients,aswellastoprovideopportunitiesfortakingnewmeasures.

SPCthendrawsonthedatacollectedintheprojects,togetherwithcontrolcharts,toanalysethe
behaviouroftheselectedprocesses,whichareofcriticalimportancetoenabletheorganizationto
achieveitsbusinessobjectives(Paranthaman,1990).Thus,theaimofSPCistoreducethevariability
oftheprocessesandimprovethequalityoftheproductionresults.Atthesametime,itsmainpurpose
istoensurestableprocesses,thatis,processesthatbehaveinapredictableandrepeatableway.

TheeffectivenessofSPCisbasedontheprinciplethatifaprocessoccursundercertainconditions,
thisprocesswillonlybesubjecttotheeffectsofCommonCauses.Thus,ifaprocessisknown,itis
possibletopredictitsexactbehaviourinfutureexecutions(Pinton,1997).

Anyprocesses thatareconsidered tobeunstable,andwhichdonotbehave inapredictable
andrepeatableway,shouldhavetheircausesofinstabilityinvestigatedandcorrectedtoensurethe
stabilizationoftheprocess.Oncetheprocesshasbeenfinallystabilized,measurescanbetakento
improveitscapacityforactionwiththeaimofachievingcontinuousprocessimprovement.

TEACHING STATISTICAL PRoCESS CoNTRoL To SoFTwARE ENGINEERS

Accordingto(Nuneset al.,2016),itisfirstnecessarytodeterminewhatprofessionalcompetences
willberequiredandthendefinethemeansthatcanenablethestudentstodevelopthem.

Asurveywascarriedoutwithsoftwareengineerstounderstandtherealneedsofthesoftware
industryforSPC,andwiththeaimofdeterminingwhichSPCtopicswerethemostsuitablefortheir
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organizations(FurtadoandOliveira,2017).Afterthis,itwaspossibletoclassifythe13basicskills
thatareneededforasoftwareengineertoworkinSPC.Thesecanbelistedasfollows:

1. Findingoutwhichprocessesarealignedwiththequantitativeobjectivesofbusiness;
2. Determiningwhatprocessesareneeded toprovide the informationnecessary toachieve the

organization’sbusinessobjectives;
3. Anabilitytodefinetheaimsofprocessmeasurement;
4. Establishingthemeasurablerelationshipsbetweentheprocessfeaturesthatcontributetothe

processperformance;
5. Definingthequantitativeobjectivesforprocessqualitymanagementandperformancethatare

alignedtotheneedforinformationandtheabilitytoachievebusinessobjectives;
6. Selectingtheprocessesthatwillbetheobjectofaperformanceanalysis;
7. Theabilitytotakeappropriatemeasuresfortheprocessperformanceanalysis;
8. Collecting,validating,andcommunicatingtheresultsofmeasurementstomonitortowhatextent

thequantitativetargetsforprocessperformancehavebeenachieved;
9. Selectingthetechniquesneededtoanalysethedatacollected;
10.Analysingthemeasurementdatawithregardtothespecialcausesofprocessvariation;
11.Characterizingprocessperformance;
12.Takingcorrectivemeasurestoaddressthespecialcausesofvariation;
13.Establishing,improvingandadjustingtheprocessperformancemodels.

Subject, Syllabus and Goals
Oncetheseskillshadbeendetermined,itwaspossibletosetoutthesyllabusthatcouldcoverthe
wholeofthisbackground.Thus,thesubject-areawasdividedinto4units,ascanbeseeninTable1:

Theexpectedlevelofcognitiveabilityforeachunitanditscontentwasdefinedbymeansof
terminologybasedonBloom’staxonomy(Bloom,1956).Thisconsistsofremembering,understanding
andapplicationcategories,whichcanbedefinedasfollows:a)remembering,i.e.memorizingthe
materialpreviouslytaught;b)understanding,i.e.understandingtheinformationandmeaningofthe
materialtaught;andc)application,i.e.usingthemateriallearnedinnewandconcretesituations.
Itshouldbeemphasizedthat theApplicationcategoryincludesUnderstanding,andthis includes
Remembering(Nuneset al.,2016).

Table2providesasummaryofthesyllabus,aswellastheexpectedresultsandexpectedlearning
levelsforeachtopic.

Table 1. Syllabus units

Unit Objective Related Basic Skill

Businessprocessesand
objectives

Requiredtoteachthebasicconceptsofprocessand
organization,teachinganalyticalmethods,modeling;the
implementationofprocessesandthedefinitionofcritical
processes

1,2,6

Measurement Thisaimsatteachinghowtodefineanddesigna
measurementplan 3,4,5,7,8

Statisticalcontrol
TheimportanceofSPCwillbetaught,aswellas
assistancegivenonhowtousecontrolchartsandhowto
carryout“causeandeffect”assessment

9,10

Evaluationofcapacityand
processimprovement

Thiswillteachbaselineconceptsandprocesscapability,as
wellashowtoimproveprocesses 11,12,13
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Acompletesyllabusofthesubject,togetherwiththeexpectationsregardingthestudents’results,
canbeconsultedinFurtadoandOliveira(2018a).

THE TEACHING APPRoACH

InthecaseofACM/IEEE(2013),SoftwareEngineering(SE)isasubjectthatisconcernedwith
applyingtheory,knowledgeandpracticetotheeffectiveandefficientdevelopmentofsoftwaresystems
thatmeet the requirementsofusers.This requiresgoingbeyond the traditionalwayof teaching,
payingmoreattentiontothecomplexityofsocialinteractions,discussinghowcollaborativesoftware
developmentoccursinareal-worldenvironment(Pinto,SteinmacherandGerosa,2017).

