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ABSTRACT 

What are the factors that cause a problem solver to become blocked? 
And wha t  ar e th e factor s tha t  allo w a  perso n t o becom e unblocked ? 
Thes e ar e th e motivatin g question s fo r  a  se t  o f  studie s w e conducte d 
of  individua l  an d join t  proble m solving .  B y constructin g a n isomorp h 
of  th e classi c "wate r  jar "  problem s (Luchins ,  1942 )  a s a  dynami c 
graphi c microworld ,  w e wer e abl e t o identif y severa l  factor s involve d 
i n producin g blocke d states .  B y comparin g th e behavio r  o f 
individual s tacklin g th e "missionarie s an d cannibals "  proble m t o 
pair s o f  peopl e solvin g thi s problem ,  w e hav e bee n abl e t o identif y 
ways i n whic h proble m solver s operatin g i n a  socia l  contex t  ar e abl e 
t o overcom e proble m solvin g block s tha t  ar e difficul t  fo r 
individuals .  Thes e studie s poin t  t o th e importanc e o f  "reflection " 
(evaluatio n o f  proble m solvin g results )  fo r  flexibl e proble m 
solving .  Thes e result s may als o accoun t  fo r  th e difficult y i n showin g 
learnin g i n "discover y learning "  use s o f  computers ,  suc h a s th e us e 
of  Logo ,  sinc e suc h use s als o ofte n d o no t  encourag e student s t o 
reflec t  o n th e outcom e o f  thei r  proble m solving . 

When cognitiv e theorist s an d educator s examin e proble m solving , 
th e focu s i s generall y o n th e initia l  step s i n th e proble m solvin g process : 
proble m definition ,  alternativ e path s possibl e t o th e solution ,  an d 
th e possibl e problem s tha t  aris e whe n peopl e "fail "  t o discove r  th e 
relativel y eas y solutio n becaus e o f  negativ e transfe r  fro m othe r 
problem s o r  domains . 

There is, however, an important part of the problem solving 
proces s tha t  i s les s ofte n describe d i n cognitiv e researc h an d ofte n 
i s missin g fro m instructio n i n proble m solving .  Thi s i s th e 
reflectio n o r  evaluatio n o f  th e solutio n tha t  wa s found .  Was i t  th e 
bes t  possibl e solution ? Th e onl y solution ? Ho w wa s i t  discovered ? 
Coul d i t  b e repeated ? What  justificatio n ca n th e proble m solve r  offe r 

346 



LEVIN ,  RIEL ,  COHEN,  GOELLER,  BORUTA,  &  MIYAK E 

fo r  hi s o r  he r  move ? 

We often solve problems by looking for the most immediate 
solutio n wit h littl e concer n fo r  othe r  way s tha t  w e coul d hav e solve d 
th e problem .  I f  th e proble m i s neve r  likel y t o reoccu r  thi s metho d 
may b e appropriate .  However ,  fo r  problem s tha t  reoccur ,  skille d 
proble m solver s wil l  b e thos e wh o hav e a  deepe r  understandin g o f  th e 
fi t  betwee n th e proble m an d th e proble m solution .  We wil l  discus s 
her e severa l  experiment s i n tw o differen t  proble m solvin g situation s 
whic h poin t  t o th e vita l  rol e tha t  reflectio n pla y i n proble m 
solving . 

The Missionarie s an d Cannibal s Proble m 

One way to get problem solvers to reflect on their problem 
solvin g strategie s i s t o pu t  the m i n a  socia l  situatio n i n whic h the y 
must  convinc e on e anothe r  tha t  a  give n mov e o r  strateg y i s th e bes t 
one . 

"There are three missionaries and three cannibals on one side of 
th e rive r  an d you r  tas k i s t o ge t  the m acros s th e rive r  usin g a  tw o 
perso n boa t  withou t  eve r  lettin g th e cannibal s outnumbe r  th e 
missionarie s o n a  sid e o f  th e river. "  Thi s i s a  commonl y use d 
proble m tha t  involve s a  sequenc e o f  eleve n step s fro m Initia l  stat e 
t o conclusio n (Erns t  &  Newell ,  1969 ;  Reed ,  Ernst ,  &  Banerji ,  1974 ; 
Jeffries ,  Poison ,  Razran ,  &  Atwood ,  1977 ;  Levi n &  Hutchins ,  1981) . 
The sequenc e i s difficul t  t o se e immediatel y an d findin g th e solutio n 
ofte n involve s illega l  move s an d repetitio n o f  move s tha t  d o no t  mov e 
th e proble m solve r  an y close r  t o th e solution . 

