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Universit y o f  Chicag o 

1100 E .  58t h Stree t 

Chicago ,  I L 6063 7 

mcdougal@cs.uchicago.ed u 

Abstrac t 

As nvjdels of human cognition, previous geometry 

theorem-provin g program s wer e inappropriatel y 

influence d b y th e eas e wit h whic h computer s 

manipulat e syntacti c formulae .  Th e failur e o f 

thos e program s t o pa y attentio n t o huma n 

perceptio n doome d the m a s model s o f  h o w 

humans solv e geometr y proo f  problems .  Jus t  a s 

th e stud y o f  theorem-provin g onc e evolve d int o 

th e stud y o f  planning ,  i t  i s tim e no w fo r  theorem -

provin g t o incorporat e curren t  idea s i n th e 

plannin g community .  A  clos e examinatio n o f 

what  human s d o whe n the y tr y t o solv e 

geometr y proo f  problems ,  an d o f  ho w geometr y i s 

taught ,  reveal s a n emphasi s o n chunk s o f 
problem-solvin g knowledg e derive d fro m 

examples ,  retrieve d o n th e basi s o f  visua l  cues . 

Thes e idea s ar e characteristi c o f  th e case-base d 

reasonin g an d situate d activit y approache s i n 

planning .  Thi s pape r  conclude s wit h a  brie f 

descriptio n an d trac e o f  a  compute r  program , 

POLYA,  whic h doe s reactive ,  memory-base d 
geometr y theorem-proving . 

Introduction 

The computer makes a handy tool for exploring 

idea s abou t  ho w peopl e think .  I t  force s u s t o 

defin e thos e idea s concretely ,  an d provide s u s 

wit h feedbac k a s t o whethe r  thos e idea s ar e 

adequat e t o describ e huma n behavior .  A s w e 

Mhi s researc h i s supporte d b y th e Offic e o f  Nava l 
Researc h unde r  contrac t  N00014-91-J-1185 ,  b y th e 
Defens e Advance d Researc h Project s Agenc y monitore d 
by th e Ai r  Forc e Offic e o f  Scientifi c  Researc h unde r 
contrac t  F30602-91-C-0028 ,  an d b y th e Universit y o f 
Chicag o Schoo l  Mathematic s Projec t  Fun d fo r  Suppor t 
of  Researc h i n Mat h Education . 

discove r  wha t  a  compute r  mus t  kno w i n orde r  t o 

perfor m a  particula r  task ,  w e gai n insight s int o 

what  peopl e mus t  know . 

O ne dange r  o f  workin g wit h computers , 

however ,  i s tha t  i t  tempt s u s t o d o thing s i n way s 

whic h ar e eas y t o progra m thoug h no t 

cognitivel y plausible .  Th e compute r  i s a  ver y 

goo d symbo l  manipulator .  I t  i s  easy ,  fo r 

example ,  t o progra m a  compute r  t o tes t  irtferenc e 

rule s agains t  a  databas e o f  fact s an d goals . 

The capabilitie s o f  th e compute r  a s a  symboli c 

inferenc e engin e le d t o earl y researc h i n 
automati c deductio n an d resolutio n theorem -

provin g [Newel l  &  Simon ,  1956 ;  Robinson ,  1965] . 

Thoug h th e earl y program s wer e no t  necessaril y 

intende d t o mode l  h o w peopl e think ,  the y 

evolve d int o mor e ambitiou s model s o f  huma n 

problem-solvin g an d plannin g [Newel l  &  Simon , 

1963 ,  McCarthy ,  1968 ,  Pike s &  Nilsson ,  1971] . 

O ne characteristi c c o m m o n t o th e earl y 

plannin g system s i s tha t  the y ha d t o thin k har d 

t o solv e simpl e tasks .  Thi s wa s no t  a  defec t  i n 

thei r  construction ;  [Chapman ,  1985 ]  showe d tha t 

plannin g fo r  conjunctiv e goals ,  a s i t  wa s the n 

conceived ,  i s fundamentall y intractable . 
Yet  peopl e d o amazin g thing s withou t 

thinkin g ver y har d a t  all .  The y understan d 

stories ,  ge t  themselve s fe d a t  restaurants ,  an d 

cros s th e street .  I f  constructin g plan s i s 

intractable ,  the n peopl e mus t  b e doin g somethin g 

else . 

