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Schoo l  o f  Informatio n an d Compute r  Scienc e 

Georgi a Institut e o f  Technolog y 

Atlanta ,  G A 30332-028 0 

email :  jlk@gatech.edu ,  louise%pravda@gatech.ed u 

Abstract 

One of the major activities creative problem solvers engage in is exploration and evalua-

tio n o f  alternatives ,  ofte n adaptin g an d mergin g severa l  possibilitie s t o creat e a  solutio n 

t o th e ne w problem .  W e propos e a  proces s tha t  model s thi s activit y an d discus s th e 

requirement s i t  put s o n representation s an d reasonin g processe s an d presen t  a  progra m 

tha t  solve s problem s b y followin g thi s procedure . 

Introduction 

Often, when people solve problems, they create new solutions by adapting and combining previous 

solution s the y hav e learne d abou t  o r  create d themselves .  Sometime s a  ne w solutio n ca n b e create d 

by merel y "tweaking "  a n ol d on e i n routin e ways .  Often ,  however ,  proble m solvin g i s les s routine , 

requirin g exploratio n o f  severa l  alternatives ,  perhap s adaptin g an d mergin g severa l  possibilitie s 

gleane d fro m experience . 

Consider, for example, a dietician in a nursing home planning meals for its residents. The normal 

routin e i s t o com e u p wit h a  standar d breakfas t  an d adap t  i t  fo r  thos e wit h specia l  diets .  Fo r 

example ,  a  patien t  wit h n o teet h migh t  b e serve d runn y egg s an d ground-u p toast .  A  mor e creativ e 

solution ,  however ,  migh t  b e t o giv e th e perso n withou t  teet h a  yogur t  milkshak e fro m tim e t o time . 

Th e excerp t  belo w show s ho w on e perso n produce d tha t  solution . 

adapting breakfast for a patient with no teeth, 

standar d wa y i s t o grin d th e toas t  i n th e blender ,  an d leav e 

th e egg s runn y 

==> evaluate: but that's boring, has lousy texture, and tastes bad. 

what  ca n someon e withou t  teet h ea t  tha t  taste s better ? 

==> elaborate: perhaps something liquid 

breakfast, blender, liquid ==> instant breakfast 

==> evaluate: easy to make, texture right, but taste is 

'Thi s researc h i s supporte d i n par t  b y DARPA unde r  contrac t  numbe r  F49620-88-C-0058 ,  an d monitore d b y 
AFOSR.  Mik e Redmon d an d Stev e Robinso n rea d preliminar y draft s o f  tli e paper . 
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uninteresting ,  also ,  nutritio n i s wron g — i t  shoul d com e fro m 

rea l  food s rathe r  tha n bein g artificiall y  create d 

blender, liquid, real food, nutritious ==> yogurt milkshakes, 

made wit h frui t  juice ,  whea t  germ ,  an d yogur t  ( I  dran k the m a  lo t  a s 

supplement s whe n I  wa s pregnant ) 

==> evaluate: easy to make, texture is good: in addition to being 

liquid ,  there' s a  sligh t  crunch ;  nutritio n migh t  stil l  b e 

insufficient ,  migh t  nee d mor e iro n o r  protei n fo r  olde r  peopl e 

..., extra nutrition ==> a friend who is a health nut 

... ,  healt h nu t  == > ad d brewer' s yeas t  fo r  extr a protei n an d vitamin s 

..., extra nutrition, eating while pregnant ==> 

blender ,  liquid ,  extr a protein ,  pregnant ,  .. .  == > ad d a  ra w eg g 

==> evaluate: can't use raw eggs any more because of possibility of 

salmonell a poisonin g 

==> solution: yogurt milkshakes, with fruit juice, wheat germ, 

yogurt ,  brewer' s yeas t 

evaluate ease-of-prep: easy 

evaluat e texture :  liquid ,  sligh t  crunc h 

evaluat e taste :  flavorfu l 

evaluat e nutrition :  goo d 

This reasoning sequence is much like several other examples we have collected of creative problem 

solving .  Th e reasone r  start s wit h a  partial ,  incomplet e proble m specification ,  an d throug h a  serie s 

of  exampl e retrieval s an d evaluations ,  eventuall y bot h define s th e proble m mor e clearl y an d create s 

a solution .  Severa l  solution s ar e considered ,  an d th e fina l  on e ha s element s o f  man y considere d 

befor e it .  W e refe r  t o th e proces s a s explorator y reasoning . 