Withregardtothis,thereseemstobeaconsensusthattheteachingofSEmustgobeyondthe
formatoftraditionallecturesandencompassotherteachingandlearningapproaches.Someauthors

Table 2. Subject syllabus and goals

Topics Expected Results Level

1.1Introductiontoprocesses

Thestudentmustknowthebasicconceptsand
representationofprocesses. Remember

Thestudentmustbeabletoseetherelationshipbetween
thequalityoftheprocessandthequalityoftheproduct. Remember

1.2Processesand
organizationalstructure

Thestudentmustbeabletoseetherelationshipbetween
theprocessandtheorganizationalstructure. Remember

1.3Definitionand
implementationofprocesses

Thestudentmustunderstandtheanalysisandmodelling
ofprocesses. Understand

Thestudentmustknowthemanagementoftheprocesses
implementation. Remember

1.4Decision-makingprocess Thestudentmustunderstandthedecision-makingprocess. Understand

1.5Criticalprocessesforthe
business

Thestudentmustbeabletoidentifyandselect(under
supervision)thecriticalprocessesofanorganization. Apply

2.1Measurementconcepts
Thestudentmustknowthebasicsofsoftwaremetering. Remember

Thestudentmustbeabletounderstandhowmeasurement
objectivesshouldsupporttheorganization’sobjectives. Remember

2.2Measurementprocess Thestudentmustbeabletodefineandexecute(under
supervision)ameasurementplan. UnderstandandApply

3.1IntroductiontoStatistical
Control

Thestudentmustbeawareoftheimportanceofstatistical
control. Remember

3.2Controlcharts

Thestudentmustunderstandthevarioustypesofcontrol
charts. Understand

Thestudentmustbeabletoselectthecontrolchartsthat
bestsuitasituation. Apply

3.3Causeandeffect
assessment

Thestudentmustbeabletoevaluatethemeasurementdata
andidentifythespecialcausesofprocessvariation UnderstandandApply

4.1Assessmentofprocess
capability

Thestudentmustbeabletocharacterizetheperformance
ofaprocess. Apply

Thestudentmustbeabletoestablishperformancemodels
fortheprocess. Apply

4.2Improveofprocess
performance

Thestudentmustbeabletoproposeadjustmentsand
improvementstotheprocessperformancemodels Apply
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believethatpracticalteachingstrategiesarethemostsuitablemethodsforSE(Prikladnickiet al.,
2009)(MalikandZafar,2012)(Marques,QuispeandOchoa,2014)(Santoset al.,2014).Theseauthors
alsoemphasizethatthisteachingshouldbemorestudent-centredsothatitcanincreasethestudents’
motivation,strengthentheirparticipation,andimprovetheirrelationshipwithotherstudentsand,
hencetheirlearning.

Theuseofgamesandtheadoptionofindustrypracticesallowstudentstobemotivated,increase
theirparticipationandinteractionwiththeclass,whichhasapositiveimpactontheirlearningand,
consequently,developmentoftheirskills.

However,itisfarfromtrivialtobringsoftwareprojectsdevelopedinsideasoftwarecompany
tothecontextofaclassroomduetolicenseissuesorthepossibilitytodisclosesensitiveinformation
(Pinto,SteinmacherandGerosa,2018).

Portela(2018)defines7(seven)principlesthatguidethepracticalteachingofSE,namely:(1)
Thestudentsshouldbethefocalpointofthelearningprocess;(2)Studentsshouldhavedifferent
learningstyles;(3)Learningshouldbebasedonproblemsolving;(4)Undertakingpracticalprojects
allowsstudentstoapplytheirknowledge;(5)Theteachingapproachmustbeiterative;(6)Training
inindustryshouldfocusonthedevelopmentofskills;and(7)Skillsshouldbedifferentiatedinlevels
ofdifficulty.

Onthebasisoftheseconsiderations,Portelaet al.(2018)(2017)designedamodelthatseeksto
maximizethebenefitsofadoptingpracticalapproachesthatarecombinedwithSEeducation.This
modelestablishesasetofwell-definedstages,whicharearrangedinaniterativecyclesothatthey
cancoverdifferentlearningprofiles.ThiscycleisbasedontheexperientiallearningtheoryofKolb
(1984)andontheiterativeteachingmethodologyproposedbyGaryet al.(2013).Theprofilesare
basedontheclassificationoflearningstylescarriedoutbyFlemingandMills(1992).Figure1shows
howskillsaredevelopedinthemodeldesignedbyPortela(2018).

Figure 1. Development of competencies in the model (Portela, 2018)
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Inthismodel,thestudentsareatthecentreoftheteaching-learningprocess.Theyshouldadopt
aparticipatoryapproach,haveanactivevoiceindecision-makingandseektosolvetheproblemsset
bytheteacherinacreativeandoriginalwaybyapplyingtheknowledgetheyhaveacquiredwhen
carryingoutpracticalactivities.

Theteachermustdesignlearningsituationsandactivitiesthatcanstimulateandchallengetheir
students.He/sheshouldactasafacilitatorintheteaching-learningprocess.

Thetechniques,methodsandteachingresourcesselectedforthisSPCteachingapproachwere
basedontheworkofPortelaet al.(2017).Thismodelfocusesonthefollowing:theuseoftechnical
articleswithreportsofexperiencesandvideoswithessentialfeatures,andacombinationofproblem-
centredlearning(PBL),discussionsofpracticalcases,theuseofgames,simulatorsordynamics,
undertakingpracticalprojectsandreflection.Itishopedthatthisapproachwillactasastimulus
tostudentsandengagethemmorefullyinawiderangeoflearningstyles.Asaresultofthisfocus,
theuseofpracticalstrategiesandindustrialtrainingpractices(i.e.theteachermustactaspartofan
IndustryMentoringProgram),shouldenablestudentstoactivelyparticipateintheteaching-learning
processandtomoreefficientlydeveloptheexpectedtechnicalskills.

