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Ey e M o v e m e n t s durin g Geometrica l  Proble m Solvin g 

Juli e Epelboi m (YULYA(a)BRISSUN.UMD.EDU ) 
Patric k Suppe s (suppes@ockham.stanford.edu ) 

Cente r  fo r  th e Stud y o f  Languag e an d Informatio n 
Stanfor d Universit y 

Stanford ,  C A 94305-4115 ,  U S A 

Diagram s ar e use d extensivel y i n posin g an d solvin g geom -
etr y problems .  Th e rule s fo r  effectiv e strategie s fo r  lookin g 
at  diagram s ar e no t  known .  I t  i s likel y tha t  th e ey e movemen t 
strategie s use d b y goo d problem-solver s reflec t  thei r  reason -
in g abou t  th e problem .  Thi s suggest s tha t  studyin g th e ey e 
movement  pattern s o f  geometr y expert s observe d whil e the y 
solv e problem s pose d wit h diagram s ma y revea l  ne w infor -
matio n abou t  cognitiv e an d perceptua l  step s tha t  the y us e t o 
arriv e a t  a  solution . 

Model 

Our  stud y o f  ey e movement s durin g solvin g o f  geometr y 
problem s starte d wit h a  simpl e mode l  withi n whic h th e dat a 
was examined .  Th e mode l  consiste d o f  a  se t  o f  axiom s abou t 
th e natur e o f  ey e movement s durin g geometrica l  reasonin g 
and th e relationshi p betwee n ey e movement s an d cognitiv e 
or  perceptua l  operations .  Thi s mode l  wa s base d o n a  simila r 
model  propose d previousl y fo r  ey e movement s durin g arith -
meti c an d readin g (Suppes ,  1990) . 

Experiment 

Thre e subject s ( 2 expert s an d 1  non-expert )  wer e presente d 
wit h simpl e geometr y problem s o n th e compute r  screen .  Eac h 
proble m consiste d o f  a  diagra m i n whic h som e angle s wer e 
labele d wit h letter s an d numerica l  values .  S o m e problem s 
als o containe d brie f  tex t  statin g initia l  conditions .  Fo r  eac h 
proble m th e subjec t  ha d t o find  th e valu e o f  th e unknow n an -
gle ,  labele d wit h a  "?" .  Th e Marylan d Revolving-Fiel d moni -
to r  ( M R F M )  wa s use d t o recor d ey e movements .  Hea d move -
ments o f  subject s wer e restricte d fro m abov e usin g a  bicycl e 
helme t  attache d t o th e fram e o f  th e M R F M.  Thi s metho d o f 
restrainin g th e hea d allowe d th e subject s t o tal k whil e the y 
wer e solvin g problems .  Subject s wer e no t  allowe d t o writ e 
or  sketc h anything ,  bu t  th e problem s wer e simpl e enoug h t o 
solv e mentally .  Subject s wer e aske d t o reaso n aloud ,  an d thei r 
speec h wa s recorded . 

Summary of results 

The ey e movemen t  dat a wa s examine d withi n th e framewor k 
provide d b y th e model .  M a n y o f  th e model' s assumption s 
wer e confirme d b y th e data .  Ther e wa s a  suon g correspon -
denc e betwee n th e ey e movemen t  patter n an d cognitiv e step s 
involve d i n solvin g eac h problem .  Fixatio n duration s de -

pended ,  t o som e extent ,  o n th e cognitiv e o r  perceptua l  pro -
cessin g tha t  wa s takin g plac e a t  th e time .  Fo r  example ,  fixa-
tio n duration s wer e longe r  whe n th e subject s wer e performin g 
menta l  arithmeti c tha n whe n the y wer e scannin g feature s o f 
th e diagram .  Variabilit y  i n duration s o f  fixations  wa s no t  du e 
solel y t o th e probabilisti c  natur e o f  th e oculomoto r  processes , 
althoug h suc h processe s clearl y playe d a n importan t  rol e i n 
determinin g th e ey e movemen t  patter n i n thi s task ,  a s the y 
do i n othe r  visually-guide d tasks .  Likewise ,  saccade s wer e 
made t o feature s i n th e diagra m tha t  wer e currentl y bein g con -
sidered ,  a s indicate d b y concurren t  verba l  protocols .  Exper t 
subject s combine d simpl e feature s int o mor e complex ,  imag -
inar y structures ,  a s wa s require d t o solv e th e problem .  The y 
talke d abou t  thes e structure s an d scanne d thei r  imagine d loca -
tion s withi n diagrams .  Th e non-exper t  di d no t  construc t  suc h 
structures ,  an d hi s ey e movement s wer e limite d t o th e visibl e 
feature s o f  th e diagram . 

Conclusion 

We conclud e tha t  ey e movement s provid e importan t  addi -
tiona l  informatio n abou t  cognitiv e processe s use d t o solv e ge -
ometr y problems .  Futur e generation s o f  th e mode l  wil l  tak e 
int o accoun t  detail s o f  individua l  problems .  However ,  a  suc -
cessfu l  mode l  shoul d b e genera l  enoug h t o describ e classe s 
of  cognitiv e operation s involve d i n geometrica l  reasonin g i n 
general ,  an d perhaps ,  wit h som e parametri c changes ,  i t  coul d 
transfe r  t o othe r  comple x visually-guide d tasks . 
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