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1.3 CLAIMS AND CONTRIBUTIONS
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1.4 DISSERTATION ORGANIZATION
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2 THEORETICAL BACKGROUND

2.1 INTRODUCTION
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2.2 ACQUISITION AND USE OF SPATIAL PREPOSITIONS

2.2.1 SPATIAL PREPOSITIONS: THE BASICS
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2.2.2 How HUMANS USE SPATIAL LANGUAGE/IMPLICATION FOR COMPUTATION
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2.3 MuLTIMODAL KNOWLEDGE CAPTURE
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"When the handle is pulled up, the piston moves up, the inlet valve opens, the outlet valve closes, and air enters the lower part of the cylinder.”
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Figure 1-1.-A simple lever.
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3 SYSTEMS BACKGROUND

3.1 INTRODUCTION
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3.2 LARGE COMMON SENSE KNOWLEDGE BASE AND THE FIRE REASONING ENGINE

3.2.1 COMMON SENSE KNOWLEDGE BASE

+
+ ! %
( $ ! ) (
% );! ! #
! # #$ % I =
. I + 8 =
" 1 $ HGGY, ! !
I I + !
8 = $HD $ EE H 0$1@ $ !
' 7> 5 1 $ HGDO; '
% # % ! '
+ 8 ' #$ EE2;$
# 09 % 5" $
DogTraining % %
! ! % RoverTheDog $ % !

likesAsFriend ownsPet



-likesAsFriend DickCheney JonStewart

+ %
$ FruitFn AppleTree :
| .
% $
% ' 6 %
3.2.2 THE FIRE REASONING ENGINE
5#84
!
8 ; $
% 5#84
4 !
! % % !
+ 5
8 $
+
+84 HE 5! K  $HGG;
%

R L1 "V

+
5 x ;
. GovernmentFn France | + ! % %
5 1
H 8 $
! +
% 5 ' $
? $!
= 5#84
% I
%
' : 5#84
#84
5#84 %
# $ 5#84



3.3 ANALOGY AND SIMILARITY: SME, SEQL AND MAC/FAC
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3.3.3 MAC/FAC
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3.5 COGSKETCH
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3.6 DiscussIiON
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4 SPATIAL PREPOSITION EXPERIMENTS

4.1 INTRODUCTION
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4.3 SPACECASE MODEL OF SPATIAL PREPOSITION USE
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4.3.1.2 Materials

+

%

%

%

%

%

%

EE ;

%

% &

%

%

%

1@



1)YB $&"H#"&H'S"S.&# "$ &% &$& 0)886 & "$ ". &% '$" & $&
$.&# $( " (-'&S&S" &% " &% ST & & SH(S " SwH B
&$

Hand

5 EatingVessel*
Bowl-Generic
DinnerPlate
Block*

! StoneObiject-
Natural
Coin-Currency
Firefly+

%
! % % + ! !
" 5 $ !

, Hand : ;$ Coin-Currency : :$ DinnerPlate

;$ StoneObject-Natural S Bowl-Generic Ao
= + 3 $ '

EatingVessel ! ' Block



I+ % $
! Dragonfly + 1 ! #
$ % $ " ( )
" ()
e 2 .\.\'.
\ * )
o A ES
9 I"$ 1# $(  &!"$%- 01 #$6 &% $( ".$'(% C 21&$0 ($6
"# %3 && $(!*'# &% #&'$ &
* | $
! ContainerArtifact Basin
& ContainerArtifact F*
Smooth F-+
-8
HolderGripper
5
% M
M + % ' %
* I" % % $
1 % / % 9%

1G



Animal
% :
$ +
!
!
$ HolderGripper
(S HolderGripper U
)$
4.3.1.3 System Design
!
I
! & 4% 3 HGGG; %
4% !
%
" 5 " $5 9
% I $
Pe|H)

" Pe] H)

%

%

%

> 3 HGD2

2E



%

ContGeneric

%
/
%

!

