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Proble m solver s adop t  "point s o f  view "  whe n 
solvin g problems ,  expresse d throug h th e delxi s 
of  thei r  verbalizations ,  tha t  ar e strongl y 
relate d bot h t o th e commissio n o f  Illega l  move s 
and t o th e occurrenc e o f  blocke d conditions .  Thi s 
pape r  describe s a n analysi s o f  poin t  o f  vie w i n 
th e Missionarie s &  Cannibal s task ,  an d present s 
a mode l  fo r  proble m solvin g tha t  Incorporate s 
poin t  o f  vie w a s a  resourc e allocatio n mechanis m 
usefu l  fo r  dealin g wit h th e th e finit e capacit y 
of  huma n proble m solvin g processing .  Thi s 
analysi s relate s th e subjects '  action s i n thi s 
tas k t o thei r  tal k abou t  thes e actions . 

When solving a problem, where do people put 
themselves ? Afte r  solvin g a  simpl e puzzl e (th e 
Missionarie s &  Cannibal s task) ,  al l  o f  ou r 
subject s reporte d havin g take n a  "bird' s ey e 
view" ,  lookin g dow n o n th e puzzl e element s fro m 
above .  Ye t  thei r  verba l  report s o f  puzzl e action s 
wer e i n term s o f  motio n relativ e t o thei r  ow n 
positions ,  thu s placin g th e proble m solver s 
withi n th e loca l  spac e o f  th e proble m element s 
rathe r  tha n remove d fro m it .  Th e Englis h 
languag e permit s a  speake r  t o describ e motio n i n 
spac e relativ e t o his/he r  ow n positio n (o r 
relativ e t o othe r  spatia l  landmarks) .  Thi s 
proble m solvin g "poin t  o f  view "  shift s ove r  th e 
cours e o f  solvin g th e problem .  Mor e importantly , 
a person' s poin t  o f  vie w i s relate d t o progres s 
i n solvin g th e problem . 
The analysis of what people say while solving 
problem s ha s playe d a n importan t  rol e i n proble m 
solvin g research .  Ther e ha s bee n controvers y 
ove r  th e statu s o f  wha t  peopl e sa y abou t  wha t 
the y ar e doing .  A t  on e en d o f  a  spectrum ,  th e 
manifes t  conten t  o f  proble m solvin g "protocols' " 
i s  take n a s a n accurat e reflectio n o f  a  subse t  o f 
proble m solvin g processe s (Newel l  i  Simon , 
1972) .  A t  th e othe r  en d o f  th e spectrum ,  thi s 
kin d o f  tal k abou t  actio n ha s bee n rejecte d a s 
vali d dat a (Nlsbit t  &  Wilson ,  1977) . 

In this paper we take a position that neither 
assumes a  simpl e lin k no r  dismisse s tal k bu t 
instea d closel y look s a t  wha t  th e relatio n is .  A 
detaile d examinatio n o f  th e tal k abou t  action s i n 
solvin g a  simpl e puzzl e reveal s a  systemati c 
relatio n o f  whic h th e subject s themselve s (an d 
previou s researcher s studyin g thi s puzzle )  ar e 
not  consciousl y aware .  Thi s relatio n ca n serv e a s 
an importan t  buildin g bloc k o f  a  mode l  o f  proble m 
solvin g tha t  encompasse s bot h tal k an d tas k 
actions . 

In our experiments, the subjects sat 
facin g th e experimente r  wit h th e puzzl e piece s o n 
a tabl e betwee n them .  Th e puzzl e piece s 
consiste d o f  a  piec e o f  pape r  wit h a  rive r  draw n 
on it ,  thre e token s labele d wit h Ms t o stan d fo r 
missionaries ,  thre e token s labele d wit h C s t o 
stan d fo r  th e cannibals ,  an d a  pape r  boa t  tha t 
woul d hol d a  maximu m o f  tw o tokens .  Th e objec t 
of  th e Missionarie s &  Cannibal s puzzl e I s t o ge t 
al l  th e peopl e acros s th e rive r  usin g th e boat , 
withou t  eve r  havin g mor e cannibal s o n a  sid e tha n 

missionaries .  I n al l  cases ,  th e verba l 
interactio n betwee n th e experimente r  an d th e 
subjec t  wa s tap e recorded . 