We had subjects solve this problem in two different conditions. 
The firs t  i s  th e mor e standar d situatio n i n whic h a  singl e perso n 
manipulate s object s tha t  represen t  th e proble m whil e "talkin g aloud " 
abou t  th e step s o f  proble m solving .  Th e verba l  protocol s ofte n 
relate d wha t  th e proble m solve r  wa s doing ,  bu t  no t  why -  Th e plan s an d 
strategie s remaine d difficul t  t o infe r  fro m th e verba l  reports . 

The second condition was to ask two people to work together to 
solv e th e problem .  When peopl e solv e problem s i n socia l  settings , 
the y ofte n discus s thei r  plan s o r  reflec t  o n th e succes s o f  previou s 
action s (Miyak e 1986 ;  Suchman ,  1985 ;  Martin ,  1983) .  Th e nee d fo r 
coordinate d actio n an d divisio n o f  labo r  ofte n lead s t o shiftin g 
responsibilit y  fo r  monitorin g an d evaluatin g eac h actio n take n b y th e 
group . 

We had 10 individuals and 10 pairs of subjects solve the 
problem .  Al l  session s wer e audiotape d wit h a n experimente r  takin g 
note s abou t  thing s tha t  wil l  no t  b e availabl e fro m th e tape .  Th e 
note s an d th e audiotap e ar e use d t o construc t  a  transcrip t  o f  th e 
verba l  interactio n an d a  proble m solvin g transcript .  Th e proble m 
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solvin g transcript s lis t  al l  move s eithe r  mad e o r  considere d fro m th e 

initia l  stat e throug h th e eleve n step s necessar y fo r  th e solutio n o f 
th e problem .  We use d thi s informatio n t o compar e th e individua l 
session s wit h tha t  o f  th e pairs . 

Comparison of individual and joint problem solving. There is a 
ver y differen t  patter n whe n a  pai r  o f  subject s solv e th e missionarie s 
and cannibal s proble m tha n whe n individua l  subject s wor k alone .  Th e 
singl e subject s o n th e averag e too k twic e a s long ,  (13.3 0 minute s fo r 
singl e subject s an d 7.0 9 fo r  pairs) ,  an d mad e mor e move s (2 7 t o 17 ) 
wit h a  highe r  percen t  o f  bot h illega l  (1.2 % t o .08% )  an d o f  repea t 
(40.2 % t o 22.4% )  moves .  Th e pair s wer e als o bette r  a t  detectin g thei r 
own illega l  move s o r  error s whil e wit h singl e subject s i t  wa s ofte n 
necessar y fo r  th e experimente r  t o indicat e tha t  a n illega l  mov e wa s 
made. 

The single subject's approach to solving the problem was to 
begi n b y movin g th e piece s directl y wit h n o evaluatio n o f  possibl e 
moves.  Thei r  verba l  report s mos t  ofte n describe d wha t  the y wer e doin g 
wit h les s descriptio n o f  thei r  plan s fo r  solvin g th e problem .  Singl e 
subject s rarel y propose d a  move ,  considere d i t  an d the n carrie d i t  out . 
Instea d th e plannin g wa s don e "o n th e fly" ,  ofte n wit h th e subject s 
expressin g a  sens e o f  frustratio n abou t  solvin g th e problem .  When 
the y ra n int o problems ,  the y wer e les s likel y t o begi n th e proble m 
over .  Consequently ,  whe n the y di d solv e th e proble m the y ha d n o clea r 
memory o f  th e solutio n path ,  becaus e o f  al l  th e incorrec t  o r  backwar d 
moves alon g th e way . 

