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Pre-schooler' s solutio n o f  problem s wit h ambiguou s sub-goal s 

David Klahr 

Carnegie-Mellon University 

27 Februar y 198 4 

Abstrac t 

Children (4 to 6 years old) were presented with problems requiring from 4 to 

7 move s fo r  solution .  Th e problem s wer e constructe d suc h tha t  th e subgoa l 

orderin g wa s ambiguous .  Children' s performanc e wa s consisten t  wit h a 

generat e an d tes t  strateg y tha t  ha d a  2-mov e lookahea d fo r  a  goa l  state ,  a 

no-backu p constrain t  an d som e partia l  evaluatio n o f  progres s towar d th e goal . 
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When faced with problems in unfamiliar domains, adults draw on a small 

repertoir e o f  processe s calle d "wea k methods' ,  includin g generate-and-test , 

heuristi c search ,  means-end s analysis ,  hill-climbing ,  an d plannin g (Newell ,  1969 ; 

Lair d &  Newell ,  1983a) .  Th e wea k method s ar e usuall y inadequat e an d inefficien t 

compare d t o knowledge-rich ,  problem-specifi c  methods .  Nevertheless ,  the y ar e 

extremel y general ,  an d the y ofte n provid e th e onl y basi s fo r  intelligen t  action . 

Young childre n als o us e rudimentar y form s o f  wea k method s requirin g th e us e o f 

subgoals ,  suc h a s means-end s analysi s (Klahr ,  1978 ;  Klah r  &  Robinson ,  1981 ,  Spit z 

8» Borys ,  1984 ;  Spitz .  Webster ,  &  Borys ,  1982) . 

Klahr 8t Robinson (1981) presented pre-school children with two variants of the 

Tower  o f  Hano i  (TOH) .  The y foun d tha t  performanc e decline d whe n subgoa l 

orderin g wa s no t  self-evident .  O n th e standar d "tower-ending "  problems ,  i n whic h 

al l  th e object s ar e stacke d o n a  singl e peg ,  i t  i s  clea r  tha t  th e bottom-mos t  objec t 

must  ge t  t o th e goa l  pe g first ,  the n th e secon d fro m th e bottom ,  an d s o on .  Thi s 

subgoa l  sequenc e i s apparen t  eve n thoug h th e exac t  mov e sequenc e necessar y t o 

achiev e i t  i s  not .  O n thes e problems ,  hal f  o f  th e 6-year-ol d subject s coul d solv e 

6-mov e problems ,  an d eve n 5-yea r  old s wer e abl e t o solv e 4-mov e problem s 

most  o f  th e time . 

On "flat-ending" problems, in which each peg has one object on it, the 

proportio n o f  5 -  an d 6-year-old s w h o coul d reliabl y pla n a t  leas t  fou r  move s 

ahea d droppe d fro m 8 1 % t o 40% .  Flat-endin g problem s d o no t  hav e a n obviou s 

orde r  i n whic h disk s reac h thei r  goa l  pegs .  Whe n th e surfac e for m o f  th e proble m 

doe s no t  sugges t  a n unambiguou s orderin g o f  subgoals ,  the n childre n hav e a 

difficul t  tim e applyin g MEA.  Instead ,  the y mus t  us e a n eve n weake r  on e o f  th e 

weak methods . 

This study further investigates how pre-school children behave when confronted 

wit h suc h ambiguou s subgoa l  problems .  W e addres s th e followin g questions : 

* Do children move haphazardly when subgoals are ambiguous? 

* Do children avoid unnecessary backup? 

* Do children advance directly toward a goal once it becomes "visible"? 

* Are children reluctant to move away from a goal temporarily in order 

t o ultimatel y reac h it ? 

* Are they easily led down "garden paths'? 
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Th« Dog-Cat-Mous e Puzzl e 

The Oog-Cat-Mouse (OCM) puzzle consists of three toy animals and three toy 

food s tha t  "belong '  t o th e animal s ( a bone ,  a  fis h an d a  piec e o f  cheese )  arrange d 

on th e game-boar d illustrate d i n Figur e 1 .  Th e boar d ha s fou r  groove s runnin g 

paralle l  t o eac h sid e o f  th e square ,  an d a  diagona l  groov e betwee n th e uppe r  lef t 

and lov«̂e r  righ t  corner s o f  th e squar e forme d b y th e fou r  outsid e grooves .  Th e 

animal s ca n b e move d alon g th e groves ,  an d th e food s ca n b e fastene d t o an d 

unfastene d fro m eac h o f  th e fou r  corners . 

Fis h 

Cheese 

Figur e 1 The apparatu s fo r  th e Dog-Cat-Mous e problem .  Eac h anima l 

must  b e move d t o it s favorit e food :  th e do g t o th e bone ,  th e 

cat  t o th e fish ,  an d th e mous e t o th e cheese . 

A proble m consist s o f  a n initia l  stat e ~  indicate d b y som e arrangemen t  o f  th e 

animal s an d a  fina l  stat e — indicate d b y som e arrangemen t  o f  th e foods . 