Eachofthe4unitsofthesubjectconsistsof6stages:

1. Initiation:Thefirstlessonofeachunitbeginsbyoutliningaproblem.Forexample:“Isitpossible
foralltheproductstoconformtoastandard?Ifso,whatabouttheproductvariations?”;

2. Preparation:Thisstagerunsparallelwithalltheotherstagesandiscarriedoutinanextramural
way.Itinvolvesthestudentsstudyingthematerialprovidedbytheteacher(videos,articlesand
books)asameansofunderstandingthetopics.Thus,itcanbedrivenbybothtextualandvisual
stimuli;

3. Discussion:Thisstageconsistsofatraditionalclasstaughtbytheteacher,followedbyadiscussion
ofthesubjectandisdesignedtohelpthestudentsfindwaystoovercometheirdifficultiesin
carryingoutpracticaltasks;

4. Practice:Studentspracticetheknowledgetheyhaveacquiredbyplayinggames.Theobjective
ofthisstageistoallowthestudentstointernalizeanddevelopthenecessaryskills,aswellasto
benefitfromtheirinteractionandcommunicationwiththeotherstudents;

5. Contextualization:Aftercompletingthepreviousstages,thestudentswillnowfinallyundertake
apracticalprojectsothattheycanintegratealltheskillstheyhaveacquiredintheunit.Inaddition
tothetechnicalskills,thisexperienceallowsthemtoobtainclientnegotiationskillsaswellas
tobeinvolvedingroupwork,improvetheircommunicationandtackleproblems;

6. Reflection:Thefinalstageinvolvesstudentssubmittingtheresultsobtainedinthepractical
projectand reflectingon theirexperience,byanswering fourquestionsbasedon theScrum
SprintRetrospectiveceremonies(Whatmethodsandtechniqueswereappliedwhencarrying
outtheproject?Whatwerethemaindifficultiesexperiencedbytheteam?Whatmethodsand
techniqueswerenotappliedbytheteambutcouldhavehelped?Whatchangesshouldtheteam
makewhentheyre-runtheproject?).

Thewaythesestageswillbereflectedintheteachingstrategyofeachunitisdefinedinaccordance
withtheleveloflearningrequiredforthetopic,where:topicswiththeexpectedlevelof“Remember”
willbeaddressedthroughouttheDiscussionstage;topicslistedas“Understand”requirethePractice
stagetobeaccomplished;andtopicswherethestudentisexpectedtoreachthe“Apply”level,willbe
coveredintheContextualizationstage.Itshouldbestressedthateachunitundergoesallthestages
ofthecycle.
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RELATEd woRKS 

TheworkofBoberandZgodavová(2011)aimstooutlineasoftwaresystemfortheteachingofSPC.
Thisinvolveddesigning,aninteractivesimulatorforthecontrolcharts.

Theauthorswere led todo thiswhen theynoted that theirundergraduatestudentshad little
practicalknowledgeof thecontentsofSPC.Thus, thereasonfordesigningthesimulatorwas to
overcomethisshortcomingbycarryingoutpracticalactivitiesandallowingstudentstoacquirethese
newskillsthroughhands-onexperiences.

Themainpurposeofthesimulatorwastoallowstudentstosolvecommonproblemsencountered
whenworkingwiththeSPCprocess.

Amongtherangeofsimulatorsandsoftwaresystems,thereisalsotheworkofKonrathet al.
(2013),whichstatesthatoneofthemaintechniquesoftheSPCarethecontrolcharts,sincethey
provideessentialknowledgetoengineersandprofessionaltechnicians.

However,theauthorspointoutthatthelicensesofnearlyallthesoftwarethatissimpleandeasy
touseareextremelyexpensive,whichmeanstheytendtobeinaccessibletofreelanceprofessionals,
smallbusinessesandespeciallystudents.Thus,itwasdecidedinthisworktouseGNUR,whichis
freeopen-sourcesoftwareand,inthisway,provideameansofteachingtheuseofcontrolcharts.

ThestudybyJohnson(2011),adoptsamorelight-heartedapproachtotheteachingofcontrol
chartsthroughtheuseofpaperhelicopters.Thepointofthisistoenablestudentstoexperiencean
unstableprocess.Thisinstabilityiscausedbyimprecisionoranincompleteproductdesignandthe
studentmustfindouthowtheprocesscanbestabilized.

Italsoallowsthestudentsa)tounderstandthecommoncausesofvariabilityandthusbeable
todifferentiate themfrom theparticularcausesofvariability that result from incompletedesign
specificationsandb)discoverhowstandardizationreducesprocessvariability.

OtherattemptstoadoptmoreplayfulapproachescanbefoundintheworkofJones,Hawkins
andSmith(2008),whereadatagameisdevisedwiththeaimofteachingtheuseofcontrolcharts.

Thispaperoutlinesasimplemethodfor theclassroom,with theaimofdemonstratingwhat
processimprovementlookslikewhendisplayedinanX-BarRchart,whichisatypeofcontrolchart.
Themethodusesadicegametobringaboutimprovementsinamanufacturingprocess.Thestudents
aretaughthowtoconstructandinterpretcontrolchartswithanemphasisonhowtolinktheresults
ofthedatatotheprocessactivitiestheyroutinelyencounterintheirworkplaces.

Thestudyoftheserelatedworksmadeitpossibletoobservethecombineduseoftraditional
classeswithotherinstrumentsinthestrategiesemployedforsimulation-basedexperimentallearning.

