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              !.-:--DCCUMERT RESUMEz-','ED 153- _603IR
!.-:--DCCUMERT RESUMEz-','ED 153- _603IR 005 181,AOTR6R-Kearsley, Greg P.ITLE_.Programming Errors in AEI...--,INSTITUTIONAlberta -Univ.,_Edaiontcn. Div. of Educaticral Research_' --Services.TggpooNOiiia-18-1PUE-DAT_E771_ NOTE-19-p.; Document is marginally= legitle due t-c print.iqualityELI-IIS, :PRICE81,--$0.63. Plus _Postage.. EC lit,t Ay-al 141e- 'from. EDES.IDESCRIpTORS.Computer _Science Education; *Eriti _Patterns;F*PrcigraMing-; *P_iograzirg- Language's.IDENTIFIERS*API -(Programing,:Language)--_ This ,paper- -discusses and _provides:- .scse -preliminarydata onerrorS. in _API; :programming: Data were attained 1y analyzinglistings of 148 complete and :partial_ AFI-.Sestsitns- -c011ected-fromSiudent terminal rooms at the University cf.ulterta. ireOenties- Of-errors: for the various error -messages are tarulated. The data,:Lhowever,are 10ited because they .pitvide, LC_ detailed '. inftrmation onhow each etrci'tyPe. was -caused- and do. fitt,_irclUde ltgic eircis-, The-_-_-data- indicate that assignment errors'. are -the most ctmiecin type;_and-that syntactic and semantic errors are abcut,egbally. fregrent.0-4=-r:-
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              4cAL*41414441#4141****#4141441*3044#4141
4cAL*41414441#4141****#4141441*3044#414141*****41444441430.****#****4*44***4****44#*#*###:11rReproductionssupplied by EDES are the best that Oar te made*'i:----4--froth- -the_ otiginal-dctuient._*
U S. DEPARTMENT OFHEALTH_ .EDUCATION &WELFARENATIONAL-INSTITUTE OFEDUCATIONTHIS DOCUMENT HAS SEENREPRO.OUCEO EXACTLY- AS RECEIVEDFROMTHE PERSON OR ORGANIZATIONORIGINATING IT -POINTS OF,VIEW OROPINIONSSTATEO 00 NOT NECESSARILY'REPRE-SENT OFFICI;NATIONAL INSTITUTE OFEOUCATION POSITION OR POLICYBEST-COPYMILORIR-7&-1fa93EAlkiRa ErrorsAUGreg P. Kearsley"PERMISSION TO "REPRODUCE,THISMATERIAL IN MICROFICHE ONLY'HAS BEEN GRANTED BY-TO THEEbUCATIONAL RESOUFIC-ESINFORMATION CENTER' (ERIC)ANISUSERS OF THE ERIC SYSTEM;'Division of Educational Research ServicesUniversity of Alberta
Programming Errors in 'inGreg P. KearsieyDivision of Educational Research Services'University of -AlbertaIn recent years there has been considerable interest inthestudyofcomputerprogram: tinybycognitivepsychologists,computerscientists,andhumanfactorsPsychologistShalie'been-itterefte-d-inpregramming;as a-Complex probleasolVing task r'hiCh revealsiMpOrtant as
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              pects of Milian- infuriation processing 
pects of Milian- infuriation processing capability(either in individuals or groups). Computer-scientistshavelainly focusedonthose aspects which pertain to languagedesign and implementation'.RdaanfiCtorspecialistshavebeenconcernedwith improving the productivity and qualityor programming activity (e.g'., training,errorreduction).whileeachgroupofscientistshas a somewhat differentperspective due to their particular orientation,therehasbeenconsiderableinteractionasresearchintereststransgress traditional disciplinary boundaries.The study al programming errorsisanexampleofatopicwithinthisresearchareawhichhasinterestedcognitivepsychologists,computerscientistsandhumanfactorspecialists. As a consequence, a number of differentapproacheshavebeenemployed.grown&Sampson(1973)suggestsometechniques for avoiding or reduce programming1. Two pioneering works in this area'were Sackman (1970) andWienbery 41971).