Ther e ar e tw o apparentl y contradictor y 

theorie s abou t  wha t  tha t  somethin g els e migh t 

be.  [Agre ,  1987 ]  showe d tha t  comple x behavio r 

coul d aris e fro m simpl e situation-actio n rule s 

drive n b y a  changin g world .  Peopl e don' t  nee d t o 

pla n becaus e the y ca n rel y o n th e worl d t o tel l 

the m wha t  t o d o [Chapma n &  Agre ,  1986 ;  Agre , 
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Figur e 2 :  On e textboo k define s th e SA S theore m 

of  triangl e congruenc e wit h thi s picture . 

Figur e 1 :  I n a n informa l  experimen t  wit h 2 7 

subjects ,  si x peopl e marke d bot h angle s 1  an d 2 

i n (a) ;  eigh t  peopl e marke d bot h angle s 1  an d 4 

i n (b) .  Onl y thre e peopl e marke d angl e 2  i n (b) . 

1988]. This theory is now called situated 

actimty ;  i t  i s a  theor y o f  reasonin g b y reacting . 

Proponent s o f  case-base d reasonin g (CBR) ,  o n 

th e othe r  han d argu e tha t  peopl e don' t  nee d t o 

pla n fo r  mos t  task s becaus e the y alread y kno w 

h o w t o d o it ,  havin g performe d th e tas k o r 

simila r  task s m a n y time s befor e [Schank ,  1977 ; 

Schank ,  1982 ;  Kolodner ,  1980 ;  H a m m o n d,  1989] . 

C BR i s a  theor y o f  reasonin g b y remembering . 

An ironi c characteristi c o f  theorem-prover s 

and generativ e planner s i s tha t  th e mor e rule s o r 

operator s the y have ,  th e longe r  i t  take s the m t o 

fin d a  solution .  Th e idea l  situatio n fo r  a  C B R 

syste m i s t o hav e a  lo t  o f  experientia l  knowledg e 

i n m e m o r y t o increas e th e odd s o f  havin g a n 

appropriat e pla n fo r  a  particula r  task . 

Thi s create s a  ne w problem ,  memor y indexin g 

and retrieval .  Th e mor e plan s i n memory ,  th e 

riche r  th e featur e vocabular y necessar y t o 

discriminat e betwee n them .  Ye t  i t  shoul d b e 

eas y t o recogniz e a  proble m fo r  whic h on e know s 

th e solution .  Th e feature s t o b e use d fo r  indexin g 

shoul d b e readil y perceivabl e i n th e world . 

Thu s w e se e tha t  a  C B R reasonin g system ,  lik e 

a situate d actio n system ,  need s t o b e closel y 

connecte d t o a  comple x world .  Wherea s situate d 

activit y trie s t o mak e decision s onl y abou t  th e 

nex t  immediat e action ,  C B R trie s t o mak e 

decision s abou t  th e nex t  plan . 

As theorem-provin g evolve d int o planning ,  w e 

woul d lik e t o se e whethe r  th e C B R an d situate d 

activit y idea s i n plannin g ca n b e use d t o buil d a 

bette r  mode l  o f  h o w peopl e prov e geometr y 

theorems . 

H o w peop l e solv e geome t r y proo f 

p r o b l e m s 

To see whether the CBR or situated activity 

view s o f  plannin g migh t  appl y t o geometr y 

theorem-proving ,  w e loo k firs t  a t  th e behavio r 

of  people . 

O ne interestin g thin g tha t  peopl e d o whe n 

the y solv e geometr y proo f  problen\ s i s the y mar k 

th e diagram .  Despit e th e pervasivenes s o f  thi s 

behavior ,  n o compute r  model s o f  geometr y 

theorem-provin g hav e modelle d it . 

The usua l  explanatio n o f  w h y peopl e mar k 

th e diagra m i s tha t  th e mark s reduc e th e 

cognitiv e loa d o f  rememberin g whic h object s ar e 

congruent .  Thi s explanatio n i s inadequat e fo r 

tw o reasons .  First ,  th e sam e informatio n i s 

usuall y writte n immediatel y alongsid e th e 

diagram .  Presumabl y th e sam e cognitiv e 

assistanc e coul d b e ha d b y checkin g th e 

informatio n there .  Second ,  th e "cognitiv e load " 

explanatio n fail s  t o explai n consistencie s i n th e 

way peopl e mar k diagrams .  Give n th e situatio n 

i n figur e 1(a )  man y novice s an d expert s place d 

right-angl e mark s i n bot h angle s 1  an d 2 ,  eve n 

thoug h onl y on e mar k i s sufficien t  t o recor d th e 

information .  Likewise ,  i n figur e 1(b) ,  peopl e ar e 

fa r  mor e likel y t o plac e a  right  angl e mar k i n 

angl e 1  o r  i n bot h angle s 1  an d 4  tha n t o plac e a 

mark i n angl e 2 ,  despit e a  tendenc y otherwis e t o 

plac e mark s i n angle s t o th e right  o f  th e vertica l 

perpendicula r  line . 