Point of View 

The subjects represent the spatial aspect of 
th e proble m i n thei r  account s primaril y throug h 
th e us e o f  deicti c verb s (come ,  go ,  take,  send , 
bring ,  etc )  an d plac e adverb s (here ,  there , 
across ,  etc) .  Th e us e o f  thes e lexica l  item s 
position s th e speake r  relativ e t o a  spatia l 
field . 

For example, one subject began the task with 
th e followin g statement : 

" I  wan t  on e canniba l  an d on e missionary ,  an d 
the y g o t o th e othe r  side ,  an d th e gu y drop s of f 
th e canniba l  an d th e missionar y come s bac k 
again. " 

The condition which has to be met in order 
fo r  "go "  t o b e appropriat e i s tha t  th e speake r  i s 
not  a t  th e goa l  o f  th e actio n a t  th e tim e o f  th e 
utteranc e (Fillmore ,  197A ;  Clark  &  Garnlca , 
1974) .  Fo r  th e ver b "come "  o n th e othe r  hand ,  th e 
conditio n whic h mus t  b e met  i s tha t  th e speake r 
i s a t  th e goa l  o f  th e action .  I n thi s cas e w e 
therefor e assum e tha t  th e subjec t  ha s a n implici t 
poin t  o f  vie w o n th e proble m whic h place s hi m o n 
th e star t  shor e throughou t  th e tw o move s 
described . 

Another subject started the task with the 
nex t  statement : 

"Firs t  thin g I  wan t  t o d o i s ge t  a  canniba l 
ove r  t o th e othe r  side .  Let' s tak e hi m ove r 
ther e wit h a  missionary .  Missionar y take s th e 
boat  back. " 

In this case the problem solver has expressed 
a shiftin g poin t  o f  view .  A t  th e outset ,  th e 
subjectiv e poin t  o f  vie w o f  th e proble m solve r  i s 
at  th e star t  shore .  Thi s i s show n bot h b y th e 
fac t  tha t  th e ver b "take "  indicate s tha t  th e 
subjec t  i s  no t  a t  th e goa l  o f  th e actio n a t  th e 
tim e o f  th e utteranc e an d b y th e referenc e t o th e 
goa l  sid e o f  th e rive r  a s 'th e othe r  side. '  I n 
th e cours e o f  th e mov e th e poin t  o f  vie w change s 
t o th e goa l  shor e a s th e proble m solve r  travel s 
wit h th e creature s i n takin g the m t o th e othe r 
side .  Th e poin t  o f  vie w o f  th e proble m solve r 
remain s a t  th e goa l  shor e throug h th e executio n 
of  th e nex t  move .  Thi s i s indicate d b y th e 
delxi s o f  th e phras e 'Missionar y takes '  whic h 
agai n place s th e subjec t  o n th e shor e o f  th e 
origi n o f  th e actio n rathe r  tha n a t  th e goa l  o f 
th e action . 

In previous approaches, (Thomas, 1974; 
Greeno ,  1974 ;  Jeffries ,  Poison ,  Razran ,  &  Atwood , 
1977 )  th e subjec t  wa s notifie d immediatel y upo n 
th e productio n o f  a n Illega l  state .  I n th e 
procedur e employe d here .  Illega l  state s wer e 
note d b y th e experimenter ,  bu t  th e subjec t  wa s 
not  tol d tha t  a n Illega l  stat e ha d bee n produce d 
unti l  a  followin g mov e wa s attempted .  Thi s 
provide d th e subjec t  wit h a n opportunit y t o sel f 
detec t  illega l  states .  I f  th e subjec t  faile d t o 
notic e a n Illega l  state ,  i t  wa s pointe d ou t  b y 
th e experimente r  whe n th e nex t  mov e wa s 
attempted .  Thi s procedur e permit s u s t o 
distinguis h illega l  state s tha t  ar e self-detecte d 
by th e subjec t  fro m thos e tha t  g o unnotice d b y 
th e subject . 
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Any mov e ca n b e classifie d I n term s o f  It s 
actua l  legalit y an d It s Judge d legality .  Thi s 
classificatio n I s show n I n th e tw o b y tw o 
tabl e below . 