2errors on the basis of experience in business.. Youngs (1974)collected various types of protocol datafroma groupofnoviceandexperiencedprogrammersonassigned tasks inALGOL, BASIC, COBOL, FORTRAN and PL/1. A comparisonoftherelativ
              
         
             
         



                   
                          4
              e- -importanceofdifferenttypes of errors
e- -importanceofdifferenttypes of errors for thedifferent languages and in terms ofprogramming experiencewasmade.Miller(1974) used an experimental language andnon-programmers-to test the relative difficultyofcertaincontrol structures (conjunctive vs. disjunctive, affirmativevs.negativetests).Gould(1975)studied the debuggingprocesses of experienced FORTRANprogrammersandcomparedthedebugtimesanderrors missed for different types oferrors. Mayer (1975) studied the effects of using diagrammicAlmodelsduringtheteachingofasimplfiedversionofFORTRAN.Thesestudiesarerepresentativeofthecurrentapproaches to the study of programming errors in codinganddebugging. A number of major variables have been identified;thetwo most important being programming experience and thenature of the task or problem. Different types andpatternsoferrorsarisefrominexperiencedandexperiencedprogrammers, and also from different application orproblemdomains.Othervariables such as time-sharing versus batchprogramming, use of programming aids, or use of-CRTversushardcopyareto affect tife nature of programing'errors. Some attempts have been made toformulateth
              
         
             
         



                   
                          5
              eoriesof programminga(e0,0, Gould, 1975;
eoriesof programminga(e0,0, Gould, 1975; Shneiderman, 1977) and torelatethestudyofprogrammingbehaviortogeneral--4
---3psychological research (e.g., Cooke S Bunt, 1975).While many languages (both real and experimental)havebeen- studied, errors in APL programming apparently nave notreceived attention. This is somewhat suprising since APLisdohnonlyconsideredoneofthemostpowerfulofthepreSently existing high level langauges.Certainly,itisoneof the mostly widely used langauges today. Furthermore,--A-P14-erroisshould.be 'particularly Interesting -because' of the-.cahOnical_nature-of.the,ertor message types.Saal-&Weiss(-1577)provide a.comprehensive and interesting study of APLUsage; honeWer, they aid hotreporterrordatainthis-study.Thepresent paper--provid-eS--a discussion and sonepreliminary data on errors in APL programing.Error Types in APLYoungs (1974)classifiedprogrammingerrorsinto4broad categories:(a) syntax errors which result from expressions which areincorrectregardlessofthecontext in which theyappear (e.g., an unmatched parenthesis)(b)} senanticerrorswhich- -derive-fro'invalidcombinations of operations(0 logical er
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              rors which produce incorrect results but
rors which produce incorrect results but doaot cause malLunction-ot the program(d) clerical errors due to oversight or carelessness- suchasmispunchedcards,missingcards,exceedingpage/line liaits, etc.
In APL, s/ntactic, semantic, and most clerical errorsoccuras one of three different types:(l) immediateexecutionerrors which produce one of theeight explicit error messages: SYNTAX, VALUE, INDEX,RANK,LENGTH,DOMAIN, DEFN, or ENTRY ERROR, as wellas an indication of their location inthe expression.For example:(A -8 +CSYNTAX ERROR_(A-B+C(2) errors during the execution ofdefinedfunction:.These, errors produce an explicit error message as inand also suspend execution of the function at theline in which the error Vas detedted. For example:SYNTAX ERRORDEMO( 1(A-B+C(3) errors in the use of systemcoimands or variables.Theseerrorsareconcernedwithmanipulatingworkspaces,functions orvariablesorresourceallocation. The explidit error messages are:INCORRECT COMMANDVS/OBJECT NOT FOUNDNOT `SATABLWVS FULLSV IMPLICIT ERRORTheforsoftheseerrormessagesdiffersbetween versionsofAPLandinstallations(i.e.,these are the most 44tendependent aessages