Pairs of subjects, on the other hand, were able to solve the 
proble m muc h faste r  tha n the y wer e likel y t o d o i t  alone .  Th e pair s 
talke d abou t  thei r  move s a s di d th e singl e subjects ,  bu t  th e natur e 
of  th e tal k wa s different .  Th e pair' s  tal k wa s concerne d wit h whic h 
of  a  numbe r  o f  contemplate d move s shoul d b e made .  Thi s typ e o f  tal k 
(negotiatio n an d planning )  seeme d t o b e productiv e i n findin g 
solution s t o problems .  Th e nee d t o justif y a  mov e ofte n le d t o 
reflectio n o n a  give n mov e an d a n analysi s o n ho w i t  wa s likel y t o 
brin g th e proble m solver s close r  t o th e goa l  state .  Th e secon d perso n 
als o serve d a s a  monito r  (Miyake ,  1986) ,  notin g illega l  move s an d 
th e lac k o f  progres s o f  a  give n approach .  I n th e case s wher e pair s o f 
subject s foun d themselve s havin g difficult y a t  a  particula r  ste p i n 
th e problem ,  the y wer e mor e likel y t o star t  ove r  fro m th e beginnin g 
th e whol e sequenc e o f  steps .  Thi s contraste d t o th e behavio r  o f  th e 
singl e subject s wh o woul d continu e t o loo k fo r  a  mov e tha t  woul d lea d 
the m t o th e end .  Thu s whe n th e pair s foun d a  solution ,  the y execute d 
i t  fro m star t  t o finis h wit h fe w irrelevan t  moves .  Th e relativ e 
eas e a t  whic h tw o subject s solve d th e proble m compare d t o tha t  o f  th e 
singl e subject s suggeste d tha t  th e interactio n betwee n th e subject s 
was a n importan t  resourc e fo r  proble m solving . 
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Water  Jar s t o Charge d Particle s i n Zapworl d 

The second set of experiments reported here Is based on the 
Luchin s Wate r  Ja r  Experimen t  (Luchlns ,  1942) .  I n thi s experimen t 
subject s solv e a  se t  o f  problem s usin g on e particula r  procedure ,  the n 
fin d i t  difficul t  t o giv e u p usin g tha t  procedur e o n othe r  problems , 
eve n whe n i t  i s  les s efficien t  o r  eve n ineffective .  What  rol e doe s 
reflectio n pla y i n helpin g subject s flexibl y mov e beyon d a 
conventiona l  solutio n t o fin d a  bette r  solution ? 

We implemented an isomorph of the water jar experiments in 
InterLIS P o n a  Xero x 110 8 computer .  I n thi s version ,  whic h w e calle d 
"Zapworld" ,  th e subjec t  i s  show n a  numbe r  o f  movin g object s eac h wit h 
a certai n amoun t  o f  "charge. "  Th e goa l  i s  t o accumulat e a  specifie d 
amount  o f  charg e b y gainin g charg e fro m charge d object s (b y touchin g 
the m wit h a  mouse-drive n pointe r  an d pushin g a  button )  an d b y losin g 
charg e t o uncharge d objects . 

The problem set contains a sequence of 12 problems. The first 2 
ar e exampl e problem s an d th e nex t  fiv e problem s ca n al l  b e solve d b y 
usin g a  particula r  length y procedure .  Th e nex t  tw o problem s (calle d 
critica l  1  an d 2 )  ca n b e solve d b y th e sam e length y procedur e o r  b y a 
shorte r  "direct-method "  procedure .  Th e 10t h o r  "direct-metho d 
problem "  ca n onl y b e solve d b y th e shorte r  procedure .  The n tw o mor e 
problem s (critica l  3  an d 4 )  wer e give n i n whic h eithe r  th e long  o r 
direc t  metho d procedur e coul d b e used . 

In the classic experiments by Luchins, only 19% of the subjects 
sa w an d utilize d th e direc t  metho d fo r  solvin g th e firs t  se t  o f 
critica l  problems .  Hi s subject s too k muc h longe r  t o solv e th e direc t 
metho d proble m an d onl y 39 % mad e th e shif t  t o th e direc t  metho d o f 
solutio n fo r  th e las t  tw o critica l  problems . 

When subjects worked these same problems in Zapworld we found a 
surprising  result .  Th e subject s di d no t  ge t  blocke d o n th e "critica l 
problems "  i n th e sam e wa y a s th e finding s o f  Luchin s woul d predict . 
When face d wit h th e firs t  se t  o f  critica l  problems ,  63 % shifte d t o 
th e direc t  metho d immediately .  Afte r  th e "direct-method "  proble m 85 % 
shifte d t o th e direc t  metho d fo r  th e las t  tw o critica l  problems . 

