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ABSTRACT

Diagrams are usd in many educational settings to convey physical and spatial information. Sketching is used, in

turn, to test student sd uvanadabilityof TabletdPCaoffer anfexiing oppartwity concept s.
to create intelligent tutoring systemich automatically provide students with feedback on sketched amiko

create systems which can capture knowledge via interaction with petaplever, for such systems to provide-us

ful and relevant feedbackhe softwaremust be able to interpretiagrams that students have drawmterpreting

diagrams correctly requires an understanding of some basic depiction conventions common in diagramreatic repr

sentation. Herave describe how toombine generakemantic information about objects in sketctegirams with

geometric information from the sketchaiadl in the interpretationof regions and edgehis system is implemented

as an extension to the CogSketch sketch understandiegnsy

Categories and Subject Descriptors (according to ACM CC&}10 [Artificial Intelligence]: Vision and Scene
Understanding).

represents the Earthds wBurface ¢

1. Introduction ter of t@meutlifavags piodide inside which
the students sketched an answebhe availabilityof Tab-
- - - let PCscreates an opportunity for creating electronic- ve
and spatial concepts which are not easilyveyed through sions of assignmentdike these Electronic worksheets
text alone. This is especially common in the sciemres could incorporate intelligent tutoring systemsroviding
engineering. For example, consider the figure below gt dentsyith reaktime feaback on their work.
which shows a diagranaken from a online middle school . o )
science resouragescribing the Igers of the Earth: One chaIIengef.o.r agtomatlcally providing feedback is

) the huge variability in student answers to opeded

sketching questions. For example, consiiégure 2,
which shows three different student answers to thesge
ciences worksheet question.

Diagrams are used throughout education to clarify iglays

Figure 2. Three examples of student responses to the
Figure 1. A diagram from an online 6th grade eath questi on fiDraw a picture of the

science cuiculum teaching students about the different  from an introductory Geosence course.

| ayers of the Earthdés interior. )
As you can see, the student sketches vary greatly in the
Much like diagrams can be used to convey infaiom, amount of detail provided and the depiction conventions
sketching is often used to test student comprgba of used Being able to correctly interpret all three sketdes
spatial and physical concepts. For exampléjageline a huge challengéor symbotrecognition oriented sketch

worksheetfor incoming studentén a geosciences class at  ynderstading systems Such systemsry to match user
Northwestern University included the following question:  drawn ink to afixed catalogue of known symbolsFor
ibraw a picture of the Easbniehdorsainsi sudheas eldctionasd TUME diagramisc | e
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[AD04] [AODO02], this is a reasonable approach. But for rials are accompanied by explanatory text. ak&ecreating

many domains in science, engineering, and magitiem a system that learns from sketched diagrams plusracco
education, symbebased aproaches are inapproriate. panying simplified English text. Being able to correctly
Certain spatial aspects of the alifedepicted irFigures 1 interpret how entities in the diagram are depicted isnesse

& 2 matter, they are not simply abstract symbols. Our tial for integraing knowledge across modalities.
nuSketch architecturdFFUO1] is designed to handle
domains such as these. Ithiased on two insights: (1) In
most humarto-human sketching, recognition is a catalyst,

Our approach is to es very general conceptual
information to infer what sort of geometric properties

) ) . should be involved in the depiction of an object, and use
not a requirement. People use language to explain their ;s a1 processing on the ink to find (or construct) the

sketc_hes; we _provide interface tools  for pr(_)viding appropriate spatial entities. In this paper we are
functionally similar ways t@onceptually Iabeglyphs'm a. specificdly addressing the segmentation of entities in
sketch. (2) Many of the conceptually relevant relationships sketched diagrams intoegions and edges The key

in sketches argualitative For example, a student who distinction is that regios have area while edgeis tdoenm'

drew the regions of the EajikdPiis abidphtibl extet identfiCafian 9 to

has still produced an acceptable answer, whereas leaving ) ) )

out a layer or puttig them in the wrong order indicates a  The rest of this paper describes methodfor modeing
misconception that should be corrected. Our approach is to this flexible interpretation of depiction conventions within
model human visual and geometric processing of the ink in the CogSketch system.First we briefly review some
a sketch, combined with formal representations of CogSketch basics. Nexwe define theparticularclass of

conceptual knowledge drawn from a laigmale knavledge problem we are tacklingncluding an ilustrative example.
base, to provide operdomain sketch understanding ~ Thenwe describehow we use a combination of semantic

abilities.  This is very important for building software ~ information and geometric information to determine the
coaches for opeanded, creative classes, such as correct interpretation for the objects in a sketcAfter

engineering design, where the set of possible objects is discusing related work we close with some &hs for
extremely broad.lt is also crual for creating systems for ~ future work

knowledge capture, where people build knowledge bases

by interacting in natural ways with intelligent software. 2. CogSketch

Even with conceptual labelling, many interpretation CogSketch is an opettomain sketch understanding system

plr((;tt):lﬁ mni()reénf?ér:én(t)gz Oééhaerqzj'Sreaqg%miag?lzpzs;nn% ttl;:z built on the nuSketch architecture [FFUO1]. In CogSketch,
S ' : 9 gions pres each object drawn is represented lylypwh A glyph co-

labelled entities.For example, irFigure 2, when a student tains b tP the a tual ink drav§1 by, the use[ ATDEC®-
li

draws a circle around the mélgel.ﬁecn%eptua?léb Aplf"eé)b?/

peopleviewing the sketch can infer that the entire area is tied to a concept in the undgrlg knowledge base
inclosed by the circle imeant to represemie core of the Currently we are pusing a subsetg of the F?esearchéyc
Earth, not just the edge itselfOn the other hand, if the ) . )
student is :jrawing a _golar systdseeFigure 3), an orbit (http://research.cyc.coin/ knowledge base (including
hould be interoreted as onl ythe ink dr hé ot 30,000 concepts). Users can also supply @ame with
shou interp > only ! dyrihe use which to refer to the glyph. Names can be any natural

all the spaceenclosed by the ink.  Such depiction language string. For exampleigure4 shows a screenshot

conventions are relgtlvely fingrained, relying on the of a diagram drawn in CogSketch. In thisgiam, the
properties of the object as much as the global context. .. 0 "n the sketch is labeled ashaterTank using
While orbits do not include the area inside them, a similar