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              ).6
Itisinterestingthata language with a
).6
Itisinterestingthata language with a relativelylarge number of defined primitives hasarelativelysmallnumberof error messages. However, thesix,messagesu VALUE,RANK, DOMAIN,LENGTH,INDEX,anaDEINcoverthebasicseliantic. errorspossible. A major reason for this is theirgenerality acrossthemajordata ,types(i.e.,scalars,vectors,andmatrices) ,aswell asacross' constants aadliterals. Thus while errors due to invaliddatatypesarepossibleinotherlanguages(e.g.DECLAREorREALstatements), they are notinAPLbecause ofthedynamicallocationofvariabletypes.SinceAPLhas no specialstatements tor subroutine calls, errors of this typecannot-arise.Ifasubroutineis given incorrect arguments (theequivalent of an incorrect-IparameterVALDEerrorwould,occur.Othererrorssucha bad branch (e.g., to amissing label) or failure to initialize a loop counterwillalso result in. VALUE errors.Because of this generality, multiple causality of errormessagesiscommoninAPL.Figure1illustratesthisproblem. In Figure 1A, a student defined a nonadicfunctionAwiththeargumentFIB(whichdoesnot appear in thefunction. Upon executing A,-aSYNTAXerrorwasproducedsincetheoccurrence 
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              of A in line 1 lacks an argument. Thestu
of A in line 1 lacks an argument. Thestudent then tries executing the argumentofthefunctiOnbutagainreceives a SYNTAX error, this time because thereis ao function relating the two constants. Although the sameerror message was generated, the naturefoftheerrorsaredifferent.1Furthermore,this error message does not reveal
the real problem, namely that the student doesn't understandtunction headers. Figure 1(b)showsanotherexamplewithsystemcommands.Bothofthese .errorsareexamples ofclericalerrorsalthoughtheygeneratedifferenterrormessages.AFL Error FrequenciesBata,oir -errorfrequencies- in--APL- -was--obtaised-by-analiziug liStings-of 148-complete-and-partial APLsessionscollectedfromstudent terminal rooms at the University ofAlberta.2Theselistingsincluded the work of both noviceand experienced programmers and avarietyofapplicationsareas.The sean duration of these sessions was 31.4-Minutes(maximum: 246.6 minutes, laniMAA:minutes) . The mean CPUtise per session was 2:6 seconds(maximum:52.2seconds,minimum:0.1second).Therewasanaverageof8.36errors/session.Table 1 presents, thefrequenciesoferrorsforthek,variou.-error ,,messages:i
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              First of all, it can be seen that1the 8 
First of all, it can be seen that1the 8 immediate executionterrors accounted for over 90 ofall error Messageswhile workspace-error-messages (due to,-systemcommands) accounted,for-less-than_9%ofWithinthefirst category,- VALUE and SYNTAX error messagesaccount for over half of the-messages. DEFN and ENTRYerror-MeSsayez;were also relatively common. DOMAIN, LENGTH, RANK,2.-The version of APL-was 01.0r_ unningonanAMDAHLV6under the- ATS operating,-sySiem.
7Jhd INDEX error aessages occurredrelativelyinfrequently.Asfarastheworkspaceetrormessages are concerned,INCORRECT COMMAND accounts for about halfoftheseerrorswithUSNOTFOUNDaccounting for about 25% of the total.There were no instances of systea variableerror aessages inthe sample.Many instances of some erroraessages were duetothesame -- err-or.- Tor-example-e,a- large-percentageof-DEPN-errorShave to do with the closingsquare bracket of thefunctionlinenumber. It is comaonly omittedor a round bracket usedoy mistake (this, being the sate key shifted).ThemajorityofINCORRECTCOMMANDerrorsaredue spelling or spacingerrors and aust WS NOT FOUND errorsappear to occur due to a1forgo
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              tten Erkseace naae (VS AOTFOUNDS errors 