JUDGED 
lega l  Illega l 

lega l 

ACTUAL 

I 
LEGAL 
MOVE 

I 
I 

Illega l  I 
L 

ILLEGAL 
MOVE 

I 
BLOCKED I 

CONDITION I 

CORRECT I 
REJECTION I 

Error s o f  commissio n 

Lega l  move s d o no t  hav e sldednes s i n th e sam e 
way tha t  Illega l  move s do .  A s note d above ,  a n 
Illega l  stat e result s fro m a  rul e violatio n tha t 
I s locate d o n on e sid e o f  th e rive r  o r  th e other . 
When ther e I s n o rul e violation ,  ther e I s n o 
sldedness .  However ,  thes e move s ar e stil l 
amenabl e t o poin t  o f  vie w analysis . 

Novice problem solvers are sometimes blocked 
severa l  time s a t  th e sam e stat e befor e 
sucessfull y gettin g throug h it .  Thes e severa l 
passe s throug h th e sam e stat e ma y sho w change s I n 
poin t  o f  view .  A  particula r  poin t  o f  vie w o n th e 
proble m may lea d th e subjec t  t o discar d a  lega l 
move,  whil e a  differen t  poin t  o f  vie w o n th e sam e 
stat e may mak e th e legalit y o f  th e nex t  mov e 
obvious . 

Of  thes e type s o f  moves ,  th e analysi s o f 
moves tha t  produc e actua l  Illega l  state s i s th e 
most  straightforward ,  s o w e wil l  begi n wit h It . 
Sinc e a n Illega l  stat e I s produce d whe n th e 
cannibal s outnumbe r  th e missionarie s o n eithe r 
sid e o f  th e river ,  an d sinc e the y canno t 
simultaneousl y outnumbe r  the m o n bot h sides . 
Illega l  state s hav e a  sldednes s relativ e t o th e 
river .  Wher e i t  I s possibl e t o determin e th e 
subject' s poin t  o f  vie w a t  th e tim e o f  th e 
Illega l  move ,  th e Illega l  stat e ca n b e labele d a 
near  sid e illega l  stat e o r  a  fa r  sid e illega l 
state .  Nea r  sid e Illega l  state s ar e thos e i n 
whic h th e rul e violatio n occur s o n th e sam e sid e 
of  th e rive r  a s th e subject' s curren t  poin t  o f 
view .  Fa r  sid e Illega l  state s ar e thos e i n whic h 
th e rul e violatio n occur s o n th e sid e o f  th e 
rive r  awa y fro m th e subject' s curren t  poin t  o f 
view . 
The results of this analysis is shown in 
Tabl e 2 .  Of  th e 1 5 illega l  move s fo r  whic h i t 
was possibl e t o assig n a n unambiguou s poin t  o f 
view ,  1 0 occure d o n th e rive r  ban k awa y fro m th e 
poin t  o f  vie w o f  th e subject ,  whil e onl y 5 
occure d o n th e rive r  ban k o f  th e subject' s poin t 
of  view .  Further ,  fou r  o f  fiv e nea r  sid e Illega l 
moves wer e detecte d b y th e subjec t  befor e makin g 
anothe r  move ,  whil e eigh t  o f  te n fa r  sid e illega l 
moves wen t  undetecte d b y th e subject . 