We began to use alternate problem isomorphs to understand this 
result .  We use d compute r  printout s o f  th e proble m t o creat e a 
penci l  an d pape r  versio n o f  th e task .  Subject s wer e blocke d i n thi s 
forma t  i n a  wa y tha t  wa s simila r  t o tha t  foun d b y Luchin s althoug h 
th e findin g wa s no t  quit e a s stron g a s h e reported .  When the y 
reache d th e firs t  se t  o f  critica l  problem s 41 % shifte d t o th e direc t 
metho d an d 55 % shifte d t o th e direc t  metho d fo r  th e las t  tw o 
problems . 

We also compared the strategies that were used by the subjects 
on pape r  an d o n th e compute r  a s the y worke d th e firs t  7  problems . 
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Solvin g th e proble m o n pape r  require s th e subjec t  t o carr y ou t  th e 
arithmeti c Involve d I n th e proble m (whic h i s don e automaticall y i n 
th e compute r  version) .  S o subject s develope d an d applie d a  length y 
proble m solvin g procedur e tha t  worke d fo r  th e initia l  problems .  Onc e 
thi s procedur e wa s developed ,  the y continue d t o us e i t  unti l  the y 
foun d tha t  i t  di d no t  work .  The y wer e mor e likel y t o us e th e longe r 
procedur e ove r  th e direc t  metho d eve n afte r  a  proble m tha t  indicate d 

tha t  th e procedur e migh t  no t  wor k i n al l  cases .  Th e pape r  an d penci l 
subject s seeme d t o approac h th e proble m i n exactl y th e wa y on e woul d 
predic t  fro m th e origina l  Luchin s data . 

The computer implementation of the problems weakened the 
learnin g an d th e automati c applicatio n o f  previousl y successfu l 
strategies .  Th e implementatio n o f  th e proble m o n th e compute r  wit h 
th e mous e pointe r  enable d th e student s t o pla y wit h th e proble m an d 
not  necessaril y  atten d t o th e computation s tha t  ar e th e onl y strateg y 
availabl e t o th e perso n workin g wit h paper .  Th e behavio r  o f  th e 
subject s wa s simila r  t o tha t  w e ha d see n i n th e singl e subjects ' 
approac h t o th e missionarie s an d cannibal s problem .  The y coul d tr y 
thing s ou t  b y interactin g wit h th e problem ,  usin g visua l  cue s t o 
sugges t  th e nex t  action .  I t  wa s mor e lik e wha t  i s frequentl y calle d 
th e "discover y learning "  approac h t o proble m solving .  Th e student s 
trie d a  numbe r  o f  differen t  strategie s wit h eac h proble m an d on e 
subjec t  eve n discovere d a  ne w an d origina l  solutio n t o th e "direct -
method "  proble m whe n workin g o n th e computer .  Anothe r  subjec t  wa s 
abou t  t o us e th e strateg y tha t  ha d bee n successfu l  i n th e pas t  bu t  h e 
made a n erro r  i n dischargin g t o th e wron g particle .  Th e ne w stat e 
create d o n th e compute r  b y thi s erro r  suggeste d th e direc t  metho d o f 
solvin g th e problem . 

Since the work with missionaries and cannibals had pointed to 
th e rol e o f  evaluatio n o r  reflectio n i n proble m solving ,  w e decide d 
t o tr y a  chang e i n th e procedur e tha t  woul d encourag e th e subject s t o 
reflec t  o n thei r  proble m solvin g approach .  Th e Zapworl d procedure s 
wer e modifie d s o tha t  afte r  eac h solve d problem ,  th e subjec t  ha d t o 
recor d ho w the y ha d solve d th e problem .  Onc e subject s wer e aske d t o 
recor d ho w the y ha d solve d th e problems ,  the y di d appea r  t o develo p 
th e sam e procedur e a s th e subject s wh o worke d o n pape r  an d thi s wa s 
confirme d b y thei r  performanc e o n th e th e firs t  2  critica l  problems . 
On thi s problems ,  70 % o f  th e subject s continue d t o us e th e lon g 
procedure .  Afte r  th e "direct-method "  problem ,  w e foun d anothe r 
surprise .  Almos t  al l  th e subjects ,  (90% )  shifte d t o th e shor t  metho d 
fo r  th e "direct-method "  proble m an d th e critica l  problem s tha t 
followe d it . 