Exploratory reasoning seems to have many of the elements of brainstorming. When brainstorming, a 

perso n o r  grou p o f  person s attempt s t o solv e a  proble m b y thinkin g o f  th e mos t  unusual ,  farfetched , 

and "off-the-wall "  solution s the y can .  Thi s help s the m expan d thei r  thinkin g beyon d th e usua l 

and routine ,  an d t o conside r  th e proble m i n a  ne w light .  Thi s proces s continues ,  a s Shouksmit h 

(Shouksmith ,  1970 )  point s out ,  unti l  eventuall y th e problem-solvin g effort s mus t  persistentl y focu s 

on refinin g a  propose d solutio n unti l  i t  i s  usable . 

Our research goal, and the one reported on in this paper, has been to derive a model of the 

explorator y processe s involve d i n creativ e proble m solving .  W e ar e considerin g creativ e proble m 

solvin g a s a n extensio n o f  mor e mundan e reasoning .  Creativ e reasoning ,  w e think ,  shoul d no t 

requir e a  differen t  architectur e o r  se t  o f  processes .  Rather ,  c o m m o n processe s shoul d b e extende d 

and package d fo r  creativ e reasoning . 
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Th e explorator y processe s tha t  w e hav e observe d i n creativ e proble m solvin g ar e simila r  t o th e 

processe s involve d i n case-base d rca^onmg r  (Hammond ,  1989 ;  Kolodne r  k  Simpson ,  1984 ;  Simpson , 

1985) .  I n case-base d reasonin g ( C B R ) ,  problem s ar e solve d b y rememberin g ol d situation s simila r 

t o a  ne w on e an d adaptin g th e solution s t o thos e problem s t o fi t  th e ne w situatio n rathe r  tha n 

solvin g problem s fro m scratc h eac h time .  Mor e mundan e cas?-base d reasonin g attempt s t o appl y 

ol d solution s directl y rathe r  tha n tryin g ou t  man y alternatives ,  a s see n i n ou r  protocols . 

A case-based reasoner includes in its architecture a memory of cases, retrieval algorithms that can 

retriev e th e bes t  partiall y  matchin g case s fro m memor y o n demand ,  a n adapte r  tha t  ca n adap t 

an ol d solutio n t o fit a  ne w situation ,  an d a  goa l  schedule r  t o kee p trac k o f  th e reasoning .  Ou r 

proposa l  extend s C B R i n th e followin g ways : 

1. Many cases are considered; many solutions are proposed, and solutions are often made up of 

combination s o f  feature s fro m severa l  cases . 

2. Evaluation of proposed solutions is a primary process. 

3. Problem solving is incremental; problem solutions as well zs descriptions are updated based 

on evaluations . 

4. Evaluation includes willingness to accept what might not be "right;" odd proposals are con-

sidere d fo r  wha t  the y ca n contribut e rathe r  tha n bein g disregarde d outrigh t  becaus e the y 

won' t  work . 

The process we propose for the exploratory part of creative reasoning is as follows: 

• Retrieve a set of cases (initially, use the original problem specification as a guide) 

• For each case: 

— Evaluate the solution proposed by the case for its applicability to the new problem 

-  Evaluat e th e solutio n propose d b y th e cas e fo r  it s adaptabilit y  t o th e ne w proble m 

-  Base d o n evaluations ,  updat e th e prob le m solutio n an d 

— upda t e th e prob le m specificatio n appropriatel y 

• Repeat until a satisfactory solution is created or found 

In the remainder of this paper, we discuss each of these processes, describing the ways it must be 

extende d fo r  explorator y proble m solving . 