Finally,allthestudiesexaminedhere,arebasedonasingleteachingapproach,whetherthey
involvegames,simulatorsorpracticalprojects.Alsoisnotablethelownumberofstudiesonthe
SPCteaching.

EVALUATIoN

TheobjectiveofthestudywastoassesstheefficacyofSPClearningattheapplicationlevelandhow
itresultsfromthenewteachingapproach,incontrastwithwhatisachievedbytraditionalclassesin
undergraduateComputingprogram

Research and Evaluation Strategy 
Aformalexperimentwasconducted(apre-test/post-testrandomizedcontrolgroupdesign),withthe
aimofcomparingandevaluatingtheeffectivenessofdifferenttypesoflearningactivities(Cohenet 
al.,2000).Thisexperimentaldesignallowedastatisticalcomparisontobemadebetweenthebehaviour
observedintheexperimentalgroupwiththatobservedinthecontrolgroup(CampbellandStanley,
1963).Theexperimentwascarriedoutasfollows:
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1. Atthebeginningoftheexperiment,thestudentsdidapre-testthatcoveredthecontentsofSPC
andansweredaquestionnaireabouttheirpersonalbackgroundanddegreeofmotivation.This
informationservedasameansofensuringthattherandomdivisionofparticipantsintocontrol
groupandexperimentalgroup,hadachievedanacceptablebalance.Thus,forstatisticalpurposes,
thetwogroupscouldbeconsideredtobeequivalent;

2. The interventions (the new teaching approach and the traditional classes) were made. The
experimentalgroupwasshownthelearningactivitiesplannedforthenewteachingapproach,
whilethecontrolgroupattendedtraditionalclasses1;

3. Aftertheconclusionofeachunitstudied,bothgroupsansweredquestionsinapost-testabout
thecontentslearned.

4. Attheendoftheexperiment,thestudents,fromexperimentalgroup,completedaperception
questionnaireaboutthelearningexperience.

Table3summarizesthisinformationaboutthedesignoftheexperiment.

RESEARCH QUESTIoNS ANd HyPoTHESES 

Asameansofassessingthelevelreachedbythestudents,Table4displaysthescoresobtained,based
onthecriteriaforcorrectnessappliedtothestudents.Again,itshouldbepointedoutthattheword
ApplyincludesUnderstand,whichinturnincludesRemember(Nuneset al.,2016).

Itshouldbenotedthatachievingascoreof3meansthatthestudentwasabletoremember,
understandandapplytheknowledgeacquiredinthatunit.StudentswhoobtainedScore2areableto
understandandScore1isforstudentswhohavejustreachedtherememberlevel.

Table5showstheobjectiveofthestudy,itsresearchquestionsandinstruments,togetherwith
thenullhypotheses.TheY.1toY.4variablesaredirectlyrelatedtothefourunitstaughtandwere
evaluatedtodeterminethecognitivelevelsoflearning(Application),reachedbythestudents.

Table 3. Summary of the experiment

Groups Preparation Interventions Conclusion

Control
Pre-testapplication;
Backgroundandmotivation
questionnaire;
Allocationofgroups.

Traditionalclasses.

Post-test
application

Questionnaireon
experienceExperimental

Classesbasedon
plannedlearning
activitiesandsupport
material.

Table 4. Scoring Rubric

Score Criterias

3 Thestudenttackledtheproblemcorrectlyusingthetechniquethathadbeentaught

2 Thestudentwasabletojustifythetechniquechosentosolvetheproblem

1 Thestudentwasabletocitethetechniquerequiredtosolvetheproblem

0 Thestudentdidnotanswerthequestion
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continued on following page

Table 5. Detailing of the study objective 1

Study objective

Research question 1: WhatistheefficacyofStatisticalProcessControllearningwhentheproposedapproachis
adoptedattheapplicationlevel?

Hypothesis H01:Therewillbenodifferencebetweenthepreandpost-testscoresobtainedbytheExperimentalgroup
(themembersofthegroupwillhavethesameskills)attheapplicationlevel

Variables

Y.1.SoftwareProcess Y.1.SoftwareProcess

Y.2.Measurement Y.2.Measurement

Y.3.StatisticalControl Y.3.StatisticalControl

Y.4.ProcessImprovement Y.4.ProcessImprovement

Formulation:post(Mpos;A)>pre(Mpre;A),where:
     1.A=ExperimentalGroup
     2.Eachstudent’spreandpost-testscoresare:

          Nprei=
100 1 2 3 4

4

Y Y Y Y+ + +( )
,whereiisaGroupAstudent

          Nposi=
100 1 2 3 4

4

Y Y Y Y+ + +( )
,whereiisaGroupAstudent

     3.Averagestudentscoresbygroup:

          Mpre=
Σ
i
m Nprei

m
= +1 ,wheremisthenumberofstudentsinGroupA

          Mpos=
Σ
i
m Nposi

m
= +1 ,wheremisthenumberofstudentsinGroupA

Instruments:Preandposttests

Research question 2:WhatistheefficacyofStatisticalProcessControllearningwhenthenewapproachisadopted
whencomparedwiththatoftraditionalclasses?

Hypothesis H02a:Therewillbenodifferenceinthepre-testscoresbetweentheControlgroupandtheExperimental
groupwithregardtothelevelofcognitionreached(Application).

