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O p t i m i z a t i o n a n d Pa th - fo l l ow in g 

Dougla s Vicker s (PSYD-V1C@ARTS.ADELAIDE.EDU.AU) 
Michae l  Le e (PSYMDLEE@ARTS.ADELAIDE.EDU.AU) 

Marcu s Butaviciu s (psyiviablt@arts.adelaide.edl.al ) 
Departmen t  o f  Psychology ,  Universit y  o f  Adelaid e 

Adelaid e 500 5 Sout h Australi a 

Path-followin g Per formanc e 

The abilit y  t o follo w a  pat h betwee n tw o point s i s crucia l 
fo r  an y highe r  organism ,  an d man y differen t  type s o f  tes t 
hav e bee n devise d t o stud y huma n path-following . 

For  example ,  i n th e Trai l  Makin g Tes t  (TMT) ,  th e subjec t 
has t o dra w a  continuou s line ,  connectin g 2 5 randoml y 
distribute d circles ,  containin g number s and/o r  letters ,  i n 
numerica l  o r  alphanumerica l  order . 

A secon d typ e i s th e Zahlen-Verbindungs-Tes t  (ZVT) ,  i n 
whic h th e subjec t  ha s t o connec t  consecutiv e number s i n a 
9x1 0 matri x i n whic h successiv e numeral s ar e positione d 
irregularly ,  bu t  i n immediatel y adjacen t  cells . 

Bot h test s suffe r  tw o mai n disadvantages .  First ,  sinc e tes t 
constructio n i s  unprincipled ,  ther e ha s bee n n o 
theoretically-drive n stud y o f  path-followin g performance . 
Second ,  ther e i s a  shortag e o f  multiple ,  measurabl y 
equivalen t  tes t  forms . 

Thi s pape r  argue s tha t  th e generatio n o f  suc h test s ma y b e 
viewe d a s a  proble m o f  combinatoria l  optimization . 

Algorithms for Test Generation 

Our  approac h follow s th e applicatio n o f  neura l  network s 
t o suc h problems ,  and ,  i n particular ,  t o th e Travelin g 
Salesma n Proble m (TSP) .  Thi s ca n b e formulate d as :  Give n 
n cities ,  an d a  specifie d cos t  (distance )  i n movin g betwee n 
any two ,  devis e a n itinerary ,  suc h tha t  (a )  eac h cit y i s 
visite d exactl y once ,  an d (b )  th e tota l  cos t  o f  th e itinerar y i s 
a minimum . 

Elastic Nets and the TMT 

I f  th e T M T i s regarde d a s a  self-avoiding ,  near-optima l 
solutio n t o a  Euclidea n TSP ,  the n a  usefu l  networ k fo r 
generatin g pathway s i s  provide d b y th e 'elasti c net ' 
algorith m o f  Durbi n an d Willsha w (19S7) .  I n additio n t o 
generatin g near-optima l  tours ,  o r  circuits ,  thi s metho d ca n 
be modifie d b y substitutin g a  lin e fo r  th e initia l  rin g 
structure ,  b y fixin g a  startin g poin t  only ,  o r  b y specifyin g 
bot h startin g an d finishin g poinr s (Vicker s &  Lee ,  i n press) . 

Hopfield-style Networks and the ZVT 

I n th e cas e o f  th e Z V T matrices ,  th e implie d patter n o f  cost s 
canno t  b e embedde d i n an y metri c space .  However ,  i f  th e 
cos t  o f  travelin g betwee n non-connecte d cell s  i s assume d t o 

be infinite ,  an d th e tota l  cos t  o f  a  pat h i s no t  require d t o b e a 
minimum ,  the n th e Z V T ca n b e regarde d a s a  Hamiltonia n 
path .  W e use d a  Hopfield-styl e networ k fo r  th e generatio n 
of  Hamiltonia n path s whic h pas s throug h eac h o f  n 
arbitraril y  interconnecte d point s exactl y onc e (Lee ,  Brown , 
& Vickers ,  i n press) . 

Optimization ,  Perception ,  a n d Cognitiv e 
Efficienc y 

Both the TMT and the ZVT are reputedly sensitive 
indicator s o f  cognitiv e efficiency ,  an d sho w moderat e t o 
hig h correlation s wit h intelligence .  Sinc e th e constructio n 
of  T M T an d Z V T pathway s ca n b e though t  o f  a s th e 
realisatio n o f  optimizatio n processes ,  i t  ma y b e usefu l  t o 
conside r  path-followin g i n tur n a s mediate d b y th e 
efficienc y wit h whic h human s achiev e near-optima l 
solution s t o suc h problems . 

Dat a ar e presente d whic h indicat e tha t  mos t  subject s 
spontaneousl y perceiv e a  rando m visua l  arra y a s structure d 
i n a  wa y tha t  constitute s a  near-optima l  pathway .  Dat a fro m 
a stud y o f  huma n performanc e a t  solvin g visuall y presente d 
TSP array s ar e als o presented ,  whic h sho w a  modes t 
correlatio n wit h intelligence . 

Thes e finding s sugges t  tha t  th e optimizatio n method s 
whic h w e advocat e fo r  th e generatio n o f  path-followin g tes t 
form s ma y als o provid e a  usefu l  conceptua l  framewor k fo r 
understandin g an d investigatin g huma n path-following ,  a s 
wel l  a s variation s i n perceptua l  an d cognitiv e efficiency . 
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