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Many systemsusedin softwareengineeringandknowledgeengineeringusesome
sortof visualpresentation.Many researchersclaimnumerousbenefitsfor visualframe-
works.For example:

Whenwe usevisual expressionsas a meansof communication,there is
no needto learn computer-specificconceptsbeforehand,resulting in a
friendly computingenvironmentwhich enablesimmediateaccessto com-
putersevenfor computernon-specialistswhopursueapplication[8].

This casethat picturesassistin explaining complicatedknowledgeseemsseems
intuitively obvious. But is it correct? Otherwidely held intuitively obvious beliefs
havebeenfoundto beincorrect,andsometimesevenspectacularlyso:

� Galen’sincorrectdescriptionsof humanphysiologyweretreatedasvirtual gospel
for 1300yearsuntil oneup-startsurgeonhadthegall (punintended)to pick upa
scalpelandperformdissectionsfor himself(seeVersalius’DeHumaniCorporis
Fabrica,1543).

� In took six decadesbeforeempiricalstudies[14] demolishedthetraditionalpic-
tureof managersassystematicplanners.Thosestudiesfound that, in theusual
case,managerslackedthetime to besystematic.For example,thatstudyfound:

– Foremenwhoperformedonenew taskevery48secondsduringtheirentire
shifts;

– Managerswho workedfor half anhouror morewithout interruptiononly
onceevery two 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
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theoreticalstudiesandsmall scaleexperimentalstudiessuggestan inherentutility in
visual expressions.However, whenwe explore the availableexperimentalevidence,
wefind numerouscontradictoryresults.
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As a rough rule-of-thumb,a visual programmingsystemis a computersystem
whoseexecutioncanbe specifiedwithout scripting except for enteringunstructured
stringssuchasMonashUniversity BankingSocietyor simpleexpressionssuchasX
above7 . Visual representationshave beenusedfor many years(e.g. Venndiagrams)
andevencenturies(e.g.maps).Executablevisualrepresentations,however, haveonly
arisenwith theadventof thecomputer. With falling hardwarecosts,it hasbecomefea-
sibleto build andinteractively manipulateintricatevisualexpressionson thescreen.

More precisely, a non-visuallanguageis a one-dimensionalstreamof characters
while a VP systemusesat leasttwo dimensionsto representits constructs[3]. We
distinguishbetweena pureVPsystemanda visuallysupportedsystem:

PureVP systems: Thesemustsatisfytwo criteria.

1. Rule1: The systemmustexecute.That is, it is morethanjust a drawing
tool for softwareor screendesigns.

2. Rule2: The specificationof the programmustbe modifiablewithin the
system’s visual environment. In order to satisfy this secondcriteria, the
specificationof the executingprogrammustbe configurable. This mod-
ification mustbe more than just (e.g.) merelysettingnumericthreshold
parameters.

Visually supported: Most commercialVP systemssuchasVISUAL BASIC do not
satisfyrulesoneandtwo,yetoffer somegraphicalsupportsuchatreedescription
of theclasshierarchy. We call thesesystemsvisuallysupported, not pureVP.
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Many authorsarguethatVP systemsarea bettermethodfor usersto interactwith
a program. Greenet. al. [7] andMoher et.al. [15] summarizeclaimssuchthe above
quotefrom [8] as the superlativistposition; i.e. graphicalrepresentationsare inher-
ently superiorto textual representations.Both theGreenandMohergroupsarguethat
this claim is not supportedby the availableexperimentalevidence. Further, they ar-
gueagainstclaimsthatvisualexpressionsoffer a higherinformationaccessibility; for
example:

Picturesare superior to texts in a sensethat they are abstract, instantly
comprehensible, anduniversal. [8]