The rea l  reaso n fo r  markin g a  diagra m i s 

foun d b y lookin g a t  h o w a  goo d teache r  o r 

textboo k present s th e forma l  concept s o f 

geometry .  I n (Rhoa d e t  al. ,  1988] ,  severa l 

triangl e congruenc e theorem s (SA S an d ASA )  ar e 

define d onl y b y th e pattern s o f  mark s i n 

diagram s lik e figur e 2 .  Furthermore ,  th e sampl e 

problem s an d th e easies t  problem s i n th e 

proble m se t  as k th e studen t  t o identif y th e 

relevan t  theore m solel y o n th e basi s o f  tic k 

mark s i n th e diagrams . 

Apparently ,  th e author s believ e tha t 

pattern s o f  mark s o n th e triangle s i s th e easies t 

w ay fo r  th e studen t  t o recogniz e th e 

applicabilit y  o f  thes e theorems .  Thi s i s w h y i t 

i s s o helpfu l  fo r  th e studen t  t o mar k congruence s 

on th e diagram .  A  mar k o n a n angl e o r  segmen t 

becomes als o a  mar k o n ever y objec t  o f  whic h 

tha t  angl e o r  segmen t  i s a  part . 
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-igur e 3 :  B y rearrangin g triangle s o n a n 

overhea d projector ,  a  teache r  provide s a  quic k 

previe w o f  man y o f  th e congruen t  triangl e 

pattern s tha t  hi s student s wil l  late r  encounter . 

As with the triangle congruence theorems, the 

goo d textboo k o r  teache r  build s th e student s 

knowledg e o f  significan t  visua l  patterns .  A s 

wit h triangl e congruence ,  forma l  concept s ar e 

alway s accompanie d b y on e o r  mor e illustrativ e 

diagrams ,  a s ar e man y informa l  ones .  A  teacher ^ 

shuffle s congruen t  triangle s aroun d o n a n 

overhea d projector ,  thereb y introducin g hi s 

student s t o pattern s o f  congruen t  triangle s the y 

wil l  encounte r  late r  (figur e 3) .  Thi s exposur e 

enable s hi s student s t o recogniz e suc h configura -

tion s a s containin g pair s o f  congruen t  triangles . 

The behavio r  o f  peopl e whe n the y ge t  stuc k 

shows ho w muc h the y rel y o n visua l  patterns . 

When peopl e ge t  stuck ,  the y stud y th e diagra m 

intently ,  groupin g an d regroupin g objects ,  thei r 

penci l  frequentl y followin g thei r  gaz e a s the y 

loo k fo r  a  familia r  an d meaningfu l  pattern . 

Thi s ma y soun d equivalen t  t o menta l  searc h 

fo r  a n appropriat e rule ,  bu t  i t  i s  not .  Menta l 

searc h woul d b e characterize d b y starin g of f  int o 

space ,  tappin g a  pencil ,  askin g "Wha t  rul e coul d 

I  appl y here? "  O n th e contrary ,  whe n peopl e 

realiz e wha t  the y nee d t o do ,  the y exclaim , 
"Oh ,  yes ,  I  se e it, "  indicatin g tha t  the y hav e jus t 

seen somethin g the y di d no t  se e before ,  no t  tha t 

the y hav e successfull y matche d a  rul e t o 
somethin g previousl y seen . 

Fro m th e example s i n texts ,  fro m th e wa y goo d 

teacher s teach ,  an d fro m observation s o f  human s 

solvin g problems ,  geometr y theorem-provin g 

2joh n Benson ,  a t  Evansto n Townshi p Hig h School , 
Evanston ,  IL . 

turn s ou t  t o b e mor e lik e situate d activit y an d 

case-base d reasonin g tha n lik e resolutio n 

theorem-provin g o r  deductiv e search .  Peopl e 

see m t o solv e problem s b y recognizin g pattern s 

the y hav e see n befor e an d makin g th e inference s 

tha t  wer e usefu l  i n th e past . 

We n o w introduc e ou r  compute r  program , 

P O L Y A,  a  recognitio n mode l  o f  geometr y 

theorem-proving . 

