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Is Pair Programming More Effective 
than Solo Programming for Secondary 
Education Novice Programmers?
A Case Study
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ABSTRACT

Theteachingandlearningofprogrammingareoftenconsideredadifficulttopicforbothteachersand
students,duetoitscomplexityandabstractnature.Thetraditionalteachingapproachesareunable
tocontributesubstantiallytothedevelopmentofthenecessarycognitivemodelsbythestudents,
producinghighratesoffailureanddropoutinintroductoryprogrammingcourses.Inthelast30years,
the scientific communityhasnot stopped looking fornewpedagogical approaches and teaching
techniques in introductorycomputerprogrammingcourses.Variousstudieshaveshownthatpair
programmingunderappropriateconditionsmaycreateanenvironmentconducivetolearning,leading
toanincreasestudentinterestinprogramming.Inthispaper,theauthorpresentstheresultsofapilot
teachingintervention.Thesamplewascollectedamongfirst-gradestudentsofahighschoolinGreece.
Theresultsshowedthatthepairprogrammingismoreefficientthanthesoloprogramming,bothon
facilitatingandsupportingstudents’learningandunderstandingofbasicprogrammingconcepts,as
wellasonimprovingstudents’attitudestowardprogramming.

KEyWoRdS
Introductory Programming Courses, Novice Programmers, Pair Programming, Secondary Education, Solo 
Programming

INTRodUCTIoN

Overtime,introductoryprogrammingcoursesareconsideredparticularlydemandingbythestudents,
resultingineitherlowimprovementsinmeasuresofstudentperformanceorhighdropoutratesof
students (Anfurrutia,Álvarez,Larrañaga&López-Gil, 2016).As almost all traditional teaching
approachesareunabletocontributesubstantiallytothedevelopmentofstudents’cognitiveskills
fortheunderstandingofbasicprogrammingconcepts(Jimoyiannis,2013),theadaptationofnew
teachingapproachesandtechniquesisatopicofconcernintheinternationalresearchcommunity
(Papadakis&Orfanakis,2017).

A technique which has been popularized in recent years in the software industry, the pair-
programmingorcollaborativeprogramming,gradually isgainedwidepublicity in theeducation
sector,asitcanbeeffectivelyusedfornoviceprogrammersinintroductoryprogrammingcourses.
Accordingtothistechnique,twonoviceprogrammersworkingtogetheronasinglecomputerforthe
completionofaprogram(Cockburn,&Williams,2000).Surveysconductedatauniversitylevelhave
highlighteditspotentialasaneffectivetechniqueintermsofincreasingstudentperformanceand
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reducingdropoutrates(Williams&Kessler,2001).Onthecontrary,thereareonlyasmallnumber
ofrelevantstudiesinsecondaryeducation(Denner,Werner,Campe&Ortiz,2014).

Thepaperisstructuredasfollows:wewillfirstdescribeindetailtheproblemscommonlyfaced
bynoviceprogrammersandthevariousresearcheffortstoaddressthoseproblems.Thenextsection
isdevotedtoadetailedpresentationofthepairprogrammingmethodandexamplesoftheapplication
ofthismethodinsecondaryandtertiaryeducationaregiven.Particularreferenceismadetotherole
oftheteacherforthesuccessfulimplementationofthismethod.Thesectionentitled“Thestudy”
contains a detailed description of the teaching intervention, while the paper concludes with the
presentationoftheinterventionandtheconclusionsstemfromthepresentstudy.

NoVICE PRoGRAMMERS

Althoughprogramming,ingeneral,canbeusedasa“mindtool”tohelpstudentsinusingmodern
technologiestosolveproblems(Jonassen,2000),teachingandlearningofprogrammingareconsidered
adifficult taskbothfor teachersandstudents(Ivanović,Xinogalos,Pitner&Savić,2016).High
dropoutratesandunstableattendancearecommoninintroductoryprogrammingcourses(Bennedsen&
Caspersen,2007;Hanks,Fitzgerald,McCauley,Murphy&Zander,2011).Thereareclearindications
thatthetraditionalteachingapproachbothinuniversitiesandinsecondaryeducationisineffective
(Jimoyiannis,2013)asthereisamultitudeofresearchdatawhichshowthatthenoviceprogrammers
haveseriousproblemsunderstandingeventhebasicprogrammingconcepts(Anfurrutiaetal.,2016;
Williams,McCrickard,Layman,&Hussein,2008).

Thedifficultiesfacedbynoviceprogrammersinlearningtoprogramarewelldocumentedand
are identified in theuseofvariables, logicaloperatorsandcontrol structures, the loops,passing
thevalues and runningmultiple threads simultaneously (Meerbaum-Salant et al., 2013).Novice
programmersoften fail tocorrectlyapply theknowledge theyhaveobtained (Ala-Mutka,2004).
Studentsmayknowthesyntaxandsemanticsofindividualstatements,buttheydonotknowhow
tocombinethoseelementsinordertoproducevalidprograms(Costa,Aparicio&Cordeiro,2012).
Studentscommonlyhavemisconceptionsconcerning thecreationofaprogram,suchasvariable
initialization,loopconditions,indicators,datastructuresandrecursion(Robinsetal.,2003).They
facesimilarproblemswithobject-orientedprogrammingparadigms(Guzdial,2004).

Overthelastthreedecades,severalresearcheffortsandeducationalapproacheshavefocused
ontheimprovementofthelearningprocessandthecontextofthelearningprocessinintroductory
programmingcourses.Theeffortsarerelatedtothechoiceofanintroductoryprogramminglanguage,
thepotentialstrategiesonhowtoapproachthebasicprogrammingconcepts(objects-first,structured-
first), theuseofeditors,programmingenvironments,andspecialized toolssuchasmicroworlds,
educationalgames,visualizationtoolsetc.(Ivanovićetal.,2016;Williams,etal.,2008).Theinnovative
teachingapproachesarebuiltonpair-programming,exploratorylearning,“blackbox”approach,as
wellastheapproachbasedon“investigations”(Hanksetal.,2011).

PAIR PRoGRAMMING

Thepairprogrammingorcollaborativepairprogrammingisasoftwaredevelopmenttechniquewhereby
twoprogrammersworkcollaborativelytoimplementasoftwareproject(Hanksetal.,2011;Lui&
Chan,2006).Itisalsoknowingas“pairing”,“pairedprogramming”and“programminginpairs”
(AgileAlliance,2017).Pairprogrammingconsistsoftwoprogrammerssharingasingleworkstation
(onescreen,keyboard,andmouseamongthepair).Theprogrammeratthekeyboardisusuallycalled
the“driver”,theother,alsoactivelyinvolvedintheprogrammingtaskbutfocusingmoreonoverall
directionisthe“navigator”;itisexpectedthattheprogrammersswaproleseveryfewminutesorso
(AgileAlliance,2017).
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