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Abstract

An important problemin the integrationof vision

and language is comprehending explanatory
diagrams, such as those found in science and
engineering textbooks. One class of diagrams,
which we call juxtaposition diagrams, illustrate a
physical principle by comparing two similar
situationsthatvary in a carefully chosenway. This

paper describes research in progress on a

computational model, JUXTA, which analyzes
juxtaposition diagrams. JUXTA performs its

analysisby finding the interestingdifferencesin a

figure, and then relating those differences to

differencesstatedin the diagramcaption. By using
the visible differencesin the figure as reference
points for the qualitative relationshipgiven in the

caption, JUXTA is able to intelligently label the

relevantpartsof the figure. JUXTA also critiques
the figure for understandability, warning of

differencesin the figure which may confuse the

reader,and noting visible differencesin the figure

which are irrelevant and may be removed.

1. Introduction

An importantproblemin integratingvision and language
is understandingliagrams. Diagramsare heavily usedin

explanatorymaterialsto provide concreteexamplesthat
facilitate the understanding of new principles.
Understandinga diagram involves figuring out how the
idea communicatedoy the text is embodiedin the visual
propertiesof the diagram. In Figure 1, for instance,the
relationshipbetweenthe thicknessof a bar andits thermal
conductanceis illustrated by differences between two

similar situations. In these situations, most of the
propertieson the left and the right are visually the same
(and hencewe surmisethat they are physically the same)
exceptthat the bar on the left is thicker, and water is
dripping off the ice cube on the left more quickly (as
indicated by a greater volume of drop3he caption,while
drawing attentionto the visible differencesbetweenthe

situations,also confirms that the samecausalmechanism
(i.e. heatflow) operatesin both, and indicateshow the
visible differencesare causallyrelated.We call diagrams
suchasthesejuxtaposition diagrams. They are commonly
used in science and engineertegts. This paperdescribes
work in progresson a computationalmodel, JUXTA?, for
comprehending such diagrams.

Thick Bar Conducts More Heat

Figurel: Figure fromSun Up to Sun Down [Buckley, 1979].

This researchs taking placein the largercontextof a
projectto createa cognitive model of large-scaldearning,
specifically,a modelof the kinds of conceptuathangethat
occurwhensomeondearnsfrom readinga popularscience
book [Forbus and Gentner,1991]. Such books typically

! JUXTA stands for Juxtaposition Understanding and eXplanation
Through Analogy.
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describe physical phenomenain qualitative terms, to

provide both a working knowledgeof an areaand to the
background needed for more technical training in éheé.
Suchbooksusediagramsheavily. Our major sourcetext,

Sun Up Sun Down [Buckley, 1979], containsapproximately
one diagram per page. Furthermore, many of these
diagramsare juxtaposition diagrams(e.g., 17 out of 28

diagrams in three introductory chapters). Thus in

modeling the integration of languageand vision usedto

understandjuxtaposition diagrams, we are taking an
important step toward our larger task of modeling large-
scale learning.

A keyideain our accountof juxtapositiondiagramsis
the concept of alignable differences [Gentner and
Markman,1994]. An alignabledifferenceis a difference
betweencorrespondingparts of two similar situationsor
entities. For example,in Figure 1 the overall similarity in
the left andright situationsinvites usto placethe two bars
into correspondenceBecausdhe two barscorrespondihe
difference in thickness between them is an alignable
difference. Thereis psychologicalevidencethat alignable
differencesare highly salient, and thus it is natural that
they would be exploited in explanatory diagrams.

In juxtaposition diagrams, qualitative laws are
illustrated by pairs of alignable differences. The other
important visual alignable differencein Figure 1 is that
there are larger water dropsin the situation on the left.
Physically, this meansthat there must be more water
changingphasewhich meansmore heatis flowing in that
situationthanthe oneontheright. This differencein heat
flow rateis alsoan alignabledifference,albeit not a visual
one. Instead,it is statedexplicitly in the caption(“more
heat”). Understandinghis diagramrequiresnoticing and
integrating these alignable differences from visual and
textual cluesinto a consistentconceptualaccountof the
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Thick Bar Conducts More Heat

Figure 2: Simplified version of diagramfrom Buckley, 1979.
(Note:  All figures of this type are direct screendumps from
JUXTA.)

phenomena depicted.