Violatio n sid e 
Near  Fa r Detecte d | 

by subject s 1 
1 

Undetecte d | 
by subjects i 

A 

I 

1 -
1 

Tota l  1  5 
1 

2 1 

8 1 

10 1 

Error s o f  Omissio n 

The analysis of errors in problem solving has 
largel y focuse d o n error s o f  commission ,  th e 
Illega l  move s tha t  subject s make .  However ,  a 
"problem "  i s no t  Jus t  a  situatio n wher e a  perso n 
makes illega l  moves .  I t  may als o b e a  situatio n 
wher e a  perso n i s unabl e t o progres s towar d som e 
goal ,  eve n afte r  repreate d attempts .  Thi s 
situatio n ca n b e cause d b y "error s o f  omission" , 
wher e th e perso n fail s  t o mak e a  progressiv e 
move,  a s wel l  a s b y th e commissio n o f  Illega l 
moves. 

Earl y researc h o n proble m solving ,  especiall y 
tha t  b y th e Gestal t  psychologists ,  focusse d o n 
obstacle s t o achievin g goals .  Fo r  example ,  som e 
of  th e earl y wor k b y Kohle r  (1925 )  looke d a t  ho w 
variou s organism s deal t  wit h a  physica l  block ,  a 
wir e mes h fenc e betwee n th e organis m an d som e 
food .  Ho w ca n w e characteriz e th e conditio n o f 
bein g blocked ? Kohler' s animal s wer e blocke d whe n 
the y mad e repeate d attempt s t o ge t  t o th e goal , 
none o f  whic h mad e progres s towar d th e goal . 
Thes e non-progressiv e move s include d backin g awa y 
fro m th e fenc e an d runnin g int o th e fence . 
By analogy, we can extend this criterion for 
bein g blocke d int o a  mor e abstrac t  tas k suc h a s 
th e Missionarie s an d Cannibal s puzzle .  A  subjec t 
i s  blocke d i n a  stat e whe n s/h e make s a t  leas t 
tw o non-progressiv e move s ou t  o f  tha t  stat e wit h 
no intervenin g progressiv e mov e fro m tha t  state . 

With this definition of a "blocked condition, 
we identifie d fourtee n instance s i n ou r  dat a 
acros s th e thre e experiments .  I n fou r  Instances , 
th e subjec t  expresse d a  definit e "poin t  o f  view " 
fo r  bot h th e firs t  mov e take n whe n blocke d an d 
the n th e firs t  progressiv e mov e tha t  brok e 
throug h th e block .  I n al l  fou r  cases ,  th e poin t 
of  vie w expresse d whe n blocke d wa s differen t  tha n 
when no t  blocked . 

Toward An Activation Model of Problem Solving 

We have been developing a dynamic interactive 
model  o f  proble m solving ,  base d o n a n activatio n 
framewor k fo r  cognitiv e processin g (Levin ,  1976 , 
1981) .  Withi n thi s framework ,  th e curren t  stat e 
of  th e proble m solvin g i s modelle d b y th e curren t 
set  o f  activation s o f  concept s i n th e proble m 
solver' s lon g ter m memory .  Eac h activatio n 
Influence s othe r  activations ,  increasin g o r 
decreasin g th e salienc e o f  it s  neighbors . 
Processin g resourc e i n thi s framewor k i s directl y 
capture d b y th e salienc e metric ,  a s highl y 
salien t  activation s hav e a  larg e influenc e o n th e 
globa l  resul t  o f  processing ,  an d activation s tha t 
los e salienc e disappea r  fro m th e scene .  Mor e 
salien t  activation s o f  concept s ar e mor e likel y 
t o hav e effec t  tha n les s salien t  contradictor y 
activations . 
In this model, possible moves in a problem 
ar e activate d b y thei r  pre -  an d post-conditio n 
states .  Th e curren t  stat e o f  th e proble m wil l  b e 
strongl y activate d b y perception ,  an d action s fo r 
whic h th e curren t  stat e i s a  pre-conditio n wil l 
thu s b e salient .  Post-condition s tha t  ar e 
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simila r  t o th e goa l  stat e ar e als o mor e salient . 
Post-condition s tha t  ar e "Illegal "  ar e Inhibite d 
by th e constrain t  concepts .  Th e Interactio n 
betwee n curren t  state ,  goals ,  an d constraint s 
create s a  dynami c se t  o f  activate d move s wit h 
differin g relativ e saliences . 