My own experiencewith studentsusingvisual systemsis that the visual environ-
mentis verymotivatingto students.Othershavehadthesameexperience:
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Theauthors reporton thefirst in a seriesof experimentsdesignedto test
the effectivenessof visual programmingfor instructionin subject-matter
concepts.Their general approach is to havethe studentsconstructmod-
els usingiconsand thenexecutethesemodels. In this case, they useda
seriesof visual labsfor computerarchitecture. Thetestsubjectswere un-
dergraduatecomputersciencemajors. Theexperimentalgroupperformed
thevisuallabs; thecontrol groupdid not. Theexperimentalgroupshowed
a positiveincreasein attitudetoward instructionallabsanda positivecor-
relationbetweenattitudetowardslabsandtestperformance. [22]

For anotherexampleof first yearstudentsbeingmotivatedby a VP language,see
[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
comprehendingsomeconceptualaspectof a program.If we extendtheconceptof VP
systemsto diagrammaticreasoningin general,thenwe canmake a casethat VP has
somesuchbenefits.Larkin andSimon[12] distinguishbetween:

� Sententialrepresentationswhosecontentsarestoredin a fixed sequence;e.g.
propositionsin a text.

� Diagrammaticrepresentationswhosecontentsareindexedby theirpositionona
2-D plane.

While thesetwo representationsmaycontainthesameinformation,theircomputational
efficiency may be different. Larkin andSimonpresenta rangeof problemsmodeled
in adiagrammaticandsententialrepresentationusingproductionrules.Severaleffects
werenoted:

� Perceptualease:Certainfeaturesaremoreeasilyextractedfrom diagramsthan
from sententialrepresentations.For example,adjacenttrianglesareeasyto find
visually, but requireapotentiallyelaboratesearchthrougha sententialrepresen-
tation.

� Locality aidssearch: Diagramscangrouptogetherrelatedconcepts.Diagram-
matic inferencecanusethe informationin thenearareaof thecurrentfocusto
solve currentproblems. Sententialrepresentationsmay storerelateditems in
separateareas,thusrequiringextensivesearchto link concepts.

A commoninternalrepresentationfor a VP systemsis onethatpreservesphysical
spatialrelationships.For example,Narayananet.al. [16] useGlasgow’s arrayrepre-
sentation[4] to reasonaboutdevice behaviors. In an array representation,physical
objectsaremappedinto a 2-D grid. Adjacency andcontainmentof objectscanbe in-
ferreddirectly from sucha representation.Inferenceenginescanthenbe augmented
with diagrammaticreasoningoperatorswhich executeover the array(e.g. boundary
following, rotation).
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Otherauthorshave arguethat diagramsareuseful for morethanjust spatialrea-
soning.Koedinger[11] arguedthatdiagramscansupportandoptimizereasoningsince
they canmodelwhole-partrelations.Kindfield [10] studiedhow diagramusedchanges
with expertiselevel. Accordingto Kindfield, diagramsarelikeatemporaryswapspace
whichwe canuseto storeconceptsthat:

� Don’t fit into our headright now and...

� Canbeswappedin rapidly; i.e. with a singleglance.

Goel [6] studiedtheuseof ill-structureddiagramsat variousphasesof theprocessof
design. In a well-structureddiagram(e.g. a picture of a chessboard),eachvisual
elementclearly denotesonething of oneclassonly. In a ill-structureddiagram(e.g.
an impressionisticcharcoalsketch),thedenotationandtypeof eachvisualelementis
ambiguous.In theGoelstudy, subjectsexplored

� preliminarydesign,

� designrefinement,and

� designdetailing

usingawell-structureddiagrammingtool (MacDraw) andaill-structureddiagramming
tool (freehandsketchesusingpencil andpaper). Free-handsketcheswould generate
many variants. However, the well-structuredtool seemedto inhibit new ideasrather
thanhelporganizethem.Oncesomethingwasrecordedin MacDraw, thatwastheend
of theevolutionof thatidea.

Onegetsthefeelingthatall theworkis beingdoneinternallyandrecorded
after thefact,presumablybecausetheexternalsymbolsystem(MacDraw)
cannotsupportsuch operations.[6]

Goelfoundthatill-structuredtoolsgeneratedmoredesignvariants(i.e. moredraw-
ings,moreideas,moreuseof old ideas)thanwell-structuredtools.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 finalizethedesign.
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It is not clearwhich of theabove advantagesapply to generalsoftwareor knowl-
edgeengineering. Many software engineeringor knowledgeengineeringproblems
are not naturally two-dimensional. For example, while we write down an entity-
relationshipdiagramontheplaneof apieceof paper, theinferenceswecandraw from
thatdiagramarenot dependenton thephysicalpositionof (e.g.)anentity.