A n overvie w of  P O L Y A 

Our model of geometry theorem-proving calls for 
a memor y o f  well-rehearse d proof-writin g 
knowledg e indexe d b y readil y perceivabl e 
features .  Th e reaso n thi s doe s no t  trivializ e th e 

tas k i s becaus e th e diagra m contain s man y mor e 

feature s tha n ca n b e perceive d a t  once ;  wha t  yo u 

see depend s o n wher e yo u look .  Furthennore ,  th e 
diagra m change s durin g th e problem-solvin g 

task ,  a s inference s ar e mad e an d mark s ar e 

place d o n th e diagra m t o recor d thos e inferences . 

Therefore ,  i n additio n t o proof-writin g 

knowledge ,  th e problem-solve r  mus t  als o hav e 

knowledg e abou t  wher e t o loo k t o fin d th e 

feature s whic h wil l  revea l  th e solution . 

As a  compute r  program ,  P O L Y A i s ver y 

simple .  Th e inpu t  t o P O L Y A i s a  lis t  o f  givens ,  a 

goal ,  an d a  diagram .  It s outpu t  i s a  proof .  I n 

between ,  P O L Y A operate s a s a  pla n interprete r 

and retrieva l  mechanis m fo r  accessin g plan s i n 

memory. 

P O L YA currentl y ha s o n th e orde r  o f  sevent y 
plan s fo r  geometr y problem-solving ,  o f  whic h 

ther e ar e tw o types :  plan s fo r  directin g visua l 

searc h an d plan s fo r  writin g proofs .  Bot h type s 

of  plan s consis t  o f  sequence s o f  action s an d 

prediction s o f  wha t  shoul d resul t  fro m executin g 

thos e actions .  Mos t  o f  th e action s shif t  th e focu s 

of  attentio n o r  compar e tw o objects ,  bu t  P O L Y A 

can als o mar k th e diagram .  A n exampl e o f  a n 

actio n i s L O O K - A T - B A S E - A N G L E - 1 ,  whic h 

direct s attentio n t o on e o f  th e bas e angle s o f  a n 

isoscele s triangle . 
The diagra m contain s labelle d point s an d 

line s describe d b y cartesia n coordinates .  I t  als o 

contain s segmen t  mark s an d angl e marks . 
Segment  mark s ar e symbol s suc h a s SINGLE-TIC K 

store d i n a  lis t  associate d wit h th e coordinate s 

of  th e segmen t  endpoints .  Angl e mark s ar e 

handle d similarly . 

W h en P O L Y A shift s it s focu s t o a n object ,  i t 

use s a  simulate d visua l  syste m t o comput e a 
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Given :  WB £  Z A 
X Bs Y A 
^ T B X s  ^ T A Y 

Prove :  W T £  Z T 

(a ) 

ngur e 4 :  (a )  Th e origina l  problem ,  (b )  P O L Y A focuse s attentio n o n a  bas e angle ,  (c )  Th e 
diagram ,  marke d up ,  afte r  P O L Y A ha s finished . 

descriptio n o f  tha t  objec t  base d o n th e diagram . 
Thi s visua l  componen t  i s designe d t o retur n th e 
feature s neede d t o suppor t  memor y retrieva l  an d 
inferenc e withou t  providin g mor e informatio n 
tha n a  perso n coul d reasonabl y perceiv e a t  a 
glance .  POLY A ca n focu s attentio n o n an y o f  th e 
basi c geometr y objects :  points ,  angles ,  segments , 
triangles .  Th e description s o f  thos e object s 
includ e suc h informatio n a s whethe r  th e objec t 
has a  congruenc y mar k o n it ,  it s  approximat e 
orientation ,  an d it s approximat e size .  I n 
addition ,  POLY A ca n mak e spatia l  comparison s 
of  tw o object s t o fin d out ,  fo r  example ,  whethe r 
tw o triangle s shar e a  sid e o r  whethe r  tw o 
segment s overlap . 

The description s returne d b y th e visua l  syste m 
ar e calle d features ,  an d ar e use d t o retriev e 
plan s fro m memory .  POLYA' s indexin g schem e i s 
base d o n th e marker-passin g schem e o f  th e 
D M AP languag e understandin g syste m [Marti n 
1990] .  Usuall y i t  take s a  sequenc e o f  severa l 
feature s t o retriev e a  plan . 