+

+

+
+

on-Physical
%

%

%

2H

in-ContGeneric ~ $on-Physical $

%

%

% *

' EE; + $



%

+

. %

. %

%

#H+

%

%



$(
#
- e, )
5 Vil
4%
& %$& %
Y0l
5 H2 &
$ %
X ! + % %
+ % !
"o 5 ' $ $ $
| % +
! %
% + % % |
! +! 0! ! %

%



7

"M1& $($( "$ &

$ &% 3(

&% « (< 2%

4.3.1.4 Results

%

%

&% < % <2%
<& $
&% <& $ 1
&% #&3$ &<&$ & <$ & HE
&% #&P &<&S & < . 1
&% # &'$ &<"1 * HE
" 2" %
0 # $ % %
%
EE ;$ % & %
$ %
$ % !
% +!' 05 H@

LI(%2! "

%

20



1
8 2
s 3
E 4
- &
é 6
£ 7
P 8
@
5 e
2 10
1T 2 3 4 5 6 7 & 9 10
ground-container-strong likelihood
= 1 #))"&"$2% &I & &$( (%2
%
% ! !
!
(
9 EE ; %



4.3.2 SPACECASE EXPERIMENT 2: THE EFFECT OF SPATIAL LANGUAGE ON RETRIEVAL
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4.4.2.2 Experimental Design and Results
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--DEFINITE FACTS:
(rcc8-EC figure ground)

(connectedGlyphGroupTangentialConnection ground fig
(connectedGlyphGroupTangentialConnection figure gro

(ConnectedGroup figure ground)
--POSSIBLE FACTS:

88%: (above figure ground)

65%: (enclosesHorizontally ground figure)
--UNLIKELY FACTS:

6%: (enclosesHorizontally figure ground)
6%: (enclosesHorizontally figure ground)
6%: (enclosesVertically ground figure)
6%: (leftOf figure ground)

6%: (rightOf figure ground)

ure nil)
und nil)
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4.5 CROSS LINGUISTIC EXPERIMENTS: CONTAINMENT-SUPPORT RELATIONS IN ENGLISH AND

IN DUTCH

4.5.1 INTRODUCTION
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45.2.3 Results
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Best Generalizat ion IN

Size: 3

(candle in bottle, cookie in bowl, marble in water
--DEFINITE FACTS:

(rcc8-TPP figure ground)

--POSSIBLE FACTS:

33%: (Basin ground)

33%: (Bowl-Generic ground)

g N

5 & & ID$ &' $%# &O0(( "$( " &*S( $( &% &!"(6 &% %(

(" B & D%

Best Generalization ON

Size: 2

( top on tube, lid on jar )
--DEFINITE FACTS:

(Covering-Object figure)

(above figure ground)

--POSSIBLE FACTS:

50%: (definiteOverlapCase figure ground)
50%: (rcc8-PO figure ground)

50%: (rcc8-EC figure ground)
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Cavity
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Error Analysis
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4.5.2.5 Discussion
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5 MULTIMODAL KNOWLEDGE CAPTURE

5.1 INTRODUCTION
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! % %

Now let’s take another problem and see how it

works out. Suppose you want to pry up the lid of a paint
can (fig. 1-8) with a 6-inch file scraper, and you know
that the average force holding the lid is 50 pounds. If the
distance from the edge of the paint can to the edge of the
cover is 1 inch, what force will you have to apply on the
end of the file scraper?

According to the formula,
L

i

here,

L = 5inches

| =1 inch

R =50 pounds, and
E is unknown.

R,
E

Then, substituting the numbers in their proper places,
we have

3 _30
| E
and
E = ﬁﬂ; I = 10 pounds

You will need to apply a force of only 10 pounds.
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5.3 THE MMKCAP MODEL

5.3.1 OVERVIEW
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5.3.2 SELECTING RELEVANT WORDS AND IMAGES (STEPS 1 AND 2)
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5.3.3 ORGANIZING SELECTED WORDS (STEP 3)
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(isa lever6354 Lever)

(isa a2 LeverArm)
(possessiveRelation lever6354 a?2)
(isa f Fulcrum)

(isa e ForceVector)

(isa r Weight)

(isa a2 Distance)

(between r f a2)

(isa al Distance)

(between e f al)

(isa al LeverArm)