In termsof theill-structured/well-structureddivision,theVP toolsI haveseenin the
SE/KEfield areall well-structuredtools.Thatis, they arelesssuitedto brain-storming
thanproducingthefinal product.

JarvenpaaandDickson(hereafter, JD) reportaninterestingpatternin theVP liter-
ature[9]. In their literaturereview on theuseof graphicsfor supportingdecisionmak-
ing, they find that mostof the proponentsof graphicshave never testedtheir claims.
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Further, whenthosetestsareperformed,theresultsarecontradictoryandinconclusive.
For example:

� JDcite11publicationsarguingfor thesuperiorityof graphicsover tablesfor the
purposesof elementarydataoperations(e.g. showing deviations,summarizing
data).Noneof thesepublicationstestedtheir claims.Suchtestswereperformed
by 13 otherpublicationswhich concludedthatgraphicswerebetterthantables
(37.5percent),the sameastables(25 percent),or worsethantables(37.5per-
cent)

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

Similarcontradictoryresultscanbefoundin thestudyof control-flow anddata-flow
systems.

� Theutility of flowchartsfor improving programcomprehension,debugging,and
extensibility wasstudiedby Shneiderman[19]. Shneidermanfound no differ-
encein theperformanceof thesubjectsusing/notusingcontrol-flow diagrams.

� Ontheotherhand,recentresultshavebeenmorepositive [18].

� Studieshave reportedthat Petri netsare comparatively worseas specification
languageswhencomparedto pseudo-code[1] or E-Rdiagrams[20].

� On the other hand,anotherstudy suggeststhat Petri netsare betterthan E-R
diagramsfor themaintenanceof largeexpertsystems[20].

Given theseconflicting results,all thatcanconcludeat this time is that the utility
of control-flow or data-flow visualexpressionsareanopenissue.

In otherstudies,theGreengroupexploredtwo issues:superlativism andinforma-
tion accessibility(definedabove). Subjectsattemptedsomecomprehensiontaskusing
both visual expressionsandtextual expressionsof a language.The Greengroupre-
jectedthe superlativism hypothesiswhenthey found that taskstook longerusingthe
graphicalexpressionsthanthetextual expressions.TheGreengroupalsorejectedthe
informationaccessibilityhypothesiswhenthey found that noviceshadmore trouble
readingthe informationin their visualexpressionsthanexperts.That is, the informa-
tion in adiagramnot instantlycomprehensibleanduniversal. Rather, suchinformation
canonly beaccessedaftera trainingprocess.

TheMohergroupperformedasimilarstudyto theGreengroup.In part,theMoher
studyusedthesamestimulusprogramsandquestiontext astheGreengroup.Whereas
the Greengroupusedthe LABVIEW data-flow system,the Moher groupusedPetri
nets.Theresultsof theMohergroupechoedtheresultsof theGreengroup. Subjects
wereshown threevariantson a basicPetri net formalism. In no instancedid these
graphicallanguagesoutperformtheir textual counterparts.
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The Moher group cautionagainstmaking an alternative superlativism claim for
text; i.e. text is betterthangraphics.Both theMoherandGreengroupsdistinguished
betweensequentialprogrammingexpressionssuchasadecisiontrueandcircumstantial
programmingexpressionssuchasa backward-chainingproductionrule. Both sequen-
tial andcircumstantialprogramscanbeexpressedtextual andgraphically. TheMoher
groupcommentsthat:

Not only is no single representationbest for all kinds of programs,no
singlerepresentationis ... bestfor all tasksinvolving thesameprogram.
[15]

Sequentialprogramsare useful for reasoningforwardsto perform taskssuchas
prediction. Circumstantialprogramsareoutput-indexed; i.e. the thing you want to
achieve is accessibleseparatelyto the methodof achieving it. Hence,they arebest
usedfor hypothesis-driventaskssuchasdebugging.
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Thecoreof thecasefor VP is somethinglikeVP letsusexplain theinnerworkings
of a systemat a glance.This sectionexploresthe issueof VP andexplanationusing
theBALSA system.