This finding suggests that reflection on the problem solving 
strategie s resulte d i n a  cleare r  developmen t  o f  a  proble m solvin g 
procedur e tha t  i s applie d fo r  efficiency .  Bu t  onc e tha t  strateg y 
becomes les s effective ,  th e subject s wer e abl e t o shif t  t o th e direc t 
metho d wit h n o difficulty . 
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We wer e abl e t o constrai n th e compute r  environmen t  somewha t  b y 

makin g i t  a  requiremen t  tha t  th e subjec t  recor d th e step s tha t  h e o r 
she too k t o fin d th e solutio n afte r  solvin g th e problem .  When force d 
t o recor d th e step s t o solution ,  th e proble m solver s bega n t o searc h 
fo r  th e mathematica l  procedur e tha t  coul d b e use d t o describ e th e 
solution .  Th e performanc e o n th e firs t  tw o critica l  problem s 
indicate s tha t  th e subject s wer e mor e likel y t o experienc e th e 
initia l  proble m o f  bein g blocke d bu t  a s soo n a s a  proble m require d a 
direc t  approach ,  the y wer e th e mos t  likel y t o tr y thi s ne w direc t 
approac h o n th e nex t  se t  o f  critica l  problems . 

Implication s fo r  Computer-Base d Proble m Solvin g Instructio n 

In both these problem domains we found that reflection on 
th e move s tha t  wer e necessar y fo r  findin g th e solutio n le d t o bette r 
proble m solving .  I n th e Missionarie s an d Cannibals ,  th e subject s wh o 
worke d cooperativel y wer e place d i n a  situatio n i n whic h the y ha d t o 
negotiat e thei r  moves .  Th e cooperativ e conditio n mad e i s necessar y 
fo r  th e subject s t o explai n wh y a  give n mov e wa s likel y t o brin g the m 
close r  t o th e solutio n o f  th e problem . 

In the Water Jars isomorph, Zapworld, we made it a condition of 
th e tas k tha t  th e subject s sto p an d explai n ho w the y ha d arrive d a t 
th e solutio n o f  a  problem .  Thi s reflectio n o n th e solutio n helpe d 
focu s th e attentio n o f  th e subject s o n a  productiv e strategy .  Unlik e 
th e subject s i n th e classi c Luchin s experiment s o r  th e subject s tha t 
di d th e sam e tas k o n paper ,  th e subject s wh o reflecte d o n th e 
proble m solutio n wer e abl e t o shif t  t o a  ne w "direct-method " 
solutio n procedur e wit h n o difficulties . 

These findings suggest why problem solving environments on the 
compute r  ofte n allo w student s t o d o wha t  look s lik e sophisticate d 
proble m solving ,  bu t  thes e sam e student s the n fai l  t o transfe r  thes e 
proble m solvin g skill s  t o problem s i n othe r  domains .  Researc h o n th e 
effec t  o f  Log o o n students '  proble m solvin g skill s  ha s show n littl e 
transfe r  (Papert ,  Watt ,  diSess a &  Weir ,  1979 ;  Pe a &  Kurland ,  1984) . 
I f  w e coul d arrang e fo r  student s t o reflec t  o n wha t  the y hav e 
accomplishe d i n thes e domains ,  the n w e migh t  se e mor e flexibilit y  i n 
thei r  applicatio n o f  thes e skill s  t o othe r  proble m domains .  Ou r 
result s sugges t  tha t  interactio n wit h th e compute r  i n suc h setting s 
migh t  b e mor e effectiv e i f  ther e i s a  reflectiv e stag e i n whic h 
student s revie w wha t  the y hav e don e o n th e compute r  an d why .  I t  ma y 
be tha t  som e o f  thi s take s plac e naturall y whe n subject s wor k 
togethe r  o n a  problem . 

Thi s researc h ha s focusse d o n th e importan t  ste p o f  reflectio n 
on proble m solving .  I t  suggest s tha t  teachin g student s t o analyz e 
what  the y hav e don e wil l  hel p the m develo p flexibilit y  i n usin g a  ne w 
approac h whe n blocked . 
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