(isa lever6231 Lever)
(possessiveRelation lever6231 al)
(possessiveRelation lever6231 a2)
(sketchForDiscourse " Figurel-1.sk" (DrsCaseFn DRS-

002 HDE@0.DHG@;;

'9 ( % monoan # |( &. ) # $ $ ’7
FrameSemantics "screw” (TokenFn Sentence-3455468106-3014 (SpanfFn 1 2))
‘ {isa screw3025 Screw-Connector) ‘ ‘ {isa screw3025 SexualCopulation})
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% 5 0

(enclosesHorizontally (GlyphFn Object-4 Layer-2)
(GlyphFn Object-147 Layer-2))
(rcc8-EC (GlyphFn Object-4 Layer-2)
(GlyphFn Object-141 Layer-2))
(visualQuantityQuantitativeMeasurement((ConceptkKnow nAsFn "A1")
(GlyphFn Object-4 Layer-2)) Al)
(above Object-145 Object-4)
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5.3.5 INTEGRATION (STEP 5)
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(isa ?entity ?Collection)

(5)
(+
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‘H; implies-DrsDrs
o $
N Collection

N Collection

(sketchForConcept ?diagram ?Collection).
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5 H.; ! ' . %

HH

(sketchForDiscourse "Figurel-2A.sk" (ExplicitCaseFn DRS-3447867971-7696))
(discourseForChapter (ExplicitCaseFn DRS-3447867971-7696) "BMChapterl")
(previousDRSInChapter DRS-3447867971-7696 DRS-3447867185-7342 "BMChapterl")

(drsimplies (DrsCaseFn DRS-3447867971-7697) (DrsCaseFn DRS-3447867972-7698))

(in-microtheory DRS-3447867971-7697 :exclude-globals t)
(genlMt DRS-3447867971-7697 ChapterlRawText)
(isa first-class-lever7447 Lever-FirstClass)

(in-microtheory DRS-3447867972-7698 :exclude-globals t)
(genlMt DRS-3447867972-7698 ChapterlRawText)
(between force7539 weight7589 fulcrum7487)

(isa force7539 ForceVector)

(isa fulcrum7487 Fulcrum)

(isa weight7589 Weight)
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5.4.1 QUESTION TYPES AND ANSWER STRATEGIES

2, L Ji$!
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1-2. When a chain hoist is used to (querySentenceOfQuery BasicMachines1-2
multiply the force being exerted on ('m.p“e,)s .
a load, the chain is pulled at a ('Sad- hoist Pulley)
faster rate than the load travels. (agsa 2load Weight)
(isa ?force ForceVector)
1. True (isa ?travel MovementProcess)
2. False (isa ?travel ComparisonEvent)

(comparee ?travel ?force)

(comparer ?travel ?load)

(comparativeRelation ?travel
(HighAmountOfFn Speed)))))

78 ' # @!"C"$ &

OH ' / / I
/ ! +8415 4/  $
I % ! / / +
/ ! # $
# $ # / $
% % 5
% O %) (. %)% (
% ) # $ %
1 /
gi—r?].p\l/;/hich of the following (tt?arﬂg&sscgleeﬁ]%re ofQuery

BasicMachines1-5

machines works on the same 5 .
principle as the inclined (angsge;?ggrggéﬁ)eecagh;;’)‘)' InclinedPlane)
plane? BasicMachines1-5

?collection)
1. Screw
2. Gear

3. Wheel and axle
4. Block and tackle
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Figure 14.

QUESTIONS 1-7 THROUGH 1-9 RELATE TO
THF NRAWTHNGS TN FIGURE 1A.

1-8. Which part illustrates a
Second-class lever?