Memory and Retrieval Processes 

As we look at the examples of exploratory reasoning that we have collected, we notice that there 

i s a  broa d selectio n o f  case s remembered .  Som e ar e routin e an d som e ar e novel .  Eac h addresse s i n 

some wa y th e goal s o f  th e proble m solver ,  bu t  non e wa s create d wit h exactl y th e ne w goa l  i n min d 
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(e.g. ,  yogur t  milkshake s hav e alway s bee n drun k wit h soun d natura l  teeth) .  I n othe r  words ,  the y 

addres s th e proble m bu t  thi s ne w proble m wa s probabl y no t  anticipate d a t  th e tim e thos e case s 

wer e experienced . 

Memory retrieval theories espoused in case-based reasoning suggest that indices associated with 

case s store d i n memor y indicat e wha t  i s importan t  abou t  a  case ,  an d i n mos t  theories ,  tha t  the y 

als o direc t  an d restric t  searc h throug h th e memor y (Hammond ,  1989 ;  Kolodner ,  1983 ;  Schank , 

1982) .  Attempt s t o designat e wha t  make s on e cas e bette r  tha n anothe r  fo r  case-base d reasonin g 

sugges t  tha t  th e goa l  o f  th e reasone r  i s mos t  importan t  i n choosin g a  bes t  cas e and ,  furthermore , 

tha t  th e bette r  th e goa l  o f  th e ne w cas e matche s on e bein g pursue d i n th e ne w situation ,  th e bette r 

tha t  cas e wil l  b e fo r  case-base d reasonin g (Kolodner ,  1989) . 

The remindings we see in examining our creative problem solving protocols suggest a few other 

things .  First ,  th e fac t  tha t  th e proble m solver' s curren t  goa l  coul d no t  hav e bee n anticipate d a t 

th e tim e a n ol d cas e wa s recalle d indicate s tha t  a  prior i  o r  anticipator y indexin g i s no t  sufficien t  t o 

explai n retrieval .  Second ,  th e protocol s sugges t  tha t  ther e ofte n wil l  b e n o case s tha t  addres s th e 

primar y goal s o f  th e reasoner .  Third ,  i t  seem s tha t  strange r  case s ar e preferre d ove r  mor e norma l 

ones . 

From the above analysis, several things can be inferred about memory and retrieval. First, retrieval 

needs t o b e mor e flexibl e tha n a n "index-following "  scheme .  I t  need s t o allo w seein g a n ol d cas e i n 

a ne w light .  Feature s tha t  wer e no t  salien t  a t  th e tim e a  cas e wa s experience d migh t  b e importan t 

fo r  retrieval .  Thi s mean s case s shoul d b e retrievabl e bot h o n salien t  feature s (tha t  probabl y wer e 

indexed )  an d o n feature s tha t  wer e no t  originall y salient ,  an d henc e wer e probabl y no t  indexed . 

Paradym e (Kolodner ,  1989 )  suggest s on e wa y t o d o this :  al l  partia l  matche s ar e retrieve d b y a 

paralle l  algorithm ,  an d the n a  se t  o f  preferenc e heuristic s choose s th e bes t  o f  those ,  preferrin g thos e 

tha t  matc h o n feature s marke d a s salien t  bu t  allowin g othe r  case s t o b e recalle d i f  n o case s wit h 

marke d salien t  feature s ar e found ,  an d preferrin g thos e tha t  ca n b e use d t o addres s th e proble m 

solver' s curren t  goa l  ove r  others . 

The second change these protocols suggest is that ranking of retrieved cases based on which can 

best  addres s th e reasoner' s curren t  goa l  m a y no t  alway s b e appropriate .  Brainstormin g require s 

bein g ope n t o rememberin g thing s tha t  ma y no t  addres s th e curren t  goa l  bu t  instea d migh t  addres s 

some highe r  leve l  o r  siblin g goal .  Mor e investigatio n i s neede d o f  th e kind s o f  preference s necessar y 

t o ran k case s fo r  explorator y reasoning . 