tten Erkseace naae (VS AOTFOUNDS errors are typicallyfollowed by )LIB). A large percentage of DOMAIN errorsareatteapts to divide by 0. On the otherhand, VALUE and SYNTAXerrorsarisefroma number of different probleas and thisprobably accounts to sone extent fortheir popularity.The failure to assign valuesto variables (which resultin VALUE errorts) and unmatchedparenthesis(SYNTAXerror)weretwocoaaonprobleas.anyerrorswereduetotisunderstandings about theheaderindefinedfunctions.Thesemisunderstandingsincluded(i)theunneccesaryduplication of thefunctionnameinthefirstlineorelsewhere in the function (soaetiaesresulting in unexpected20-" "recursion),(ii) the use of differentvariable nukes in theliody of the function than-those Usedintheheader,(iii)9
6puttingtheargumentsin the wrong position in the header''-producing a tunction with anunexpectedname(seeFigurela),(iv)theredundantuseofquad for input when thetunctionargumentsalreadyassignedvaluestothosevariables,(v) the ouput of function results when they hereautomatically produced due to the explicitresultformofthe hinder. These misconceptions can result in almost anyofthe expIic
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              it-error.aessages4-although typically th
it-error.aessages4-although typically they produceeither a VALUE or SYNTAX error.Anumberof debugging strategies were observed in theanalysis of the data.Themostcommonstrategywasthesystematicdecomposition of expressions, i.e., testing eachset of operations working from right to lett. Another commontechnique in debugging defined functions was to rebuildnewienctionsusing working parts of earlier functions. Varioustypes of "retry" behavior wereobservedquitefrequently.Themostcommononewassimplytoretypeexactly theexpression which produced the error to see ifitgeneratestheerroragain. Another "retry" behavior was to )CLEAE orsign-off and then start over again. This later approachwascommon for novice programmers.ConclusionsThedatapresented in the preceeding section is quitelimited in what it relb'eals about errors in APL. Itprovidesnodetailedinforsation on how each error type was caused,say in terms of particular operationsoralgorithms.More10
importantly,this data awes nut include logicerrors (whichgenerallydonotproduceerrormessages) .Because thecharacteristicsof thepiograsaerswasnot known (i.e.,Lneir experience) nor the nat
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              ure of the programmingproblem,the effect
ure of the programmingproblem,the effects oi these variables isnotknown.Finally,it---likely thattheerrors generate&t in a student prograamingenvironment would differ fromacommercialorprodnctionenvirontelA.Thedataaoes indicate that assignment errors (which-wold generate VALUE errors)are probablythe- mostcommontypeoferrorLadein APL as ia other languages. It alsoaipears that syntactic and semantic errorsare about equallyfrequent in APL. the data also reveals thatDEial errorsaremuchmorecotton than one would expect while RANK, DONAIN,LeNGH, and INDEX errors are lesscommon thananticipated,._althoughthepresentdatadoes not firmly establish thisconclusion. it seems possible that the syntacticcomplexityofAPLexpressions leads to more syntacticerrors than inotper languages., In so far as subscriptingisafrequentoperation,inAPL,it is interesting that INDEXerrors arenot morecommon(althougherrorsinsubscriptingcouldgeneraterankorlengtherrors).Themisunderstandingsassociated with the functiOnheaderindefinedfunctionsseemsaunique problem of AFL withoutan exact parallel inother languagesperhapssuggestinganeedforlanguagedesign changes.As
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              wellascontributing to a better understan
wellascontributing to a better understanding of
theprogrammingprocessandtheofcomputerlanguages,informationaboutprogramminghastwo m4jdepractical uses. The iirst use isintheteachingoftheprogramminglanguage.Foreiaiple, the present data on APLerrors, suggests that increased attention should be given tothe presentation ot assignmentandtheformoffunctionarguments.The second use is in the coding and debugging ofAPL proyrams.-Given a knowledge of thecostlikelyerrors,increasedeffort can be made during the coding and checkingof proyrams to prevent these problems. While atsomepointthe future we may have automatic correction of errors andprogramproving, at the present time, both of these uses ofinformatiOn on programming errors is of sole importance.12