1.D

pwn
>wWO

7L # %

DTJL

(termToSolveFor
(matchConceptToPicture Lever-SecondClass
(TheSet

(sketchForQuery "Question1-7A.s
BasicMachines1-8)

(sketchForQuery "Question1-
BasicMachines1-8)

(sketchForQuery "Question1-7C.sk"
BasicMachines1-8)

(sketchForQuery "Question1-7D.sk"

BasicMachines1-8)))
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EFFORT

Figure 1C

IN ANSWERING QUESTIONS 1-12 THROUGH
1-14, SELECT THE CORRECT ARM
MEASUREMENTS FROM FIGURES 1B AND 1C.

| | |
) Objost
bject-§y17 lever

Obje

fulerum
effort

weight

Objegi\1

9

1-14. Resistance arm in figure 1C
1.1ft (sketchForQuery "Questions1C.sk"
2 3ft BasicMachines1-14)
3 41t (determineMeasurementFromSketch
4' 5 ft ResistanceArm-LeverArm
: BasicMachines1-14)
77 I # <" &$E"$ & (% & %%# $(C"$&"".$(%
"& P (&% #'$"' $% &% '$& ( " &% "& %%
| S | |
2 Prym | Ohicot 122
Objegd-NT50bject-Y 17 lever Objegf\19
fulcrum offort =
weight
R
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HH

Questions 1-17 and 1-18 are related
o to a 300-pound load of firebrick
stacked on a wheelbarrow. Assume
that the weight of the firebrick is
centered at a point and the barrow
axle is 1 1/2 feet forward of the
point.

1-17.1f a Seaman grips the barrow
handles at a distance of three feet
from the point, how many total
pounds will the Seaman have to lift
to move the barrow?

1.651b

2.1001b
3.150 b
4.300Ib

(isa Wheelbarrow1-17 Wheelbarrow)

(isa BarrowAxlel-17 Axle)

(isa BarrowAxle1-17 Fulcrum)

(isa LoadOfBricks1-17 Weight)

(valueOf LoadOfBricks1-17 (Pound-

UnitOfForce 300))
(isa distance1-17b Distance)
(distanceBetween LoadOfBricks1-17
BarrowAxlel1-17 distancel-17b)

(valueOf distancel-17b (Foot-UnitOfMeasure

1.5))

(isa Seaman1-17 ForceVector)
(isa distancel-17a Distance)
(distanceBetween Seaman1-17 BarrowAxlel-17
distancel-17a)
(valueOf distancel-17a (Foot-UnitOfMeasure
3)

(querySentenceOfQuery BasicMachines1-17
(valueOf Seaman1-17 ForceNeeded1-17))
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Figure 1J

the

lever pictured in figure 1J is
1. five

2. six

3. seven

4. one-sixth

1-26. The mechanical advantage of

| 1
qued% Obiect-442
‘ i Fulcrum

Weight

(sketchForQuery "Question1J.sk"
BasicMachines1-26)

(isa leverl-26 Lever)

(querySentenceOfQuery
BasicMachines1-26
(valueOf (mechanicalAdvantageOf
leverl-26) MA1-26))

Force
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Figure 14.

QUESTIONS 1-7 THROUGH 1-9 RELATE TO
[ ] THF DNRAWTHGS TM FTGURE 1A.

1-8. Which part illustrates a
third-class lever?
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Figure 1B
1-13. Resistance arm in figure 1E
1. 1 ft
2. 3 ft
2. 4 ft
4. t ft
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2 J

Figure 10

1-16. With the aid of the pipe wrench
shown in figure 1D, how many pounds of
effort will you need to exert to

overcome a resistance of 900 pounds?

1.251b
2.501b
3.751b
4.100Ib
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5.6 DIAGRAM UNDERSTANDING

5.6.1 PROBLEM DESCRIPTION: CONCEPTUAL SEGMENTATION
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5.6.2 PRELIMINARY SYSTEM AND RESULTS
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5.7 RELATED WORK
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6 CONCLUSIONS AND FUTURE WORK

6.1 DISCUSSION
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6.2 FUTURE WORK

6.2.1 FUTURE WORK IN SPATIAL PREPOSITIONS
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6.2.3 FUTURE WORK IN MULTIMODAL KNOWLEDGE CAPTURE
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6.3 CONCLUSION
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8 APPENDICES



