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Abstract

Complex problem solving typically involves the
generatiorof a procedureconsistingof anordered
sequenceof steps. Analogical reasoningis one
stratgyy for solving complex problems,andvisual

reasoningis another Visual analogiespertainto

analogiedasedonly on visualknowledge. In this

paper we describethe useof Galateaa computa-
tional model of visual analogiesn problemsolv-

ing, to modelthe problemsolving of a humansub-
ject (L14). L14 wasa giventhe taskof solving a
comple problemusing analogyin a domainthat
containedboth visual and non-visualknowledge,
andwasencouragedo usevisualanalogy We de-
scribehow Galateanodeld_14'suseof visualanal-
ogyin problemsolving.

1 Introduction

Complex problemsolving typically involvesthe generation
of a procedureconsistingof a strongly-orderedequencef
steps. Theseproceduresave two importantproperties: 1)
the procedurecontainstwo or moresteps,and2) somesteps
cannoteexecutedbeforesomeotherstepshave alreadybeen
executed.Analogicalreasonings onestratgy humansoften
useto solve complex problems.Analogicalproblemsolving
takesa solutionfrom a sourceanalogandappliessomever-
sion of thatsolutionto a targetproblem. Visualreasonings
anotherstratggy humanssometimesuseto addresscomplex
problems.

We have usedGalateado modeldataon problemsolvingby
severalhumansubjects.This datawascollectedin a pyscho-
logical experimentrun by Dr. David Craig. In this experi-
ment, the humanparticipantsweregiven the taskof solving
acomple problemusinganalogyin adomainthatcontained
bothvisualandnon-visualkknowledge,andwereencouraged
to usevisualanalogyin their problemsolving. In this paper
we describehow Galateamodelsone participants (L14’s)
useof visual analogyin problemsolving. In the interestof
spacewe referyou to [DaviesandGoel, 2001] for informa-
tion aboutthe Galateanodellinglanguage.

2 TheGalateaModel of L14

Galateass intendedto be a partial cognitive model of visual
analogicatransferin humanbeings.To supporiGalateawith
respectto its psychologicalplausibility we modelledsome
of thevisualaspect®f four experimentaparticipants'drav-
ings,oneof whichwe will describan detailin this paper

Dr. David Craigran 34 participantsn ananalogicatrans-
fer experiment{Craigetal., 2004. Participantswereshowvn
aproblem-solvingsolutionaboutalaboratorypresentedvith
text anda diagram. They wereasled to solve ananalogous
problemwith a weed-trimmey presentedvith text only. Of
these 17 participantgin threeconditions)correctlydescribed
theanalogousolution.All participantsvereaslkedto draw a
diagramto illustratetheir suggestedolutions.

The sourcegivenwasa laboratorycleanroomproblem.A
singledoorletsin dirty air, soa vestitule is addedwith two
doorswhereonedoor stayedshutwhile the otherwasopen.
Thetargetproblemis aweedtrimmerarmattachedo atruck
thatmustbeableto pasghroughstreetsigns. Theanalogous
solutionis to designan armwith two latchingdoors,sothat
while oneis opento let thesignpasstheotherstaysclosedto
supporthearmandtrimmer. Participantgproducedliagrams
describingtheir solutionsto the problems.We modelledfour
of theseexperimentalparticipantan Galateaone of which,
L14,we will describdn detail.

Werepresentethesourceanalogasaserieof s- i nages
connectedvith t r ansf or mat i ons. Seethetop of Figure
2 for anabstracdiagramof our Galateamodelof the source
analog.

Thefirstt ransformati onisrepli cate. Thesec-
ond transformation is add- connecti ons which
places the door sets in the correct position in rela-
tion to the top and bottom walls.  The third and
fourtht r ansf or mat i ons areadd- conponent , which
add the top and bottom containmentwalls. The fifth
transf or mat i on, anotheradd- connect i ons, places
thesecontainmentvalls in the correctpositionsin relationto
thedoorsetsandthetop andbottomwalls.

2.1 Evaluation

We cannow examinewhatmadel. 14 differ from thestimulus
drawing: long vestihule, rotation, line to doubleline, sliding
doors,addedobjectsnumericdimensionaddedandmecha-
nismsadded.Of theseserendifferencespur modelsuccess-



In the space below, try to design a weed-trimmer pole that can pass through sign posts. Draw a diagram

io illustrate what yoi're thinking.
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Figurel: Thesourcedatafor L14. Thedraving abore andhandwrittentext arewhat participant.14 producedn the experi-

mentsheet.
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Figure2: Theimplementatiorof L14. Thetop seriesof s- i mages representshe sourceanalog(the lab problem)andthe
bottomserieshetarget. Therearesix s- i nages for thefivet r ansf or mat i ons.

fully re-create$our of them,all throughmanipulationof the
inputknowledgeandby addingtransformationsThatis, the
sourceGalateacodedid not needto bechanged.

Unaccountedor arethetwo bentlinesemeging from the
vestilule on theleft side,the numericdimensionandwords
describinghe mechanismAlso, L14 shovs oneof thedoors
retracting,andthe modeldoesnot. The modelalsofails to
capturethedoubleline usedto connecthe doorsectionspe-
causethe singleline is transferredwithout adaptatiorfrom
thesource.This could befixed, perhapshy representinghe
argumentto the add- conponent asa function referring
to whatever elementis usedto represenainothemwall, rather
thanasal i ne.

3 Conclusion

Ourinitial view wasthatvisualknowledgefacilitatestransfer
evenwhennon-visuaknowledgemightbe available.In con-
clusion,the evaluationsupporteahis andresultedn oneun-
expecteddiscovery, for atotal of two claims: Claim one: Vi-

sual knowledge facilitates transfer even when non-visual

knowledge might be available. L14’s datais anexampleof

a cross-domairanalogicalproblemsolving that could have
beenrepresentedoth non-visuallyand visually. Our im-

plementedmodel of L14 usesonly visual knowledge. The
level of abstractiorof the visual symbolsin Covlan allows
the cross-domainransferof problem-solvingstepsto occur

supportingour hypothesis Furtherit shavs thatGalateacan
accounfor humanparticipantdata.

Claim two: The successful transfer of strongly-ordered
proceduresin which new objects are created requiresthe
reasoner to generate intermediate knowledge states and
mappings between the intermediate knowledge states of
the source and tar get analogs. In the courseof creatingthis
model,we discoreredsomethingaboutanalogicakransferin
general: A characteristioof strongly-orderedoroceduress
thatcomponentsf the problemarecreatedby theoperations,
andthesecomponentsireactedon by lateroperations.

Our model shavs how this might work for humancog-
nition: The doorway is replicated then moved, thensealed
with containingwalls. For thetransferof multi-step strongly-
orderedprocedurest wasnecessaryor Galateato generate
intermediat&knowledgestatesandmappings.
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