. o ; the concept from &earchCyand i s narmlsd At anko
circle indicating a planet does, for instance.
all ows t he user to refer to t h
Likewise, if there were multiple tanks, they could each be
a given different identifing names. In CogSketch, users

segment their owimk into glyphsby clicking a button at
the begnning and end of dwing each glyph.

Conceptual labeling allows @8ketch to truly be a
mainindependent and allows us to operate in domains
without clear drawing conventions. All sketch underdtan
ing work must sike a balance between constraints on the
user and the depth of interpretation that is possible. While

Figure 3. Sketch of the solar system. Both the orbit and segmenting ofink into glyphs and concptually labeling
the planet are drawn with similar shaped glyphs, yet they them does equire more work by the user, in return they
need to be interpreted differently gain freedom from recognition errors atie ability to be
suypported by more irdepth reasoning. Aside from manual
segmentation, we place no other resitshs on howusers
draw each glyph. For example, they can use as many
strokes as they like, connected or not, and can take as long
as they lke. This contrasts with a gonon practice in
multimodal interfaces of using constraints such as-time

orbit

For sketchenabledintelligent tutoring systems to give
useful feedback,hey must be able to correctly segment
sketchego understandtudentintent Another task mat
vating this work is the use of sketches in multimodahkno
ledge capture. For example, diagrams in educationa-mat
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outs and pemp events to automatically infer segneent
tion. For our users, who are often thinking hard about what
they are drawing, timeuts and peiup constraints are poor
segmentation signals and quite annoying to them.

CogSketch computes a variety of spatial relationships
automatically, including the RC8 qualitative topology
relationshipdCoh9q and connected and mi@ined groups
of glyphs (see [FUO3] for details). The digital ink itself is
also available in subsequent processingsampled into
constardspaced intervals from the original tirseamped
pen events.

3. The Conceptual SegmentatiorTask

We define the task ofonceptual segmentaticio be the

We are interested in using the fact that we know we are
drawing water and what we know about how things are
typically drawni depiction conventions to automatically
derive the correct segmentation of the sketchVe test
C o g S k esegmbniatons by asking i highlight the
region or edge in a sketehpresenting specific entity. If
the correct area is highlighted, we conclude that the system
has correctly interpreted that portion of the sketch.

4. Spatial extent identification

Spatial extent identification is done through queries in
CogSketch. A spatial extent query takes as input a term
describing a conceptual entity referred to in the sketch, and
produces as output a spatial entity representing the spatial
extent of that conceptual entity. Wheueried fromthe
interface, the spatial extent is highlightedRegions are

assignment of conceptual interpretations to regions and gjisplayed as filled polygons while edges are simply- hi

edges within the sketch. As noted above, conceptueat lab
ling of ink is necessary, but not sufficient, to solving this
problem. ®@nsider the sketch ifigure4 below showing a
tank partially filled with water. We will use this example
throughout this gper. This sketchconsistsof two glyphs:
one closed pggon representing the tank, and one line
representing the wateFigure5 shows tlese two glyphs

Figure 4: A CogSketclscreen shot depicting a tankrpa
tially filled with water.

Figure 5: The glypls of the sketch in Figure.4

If we simply use the conceptual labels, the saysteould
think that the object water in the sketch vessdy the edge
created by the water glyph when in fact it is the area inside
the tank underneath the water glypie couldrequirethat
water be drawn using a closed polygdmt that would
unnaturallyconstrainusers and does not scale well

© The Eurographics Association 2008.

hlighted lines A stepby-step summary of the algorithm is
given inFigure 6 and desébed furthemwhat follows.

Inputs:A sketchSand a query terr@®
(2) Identify the glyph G corresponding to Q in S.
(2) Extract ®mantic knowledge about the query térom the KB

(3) Decide whether Q should be represented via an edge or a
region, using the decision tree in Figure 8.

(4) Construct the appropriate edge or region by analyzing G a|
topologically related glyphs.

Figure 6. Summary of the spatial extent algorithm

The first step irspatial extent identificatiois to dete-
mine which glyph in the sketch correspondshe term of
the query For example, if auserpyed fiwater 0
diagram interation box in Figure 4 the system would
examine the glyphs in the sketch to find the one named
water. InFigure 4 there is one glyph named watehich
is shown inFigure?.

Figure 7. The glyph in the sketch iRigure 4 that is
named water. Note that the water is drawn as one line that
spans the tank depicted in the sketch.

4.1 Using semantic information for depiction reaso-
ing

Once the appropriate glyph is identified, wecess the
conceptual label(s) provided by the user. In our example,
the glyph being considered is labeled with the concept
Water from the ResearchCyc KB. Knowing what the
glyph represents helps us figure out how to interpret the
diagram correctly. Foexample, ResearchCyc has 335
facts about water. This includes information about its role
in the ResearchCyc ontology and, especially important for
our purposes, some linguistic knowledge about the term.
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