Thus POLY A operate s i n a  cycle .  I t  execute s 
th e action s calle d fo r  b y a  plan .  Th e action s 
generat e features ,  whic h ar e use d t o retriev e 
othe r  plan s fro m memory .  Th e cycl e stop s whe n 
POLYA complete s th e proo f  o r  whe n n o mor e 
plan s hav e bee n triggered . 

Example 

One interesting problem that POLYA can solve is 
shown i n figur e 4  (a) ;  th e proo f  POLY A produce s 
i s i n figur e 5 .  Not e tha t  POLY A annotate s th e 
proo f  wit h th e plan s tha t  wrot e eac h sectio n o f 
th e proof . 

What  i s important ,  however ,  i s  no t  th e fina l 
solution ,  bu t  ho w POLY A foun d tha t  solution . 
We summariz e POLYA' s reasonin g i n term s o f 
th e plan s i t  executed .  (B y convention ,  w e us e th e 

prefixe s S -  an d P -  t o denot e searc h an d proo f 
plans ,  respectively. ) 

S-READ-GIVENS 
Reads th e give n information . 

P-CONGRUENT-SEGMENTS-GIVEN 
Mark s th e pair s o f  congruen t  segment s i n 
th e diagra m (run s onc e fo r  eac h pai r  o f 
segments) . 

P-CONGRUENT-ANGLES-GIVEN 
Mark s th e pair s o f  congruen t  angles . 

S-CORNER-TRIANGLES 
Look s a t  th e smal l  come r  triangles . 

S-SIDE+SID E 
Look s a t  th e unmarke d angle s betwee n th e 
marke d side s o f  th e come r  triangles ;  als o 
look s a t  th e third ,  unmarke d sides ;  add s 
subgoal s t o prov e thos e angle s an d thos e 
side s congruent . 

S-PIE R 
Look s a t  th e angl e adjacen t  t o th e 
unmarke d angl e i n th e come r  triangle . 

P-LINEAR-PAIR-PAI R 
Prove s angle s W B X an d Z A Y congruent . 
Runs a  secon d time ,  startin g o n angl e Y A Z , 
but  quickl y halt s becaus e th e angl e ha s 
been marked . 

S-SIDE+SlDE- 1 
Angl e congruenc e goa l  ha s bee n satisfied . 
Look s agai n a t  come r  triangle . 

P-SAS-SIMPL E 
Prove s triangle s W X B an d Z Y A congruent . 

S-READ-GOAL 
Reads th e goal . 

S-CONGRUENT-SEGS-GOAL 
Look s a t  th e segment s (W T an d ZT )  whic h 
ar e suppose d t o b e congment . 

S-ADJACENT-SEGMENT-ADDITION 
Look s a t  th e subsegment s o f  W T ;  i f  the y 
ar e bot h marke d (the y aren't) ,  i t  migh t  b e 
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(PLA N LINEAR-PAIR-PAIR ) 
angl e XB T =  angl e TA Y 
Therefore ,  angl e W BX =  angl e YA Z becaus e o f 
SUPPLEMENTS-SUBSTITUTION-RULE 

(PLANSAS-SIMPLE) 
XB=YA 
W B = ZA 
angl e WBX =  angl e YA Z 
Therefore ,  AWXB =AYZ A becaus e o f  SAS-RUL E 
(PLAN CPCrC-ANGLES) 
A W X B = A Y ZA 
Therefore ,  angl e X WT =  angl e T Z W becaus e o f 
CPCrC-ANGLE-RULE 

(PLAN ANGLES->lSOSC-LEGS) 
angl e X WT =  angl e T Z W 
Therefore ,  W T =Z T becaus e o f  BASE-ANGLES-
>ISOSC-LEGS-RULE 
Figur e 5 :  Th e fina l  produc t  o f  POLYA' s 

problem-solvin g activity :  a  proof ,  annotate d 

wit h th e proo f  plan s tha t  instantiate d eac h 

step .  (Th e given s ar e omitte d fo r  brevity. ) 

reasonable to use the segment addition 

property .  Th e scrip t  halt s a s soo n a s i t 

see s tha t  B T i s unmarked . 

S-CPCTC-ANGLES-2 

Runs twice :  o n angl e W B X an d angl e TBX , 

an d halt s prematurel y becaus e the y ar e 
alread y marked . 

S-ISOSCELES 

Look s a t  apex ,  legs ,  an d bas e angle s o f  th e 

larg e triangle . 
S-CPCTC-ANGLES-1 

Compare s bas e angl e W v̂ it h triangl e 
WBX. 

P-CPCTC-ANGLES 
Prove s correspondin g angle s W an d Z 

congruent . 