Third, there needs to be a way of ascertaining whether recalled cases and derived solutions are 

ordinar y o r  special . 

Evaluation of Applicability and Adaptability 

The solutions to cases that are remembered during exploratory reasoning are evaluated for their 

applicabilit y  an d adaptabilit y  t o th e proble m a t  hand .  W h e n evaluating ,  th e reasone r  mus t  as k 

severa l  questions :  whethe r  th e ol d solutio n o r  som e par t  o f  i t  i s  applicabl e t o th e ne w situation ; 

whethe r  i t  o r  som e par t  o f  i t  i s  obviousl y inapplicable ;  whethe r  i t  o r  som e par t  o f  i t  coul d b e adapte d 

t o fit  th e ne w situation .  W h e n yogur t  milkshak e i s considere d a s a  solutio n i n th e protoco l  above , 
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fo r  example ,  i t  i s  inserte d int o th e solutio n i n progres s becaus e i t  achieve s man y o f  th e problem s 

goals .  Late r  reasonin g an d exploratio n assume s i t  t o b e par t  o f  th e solutio n an d aim s a t  refinin g i t 

t o solv e th e proble m better . 

Evaluation of an old solution might also cause the reasoner to add additional constraints to the 

proble m description .  Sorh e wil l  b e desirable ,  an d therefor e adde d t o th e proble m description . 

Other s wil l  b e see n t o b e poor ,  an d rule d ou t  i n th e proble m description .  W h e n on e o f  u s wa s 

tryin g t o decid e wha t  t o d o wit h leftove r  whit e rice ,  fo r  example ,  sh e considere d makin g frie d rice . 

However ,  sh e rejecte d tha t  possibilit y  becaus e sh e ha d ha d Chines e foo d recently ,  an d preferre d 

not  t o hav e i t  again .  Th e proble m specificatio n wa s fixed  t o rul e ou t  an y dis h o f  Chines e cuisin e a s 

a resul t  o f  tha t  consideration .  Conversely ,  whe n sh e considere d makin g ric e pudding ,  thoug h sh e 

rejecte d tha t  als o becaus e i t  wa s sweet ,  sh e decide d t o mak e a  bake d dis h wit h milk .  Th e proble m 

specificatio n wa s augmente d t o prefe r  a  bake d dis h wit h milk ,  suc h a s a  casserole . 

Evaluation, then, is a key to exploration, since its results are used to both further define a problem 

and creat e a  solution .  Bu t  an y solutio n tha t  i s  remembere d coul d b e quit e large ,  an d an y par t  o f  i t 

migh t  b e evaluated .  Th e bi g issu e i s ho w t o provid e focu s th e evaluatio n procedure s s o tha t  the y 

ask appropriat e question s o f  a  propose d solution . 

Based on an examination of the task of recipe creation, we can propose several places from which 

thes e question s derive .  Firs t  i s  function-directe d evaluation .  I n th e recip e creatio n domain ,  th e 

purpos e i s t o creat e somethin g tha t  ca n b e eaten .  Thu s som e evaluativ e question s aris e fro m th e 

concep t  o f  edibility .  I t  i s  important ,  fo r  example ,  t o examin e th e tast e an d appea l  o f  a  dis h t o se e i f 

i t  i s  edible .  Anothe r  se t  o f  evaluativ e criteri a ar e constraint-related .  Doe s th e propose d solutio n 

fit  th e proble m specification ? I f  a  dis h i s t o b e vegetarian ,  fo r  example ,  evaluatio n procedure s mus t 

ask i f  i t  i s  vegetaria n o r  coul d b e mad e tha t  wa y easily . 