8.1 APPENDIX A: STIMULI FOR SPACECASE EXPERIMENT #2: RETRIEVAL
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8.2 APPENDIX B: STIMULI FOR GEOMETRIC EXPERIMENT 1
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8.3 APPENDIX C: FACTS FILTERED FROM THE SKETCH CASES
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8.4 APPENDIX D: GENERALIZATIONS CREATED IN SIMPLE GEOMETRIC EXPERIMENT 1
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8.5 APPENDIX E: GENERALIZATIONS CREATED BY GEOMETRIC SHAPES EXPERIMENT 2
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8.6 APPENDIX F: SIMPLE GEOMETRIC EXPERIMENT 2 STIMULI
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8.7 APPENDIX G: STIMULI FOR EXPERIMENT # LEARNING SPATIAL PREPOSITIONS IN
ENGLISH AND IN DUTCH
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8.8 APPENDIX H: CONCEPTUAL LABELS USED IN THE CROSS-LINGUISTIC EXPERIMENT
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Cookie DinnerPlate
Toy I BookCopy

! BandAidBandageProduct Leg
Raindrop WindowThePortalCovering
Sticker-Adhesive I Cupboard
Covering-Object " Jar
Covering-Object | Tube-Container
Freckle FaceOfAnimal
Mirror-Wall WallOfAConstruction
Purse Hook
Clothing-Generic ClothesLine
Lamp-Hanging CeilingOfARoom
Handle CookingVessel
String-Textile I Balloon

| DoorKnob DoorlnABuilding

! ButtonTheFastener " Coat
Necklace Head-AnimalBodyPart

I RubberBand Can

! Bandana Head-AnimalBodyPart
Circle Doll-Toy
Ring-Jewelry Pencil

] Tube TreeBranch
Wrapper ChewingGum

1] String-Textile candle
Cookie I Bowl-Generic
Candle I Bottle

| Marble-Ball Water
TreeBranch SiphonTube
EdilbeFruit RingShapedObject
Flower-BotanicalPart I BookCopy
DrinkingGlass | Tube
n/a Towel
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8.9 APPENDIX |: GENERALIZATIONS CREATED FOR ENGLISH IN AND ON IN THE CROSS-
LINGUISTIC EXPERIMENT WHEN NO TEST CASE IS EXCLUDED (INCLUDES ALL TRAINING
CASES)
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, 0
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8.10 APPENDIX J: DIAGRAMS FROM BASIC MACHINES CHAPTER 1
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8.11 APPENDIX K: HOMEWORK QUESTIONS FOR CHAPTER 1 IN BASIC MACHINES

! H %

1-1. A chain hoist lifts a 300-pound
load through a height of 10 feet
because it enables you to lift the
load by exerting less than 300
pounds of force over a distance of
10 feet or less.

1. True
2. False

1-2. When a chain hoist is used to
multiply the force being exerted on
a load, the chain is pulled at a
faster rate than the load travels.

1. True

2. False

1-3. What are the six basic simple
machines?

1. The lever, the block and
tackle, the inclined plane, the
engine, the wheel and axle, and
the gear

2. The lever, the block and
tackle, the wheel and axle, the
screw, the gear, and the
eccentric

3. The lever, the block and
tackle, the wheel and axle, the
inclined plane, the screw, and
the gear

4. The lever, the inclined plane,
the gear, the screw, the
fulcrum, and the torque

1-4. Which of the following basic
principles is recognized by
physicists as governing each simple
machine?

1. The wedge or the screw

2. The wheel and axle or the gear
3. The lever or the inclined plane
4. The block and tackle or the
wheel and axle

1-5. Which of the following simple
machines works on the same
principle as the inclined plane?

1. Screw

2. Gear

3. Wheel and axle
4. Block and tackle

H 0;

1-6. The fundamentally important
points

in any lever problem are (1) the
point at which the force is
applied, (2) the fulcrum, and (3)
the point at which the:

1. lever will balance

2. resistance arm equals the

effort arm

3. mechanical advantage begins to
increase

4. resistance is applied

1-7. Which, if any, of the following
parts illustrates a first class
lever?

1. A

2.BorC

3.D

4. None of the above

1-8. Which part illustrates a
Second-class lever?

1.D

pwn
>wO

H@D



1-9. What part illustrates a third-
class
lever?

1.A
2.B
3.C
4.D

1-10. Which of the following classes
of levers should you use to lift a
large weight by exerting the least
effort?