Although our contextis modeling“conceptualchange
by being told”, we are using two simpler tasks in
evaluatingJUXTA asa stand-alonenodel. First, JUXTA
produces labels for the diagrams, to indicate its
understandingof the situation. Second, JUXTA also
critiques diagram/caption pairs, warning of alignable
differencesin figures which may confuse readers,and
noting visible differencesin parts of figures which are
irrelevant and can be removed.

The rest of this paperdescribeshow JUXTA works,
using its processing of Figure 1 as an extended example.

2. Overview of JUXTA

This sectionprovidesan overview of how JUXTA works.
JUXTA takes visually simple juxtaposition diagramsas
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Figure4: Data flow diagram for JUXTA, arranged in rows by system module

input. (Figure2 showsthe diagramin Figurel asseenby
the system.) JUXTA providesthree kinds of feedback.
First, it labelsalignabledifferencedn the figure relatingto
the caption. Second,t critiquesdifferencesthat interfere
with the point of the caption. Finally, it notes when
irrelevant alignable differences may be eliminated to
increase clarity.

Figure 3 showsJUXTA's architecture. Someof the
modulesare usedwith severalrepresentationsso the data
flow is a bit complicated (sdeigure 4.

JUXTA startswith a diagramfile, drawnusing XFIG.!
The diagramis read in as a set of geometric objects,
including lines, circles, spline curves, and arcs. The
diagramfile also containsthe caption encodedas a text
string. Two different processingracks handlethe figure
and the caption. The visual track (the upper track in
Figure 3) processeshe geometricelementsof the diagram.
The language track (the lower track, and currently under
implementation) parses the caption as a qualitative
relationship. The two tracksthen meetto handlelabeling
and critiquing.

Of the two tracks, the visual track does most of the
processingn JUXTA. This is becauseavhile the language
track createsa single qualitative statementfrom the
caption,resolvingthe referencesn the captionrequiresthe
objectsinferred from visual processing. The visual track
must detecandrepresent numberof alignabledifferences
in the figure at multiple levels. First, GeoReprepresents
the diagramat three different levels--avisual level (e.g. a
square),a physical level (an ice cube), and a physical
procesdevel (heatflowing into anice cube)usinga setof

1 XFIG is a public domain drawing program for X Windows.

rulesandlow-level descriptionroutinesasdescribedoelow.
At eachlevel of representationthe MAGI symmetryand
regularity detector [Ferguson, 1994] maps the
representation to itself, and returns the aligned
relationshipgn the diagram(suchastwo ice cubesor two
instancesof heatflow). An extensionto MAGI detects
visual alignable differencesbetween mappedobjects (for
example, noticing that one metal bar is thicker than
another). Thesealignabledifferencesare integratedby the
Diagram Labeler, which createslabels on the diagram
correspondingo the two dimensionggiven in the caption.
The unused alignable differenca® passedo the Diagram
Critiquer, which warns the user if they are potentially
confusing.

3. Highlights of how JUXTA works

Herewe summarizehe critical featuresof the modulesand
representationghat we believe will enable JUXTA to
robustly combineinformation from vision and languageto
understand a broad range of diagrams.

3.1.  GeoRep: Creating visual and conceptual

representations

GeoRep constructs a low-level predicate calculus
description of a vector-basedgraphicsfile produced by
XFIG. The low-level descriptionis basedon qualitative,
local relationships between proximate shapes. These
include different types of line connections, interval
relationshipsbetweenparallel lines, and horizontally or
vertically orientedobjects. The output of GeoRepcan be
fed into a variety of systemsto build higher-levelvisual
descriptiondasedon domain-dependergssumptionsbout
the diagram. In JUXTA a sequencef inferencesystems



Class of object Visual legend

Salient dimensions
(corresponding object dimensions)

Container of liquid Upright, top-heavy trapezoid

Height and width

Steam or heat Group of proximate spline curves

Number of curves (amount of heat release

ellipses

Metal bar Oblong, oblique trapezoid with parallel sides Length and thickness
Ice cube Square Width
Water drops Group of proximate, vertically elongated  Number of ellipses (amount of water)

Tablel: Visual legends for objects recognized by JUXTA

transform the visual representation®f GeoRep’sinitial
processinginto conceptualrepresentation®f the causal
relationships in the situation.

