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1. Introduction

Many systemausedin softwareengineeringandknowledgeengineeringisesome
sortof visualpresentationMany researcherslaimnumerouenefitfor visualframe-

works. For example:

Whenwe usevisual expressionsas a meansof communicationthere is
no needto learn computerspecificconceptsheforehand, resultingin a
friendly computingervironmentwhich enablesmmediateaccesg4o com-
puters evenfor computemon-specialistsvho pursueapplication[8].

This casethat picturesassistin explaining complicatedknowledgeseemsseems
intuitively obvious. But is it correct? Otherwidely held intuitively obvious beliefs
have beenfoundto beincorrect,andsometimesvenspectacularlyso:

e Galensincorrectdescription®f humanphysiologyweretreatecasvirtual gospel
for 1300yearsuntil oneup-startsurgeonhadthegall (punintended)o pick upa
scalpelandperformdissectiongor himself(seeVersalius’De HumaniCorporis
Fabrica, 1543).

¢ In took six decadebeforeempiricalstudieg14] demolishedhetraditionalpic-
ture of managerassystematigplanners.Thosestudiesfoundthat, in the usual
casemanagersackedthetime to be systematicFor example thatstudyfound:

— Foremenwho performedonenew taskevery 48 secondsluringtheir entire
shifts;

— Managersvho workedfor half anhour or morewithout interruptiononly
onceeverytwo days.

Clearly, pre-experimentalintuitions mustbe verified, not matterhow compelling
they mayseem.Thisarticletakesacritical look attheavailableevidenceontheefficacy
of visual programming(VP) systems. After an introductionto VP, we will review



theoreticalstudiesand small scaleexperimentalstudiessuggestn inherentutility in
visual expressions.However, whenwe explore the available experimentalevidence,
we find numerouscontradictoryresults.

2. A (Brief) Introduction to Visual Programming

As a rough rule-of-thumb, a visual programmingsystemis a computersystem
whoseexecutioncan be specifiedwithout scripting exceptfor enteringunstructured
stringssuchas MonashUniversity Banking Societyor simple expressionsuchas X
above7 . Visualrepresentationsave beenusedfor mary years(e.g. Venndiagrams)
andevencenturiege.g. maps).Executablevisual representation$owever, have only
arisenwith theadwentof the computer With falling hardwarecostst hasbecomdea-
sibleto build andinteractively manipulatantricatevisual expression®n thescreen.

More precisely a non-visuallanguages a one-dimensionastreamof characters
while a VP systemusesat leasttwo dimensionsto representits constructg3]. We
distinguishbetweera pure VP systemanda visually supportedsystem:

Pure VP systems: Thesemustsatisfytwo criteria.

1. Rulel: Thesystemmustexecute. Thatis, it is morethanjusta drawing
tool for softwareor screerndesigns.

2. Rule2: The specificationof the programmustbe modifiablewithin the
systems visual ervironment. In orderto satisfy this secondcriteria, the
specificationof the executingprogrammustbe configurable. This mod-
ification mustbe morethanjust (e.g.) merely settingnumericthreshold
parameters.

Visually supported: Most commercialVP systemssuchasVISUAL BASIC do not
satisfyrulesoneandtwo, yetoffer somegraphicakupporisuchatreedescription
of theclasshierarchy We call thesesystemsvisually supportednot pure VP.

3. Arguments for the Advantages of VP

Many authorsarguethatVP systemsarea bettermethodfor usersto interactwith
aprogram. Greenet. al. [7] andMoher et.al.[15] summarizeclaimssuchthe above
quotefrom [8] asthe superlativistposition i.e. graphicalrepresentationareinher
ently superiorto textual representationBoth the GreenandMohergroupsarguethat
this claim is not supportedby the available experimentalevidence. Further they ar-

gueagainstclaimsthatvisual expression®ffer a higherinformationaccessibility for
example:

Picturesare superiorto textsin a sensethat they are abstact, instantly
compehensibleanduniversal.[8]

My own experiencewith studentausingvisual systemds thatthe visual erviron-
mentis very motivatingto studentsOthershave hadthe sameexperience:



