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Tota l  an d Partial-Orde r  Planning : 

Applicatio n o f  Result s f ro m Artificia l  Intelligenc e t o 

Childre n an d Lesione d Adult s 

Mar y J o Ratterman n an d Le e Specto r 
Cognitiv e Scienc e an d Cultura l  Studie s 

Hampshir e Colleg e 
Amherst .  M A 0100 2 

{ M R a t t e r m a n n ,  L S p e c t o r ) © H a m p s h i r e . e d u 

I n t r o d u c t i o n 

This  pape r  examine s huma n plannin g abilities ,  usin g a s 
it s inspiratio n plannin g technique s develope d i n artificia l 
intelligence .  A I  researc h ha s show n tha t  i n certai n problems , 
whic h w e cal l  'partial-order/total-orde r  discriminator s (o r 
P O T O D s ),  partial-orde r  planners ,  whic h manipulat e partia l 
plan s whil e no t  committin g t o a  particula r  orderin g o f 
subplans ,  ar e mor e efficien t  tha n total-orde r  planners ,  whic h 
represent  al l  partia l  plan s a s totall y ordered .  Thi s researc h 
ask s whethe r  total-orde r  plannin g and/o r  partial-orde r 
plannin g ar e accurat e description s o f  huma n planning ,  an d i f 
differen t  population s us e differen t  plannin g techniques . 

We examine d partial-orde r  an d total-orde r  plannin g i n 
thre e differen t  populations :  children ,  adults ,  an d adult s wit h 
damage t o th e prefronta l  cortex .  Previou s wor k suggest s tha t 
youn g childre n hav e difficult y formin g flexible  plan s (Pe a & 
Hawkins ,  1987 )  an d wil l  us e linear ,  total-orde r  plans ,  whil e 
adults ,  capabl e o f  usin g opportunisti c plannin g (Hayes -
Rot h an d Hayes-Roth ,  1979 )  wil l  us e flexible  partial-orde r 
plans .  Researc h showin g tha t  adult s wit h damag e t o th e 
prefronta l  corte x hav e plannin g deficit s (Grafman ,  1989 ) 
suggest s tha t  the y wil l  exhibi t  total-orde r  planning . 

The Chores Experiments 

We presente d 1 7 norma l  adults ,  eigh t  7 -  t o 9-year-ol d 
children ,  eigh t  10 -  t o 12-year-ol d children ,  an d five  adult s 
wit h damag e t o th e prefronta l  corte x wit h task s tha t  coul d b e 
complete d usin g eithe r  total-orde r  o r  partial-orde r  plannin g 
and note d th e overal l  tim e neede d t o complet e th e task .  A s i n 
AI  plannin g systems ,  linea r  growt h rate s i n huma n 
performanc e time s i n P O T O DS ar e suggestiv e o f  partial -
orde r  planning ,  whil e exponentia l  growt h rate s ar e 
suggestiv e o f  total-orde r  planning .  Usin g th e Chore s 
softwar e (Specto r  an d Grafman ,  1994 )  a  Macintos h compute r 
displaye d a  m a p o f  a  cit y wit h icon s representin g item s t o 
acquir e an d item s alread y possessed .  Th e tas k wa s t o perfor m 
a serie s o f  chore s i n thi s city .  Th e relationshi p betwee n eac h 
chor e an d th e item s t o b e acquire d wa s liste d o n a n "Ite m 
Info "  screen .  Becaus e th e completio n o f  on e chor e delete d th e 
ite m require d b y th e previou s chor e ther e wa s onl y on e 
correc t  orderin g possible .  I n th e presen t  experimen t  w e 
varie d th e numbe r  o f  chore s fro m tw o t o five. 

Linea r  tren d analysi s reveale d tha t  th e adult s an d olde r 
childre n exhibite d linea r  increase s i n tota l  tim e a s th e 
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number of chores increased, while the young children and the 
adult s wit h damag e t o th e prefronta l  corte x exhibite d 
exponentia l  increases .  Th e subject s wer e als o categorize d 
base d o n thei r  respons e t o orderin g violations ,  wit h total -
orde r  planner s completel y backtrackin g an d reorderin g thei r 
plan ,  an d partial-orde r  planner s backtrackin g onl y t o th e 
violation ,  revisin g an d the n continuing .  No t  al l  o f  ou r 
subjec u backtracked ,  bu t  o f  thos e wh o di d al l  o f  th e younge r 
childre n (6 )  an d th e majorit y o f  th e adult s wit h damag e t o 
th e prefronta l  corte x ( 2 ou t  o f  3 )  completel y backtracked , 
whil e al l  o f  th e adult s (3 )  an d th e majorit y o f  th e olde r 
childre n ( 4 ou t  o f  6 )  revise d an d continue d thei r  plans . 

Conclusions 

We hav e foun d tha t  th e result s o f  analytica l  wor k i n A I 
plannin g ca n b e use d t o investigat e huma n planning . 
Specifically ,  w e hav e evidenc e tha t  norma l  huma n planner s 
use partial-orde r  representation s fo r  partia l  plans ,  a s d o mos t 
m o d em A I  plannin g systems .  Furthe r  evidenc e suggest s tha t 
damaged huma n plannin g system s us e method s aki n t o thos e 
use d i n les s efficien t  A I  systems ;  specifically ,  tha t  childre n 
wit h developin g fronta l  lobe s an d adult s wit h fronta l  lob e 
lesion s us e plannin g method s simila r  t o thos e o f  total-orde r 
planners .  W e believ e tha t  th e parallel s betwee n th e huma n 
and machin e case s ar e instructive ,  an d tha t  the y ma y lea d t o 
furthe r  development s i n bot h huma n an d machin e studies . 
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