A third set are derived from reasoning that occurred in creating previous solutions. We will call 

the m derivation-driven .  Ol d solution s themselve s provid e a  ric h an d importan t  sourc e o f  ques -

tion s i f  th e consideration s take n int o accoun t  i n creatin g the m ar e saved .  Consider ,  fo r  example , 

th e tas k o f  tryin g t o decid e i f  tof u ca n b e substitute d fo r  chees e i n tomat o tar t  ( a chees e pi e flavored 

wit h dijo n mustar d an d garli c  an d wit h tomatoe s o n top) .  Th e reasone r  mus t  b e abl e t o evaluat e 

th e origina l  ingredient ,  an d determin e whic h o f  it s  characteristic s ar e share d b y th e propose d sub -

stitute ,  whic h ar e not ,  an d whethe r  th e difference s matter .  O n e wa y th e righ t  evaluativ e question s 

ca n b e derive d i s b y recallin g anothe r  cas e wher e tof u wa s t o b e substitute d fo r  cheese .  Concern s 

i n tha t  cas e ar e likel y t o b e concern s i n th e ne w on e too .  Fo r  example ,  i f  i n th e previou s cas e th e 

textur e o f  tof u wa s compare d wit h th e textur e o f  th e origina l  ingredient ,  th e reasone r  migh t  the n 

ask abou t  textur e i n th e curren t  case . 

A fourth set of evaluative questions are outcome-related. Some outcome features are well-known 

and migh t  b e aske d al l  th e time .  Other s migh t  b e derivabl e onl y fro m othe r  cases .  A  failur e i n a 

simila r  dish ,  fo r  example ,  cause s th e reasone r  t o as k whethe r  a  simila r  failur e migh t  occu r  i n th e 

ne w one .  I f  suc h a  failur e migh t  occur ,  repair s suggeste d b y th e evaluatio n o f  th e failur e i n th e 

previou s cas e wil l  b e helpfu l  i n fixing  th e ne w proble m specificatio n o r  solution . 

Of course, if evaluative questions derive from previous cases, then cases must maintain their adap-

tatio n o r  derivatio n history .  The y mus t  kno w wher e thei r  solution s cam e from ,  wha t  wa s take n 

int o accoun t  i n creatin g them ,  an d evaluation s o f  thei r  outcomes . 
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U p d a t i n g th e Solutio n i n Progres s a n d P r o b l e m Specificatio n 

Evaluation of old solutions provides guidelines for filling in the solution in progress. A portion of 

an ol d solutio n tha t  fit s  th e ne w constraint s adde d t o th e progressin g solution .  Mor e interesting , 

however ,  i s  tha t  evaluatio n ca n als o resul t  i n updat e o f  th e proble m specification . 

In ill-defined problem solving situations, the problem solver may not have all the necessary in-

formatio n a t  th e beginnin g o f  proble m solving .  I n thes e cases ,  th e proble m specificatio n mus t  b e 

treate d a s a  dynamically-changin g entity .  Th e result s o f  evaluatio n ca n hel p wit h this .  Rulin g ou t 

Chines e cuisin e a s a  resul t  o f  rememberin g an d evaluatin g a  Chines e dis h provide s on e exampl e o f 

this .  I n anothe r  instance ,  rememberin g a  dis h tha t  wa s har d t o prepar e cause d th e reasone r  t o ad d 

"easy-to-prepare "  t o th e proble m specification .  Bot h o f  thes e ar e case s o f  refinin g o r  addin g t o th e 

descriptor s i n a  proble m specification . 

The most interesting examples of changing the problem specification, however, are those in which 

th e goal s o f  th e proble m solvin g see m t o b e change d a s a  resul t  o f  a  "good "  solutio n tha t  i s  foun d o r 

created .  Fo r  example ,  i n th e whit e ric e proble m (mentione d above) ,  ric e frittata ,  a  breakfas t  dish , 

came t o mind .  Whil e i t  woul d certainl y us e whit e rice ,  i t  i s  no t  a  dinne r  dish .  Rathe r  tha n throwin g 

i t  ou t  becaus e i t  violate d th e goal s o f  th e proble m solving ,  sh e change d he r  min d abou t  th e goals : 

a breakfas t  dis h woul d b e acceptable .  I n thi s way ,  th e opportunit y t o fulfil l  mor e importan t  goal s 

i s no t  quashe d b y th e inabilit y  t o fulfil l  les s importan t  ones . 

