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W i n d o w o n th e m i n d ? W h a t  Ey e M o v e m e n t s Revea l  abou t  Geometrica l  Reasonin g 

Julie Epelboim and Patrick Suppes 
Cente r  fo r  th e Stud y o f  Languag e an d Informatio n 

Stanfor d Universit y 
Stanford ,  C A 94305-411 5 

yu l yaab r i ssun .umd .edu ,  suppes»ockhain.s tanford.ed u 

Geometrica l  concept s involv e a n intimat e mixtur e o f  per -
ceptio n an d cognition .  Mos t  geometr y problem s ar e eithe r 
pose d i n th e for m o f  a  diagram ,  o r  requir e constructio n o f 
a diagra m fo r  a  successfu l  solution .  Yet ,  unlik e th e cas e 
fo r  readin g an d arithmetic ,  a  seria l  algorith m fo r  scannin g 
or  constructin g diagram s i s no t  taugh t  t o student s o f  geom -
etry .  Specifically ,  whe n learnin g t o read ,  student s ar e taugh t 
t o procee d fro m wor d t o word ,  fro m lef t  t o right.  Whe n learn -
in g colum n arithmetic ,  the y ar e taugh t  t o procee d fro m righ t 
t o lef t  throug h th e columns ,  an d fro m to p t o botto m withi n 
each column .  Whe n taugh t  geometry ,  o n th e othe r  hand ,  stu -
dent s ar e no t  taugh t  ho w t o loo k a t  th e diagram s — the y mus t 
lear n a n efficien t  ey e movemen t  patter n o n thei r  own .  Em -
pirica l  studie s o f  ey e movemen t  pattern s durin g readin g an d 
arithmeti c sho w tha t  individual s performin g thes e task s suc -
cessfull y indee d follo w a n orderl y ey e movemen t  patter n wit h 
ver y fe w deviation s (Epelboim ,  Boot h &  Steinman ,  1994 ; 
Suppes ,  1990) .  Th e natur e o f  ey e movement s performe d i n 
orde r  t o solv e geometr y problem s i s no t  known .  Thes e ey e 
movements an d wha t  the y ca n tel l  u s abou t  th e underlyin g 
menta l  operation s ar e th e topi c o f  ou r  study . 

We aske d subject s t o solv e simpl e geometr y problems , 
each presente d t o the m i n th e for m o f  a  diagra m o n a  com -
pute r  screen .  Thei r  ey e movement s wer e recorded ,  wit h ex -
ceptiona l  precisio n an d accuracy ,  usin g th e Th e Marylan d 
Revolving-Fiel d monitor .  Thre e subject s participated .  Tw o o f 
th e subject s wer e skille d a t  solvin g geometr y problems .  The y 
had graduat e trainin g i n Physics ,  an d encountere d problem s 
simila r  t o thos e use d i n th e experimen t  i n thei r  professiona l 
life .  Th e thir d subjec t  ha d las t  solve d geometr y problem s i n 
hig h school ,  ove r  5 0 year s prio r  t o th e experiment .  H e re -
porte d tha t  h e ha d "n o clue "  a s t o wha t  t o d o o n mos t  o f  th e 
problems .  Th e subject s wer e no t  allowe d t o writ e o r  sketc h 
anything ,  bu t  th e problem s wer e simpl e enoug h t o solv e men -
tally .  Th e subject s wer e aske d t o reaso n aloud ,  an d thei r 
speec h wa s recorded . 

Figur e 1  show s typica l  ey e movement s o f  on e o f  th e skille d 
subjects .  Pane l  (a )  show s th e proble m a s i t  appeare d t o th e 
subject .  Panel s (b-f )  sho w th e subject' s  fixations  a s h e wa s 

solvin g th e problem .  Eac h symbo l  i s  on e fixation.  Eac h pane l 
shows 2 5 fixations.  Eac h fixation  i s represente d b y a  cir -
cle ,  a  square ,  o r  a  rhombus ,  whic h contain s thi s  fixation's  se -
quentia l  number .  Circle s sho w brie f  fixations  ( < 30 0 msec) . 

Square s sho w fixations  tha t  laste d longe r  tha n 30 0 mse c bu t 
les s tha n 80 0 msec .  Rhomb i  sho w lon g fixations  tha t  laste d 
ove r  80 0 msec .  Th e subject' s reasonin g alou d fo r  thi s prob -
le m wa s a s follow s (number s i n parenthesi s indicat e th e se -
quentia l  number s o f  fixations  tha t  occurre d whil e th e phras e 
was bein g spoken) : 

A B CD i s a  parallelogram .  (1-11 ) 
Ok,  s o wher e i s  th e unknow n angle ? (12-20 ) 
th e unknow n angl e i s AE C (21-31 ) 
.. .  the n sinc e .. .  (32-68 ) 
oh,.. .  it' s  trivia l  (69-80 ) 
th e line s A D an d E C ar e paralle l  (8 1 -92 ) 
and therefor e th e angl e A E C (93-105 ) 
i s alternat e interio r  t o th e angl e D A E (106-110 ) 
whic h i s labele d 6 0 degree s (110-120 ) 
The answe r  i s  6 0 degree s (121-122 ) 

The reade r  i s invite d t o examin e Figur e 1  an d th e protoco l 
abov e an d propos e a  sequenc e o f  menta l  operation s tha t  fit 
thes e data . 

Quantitativ e analyse s an d modelin g o f  th e ey e movemen t 
dat a an d spoke n protocol s o f  th e 3  subject s ar e no w i n 
progress .  Th e result s o f  thes e analyse s wil l  b e presente d a t 
th e symposium . 
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(a )  Th e Proble m (d l  Flxatlon e 5 1 7 5 

ABCD x s a  Parallelogra m 

(b )  Fixation s 1  2 5 

(c )  Fixation s 2 6 -  5 0 
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ABCD i a a  Parallelogra m 
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(e )  Pixation s 7 6 10 0 

ABCD i e a  Parallelogra m 

(f )  Fixation e 10 1 12 2 

ABCD I S a  rarallelogra m 
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Figur e 1 :  S e e text . 
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