REFEEPNCESBrown,A.1..Sampson,V.A.Programdebuduing:prevention and cure of program etrokS. 'New York: AseriCanElsevier, 1973.Cooke,J.E.&Bunt, P.P. Human errors in programaing: Theneedto 'studythe individual programmer. INFOR1975,296-307.Gould, J.D. Some pSychcaogical eiridence.on how peopledebug-coMputet-programs-. 'JournalNan4achine Studies ; 19754,71, 151A82.R.E._Diffetent___prOb
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              lea..4.oIving__:,coapetenciesestanlished
lea..4.oIving__:,coapetenciesestanlished in learningcomputer ipi;ograamingwithandmeaningful:models.Journ4 ofEducational10 *tit °litPsychology,1975 67 , 725-734:-Miller, L.A. Programming by non-programmers. Journal. of Ban-eachine Studies ,1974, 6 ,237,!260.:Saai, 11.J. & Reiss, Z. An elipiricai study ofAPLprograms.Computer Language , 1917, 247-59.SaCkwan,i.Nan-computerproblemsolving.NewYork:Auerbach, 1970.Shheiderman,B.deasuringcomputerprogramqualityandcOmprehension. Journal of tan-Machine Studies, 1977, 9,465-478.Youngs,E.A.Humanerrors in programming. Joninal of Man-,lagiAlag-Studies--19744-6-361-376-Weinberg, G.The psirchcilogiofcomputerprogramming.Mew1:Yort: Van NOstrand Reinhold, 1971.13
12V13-A- FIB[1314-B/AA!'0SYNTAX ERROR4[11A:AFIB 0SYNTAX ERRORFIB '0.AFigure la. An example_ of the same error for different reasons.)LOAD WS.WS NOT FOUND)LOADWS1INCORRECTCOMMAND)LOAD =WSSAVED 10:52:30 01101/78Figure lb.An example of tha same error producing-differenterror messages.14
kPL error frequencies.Total ErrorPercentage.Unction Execution113191.8-_VALUE,317-256'SYNTAX,314-.-25.4DEPk_217-1745aaRY137-11:1,--_DOi-X-IN:---LE 
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              N ciTa34,47.34----2-.7-Workspace- nanage
N ciTa34,47.34----2-.7-Workspace- nanagebient1068.2INCORRECT COREAND524.2W5- NOT -TOOND282.1NOT SA1ED90.7NOT- FOUND70.5WS -PULL50.4STACK PULL30-.2NOT COPIED20.1SYMBOL TABLE PULL20.11513
APPENORThiSreportispartofa-study of API:- ,programmingintended to .provide -the _foundation, for'copiputer, ;batted -APL-problemSolvinglaboratory. such a laboratory ,would Permitthee- studentWrite- -dna' -_ debug -or priig =ails Hadar =the`control-of-apowerful APLtutorial SySten.: -The -4anfordWasic instructional ,grogram .(8 1P) system_ prOvideS one :Modelofhowsuch a, systen can be -designed and what capabilities-The--kg---systelm, feature-3(a) a ionittired BASIC interpetertiiritt-eliwhichallowsthe instructional.,sifsten, complete inioreationabout.student.'eftTorTS:(b)acurricitium.InfatuationNetwork.(CIN)-which'deSoribesa.large-number Of-programming.-PrcibleitS- inter-ES of the basic skilLs4 involved: in each.-ProblemsforSointion:,__Are:_;Seleated:_from._-.1dIt using a 3aodel,, ofthe -Student- as ,preirieuS1 y:adgaired:(c) a .hint/helPOyStei- whichgives graphicandtextualaid during probleim Salving._Another.approachi-FTheITOOM,syste
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              it -which is a,table-driven diagnosticco
it -which is a,table-driven diagnosticcompiler/interpreter. CAPSresemblesbatchdiagnosticcompilers-(SUch,asiPL/C)-exceptthatinstead oftrying-torecoverElvadetected "errors,itreportserrors andattempts- to help- the student 'repair theninteractively .ec a use---C-A PI e -driventohaieGAPSvcikks, forall language to which tableisAt present_ tableS exist for-E*TRAII,-.an&-00BOL.TheCAPSsystemconsistsofan-edit-Aime and OnT_t-iice- =erroranalizer, an editoi,, a file Manager-, and the -error table aid-interpreter for each langOage. It also leatarea: aacoMmonmisconceptiontable": -whichcontains:information 'about-thelanguage which is a potential, trouble. spot and templates _forthe help to be proiiided_ if that -problen, arises.---IreegardlesS of Which approach is 'timed in the design ofa,problemsolving _labOta-ry,a, -considerable mountofdetailedinformation about -programming -error* in the targetlanguage.-Lust"be-tnown.--means a"reasonablycompletelistof the of the-skills involve_ d_ inlearning I.PL. Table 2 provides such a lint. ThiS:Viilllist-providesabaSiSfOrthe:Pragraiiiingr'PrObielin- to bethvelopeo and the concepts /proced