There are several questions that arise here. First, if essential features of the problem can be 

change d durin g proble m solving ,  the n ho w ca n th e goodnes s o f  a  solutio n b e evaluated ? Certainl y 

not  base d entirel y o n th e proble m specification .  Second ,  i s i t  "legal "  t o chang e al l  part s o f  a  proble m 

specificatio n whil e solvin g th e problem ,  o r  ar e som e part s sacred ? 

We have addressed these two issues by making an assumption that some parts of a problem speci-

ficatio n ar e mor e sacre d tha n others .  T o date ,  w e differentiat e pr imar y fro m secondar y specifi -

cations ,  wher e primar y one s ar e les s likel y t o b e changeabl e tha n secondar y ones .  Thi s designatio n 

play s thre e role s durin g proble m solving :  First ,  whe n retrievin g example s fro m memory ,  thos e tha t 

matc h o n primar y feature s ar e considere d bette r  matche s tha n thos e matchin g o n secondar y fea -

tures .  Second ,  whe n evaluatin g applicabilit y  o f  a  solution ,  i t  i s  judge d mor e applicabl e i f  i t  achieve s 

primar y goal s tha n i f  i t  achieve s secondar y ones .  Third ,  whe n th e proble m specificatio n i s bein g 

updated ,  secondar y feature s ar e allowe d t o b e update d i f  a n otherwis e goo d solutio n i s found ,  bu t 

primar y feature s canno t  b e change d withou t  goo d reason . 

Our Implementation 

We've implemented a program that solves problems by exploring a library of alternatives, evaluating 

relevan t  ones ,  an d base d o n thos e evaluations ,  respecifie s it s proble m an d create s a  solution .  I t  i s 

base d o n a  protoco l  o f  a  perso n attemptin g t o decid e wha t  t o d o wit h leftove r  whit e rice . 

The program's initial problem is to come up with a dinner dish that uses leftover white rice. It 

begin s b y rememberin g thre e dishes :  frie d rice ,  yeaste d brea d wit h cooke d ric e bake d int o it ,  an d 

ric e pudding .  I t  evaluate s eac h suggestion .  Frie d ric e i s rejecte d becaus e th e progra m kne w tha t 
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Chines e foo d ha d bee n serve d to o recently .  I t  add s a  not e t o th e proble m specificatio n tha t  Chines e 

cuisin e i s rule d out .  I t  i s  als o reminde d o f  ric e fritata ,  a  breakfas t  dish .  Considerin g ric e fritata ,  i t 

note s tha t  i t  i s  a  breakfas t  dis h rathe r  tha n a  dinne r  dish ,  bu t  i t  doe s achiev e th e goa l  o f  usin g som e 

of  th e rice ,  an d i t  i s  well-liked ,  s o th e progra m decide s ric e fritat a shoul d b e mad e fo r  breakfast . 

Because the fritata doesn't use all the rice, however, the program continues its reasoning. It 

consider s an d reject s th e yeaste d brea d becaus e i t  take s to o muc h time .  I t  add s a  not e t o th e 

proble m specificatio n tha t  th e solutio n shoul d b e quic k t o prepare .  Th e ric e puddin g i s rejecte d 

becaus e i t  i s  sweet ,  bu t  base d o n desirabl e characteristic s o f  ric e puddin g (baked ,  casserole-like , 

use s miUc) ,  i t  finds  macaron i  an d cheese .  Macaron i  an d chees e doesn' t  us e rice ,  bu t  i t  ca n b e 

adapte d t o ric e an d cheese ,  whic h doe s us e rice .  Together ,  thes e tw o dishe s satisf y th e program' s 

origina l  primar y goal .  I t  propose s makin g ric e fritat a fo r  breakfas t  an d ric e an d chees e casserol e 

fo r  dinner . 