To avoid becoming mired in the problem of visual
object recognition,we use a very simple, domain-specific
mapping from particular kindsf shapego typesof objects,
analogougo legendscommonlyfoundin highly schematic
diagrams. The particular table we currently use is

constrainghe searchfor differenceso thosethatare based

on the aligned parts--thus the term “alignable differences.”
MAGI is an extensionof SME [Falkenhaineret al,

1989; Forbus et al, 1994]. SME is a simulation of

StructureMapping Theory [Gentner,1983], which defines

analogyand similarity in termsof setsof correspondences

(mappingspetweentwo structuredrepresentationsMAGI

is based on the insight that symmetry and regularity (visual,

illustrated in Table 1. While this approach vastly simplifiesconceptualand mathematicallcan be viewed as a special

objectrecognition, it hasthe critical featureof retaining
the interestingdimensionof the objectsin the figure. For
instance a container’sheightis proportionalto the height
of the trapezoidthat representst. Relationshipsbetween
physical objects are recognized through relationships
betweenthe representingshapesFor example,immersion
of a metal bar in a containerof liquid is detectedas a
shared side between the trapezoid representing the
containerand the trapezoid representingthe metal bar.
Becausehe legendsthemselvesare qualitatively described
in termsof shapethey areinsensitiveto small quantitative
changedn placementand the elementsof diagramsare
fully compositional. Our approachs only asgoodasthe
legendused(for example JUXTA seesnothinganomalous
in the slightly off-centerwater drops of Figure 2), but it
provides plausible scene representations andhe#axibly
extended to new objects and relationships.

3.2. MAGI: Using analogy to find aligned
differencesin adiagram

Once eachrepresentatiorat eachlevel is built, JUXTA
must find the interesting differences between the two
situationsin the figure. Forexample,n Figure2, JUXTA
shouldnotice that one metalbar is thicker, and that more
waterdropsarefalling from theright ice cube. To do this,
JUXTA uses MAGI to create an analogical mapping
betweenthe maximally similar subpartsof the figure, and
then compares the mapped objects along salient
dimensions. In other words, an analogical mapping

kind of similaritymappingbetweenra descriptionanditself.
MAGI’s ability to find maximally similar subpartsof a
figure allows JUXTA to detectthe comparisonmplicit in
the figure without being told. Figure 5 shows a MAGI
mapping of the figure for the visual level of representation.
JUXTA currentlyusesa very simplemodelof alignable
differences. For JUXTA, alignable differences are
differences along salient dimensions of mapped enfiis
Table ). For example, when two trapezoids arappedoy
MAGI, the alignable difference mechanismwill then
comparethose trapezoidsto seeif they differ in either
width or height. Whena dimensionalifferencecannotbe
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Thick Bar Conducts More Heat

Figure5: Visual mappingof diagramusingMAGI. Mappedparts
have an equal number of hash marks.



ascertainedlirectly from the diagram,it may be inferred
using qualitativereasoningrom dimensionalinformation
in the diagram. For example,althoughthe amount of
water melting from the ice cubeis not directly visible, it
can be assumedto be proportional to the number of
ellipsesin the ellipse group that representghe group of
water drops. Using the mapping shown in Figure 5,
JUXTA finds the following alignable differencesat the
visual representatiomevel (Figure7 ). While this model
of alignable differences is a gosthrtingpoint, we believe
it will need to be broadened to be psychologically realistic.

3.3.  Thecaption representation

Along with the alignable differencesturnedby the visual
track of JUXTA, the language track will build a
representatiorof the key alignable difference/qualitative
relationshiprepresentedy the caption. Sincethe parser
implementationis still in progress,we currently give
JUXTA the representation of the caption directly.

Therepresentatioffor the examplecaption“Thick Bar
Conducts More Heat,” is shown in Figure 6. The
representationsuse Qualitative Processtheory [Forbus,
1984]. It is useful to identify two parts of captionsfor
juxtaposition diagrams, thentecedent andconsequent. In
this caption,the antecedenis the differencein thicknessof
the barsandthe consequenis the differencein the ratesof
heat flow.

JUXTA unifies the caption representationwith the
physical and processrepresentation®f the diagram in
order to fill the slots in the caption representation.