Theauthors reporton the firstin a seriesof experimentsdesignedo test
the effectivenes®f visual programmingfor instructionin subject-matter
concepts.Their geneal appmad is to havethe studentsconstructmod-
els usingiconsand then executethesemodels. In this case they useda
seriesof visuallabsfor computerarchitectue. Thetestsubjectavere un-
demraduatecomputersciencemajors. Theexperimentagroupperformed
thevisuallabs; thecontmol groupdid not. Theexperimentagroup showed
a positiveincreasein attitudetoward instructionallabsanda positivecor-
relationbetweerattitudetowardslabs andtestperformance[22]

For anotherexampleof first yearstudentdeingmotivatedby a VP languagesee
[5] (p18-19). However, merely motivating the studentsis only half the task of an
educator Apart from motivating the students educatorsalso needto train students
in the generalconceptsthat can be appliedin different circumstances.The crucial
casefor evaluatingVP systemsis that VP systemsimprove or simplify the task of
comprehendingomeconceptuabspecbf aprogram.If we extendthe conceptof VP
systemgo diagrammatiaeasoningn general thenwe canmalke a casethat VP has
somesuchbenefits Larkin andSimon[12] distinguishbetween:

¢ Sententialrepresentationsvhosecontentsare storedin a fixed sequenceg.g.
propositiondn atext.

¢ Diagrammaticrepresentationsvhosecontentsareindexedby their positionona
2-D plane.

While thesawo representationsiaycontainthesameanformation,their computational
efficiency may be different. Larkin and Simon presenta rangeof problemsmodeled
in adiagrammati@andsententiatepresentationsingproductionrules. Several effects
werenoted:

e Perceptualease:Certainfeaturesaremoreeasilyextractedfrom diagramghan
from sententiarepresentationg-or example,adjacentrianglesare easyto find
visually, but requirea potentiallyelaboratesearchthrougha sententiatepresen-
tation.

e Locality aids search: Diagramscangrouptogethemrelatedconcepts.Diagram-
matic inferencecanusethe informationin the nearareaof the currentfocusto
solve currentproblems. Sententialrepresentationgnay storerelateditemsin
separat@reasthusrequiringextensive searcho link concepts.

A commoninternalrepresentatiofor a VP systemsds onethat preseresphysical
spatialrelationships.For example,Narayanaret.al.[16] useGlasgav’'s array repre-
sentation[4] to reasonaboutdevice behaiors. In an array representationphysical
objectsaremappednto a 2-D grid. Adjaceny andcontainmenbf objectscanbein-
ferreddirectly from sucha representationinferenceenginescanthenbe augmented
with diagrammatiaeasoningoperatorswvhich executeover the array (e.g. boundary
following, rotation).



Otherauthorshave arguethat diagramsare usefulfor more thanjust spatialrea-
soning.Koedingef[11] arguedthatdiagramscansupportandoptimizereasoningsince
they canmodelwhole-partrelations.Kindfield [10] studiedhow diagramusedchanges
with expertiselevel. Accordingto Kindfield, diagramsarelik e atemporaryswap space
whichwe canuseto storeconceptghat:

e Don'tfit into our headright now and...
e Canbeswappedn rapidly;i.e. with asingleglance.

Goel[6] studiedthe useof ill-structureddiagramsat variousphasef the processof
design. In a well-structureddiagram(e.g. a picture of a chessboard),eachvisual
elementclearly denotesonething of oneclassonly. In aill-structureddiagram(e.g.
animpressionisticharcoalsketch),the denotatiorandtype of eachvisual elements
ambiguousIn the Goelstudy subjectsxplored

e preliminarydesign,
¢ designrefinementand
¢ designdetailing

usingawell-structureddiagrammingool (MacDraw) andaill-structureddiagramming
tool (freehandsketchesusing pencil and paper). Free-handsketcheswould generate
mary variants. However, the well-structuredtool seemedo inhibit new ideasrather

thanhelporganizethem. Oncesomethingvasrecordedn MacDraw, thatwastheend

of theevolution of thatidea.

Onegetsthefeelingthatall theworkis beingdoneinternallyandrecoded
afterthefact, presumablypecauseheexternalsymbolsystenm{MacDraw)
cannotsupportsud operations.[6]

Goelfoundthatill-structuredtoolsgeneratedanoredesigrnvariants(i.e. moredraw-
ings,moreideasmoreuseof old ideas)thanwell-structuredools. We make two con-
clusionsfrom Goel's work. Firstly, at leastfor the preliminarydesign,ill-structured
tools are better Secondly after the brain-stormingprocessis over, well-structured
toolscanbeusedto finalizethe design.