1. First-class

2. Second-class

3. First- or second-class
4. Third-class

1-11. You will find it advantageous
to use a third-class lever when the
desired result is

1. a transformation of energy
2. an increase in speed

3. a decrease in applied effort
4. a decrease in speed and an
increase in applied effort

IN ANSWERING QUESTIONS 1-12 THROUGH
0 1-14, SELECT THE CORRECT ARM

MEASUREMENTS FROM FIGURES 1B AND 1C.

1-12. Effort arm in figure 1B
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4. Resistance arm in figure 1C
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1-15. Two boys find that they can
balance each other on a plank if one

sits six feet from the fulcrum and

the other eight feet. The heavier

boy weighs 120 pounds. How much does
the lighter boy weigh?

1.901b

2.106 b
3.112 b
4.1141b

1-16. With the aid of the pipe

wrench shown in figure 1D, how many
pounds of effort will you need to

exert to overcome a resistance of

900 pounds?

1.251b
2.501b
3.751b
4.1001b

Questions 1-17 and 1-18 are related
0 to a 300-pound load of firebrick
stacked on a wheelbarrow. Assume
that the weight of the firebrick is
centered at a point and the barrow
axle is 1 1/2 feet forward of the
point.

1-17. If a Seaman grips the barrow
handles at a distance of three feet
from the point, how many total
pounds will the Seaman have to lift
to move the barrow?

1.651b
2.1001b
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3.1501b
4.300 Ib

1-18. If a Seaman grasps the handles
3 1/2 feet from the point where the
weight is centered, how many pounds
of effort will be exerted?

1.501b
2.901b
3.1001b
4.1201b

1-19. In lever problems, the length
of the effort arm multiplied by the
effort is equal to the length of

the

1. resistance arm multiplied by
the effort

2. resistance arm multiplied by
the resistance

3. effort arm multiplied by the
resistance arm

4. effort arm multiplied by the
Resistance

1-20. The length of the effort arm
in figure 1E is equal to the length
of the

1. curved line from Ato C
2. curved line from Ato D
3. straight line from B to C
4. straight line from B to D

1-21. Refer to figure 1F. If a
person exerts at point B a pull of

60 pounds on the claw hammer shown,

what is the resistance that the
nail offers?

1.601b

2.1201b
3.480 Ib
4.7301b

1-22. Which of the following
definitions describes the mechanical
advantage of the lever?

1. Effort that must be applied to
overcome the resistance of an
object divided by the resistance of
the object

2. Amount of work obtained from
the effort applied

3. Gain in power obtained by the
use of the lever

4. Resistance offered by an object
divided by the effort which

must be applied to overcome

this resistance

1-23. The mechanical advantage of
levers can be determined by dividing
the length of the effort arm by the

1. distance between the load and
the point where effort is

applied

2. distance between the fulcrum
and the point where effort is
applied

3. distance between the load and
the fulcrum

4. amount of resistance offered by
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the object

1-24. The mechanical advantage of
the lever in figure 1G is

1. one-fifth
2. one-fourth
3. four

4. five

1-25. The mechanical advantage of
the lever in figure 1H is

1. one

2. two

3. one-half
4. one-fourth

1-26. The mechanical advantage of
the lever pictured in figure 1J is

1. five

2. six

3. seven

4. one-sixth

1-27. The combination dog and wedge

of textbook figure 1-10 is a complex
machine since it consists of which
two simple machines?

1. Lever and the screw

2. Two first-class levers

3. Lever and the inclined plane
4. One first-class lever and one
second-class lever

Information for questions 1-28 and1-
29: The handle of a hatch dog is

9 inches long. The short arm is 3
inches long.

1-28. What is the mechanical
advantage of

the hatch dog?

1.12
2.27
3.3
4.9

1-29. With how much force must you
push down on the handle to exert 210
pounds force on the end of the

short arm?

1.105 Ib
2.801b
3.701b
4.251b
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8.12 APPENDIX L: KNOWLEDGE ADDED TO THE KNOWLEDGE BASE TO FACILITATE
KNOWLEDGE CAPTURE
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8.13 APPENDIX M: FILTER USED TO EXTRACT BOOKKEEPING INFORMATION FROM SKETCH

CASES
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