(et al -bar ?bar1)
(et al - bar ?bar 2)
(fl ow heat ?sourcel ?sinkl ?bar1l)
(fl ow heat ?source2 ?sink2 ?bar?2)
(gprop (rate
(flow heat ?sourcel ?sinkl ?barl))
(thi ckness ?bar1)) = ?gpropl
(gprop (rate
(fl ow heat ?source2 ?sink2 ?bar?2))
(t hi ckness ?bar2)) = ?qgprop2
(cause (and ?qpropl ?qgprop2
(> (thickness ?barl)
(t hi ckness ?bar2)))
(> (rate
(fl ow heat ?sourcel ?sinkl ?barl))
(rate
(fl ow heat ?source2 ?sink2 ?bar2))))

Figure6: Representation of caption

3.4. Relating the caption to the visual
descriptions

Once the set of alignable differencesat each level are
detected,and the caption is representedas a qualitative
relationship, the diagram labeler attemptsto link the
aligneddifferenceswith the captionrepresentatiorfFigure
8). This final processis complex, mostly becauseof the
threelevels of alignabledifferences--visualphysicaland
process-based.

thirmer bar
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fewer ellipses ore ellipses

Thick Bar Conducts More Heat

thicker bar

R

Figure7: Alignable differences found by JUXTA at the visual level
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Thick Bar Conducts More Heat

tingpore flow causes more melting

Figure8: Labeling for example diagram

Labeling. First, JUXTA attemptsto find evidenceof
the caption antecedentind consequentn the figure, and
labels each alignable difference. To label an alignable
difference,JUXTA mustfind a visible referentto point to.
In the casewhenthe alignabledifferenceis alonga visible
dimension(suchasthe thicknessof a bar), the objectitself
is thereferentof the label,and JUXTA pointsto the shape
which representghe physicalobject. In the casewhena
captionrelationshipis not visible (suchas heatflow along
the metal bar), JUXTA looks for a consequencef the
relationshipwhich is visible difference. In the example
figure, the difference in heat flow causes a differen¢hen

rate at which the ice cube melts, causing a visible differen

in the number of drops (ellipses) , so JUXTA labels this.

Critiquing®. After labeling the figure, JUXTA then
looks at all remainingalignabledifferencesin the diagram
that are not either given in or a consequenceof the
relationship in the caption. If a remaining alignable
differenceis not the result of the caption antecedentput
canhavean effect on the consequentJUXTA marksit as
potentially confusing. For example,Figure 9 is the same
as the example figure, except that the amaofiheatrising
from the secondcontaineris largerthanthefirst container.
JUXTA will mark the differenceas confusingbecausehe
amountof heatfrom the containerimplies that the second
containermay contain a hotter liquid, which would also
increase the heat flow rate.

If a remainingalignable difference doesnot relate to
the captionat all, JUXTA will not mark it as confusing,

! To place the label, JUXTA uses GeoRep’s proximity sensor to
find a open location in the figure. It attempts to label aligned
differences with labels that are at the same angle and distance,

so that the labels themselves also align visually.

2 The Diagram Critiquer is currently under implementation.

but will note that the alignable difference may not be
needed. For example,in Figure9, JUXTA will note that
the middle spline curvein the rightmostgroup is longer,
and making it of equal length may aid diagram
interpretation slightly.

4. Conclusion

At present, JUXTA is able to label 3 figures fr&@m Up to
Sun Down, and hasbeenusedto parse3 variantsof those
figures. With the completionof the diagramcritiquer and
the extensionof the objectrecognitionrules, we expectto
be able to parse most of the seventeenjuxtaposition
C&agramsfrom the introductory chaptersof the book, as
well as juxtaposition diagrams from other sources.
Currently we are extending JUXTA in three ways.
First, implementationis proceedingon a DMAP-style
parserto perform languageprocessing. One important
changewe are making in the parseris the ability to use
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Thick Bar Conducts More Heat
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objects identified through visual processingas discourse
elements on an equal status with parser-generated
representations. Second,we are extending the visual
processingn JUXTA to handlea wider rangeof examples,
with the goal of successful operation on all of the
juxtapositiondiagramsin Sun Up Sun Down. Finally, we
are looking into ways to make JUXTA generatenovel
explanatorydiagramsbasedon a given physicalsituation.
In tutoring systemsthat teachby having the studentwork
through problem-solving tasks in a simulated physical
environment, JUXTA may be used to genejaiaposition
diagramsfor important physical principles basedon the
student’scurrentproblemsolvingtask,allowing the taskto
directly motivate the learning of such principles.
Although JUXTA’s domainis limited to a particular
type of diagram, we believe that many featuresof its
architectureand representationwill be applicableto more
general problems afnderstandingliagramsn explanatory
material. This is of course an empirical question.
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