S-ISOSC- 1 

Look s agai n a t  larg e triangle . 

P-ANGLES->ISOSC-LEGS 

Prove s th e leg s W T an d Z T congruent , 

completin g th e proof . 

Notice that POLYA took a tentative step 

down a  dead-en d path :  sinc e W T wa s 
subdivided ,  P O L Y A decide d t o chec k 

subsegment s W B an d BT .  I f  thos e subsegment s 
wer e alread y congruen t  t o correspondin g 

subsegment s o n ZT ,  i t  coul d prov e W T an d Z T 

congruen t  b y addin g th e congruen t  subsegments . 

BT wa s no t  marked ,  however ,  s o POLY A 

abandone d tha t  idea . 

Thi s exampl e show s a  hig h degre e o f 

interactio n wit h th e diagra m simila r  t o th e 

behavio r  o f  humans .  POLY A use s feature s fro m 

th e diagra m bottom-u p t o inde x int o a  memor y o f 

plans .  Thos e plan s furthe r  direc t  visua l  search , 

makin g i t  possibl e eventuall y fo r  P O L Y A t o 

recogniz e ho w t o writ e th e proof . 

Related^work 

Several researchers have worked on geometry 

theorem-provin g fro m a  cognitiv e modellin g 

perspective .  Severa l  system s hav e sough t  t o us e 

th e diagra m a s a  sourc e o f  heuristi c informatio n 

t o contro l  deductiv e searc h [Gelemter ,  1959 ; 

Nevins ,  1975 ;  Greeno ,  1983] .  Mor e closel y relate d 
t o P O L Y A i s th e Diagra m Configuratio n mode l 

(DC)  describe d i n [Koedinge r  &  Anderson ,  1990] . 

I n th e D C model ,  diagra m configuratio n 

schema associat e pattern s i n th e diagra m wit h 

th e rule s mos t  likel y t o appl y t o them .  B y 

parsin g a  diagra m int o schema ,  a  restricte d 

spac e o f  relevan t  rule s i s  generated ,  an d a 

solutio n i s  easil y foun d b y searchin g thi s 

restricte d space . 

DC wa s a  significan t  advanc e i n term s o f  usin g 

diagra m configuration s t o organiz e forma l 

geometr y knowledge .  Thi s wor k extend s th e 

idea s i n D C i n tw o respects .  First ,  P O L Y A 

model s diagra m parsin g a s a n integra l  par t  o f 
th e problem-solvin g task .  Second ,  P O L Y A use s 

mor e specifi c  schem a whic h allo w i t  t o mak e 

concret e decision s abou t  whic h rule s t o 

instantiate ,  withou t  knowin g i n advanc e h o w 

tha t  rul e wil l  fi t  int o th e complet e proof .  I n 

contrast ,  eac h o f  D C s schem a m a y hav e severa l 

rule s t o choos e from .  Thu s D C mus t  fal l  bac k o n 

traditiona l  searc h withi n thi s restricte d spac e 

t o decid e whic h rule s ar e th e appropriat e ones . 

By usin g a  singl e mechanis m an d representa -

tio n t o mode l  th e entir e problem-solvin g task , 

fro m diagra m parsin g t o rul e instantiation , 

P O L YA i s a  complet e mode l  o f  wha t  expert s 

kno w an d ho w the y us e wha t  the y kno w t o solv e 
geometr y proo f  problems . 

Conclusion 

Our interest in modelling how humans solve 

geometr y proo f  problem s reflect s a  basi c curiosit y 

abou t  h o w peopl e think .  W e fel t  tha t  existin g 

model s o f  geometr y theorem-provin g wer e to o 

faithfu l  t o th e representation s an d processe s o f 
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th e origina l  theorem-provers ,  whos e desig n 

reflecte d wha t  wa s eas y t o progra m rathe r  tha n 

particula r  theorie s o f  huma n cognition .  Thos e 

model s o f  geometr y theorem-provin g faile d t o 

acknowledg e th e pattern-recognitio n abilitie s o f 

people . 

Idea s fro m th e plannin g community ,  case -

base d reasonin g an d situate d action ,  seeme d t o 

fi t  th e behavio r  peopl e exhibi t  whe n the y tr y t o 

solv e geometr y theorem .  B y combinin g thes e 

plannin g ideas ,  w e hav e buil t  a  compute r 

progra m whic h model s th e visua l  searchin g an d 

patter n recognitio n o f  peopl e doin g geometr y 

proo f  problem-solving . 
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