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              ures -to be taught. Italsoformsthe basis
ures -to be taught. Italsoformsthe basis for the deriiiatiOn of -a 'Set_ .o.t' errors- whichcould arise in learning or perietling, these 11.01. skills:. ThissRi of -error rules will be the next step in thedenelopaent.uf an API. 'prpgramaing' Laboratory.16
,-1.SimpleOperations11)Se arithMetia-priiitives.arithileticAapaii.tives.Use arithaeticprimitivesUse aritheitic priMitiveSTable 2Skills in APLalone (Scalars)im.combinationS-Astalarsyalone (Vectors)ih combinations (scalars)Sir tAle AsSigment A§calars and vectors)-sio-huMeric:staltiS:tto -Variables_Display nUmeric,Scalatsil-Pa§4-§4-1.011140-sca-larsASsigh-nuMeric vedtors.to variablesDisplay. nuietic WeCtors.1001.7#Assign literal-strings Avettors)o.varlablesOiSi4a1 4t4'14-144444s--3. SiMple Indexing. (Vectors)--Dlsplay-alrl-element6-ot-vector----Replace (reassign) selected elements ofvector4. :hireComplicated Assignmek4and IndexingAsSign mimetit:values to matricesDisplanuaeralues_in_matrides--Replace-numeric-values, in-matrides--Assign literal values= in matricesbisplay literal values in MatricesReplace literal values in matrices5.pure Complicated Operations.Numerj.cF
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              ind min/maxFind lloot/ceilingFina powers
ind min/maxFind lloot/ceilingFina powers/square rootsFind absolute value /residueFind combinations/factorialsGenerate_random_nuabersSort.in-ascending/descending orderSelection.Select using meibersnip/indexSelect using grade up/grade downSelect using take/drop.d.Select ,using compress/expandRestructuringkestructure using reshapeRestructure using catenateReStracture using laminate.Restructure using transposeRestructure using rotateRestructure using reverse
Relations.Compare numeric arrays using egualitieWimegualitiesCompare literal arrays,Using eguaiiiiet/imegUalities,Compare..numerit.,airalis-UsinTIOgiCal.----relations-Coitpare literal arrays using logiCal relations--Translation-Translate :number bases- using-encode /decodeTranslate data structures using execute/format5. Algorithmz-fIter eiecutiOhlirder usingparenthesesRewrite expressiont toremove parentheses-Write algorithm to coiputemeansWrite algorithm to do sortswrite algorithms-to produce graphs-Write -algoriths to do-text editingWrite algorithms for statistical functions'4..Defined= 'riinetiont?Unction Definition-Create and execute niladic functionCreat&-atd-W
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              adatewithout explicit resultCreate and e
adatewithout explicit resultCreate and execute-monadic-fanction-with.eiplicItresultCreate and execute-dyadic function withoutexplicit:resultCreate and-eXecute dyadic funCtion with explicitresultDisplay &Dispkal entire-function1d4iay'_teiitiateklinetBodify lines and displayDelete, lines- .and display-Insert lines and-displayAdd lines and displayBranching-Use Slash for unconditional .branch to line umberbse tiaticfcir-ConditiOnal brana-tbline,:nukberbEe slash- for-conditional-branCh-to-labelUse .arrow for conditional-branch to label__Use n -Way conditional" branchUse *imputed tTanch to line -number-teration1Build-single loop using-line nulbersBuild' single loop using labelSlaild nested loot*lemonstrate.recursion74Eliminate brandhing via structuredprogramingInput/OutputUte quad for inputUke-guadtor-outputUse -quOteguad.:for InputUse guote'"guad for ouput18
7. WorkspacesSave workspaceLoad workspaceCopy variables, functions frost workspaceCopy VariableS, functions fro'', public library.Cle.ar. workspace_Drop workspaceitenaae workspace using WS1DUse Lib, VAS, loNSChange printing -precisionChange page widthChange index or
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