Variables

Y.1,Y.2,Y.3eY.4withtheirrespectivescores,asdescribedinResearchQuestion1

Formulation:pre(Mpre;A)>pre(Mpre;B),where:
     1.AorB=ExperimentalorControlGroup
     2.Eachstudent’spre-testscoresare:

          Nprei=
100 1 2 3 4

4

Y Y Y Y+ + +( )
,whereiisaGroupAorBstudent

     3.Averagestudentscoresbygroup:

          Mpre=
Σ
i
m Nprei

m
= +1 ,wheremisthenumberofstudentsinGroupAorB
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Instrumentation
ThepreandpostanonymoustestswereusedtocollectthedataneededtoanswerResearchQuestions
1and2.Attheapplicationlevel,thetestconsistedofpracticalproblemsthathadtobesolved.Forthis
reason,theactivitieswerecontextualizedintermsoftherealconditionsofasoftwareorganization,
andinaccordancewiththecontenttaughtineachUnit.Theyprovidedopportunitiesforfollowing
thenecessarystagetostatisticallycontrolaprocess.

Thesamequestionwereappliedforthepreandpost-testsandwerecorrectedbytwospecialists
intheareawhowerenotinvolvedincontentteaching,withthehelpofathirdonewhocouldarbitrate
incaseofdisagreements.ThescoresofthistestwerecalculatedaccordingtovariablesY.1toY.4,
asdescribedinTable5.

Theparticipantsinanyofthetestsgavenoinformation.Thescoresofallthesetestswereonly
madeavailabletothestudentsattheendoftheexperiment.

Disturbancefactorswerenotedinanobjectivequestionnaireaboutstudentmotivation(e.g.the
ImportanceofSPCandInterestinlearningmoreaboutthesubject).

Execution
Theexperimentwascarriedoutinthefirstsemesterof2018,inanoptativesubjectofferedtothe
academiccommunitydoingtheComputerScienceprogramatFederalUniversityofAmapá,Brazil.

Alltheparticipantsoftheexperimentwerevolunteersandtheclasshad40studentsenrolled,(20
studentsineachgroup).Thecourselastedfor7daysandeachgroupheld4in-personclasses,each
lastingupto4hours.Betweeneachdayoftheclasses,therewasadayoffforstudentstostudythe
providedmaterials.TheschedulefortheexperimentisdescribedinTable6.Duringtheenrolment
procedure,thestudentscompletedamotivationquestionnaire.Aftertheexperimentalandcontrol
groupsinterventionsandtheirrespectivepost-tests,thestudentsansweredthefeedbackperception
questionnaires.

Duringtheexecutionoftheinterventions,eachgrouphaditsownspecificteacher.Thus,only
oneteachergaveaclasstothecontrolgroup,whileanotherteachertaughttheexperimentalgroup.
Thisdecisionwasmadetominimizethethreatoftheteacherteachamorededicatedclassforthe

Table 5. Continued 

Instruments:Pre-test

Hypothesis H02b: There will be no difference in the post-test scores between the Control group and the 
Experimental group with regard to the level of cognition reached (Application).

Variables

Y.1,Y.2,Y.3eY.4withtheirrespectivescores,asdescribedinResearchQuestion1

Formulation:post(Mpost;A)>post(Mpost;B),where:
     1.AorB=ExperimentalorControlGroup
     2.Eachstudent’spre-testscoresare:

          Nposi=
100 1 2 3 4

4

Y Y Y Y+ + +( )
,whereiisaGroupAorBstudent

     3.Averagestudentscoresbygroup:

          Mpos=
Σ
i
m Nposi

m
= +1 ,wheremisthenumberofstudentsinGroupAorB

Instruments:Posttest
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experimentalgroupcomparedtothecontrolgroup.Itisalsobeemphasizedthatthesetwoteachers
workedtogetherinpreparingthelessonsanddesigningalessonplan.

dATA ANALySIS 

Thissectionanalysesthedataobtainedbytheexecutionoftheexperimentdetailedintheprevious
sections.Thisanalysiswillbeperformedfromtheresearchquestions.

Analysis of Research Question 1
TheShapiro-Wilknormalitytest(1965)wasconductedtodetermineifthescoresobtainedbythe
studentsintheevaluationhadanormaldistribution.Withregardtotheexperimentaldataset,the
normalitytestapplicationresultedinaWequalto0.91intheExperimentalGroupandequalto0.96
intheControlGroup,withthedatasetbeingnormallydistributedforp<0.05.

Giventhenormalityofthedataandthefactthatitwasourobjectivetomeasurethedifference
betweenpre-testandpost-testinthesamepopulation,wechosetheStudenttwo-tailedt-testforpaired
samplesinhypothesisH01.

ForH01“Therewillbenodifferenceinthepreandpost-testscoresintheaveragesobtained
bytheExperimentalgroup(sincethegroupwillhavethesameskills)attheapplicationlevel”,the
Experimentalgroupscored0.04±0.08inthepre-test,whilethesamegroupscored2.50±0.37
inthepost-test.Thus, themeangainofΔ=2.46intheExperimentalgroupindicates therewas

Table 6. Experiment schedule

Day Control Group Experimental Group

Duringtheon-line
registration

Pre-test;
Questionnaireonthemotivationand
backgroundoftheapplicants.

Pre-test.
Questionnaireonthemotivationandbackgroundof
theapplicants.
StudentsintheExperimentalgroupsuppliedwith
thesupportmaterialsforUnit1.

1 TraditionallectureonUnit1;
Post-test.

Classwiththenewteachingapproachadoptedfor
Unit1;
Post-test.

2 Studyofthesupportmaterialsneededforthenext
unit

3 TraditionallectureonUnit2;
Post-test.

ClasswiththeteachingapproachproposedforUnit
2;
Post-test.

4 Studyofthesupportmaterialsneededforthenext
unit

5 TraditionallectureonUnit3;
Post-test.

ClasswiththeteachingapproachproposedforUnit
3;
Post-test.