While the program is still in its formative stages, it does many of the things discussed earlier 

i n th e paper .  A s i t  retrieve s candidat e cases ,  i t  augment s th e proble m specificatio n base d o n it s 

evaluatio n o f  th e cases .  A t  a  min imum ,  i t  evaluate s alternative s fo r  th e appropriatenes s o f  thei r  mai n 

ingredient s an d preparatio n method .  W h e n case s i t  i s  evaluatin g "know "  ho w the y wer e create d 

or  w h y the y wer e selected ,  i t  als o ask s evaluativ e question s base d o n previou s concerns .  I t  update s 

it s solutio n i n progres s base d o n thes e considerations .  Additionally ,  th e proble m specificatio n i s 

augmente d wit h desirabl e feature s o f  eac h recalle d cas e an d constraine d b y undesirabl e features ,  a s 

describe d above .  Thi s augmentatio n i s no t  permanent ;  whe n anothe r  cas e i s chose n a s th e basi s 

fo r  remindings ,  th e proble m specificatio n i s altere d t o fit  i t  instead . 

Discussion and Conclusion 

Our claim has been that a primary component of creative problem solving is the process of ex-

ploratin g an d evaluatin g alternativ e solutions ,  ofte n mergin g severa l  solution s int o on e a s a  result . 

Goel  & ;  Piroll i  (1989 )  hav e als o observe d creativ e designer s redefin e an d elaborat e thei r  proble m 

specifications ,  explor e alternatives ,  an d merg e possibilities .  However ,  the y d o no t  propos e pro -

cesses .  W e hav e trie d t o mak e mor e concret e th e processe s fo r  doin g th e thing s the y hav e studied , 

and t o sho w ho w already-know n processe s ca n b e extende d fo r  thes e tasks . 

A key aspect of the creative process is the ability to ask questions. Others studying creativity have 

made a  simila r  claim .  Accordin g t o Schan k &  Leak e (1986) ,  creativit y lie s i n th e abilit y  t o as k 

creativ e questions ,  an d t o us e thos e question s t o appl y a  prese t  explanatio n patter n (XP )  i n a n 

unusua l  wa y t o com e u p wit h interestin g answers .  Whil e w e agre e tha t  th e abilit y  t o as k creativ e 

question s contribute s t o creativ e solutions ,  w e propos e tha t  the y als o allo w th e reasone r  t o modif y 

th e proble m specification ,  a n importan t  tas k whe n solvin g open-ende d problems . 

The most obvious application of creative reasoning is in those domains that are seen as inherently 

creative :  art ,  fo r  example ,  o r  mea l  planning ,  o r  architecture ,  an d s o on .  Bu t  th e approac h w e hav e 

introduce d her e ca n hel p reasoner s i n man y domains . 

Any problem solver can reach an impasse as it works to solve a problem. Exploratory reasoning 

provide s technique s t o breac h suc h a n impasse .  B y elaboratin g th e origina l  proble m specificatio n 

i n mor e tha n on e way ,  a  proble m solve r  ca n find  differen t  path s t o solutions . 
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I n a  domai n wher e th e proble m ma y b e poorl y defined ,  perhap s incomplet e o r  overconstrained , 

th e explorator y proces s ca n hel p elaborat e th e specificatio n o f  th e proble m an d provid e a  mor e 

complet e basi s fo r  proble m solving . 

There many issues that still need to be addressed, the most important of which, we think, is control 

of  evaluativ e processes .  Whil e w e hav e insigh t  int o th e derivatio n o f  evaluativ e questions ,  w e stil l 

don' t  kno w ho w a  reasone r  choose s amon g th e man y path s tha t  reasonin g coul d take . 

An understanding of creative problem solving processes has several important implications. If we 

understan d creativ e processes ,  whic h part s ar e har d an d whic h ar e easy ,  w e wil l  b e abl e t o creat e th e 

righ t  kind s o f  tool s t o hel p proble m solver s wit h thei r  tasks .  W e wil l  find  ou t  whic h processe s ca n b e 

relegate d t o a  machin e an d whic h wil l  nee d t o continu e t o b e don e b y people .  Thi s understandin g 

wil l  als o hel p u s i n buildin g th e kind s o f  tool s an d developin g th e kind s o f  curricul a tha t  ca n bes t 

be use d t o trai n creativ e proble m solver s o f  th e future . 
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