4. Evaluating the Arguments for VP

It is not clearwhich of the above advantagespply to generalsoftware or knowl-
edgeengineering. Many software engineeringor knowledge engineeringproblems
are not naturally two-dimensional. For example, while we write down an entity-
relationshipdiagramon the planeof a pieceof papertheinferenceswe candraw from
thatdiagramarenot dependentn the physicalpositionof (e.g.) anentity.

In termsof theill-structured/well-structuredivision,theVVP tools| have seenn the
SE/KEfield areall well-structuredools. Thatis, they arelesssuitedto brain-storming
thanproducingthefinal product.

JanenpaaandDickson(hereafterJD) reportaninterestingpatternin the VP liter-
ature[9]. In theirliteraturereview on the useof graphicsfor supportingdecisionmak-
ing, they find that mostof the proponentf graphicshave never testedtheir claims.



Further whenthosetestsareperformedtheresultsarecontradictoryandinconclusve.
For example:

¢ JDcite 11 publicationsarguingfor the superiorityof graphicsover tablesfor the
purposef elementarydataoperationge.g. showving deviations,summarizing
data).Noneof thesepublicationstestedtheir claims. Suchtestswereperformed
by 13 otherpublicationswhich concludedhat graphicswere betterthantables
(37.5percent) the sameastables(25 percent),or worsethantables(37.5 per
cent)

¢ JD cite 11 publicationsarguing for the superiorityof graphicsover tablesfor
the purposef decisionmaking (e.g. forecasting planning,problemfinding).
Noneof thesepublicationstestedtheir claims. Suchtestswereperformedby 14
otherpaperswhich concludedthat graphswere betterthantables(27 percent),
thesameastables(46 percent)or worsethantables(27 percent).

Similar contradictoryresultscanbefoundin thestudyof control-flov anddata-flav
systems.

e Theutility of flowchartsfor improving programcomprehensiorgehugging,and
extensibility was studiedby Shneidermari19]. Shneidermarfound no differ-
encein the performancef the subjectaising/notusingcontrol-flov diagrams.

e Ontheotherhand recentresultshave beenmorepositive [18].

¢ Studieshave reportedthat Petri netsare comparatrely worse as specification
languagesvhencomparedo pseudo-codgl] or E-R diagramd20].

¢ On the other hand, anotherstudy suggestghat Petri netsare betterthan E-R
diagramdor the maintenancef large expertsystemg20].

Giventheseconflicting results,all thatcanconcludeat this time is thatthe utility
of control-flow or data-flav visualexpressionsareanopenissue.

In otherstudiesthe Greengroupexploredtwo issues:superlatvism andinforma-
tion accessibility(definedabove). Subjectsattemptedsomecomprehensiotaskusing
both visual expressionsandtextual expressionf a language.The Greengroupre-
jectedthe superlatvism hypothesisvhenthey found that taskstook longerusingthe
graphicalexpressionghanthe textual expressions.The Greengroupalsorejectedthe
information accessibilityhypothesiswvhenthey found that noviceshad more trouble
readingthe informationin their visual expressionghanexperts. Thatis, theinforma-
tion in adiagramnotinstantlycompehensibleanduniversal. Rathersuchinformation
canonly beaccessedfteratrainingprocess.

TheMohergroupperformeda similar studyto the Greengroup. In part,the Moher
studyusedthe samestimulusprogramsandquestiortext asthe Greengroup. Whereas
the Greengroup usedthe LABVIEW data-flav system,the Moher group usedPetri
nets. Theresultsof the Moher groupechoedhe resultsof the Greengroup. Subjects
were shawvn threevariantson a basicPetri net formalism. In no instancedid these
graphicallanguagesutperformtheir textual counterparts.