6 Studyofthesupportmaterialsforthenextunit.

7 TraditionallectureonUnit4;
Post-test.

ClasswiththeteachingapproachproposedforUnit
4;
Post-test.

On-line,afterthe
lastday

PerceptionQuestionnairesonthe
suitabilityoftheapproach.

PerceptionQuestionnairesonthesuitabilityofthe
approach;
Feedbackquestionnaire.
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anincrementallearningofthisgroup,sincethep-valueof0.01isstatisticallysignificant.Table7
summarizestheresultsobtained.

Analysis of Research Question 2
In thecaseofRQ2,“What is the learningeffectivenessofSPCthroughthedevelopedapproach
comparedwith thatof traditional classes?” In thepre-test, a comparisonwasmadebetween the
ExperimentalGroup(0.04±0.08)andtheControlGroup(0.06±0.13).Thus,thestatedhypothesis
(H02a), “There will be no difference in the pre-test scores between the Control group and the
Experimentalgroupwithregardtothelevelofcognitionreached”,wasnotrefuted.

Fromthisresult,thenullhypothesisH01wasrejected.Figure2Ashowsthecomparisonbetween
themeanaveragesobtainedbytheExperimentalgroupforthecognitiveapplicationlevel,witha
detailedaccountofeachstudyunit.Forpurposesofcomparison,Figure2Bshowsthesamedatafor
theControlgroup.

Inthepost-teststage,thestudenttwo-tailedt-testwaschosentomakeacomparisonbetween
theExperimentalandControlGroup,becauseofitsindependentsamples.Thistookaccountofthe
normalityofthedataanditsobjectivewastoevaluatethedifferencebetweentwopopulationswith
treatmentconditionsandtwosamples(i.e.oftreatments).TheExperimentalgroupscored2.50±
0.37inthepost-test,whiletheControlgroupscored1.38±0.62inthepost-test.Thismeansthat
thereisarealdifferencebetweenthegroups,wheretheExperimentalscoreisΔ=1.12higherthan

Table 7. Efficacy of learning based on the scores obtained in the practical project

Variables Pre-test Post-test

Samplesize 20 20

Minimum 0.00 1.75

Maximum 0.25 3.00

Medium 0.00 2.50

Firstquartile 0.00 2.00

Thirdquartile 0.00 2.75

Average 0.04 2.50

Standarddeviation 0.08 0.3794

Figure 2. (a) Averages obtained per Unit for the Experimental Group at the cognitive application level; (b) Averages obtained per 
Unit for the Control Group at the cognitive application level
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Controlandsuggeststherewasanincreaseinthelearningofthisgroup,sincethep-valueof0.01is
statisticallysignificant.

On thebasisof this result, itwaspossible to reject theH02bhypothesis;“Therewillbeno
differenceinthepost-testscoresbetweentheControlgroupandtheExperimentalgroupwithregard
to the levelofcognitionreached(Application)”.Table8summarizes theresultsobtainedby the
ExperimentalgroupandthoseobtainedbytheControlgroupforthecognitiveapplicationleveland
provideadetailedaccountforeachstudyunit.

RESULTS dISCUSSIoN

TheresultsobtainedfromtestingtheH01hypothesis,“Therewillbenodifferenceintheaverages
ofthepreandpost-testscoresobtainedbytheExperimentalgroup(i.e.thegroupwillhavethesame
skills)attheapplicationlevel”,suggeststhattheplannedapproachfortheteachingofSPChasa
positiveeffectonlearningeffectivenessatthecognitiveapplicationlevel.

Inaddition,therejectionoftheH02aandH02bhypothesessuggeststhatthisapproachhasa
learningeffectivenessgreaterthantheefficacyobtainedbythetraditionalexpositoryclasses,since
althoughtheaveragesofpre-testgainswerenotstatisticallysignificant,theaveragegainsobtained
bytheExperimentalgroupinthepost-testweresignificantlyhigherthanthoseoftheControlgroup.

TheseresultsinH01andH02bcanbeattributedtothefactthattheteachingstrategiesapplied
totheexperimentalgroupweresharplyfocusedonthestudents,andcarryingoutpracticalactivities,
aswellasbeingbasedonproblem-solving.Inviewofthis,theresultsobtainedareinlinewithwhat
severalauthorshavepointedout,whichisthatpracticalstrategiesseemtobethemostsuitableforthe
teachingofSEandarepreferredbythestudents(Prikladnickiet al.,2009)(MalikandZafar,2012)
(Marqueset al.,2014)(Santoset al.,2014)andsimilartoexperiencesusingcoaches(Rodrigues,Soria,
andCampo,2016)orScrummasterstosupportstudentteams(ScharfandKoch,2013),

However,experiencedictatesthatstudentswithhighergradesare,ingeneral,morewillingto
undertakeextraactivitiesthanthosehavinglowergrades(Gamo,2018).Inthisstudy,noanalysis
wasmadeonthegradehistoryoftheparticipatingstudents.Thus,itisnotpossibletototallydiscard
thispossibility.

Therewasalsoa statistically significant increase in theaveragescoreof theControlGroup
betweenthepreandpost-test,withagainofΔ=1.32.Thissuggeststhat,althoughtheproposed
approachhasachievedbetterresults,bothapproachescanhavepositiveeffectsonstudentlearning.

