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Menta l  imager y ofte n play s a  rol e i n proble m solving , 
particularl y whe n th e problo n i s comple x [2 ]  o r  th e subjec t 
must  devis e a  procedur e fo r  arrivin g a t  a  solutio n [3] .  Fo r 
thi s reason ,  imager y us e i s strongl y associate d wit h highl y 
creativ e proble m solvin g [5] .  H o w ar e problem s transforme d 
int o imagery ,  o r  solve d thereafter ? Researcher s hav e pointe d 
out  tha t  goo d proble m visualization s capitaliz e o n th e imager y 
machinery' s abilit y  t o detec t  an d reinforc e visua l  propertie s 
suc h a s symmetries ,  similarities ,  alignments ,  relation s o f  size . 
gestalt s (e.g. ,  [4]) . 

We propos e tha t  th e transformatio n t o suc h 'goo d 
visualizations '  hinge s o n th e discover y o f  proble m invariants : 
parameter s tha t  m a y b e varie d o r  remove d withou t  affectin g 
th e basi c structur e o f  th e problem .  Invariant s indicat e 
ways i n whic h th e proble m ca n b e decompose d int o critica l 
and optiona l  subproblems .  I n imagery ,  self-similaritie s 
suc h a s repeate d patterns ,  symmetries ,  an d alignment s ar e 
strongl y indicativ e o f  invariants .  Visua l  proble m solvin g 
i s a  cycl e o f  visualization ,  discover y o f  invariants ,  an d 
reductio n t o ne w visualization s tha t  ar e progressivel y simple r 
(reducin g cognitiv e loa d o r  inaeasin g alignment s o r  othe r 
systematicitie s tha t  suppor t  chunking )  an d mor e revealin g 
(wit h causa l  structur e mor e salien t  t o th e visua l  system) . 

To stud y visualization s i n proble m solving ,  w e pose d fou r 
difficul t  problem s i n tilings ,  populatio n dynamics ,  physics . 
and mechanica l  desig n t o seventee n undergraduates ,  an d 
collecte d protocol s o f  thei r  reporte d us e o f  imagery .  Althoug h 
thes e problem s ar e easil y solve d whe n converte d t o forma l 
representations-logic ,  geometri c series ,  algebrai c equalities , 
and topologica l  partitions-mos t  subject s reporte d workin g 
throug h a  progressio n o f  visualizations .  Ou r  analyse s foun d 
tha t  mos t  successiv e visualization s wer e linke d vi a invariants . 
and tha t  thes e invariant s wer e 'noticed '  a s visua l  propertie s 
of  th e imagery .  Fo r  example ,  i n solvin g Mckelgren' s [6 ] 
cbeckers-and-domino s proble m (figur e 1) ,  subject s note d tha t 

m 

llffl H H  I I 

Figur e 1 :  Us e o f  a n invarian t  t o simplif y th e question :  Ca n 
th e mutilate d boar d b e tile d wit h dominos? . 

repeated patterns in the checkerboard led them to see how the 
solutio n wa s invarian t  t o th e numbe r  o f  pair s o f  rows ,  allowin g 
the m t o reduc e th e proble m t o a  two-ro w board . 

I n on e problem ,  subject s wer e aske d t o find  a  workabl e 
connectio n topolog y betwee n weight s i n a  kineti c mobil e 
( h l a Alexande r  CaJder) .  Usin g th e invariant s discovere d 
by thes e students ,  w e develope d a n imager y simulato r 
tha t  robustl y design s mobile s wit h complicate d connectio n 
topologie s an d system s o f  leverages .  Th e simulato r  model s 
imager y a s map s o f  activit y tha t  evolv e throug h simpl e cell -
paralle l  calculations .  Imager y operation s suc h a s movement , 

alignment ,  fitting,  an d groupin g ar e accomplishe d b y field 
coupling s i n whic h activit y i n on e m a p generate s potential s 
tha t  influenc e activit y i n another .  Figur e 2  show s th e fields 

wirin g task : targe t masses + 

route-around s =  routin g field solutio n 

Figur e 2 :  Constructin g a  routing-fiel d fo r  "wiring "  a  mobile . 

used to route a connecting wire in accordance with an invariant 
tha t  guarantee s mechanicall y vali d mobiles .  Figur e 3  show s 

inpu t ma.sse s guid e field  mobil e 
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Figur e 3 :  Mobile s derive d fro m images . 

some of the finished mobiles that this imagery system has 
designed .  Couple d potentia l  fields  ca n b e implemente d a s 
neura l  network s whos e organizatio n mimic s hypothesize d 
maps i n th e visua l  cortex[l] .  Thu s w e ca n m a p ou t 
and partiall y  automat e a  ful l  reductio n fro m a  high-leve l 
desig n proble m t o low-leve l  massivel y paralle l  computation s 
betwee n map s o f  neuron-lik e computin g elements . 
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