In theBALSA animatorsystem[2], studentscan(e.g.)contrastthevarioussorting
algorithmsby watchingthemin action. Note thatanimationis morethanjust tracing
theexecutionof aprogram.Animatorsaimto explain theinnerworkingsof aprogram.
Extraexplanatoryconstructsmaybeneededon top of theprogrammingprimitivesof
that system.For example,whenBALSA animatesdifferentsortingroutines,special
visualizationsareofferedfor arraysof numbersandthe relative sizesof adjacenten-
tries.

Animatorslike BALSA may or may not be pureVP systems.BALSA doesnot
allow theuserto modify thespecificationof theanimation.To dosorequiresextensive
textual authoringby the developer. BALSA thereforedoesnot satisfy the Rule 2 of
pureVP system(definedabove).

Onedrawbackwith theBALSA systemis thatitsexplanationsmustbehand-crafted
for eachtask. Generalprinciplesfor explanationsystemsarewidely discussedin AI.
Wick andThompson[21] reportthatthecurrentview of explanationis moreelaborate
thanmerelyprint the rules that fired or the how andwhy queriesof traditional rule-
basedexpertsystems.Explanationis now viewedasaninferenceprocedurein its own
right ratherthana pretty-printof somefiltered traceof the proof tree. In the current
view, explanationsshouldbecustomizedto theuserandthetaskathand.For example:

� Paris [17] describesanexplanationalgorithmthatswitchesfrom process-based
explanationsto parts-basedexplanationswhenevertheexplanationprocedureen-
tersa regionwhich theuseris familiarwith.

� Leake [13] selectswhat to show the userusingeight runtimealgorithms. For
example,whenthe goal of the explanationis to minimize undesirableeffects,
the selectedstructuresareany pre-conditionsto anomaloussituations.Leake’s
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explanationalgorithmsrequirebothacacheof prior explanationsand(likeParis)
anactiveusermodel.

Summarizingthe work of Wick andThompson,Leake, andParis, I diagnosisthe
reasonfor thelack of generalityin BALSA’s explanationsystemasfollows. BALSA’s
explanationsystemswerehardto maintainsinceBALSA lacked:

1. Theability to generatemultiple possibleexplanations;

2. An explicit usermodel

3. A library of prior explanations;

4. A mechanismfor using(2) and(3) to selectively filter (1) accordingto who is
viewing thesystem.

Q8�SR8��454:,F	#T

Onthepositiveside,we haveseenthat:

� Visualsystemsaremoremotivatingfor beginnersthantextualsystems.

� In thecaseof spatialreasoningproblems,a picturemayindeedbeworth 10,000
words[12]. Given some2-D representationof a problem(e.g. an arrayrepre-
sentation),spatialreasoningcanmakecertaininferencesverycheaply.

� Also, ill-structureddiagrammingtools area very usefultool for brainstorming
ideas.

On thenegative side,beyondtheabove threespecificclaims,thegeneralsuperla-
tivist casefor VP improving SEandKE tasksis notvery strong:

� Many softwareengineeringandknowledgeengineeringproblemsarenot inher-
ently spatial.

� Most of the VP systemsI am awareof do not supportGoel’s ill-structuredap-
proachto brainstorming.

� The JD researchsuggeststhat claimsof the efficacy of VP systemshave been
poorly documented.

� TheMoherandGreengroupsarguethatVP evaluationscannotbemadein iso-
lation to thetaskof thesystembeingstudied.

� Lastly, adiagrammaynotnecessarilysupportinformationaccessibilityfor knowl-
edge. A good explanationdevice requiresfar more than impressive graphics
(recalltheBALSA casestudy).
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