Table 8. Comparison of learning effectiveness among the participating groups

Variables
Experimental Group Control Group

Pre-test Post-test Pre-test Post-test

Samplesize 20 20

Minimum 0.00 1.75 0.00 0.25

Maximum 0.25 3.00 0.50 2.50

Sumofpoints 3 195 5 111

Medium 0.00 2.50 0.00 1.50

Firstquartile 0.00 2.00 0.00 1.00

Thirdquartile 0.00 2.75 0.00 1.75

Average 0.04 2.43 0.06 1.38

Standarddeviation 0.08 0.37 0.13 0.62
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ThisstatementcanbefurthercorroboratedbythelackofdatatorefutetheH02ahypothesis,“There
willbenodifferenceinthepre-testscoresbetweentheControlgroupandtheExperimentalgroupwith
regardtothelevelofcognitionreached”.Thisisbecausethepre-testscoreofbothgroupstendedto
bezeroandprovidesevidencethateverythingthestudentslearnedaboutSPCwasacquiredthrough
oneoftheapproaches.

Withregardtothepre-testscores,thisfactcanperhapsbeattributedtotheverynatureofthe
SPC,sinceitisacomplextopicandlittleknownevenbypost-graduatesoftwareengineers(Alhassan
andJawawi,2014).However,theseinitialscoresmayshowthatevenwhenthegroupsarerandomly
divided,theyarestatisticallyequivalent.

WhenconsideringthestudentmotivationtolearnSP,itwasobservedthatmoststudentsbelieve
thatlearningthetopicisimportant.However,somestudentsdidnotrealizetheimportanceofthis
advancedSEtopic.Thisproblemmayexplainsomeofthelowscoresobtainedbythecontrolgroup.
So,inthiscase,theteachingapproachitselfmaynotberesponsiblefortheseresults.

Also,theControlgrouphadalargeworkloadoftheoreticalclasses.Itispossiblethatthestudents
viewdisconnectsbetweenhomeworkassignmentsand theproject, andbetween theprojectsand
lecture.ResultinginalowerscorethanthosewhowereintheExperimentalgroup.

Duringtheexperiment,itwaspossibletoobservesomeweaknessesintheapproach.Oneofthem
wasthefactthattheteachingapproachisextremelystudent-centred.Thismeantthatveryfewlectures
were.However,thisisanexpectedfeatureofthisteachingapproachwhenappliedtotheexperimental
group,asitisexpectedthattheknowledgerequiredforthepracticalactivitieswillbeacquiredthrough
thestudyofthesupportmaterialprovidedbytheteacher(outsidetheclassroom).Theteacherwillact
asamentorduringthelearningactivitiesthataredesignedtointernalizeknowledgeandthusenable
thestudentstoreachtheapplicationlevelfortheconceptslearned.Furtherstudieswillbedeveloped
tobetterdeterminethelearningpreferenceprofilesthatbestfittheproposedteachingapproach.

Anotherweaknessobservedconcernsthelimitedtimeavailabletoundertaketheactivities.Thus,
areviewofthelearningactivitiescouldreducetheamountofworkrequiredfromthestudentsand
makeitpossibletocarryoutanyactivitywithinthescheduledtimeframe.Theintentionisforthe
homeworkassignmentstointroducestudentstothetechnologiesandteamwork,butthiscangets
lostintheaggressivedeadlines.Itisworthmentioningthatthe7-daycoursecompletionperiodwas
adoptedtofacilitatetheexecutionoftheexperiment.Theteacherwhochoosestoteachthesubject
basedonthedevelopedapproach,maychoosetodilutetheclassesandactivitiesoverasemester.
Whichcanlessenthisweakness.

Also,somestudentscitedasaweaknessthedifficultyofunderstandingmorecomplexsubjects.
Asstatedearlier,thismaybealimitationofthelearningpreferencesofthesestudentswhodonotget
alongwithself-taughtapproaches.Asitmayalsobeafailureoftheteachingapproach.Onesolution
forthiswouldbetoincludenewandbettervideolessonsandarticles,asameansofovercomingthis
difficulty.Again,furtherstudiesareneededtodeepentheproblemanditspossiblesolution.

Despitethegoodresults,thereweredysfunctionalteamswhodidnotworkwelltogether,and
personalconflictsmayhavejeopardizedthescores.

THREATS To VALIdITy

Thissectionpresentsanddiscussessomethreatstothevalidityofthestudy.

Internal Validity
Inthecaseoftheexperiment,somepossiblethreatstointernalvaliditymaybeowingtothefactthat
thegroupsbehavedifferentlyasaresultofadiversityofbackgroundandmotivation,orevenbean
effectofthestudents´owninstrumentation.



International Journal of Information and Communication Technology Education
Volume 17 • Issue 1 • January-March 2021

168

Inanattempttoreducetheinfluenceofdisturbancefactors,thegroupswererandomlydivided
bydrawinglotsandthisservedtomakethecontrolgroupandtheexperimentalgroupstatistically
equivalent.

Asforthequestionofmaturity,thisproblemmayhaveoccurredbecausethelearningactivitieshad
notbeenplannedfortheexperimentinadvance,orfromthestudent’sowninitiativeinseekingmore
informationaboutthecontent.Asameansofmitigatingtheinfluenceofthisfactor,theparticipants
wereinstructednottostudyorworkonissuesthatwerenotamongtheactivitiesplannedforthe
experiment.ThemembersoftheControlgroupwerealsoinstructednottoconsultthesupportmaterial
thatwassuppliedtotheexperimentalgroup.However,thereisnowaytomonitorthisbehaviourand
ensurethatthestudentsactuallyfollowedtheseinstructions.

Theinternalriskof¨instrumentation¨couldoccurifthesameauthorswhoappliedthetestwere
thosewhoconductedtheanalysisofthedata.However,theauthorswerecarefultodefineinadvance
whowouldcarryoutthedatacollectionandanalysisandensurethatthispersonwouldonlyhavea
singleresponsibility.