The Moher group cautionagainstmaking an alternatve superlatvism claim for
text; i.e. text is betterthangraphics.Both the Moher and Greengroupsdistinguished
betweersequentiaprogrammingxpressionsuchasadecisiontrueandcircumstantial
programmingexpressionsuchasa backward-chainingoroductionrule. Both sequen-
tial andcircumstantiabrogramscanbe expressedextual andgraphically The Moher
groupcommentghat:

Not only is no single representationbestfor all kinds of programs, no
singlerepresentatioris ... bestfor all tasksinvolving the sameprogram.
(15]

Sequentialprogramsare useful for reasoningforwardsto performtaskssuchas
prediction. Circumstantialprogramsare output-indexed; i.e. the thing you want to
achieve is accessibleseparatelyto the methodof achiesing it. Hence,they arebest
usedfor hypothesis-drientaskssuchasdetugging.

5. VP as Explanation

Thecoreof the casefor VP is somethindik e VP letsusexplain theinnerworkings
of a systemat a glance. This sectionexploresthe issueof VP andexplanationusing
the BALSA system.

In the BALSA animatorsystem[2], studentcan(e.g.) contrasthevarioussorting
algorithmsby watchingthemin action. Note thatanimationis morethanjust tracing
theexecutionof aprogram.Animatorsaimto explain theinnerworkingsof aprogram.
Extraexplanatoryconstructamay be needecdbn top of the programmingprimitivesof
that system. For example,when BALSA animatedifferentsorting routines,special
visualizationsare offeredfor arraysof numbersandthe relative sizesof adjacenten-
tries.

Animatorslike BALSA may or may not be pure VP systems.BALSA doesnot
allow the userto modify the specificatiorof theanimation.To do sorequiresextensie
textual authoringby the developer BALSA thereforedoesnot satisfy the Rule 2 of
pureVP system(definedabove).

Onedrawbackwith theBALSA systenis thatits explanationsnustbehand-crafted
for eachtask. Generalprinciplesfor explanationsystemsarewidely discussedn Al.
Wick andThompsor{21] reportthatthe currentview of explanationis moreelaborate
thanmerelyprint the rules that fired or the how and why queriesof traditional rule-
basedexpertsystemsExplanationis now viewedasaninferenceproceduren its own
right ratherthana pretty-printof somefiltered traceof the proof tree. In the current
view, explanationsshouldbe customizedo theuserandthetaskat hand.For example:

e Paris[17] describesan explanationalgorithmthat switchesfrom process-based
explanationdo parts-basedxplanationsvhenevertheexplanationprocedureen-
tersaregion which the useris familiar with.

e Leake [13] selectswhatto showv the userusing eight runtime algorithms. For
example,whenthe goal of the explanationis to minimize undesirable=ffects,
the selectedstructuresareary pre-conditiongo anomaloussituations.Leake’s



explanationalgorithmsrequirebothacacheof prior explanationsand(lik e Paris)
anactive usermodel.

Summarizingthe work of Wick andThompsonl eake, andParis, | diagnosisthe
reasorfor thelack of generalityin BALSA's explanationsystemasfollows. BALSA's
explanationsystemsverehardto maintainsinceBALSA lacked:

1.
2.
3.
4.

6.

Theability to generatanultiple possibleexplanations;
An explicit usermodel
A library of prior explanations;

A mechanisnfor using(2) and(3) to selectvely filter (1) accordingto who is
viewing the system.

Summary

Onthe positive side,we have seerthat:

Visual systemsaremoremotivatingfor beginnersthantextual systems.

In the caseof spatialreasoningproblemsa picturemayindeedbe worth 10,000
words[12]. Givensome2-D representatioof a problem(e.g. anarrayrepre-
sentation)spatialreasoningcanmalke certaininferencesery cheaply

Also, ill-structureddiagrammingtools are a very usefultool for brainstorming
ideas.

On the negative side,beyondthe above threespecificclaims, the generalsuperla-
tivist casefor VP improving SEandKE tasksis notvery strong:

Many softwareengineeringandknowledgeengineeringoroblemsarenotinher
ently spatial.

Most of the VP systemd am aware of do not supportGoel’s ill-structuredap-
proachto brainstorming.

The JD researctsuggestshat claims of the efficacy of VP systemshave been
poorly documented.

The MoherandGreengroupsarguethat VP evaluationscannotbe madein iso-
lation to thetaskof the systembeingstudied.

Lastly, adiagrammaynotnecessarilgupporinformationaccessibilityfor knowl-
edge. A good explanationdevice requiresfar more than impressve graphics
(recallthe BALSA casestudy).
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