Point of view, in this framework, is a 
salienc e allocatio n mechanism ,  contributin g 
salienc e t o th e activation s associate d wit h th e 
locatio n o f  th e proble m solver' s dlectl c 
position .  Th e likelihoo d o f  a n Illega l  mov e 
resultin g fro m a  violatio n o f  a  constrain t  I s 
Inversel y relate d t o th e salienc e o f  th e 
constraint  activatio n o n th e sid e wher e th e erro r 
occurs . 

Illegal Moves. Illegal moves are, in this 
framework ,  mor e likel y t o occu r  o n th e "far "  sid e 
(awa y fro m th e poin t  o f  vie w positio n o f  th e 
solver) ,  sinc e thos e constraint s ar e les s salien t 
tha n "nea r  side "  constraints .  I n addition , 
detectio n o f  a n illega l  mov e onc e mad e i s mor e 
likel y whe n th e constrain t  concept s ar e mor e 
salien t  • 

Blocked conditions. A blocked condition 
result s whe n th e progressiv e mov e I n a  situatio n 
I s les s salien t  tha n alternativ e moves .  I n th e 
simples t  case ,  th e progressiv e mov e neve r 
acquire s enoug h salienc e t o b e activate d a t  all . 
I n thi s case ,  th e proble m solve r  I s totall y 
"unaware "  o f  th e progressiv e move .  I n a  mor e 
complicate d case ,  th e progressiv e mov e i s 
considered ,  bu t  no t  take n becaus e i t  i s  les s 
salien t  tha n alternativ e moves .  A  chang e I n 
poin t  o f  vie w ma y shif t  th e relativ e salience s o f 
th e variou s simultaneousl y activ e alternativ e 
moves,  an d thu s ca n lea d t o th e solve r  selectin g 
th e previousl y rejecte d move ,  surmountin g th e 
roadbloc k t o progress . 

The appearanc e o f  poin t  o f  /le w I n proble m 
solvin g protocol s an d it s apparen t  relatio n t o 
proble m solvin g processin g cast s ne w ligh t  o n th e 
relatio n o f  verba l  protocol s t o th e processin g 
the y describe .  Muc h o f  th e processin g tha t  goe s 
int o ou r  proble m solvin g I s transparen t  t o th e 
solver .  Tha t  Is ,  w e d o i t  an d ar e no t  awar e tha t 
we hav e don e it .  I n th e cas e o f  poin t  o f  view , 
we no t  onl y d o it ,  w e spea k abou t  i t  a s well ,  an d 
stil l  w e ar e no t  awar e tha t  w e hav e don e so .  I n 
fac t  on e coul d (an d man y have )  rea d th e protocol s 
many time s an d neve r  notic e th e us e o f  deixis . 
Thes e transparen t  processe s ar e importan t  i n ou r 
problem s solving ,  bu t  the y ar e mercifull y 
Invisibl e t o us .  Wer e the y continuall y i n 
consciousness ,  w e woul d surel y becom e confused . 
I n analysis ,  w e hav e th e luxur y o f  bein g abl e t o 
examin e bot h wha t  i s bein g don e an d ho w I t  i s 
bein g done .  I n th e phenomeno n o f  poin t  o f  vie w 
i n proble m solving ,  w e se e a n aspec t  o f  th e 
proble m solvin g processin g findin g expressio n I n 
th e verba l  protocol ,  withou t  th e proble m solve r 
bein g awar e o f  it . 
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