Henceanattemptwasmadetoreducetheinfluenceofsubjectivefactorsduringtheevaluation
ofthepracticaltasks,andalltheteststhatweredoneinpairsunderwentacorrectionprocedurethat
wassupportedbyfeedback.Whenmakingthiscorrection,thetwoevaluatorswerenotgivenany
informationabouttheparticipants.Thus,althoughtheaveragegainswerestatisticallysignificantfor
H01andH02b,itispossiblethattheseresultshadbeenachievednotonlybythemeritofthetreatment
applicationandmayinparthaveinvolvedaregressiontothemean(CampbellandStanley,1963).

Again,withregardtoinstrumentation,sincethepreandpost-testscomprisedidenticalquestions,
thereisariskthatthelearningcouldhavebeenachievedthroughtherepetitionofthetestitself.
However,owingtothelowscoresachievedinthepre-testandthefactthattheparticipantswere
onlyawardedtheirgradesattheendoftheexperiment,thisriskmayhavebeenlessenedduringthe
experiment.

Thereisalsothefactthateachofthetwoteachershastaughtthesubjectsintheirrespective
groups.Thisexperimentaldesignanddecisionmayhaveledonegrouptolearnlessthantheother
notowingtotheeffectsoftheapproachitselfbutratherbecauseofthedepthofknowledgeofthe
groupteacher.Asawayofovercomingthisproblem,theteachersworkedtogetherthroughoutthe
planningphase.

External Validity 
Theseresultscanonlybegeneralizedandrestrictedtotheacademicworld.Thereisalsothefact
thattheexperimentwascarriedoutwithasmallsampleofparticipantsand,sofar,hasnotbeen
replicatedingroupsofstudentsinotheruniversities.Thesefactorsmakeitevenmoredifficultto
generalizetheresultsobtained.Moreover,thegroupusedfortheevaluationdidnotincludeatrained
SoftwareEngineer,andthusmaynotreflectthepositiveresultsthatareobtainedbyanothertarget
audience.However,havingasmallsamplewasanecessarydecisiontomakesuretheexperiment
couldbecarriedout.

The purpose of the teaching approach that was adopted for the experimental group, was to
encouragethestudentstobecomeinvolvedinthepracticalapplicationoftheconceptslearned,but
despitethisobjective,theactivitieswerebasedonsimplifiedreal-worldscenarios.Hence,thereisno
guaranteethattheacquiredskillswillactuallybereflectedinarealsoftwaredevelopmentprocess.

Construction Validity 
Thepotentialeffectsoflearningweremeasuredbycomparingtheresultsobtainedbythecontrol
groupwiththoseachievedbytheexperimentalgroup.However,thiskindofmethodologymaynot
beenoughtomeasuretheeffectsofreallearningintermsofthelevelofapplication.Thus,itcannot
beclaimedthattheparticipantslearnedhowtousethisnewlyacquiredknowledgeinasettingthat
wasdifferentfromthatusedduringtheexperiment.



International Journal of Information and Communication Technology Education
Volume 17 • Issue 1 • January-March 2021

169

Conclusion Validity 
Simpson’sParadoxisaphenomenoninwhichatrendappearsindifferentdatagroupsanddisappears
whenthesedataaregatheredintoasinglegroupandthusanewtrendemergesfromthisnewaggregate
dataset.Thisisapotentialdangerthatmayhaveoccurredinthisexperiment.

Despitethis,evenifallthedatacollectedbythetwogroupsparticipatinginthisexperimentwere
collected,thesamplewouldremainverysmall.Inviewofthis,novalidstatisticalrelationshipcan
bedemonstrated.Tocircumventthisobstacle,amorerobuststatisticaltestwasconducted,wherea
lowstatisticalpowerwasaccepted.Thisstrategyhasalreadybeenadoptedinothersimilarstudies
(Chaveset al.,2015)(Wangenheimet al.,2009).

CoNCLUSIoN

TheresultsofthisstudyprovidedpreliminaryevidencethattheapproachtoteachingSPCputforward
here,achievesagreaterdegreeoflearningeffectivenessattheapplicationlevelthanclassesbased
onthekindsofinstructionalmethodsemployedintraditionallectures.

Thisworkcanberegardedasanexplanatorystudythatisaimedatobtaininganinsightintothe
learningeffectivenessoftheapproachexaminedhere,aswellasitsdrawbacks,andmakingsuggestions
forhowitcanbeimprovedbytheparticipants.Theresultsweresignificant,sincetheparticipants
achievedpositiveresultsinSPClearninganditwaspossibletoobtainfeedbackwithregardtothe
strengthsandweaknessesoftheapproachandmakerecommendationsforimprovements.

Also,thepositiveresultsobtainedinthisexperimentaresignificantbecausetheyareconsistent
withthelearninggainsobtainedinpreviouslyperformedexperiments,ascanbeseeninFurtadoand
Oliveira(2018b)(2019).

However,owingtothethreatstovaliditythatwerefoundintheexperiment,theresultscannotbe
generalizedtoallapplicationcontexts.Finally,althoughtheseresultsweresignificant,furtherstudies
arestillneededtoinvestigatethedifferentoutcomesthatmayoccurwhenotherstudentpopulations
adopttheapproach.
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supportedbyanyactivities/contentfixingexercises.

http://dx.doi.org/10.1109/FIE.2014.7044277
http://dx.doi.org/10.1109/FIE.2014.7044277
http://dx.doi.org/10.1109/CSEET.2017.27
http://dx.doi.org/10.1007/978-3-319-92375-8_5
http://dx.doi.org/10.1109/TE.2015.2506624
http://dx.doi.org/10.1109/FIE.2015.7344232
http://dx.doi.org/10.1093/biomet/52.3-4.591
http://www.softex.br
http://dx.doi.org/10.1007/s10664-008-9092-6