Problem Set 

The stat e spac e fo r  th e D C M puzzl e i s illustrate d i n Figur e 2  .  Eac h nod e 

represent s a  lega l  configuration .  Th e labe l  o n eac h ar c correspond s t o th e anima l 

tha t  wa s move d t o ge t  fro m on e stat e t o it s neighbor . 
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m ^  d  R l 

t 3 H  S 

Figur e 2 Stat e spac e fo r  th e D C M problem .  Eac h nod e represent s a 

uniqu e configuratio n o f  th e thre e animals . 

Severa l  propertie s o f  th e stat e spac e ar e relevan t  t o ou r  subsequen t  discussion : 

* Rotation problems have both initial and final states on the same 

hexago n — eithe r  th e inne r  o r  th e outer .  The y hav e minimu m path s 

tha t  d o no t  us e th e diagona l  o f  th e gam e boar d (Examples :  1-5 ,  23-17) . 

Permutatio n problem s hav e initia l  an d fina l  state s o n differen t 

hexagons ,  an d requir e th e us e o f  th e diagonal .  Thes e problem s star t 

and en d wit h differen t  permutation s o f  th e thre e animals ,  an d th e 

permutatio n orde r  ca n b e change d onl y b y usin g th e diagona l 

(Example s 1-15 ,  22-3) . 

* Permutation problems generally have several minimum paths. For 

example ,  th e minimu m pat h fro m nod e 1  t o nod e 1 9 coul d cros s fro m 

th e oute r  t o th e inne r  loo p a t  node s 2 ,  4  o r  6 . 

* If we abstract over the specific identity of the pieces, then there are 

onl y tw o type s o f  nodes :  thos e wit h ope n diagonals ,  havin g thre e 

adjacen t  state s (e.g. ,  2 ,  4 ,  19 ,  21) ,  an d thos e wit h close d diagonals , 

havin g tw o adjacen t  state s (e.g. ,  1 ,  3 ,  18 ,  20) .  A t  a n ope n node ,  ther e 

ar e thre e possibl e moves ;  a t  a  close d node ,  ther e ar e tw o possibl e 

moves . 
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Proble m Ml«ctio n 

Problems were designed to vary path length (from 4 to 7), type of initial node 

(ope n o r  close d diagonal) ,  an d proble m typ e (permutatio n o r  rotation) .  Th e eigh t 

problem s selecte d ar e liste d i n th e botto m sectio n o f  Tabl e 1 .  I n addition ,  four 

three-mov e trainin g problem s wer e used .  The y ar e s h o w n a t  th e to p o f  Tabl e 1 . 

Tabt o 1 :  Prebla m S« t 

Trainin g 
S«t 

Probla m 
S«t 

T1 
T2 
T3 
T4 

1 

2 
3 
4 
5 
6 
7 

8 

Initla t 
Stat a 

1 
7 

12 
2 

17 
18 
11 
10 
13 
24 
14 
15 

Qoai 
Stat a 

4 
22 
9 
17 

21 
8 

20 
S 

19 
18 
7 
8 

Pit h 
Langt h 

3 
3 
3 
3 

4 
4 
S 
5 
6 
6 
7 
7 

Initia l 
Noda 

closa d 
closa d 
opan 
opan 

opan 
closa d 
closa d 
opan 
opan 
closa d 
closa d 
opan 

Probla m 
Typa 

rotatio n 
parmutatio n 
rotatio n 
parmutatio n 

rotatio n 
parmutatio n 
parmutatio n 
rotatio n 
rotatio n 
rotatio n 
parmutatio n 
parmutatio n 

Subject s 

Metho d 

Thirty-nin e predominantl y middle-clas s children ,  rangin g i n ag e fro m 4 5 t o 7 0 

month s old ,  complete d thi s experiment . 

Procedure 

Problem s wer e presente d i n th e orde r  show n i n Tabl e 1 .  Childre n wer e tol d a 

cove r  stor y abou t  animal s wh o wante d t o ge t  t o thei r  favorit e food .  Childre n wer e 

give n tw o chance s t o produc e a  minimu m pat h solutio n t o eac h problem .  I f  a 

proble m wa s solve d i n th e minimun h numbe r  o f  moves ,  the n th e nex t  proble m i n 

th e sequenc e wa s presented .  I f  i t  wa s solve d i n mor e tha n th e minimu m number , 

or  i f  i t  ha d no t  bee n solve d afte r  twic e th e minimu m numbe r  o f  move s ha d bee n 

made,  the n i t  wa s presente d a  secon d time .  Regardles s o f  whethe r  th e secon d tria l 

produce d th e minimu m path ,  a  longe r  solutio n path ,  o r  n o solution ,  th e nex t 

proble m i n th e sequenc e wa s the n presented . 
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Result s 

For each trial, subjects were assigned a 0/1 score based on the number of 

moves the y made .  I f  th e numbe r  o f  move s mad e o n an y tria l  wa s greate r  tha n tw o 

mor e tha n th e minimu m path ,  the n th e scor e wa s 0 ,  otherwis e i t  wa s 1 .  Not e tha t 

th e scorin g i s somewha t  mor e lenien t  tha n th e actua l  procedur e use d t o decid e 

whethe r  o r  no t  t o repea t  a  trial .  T w o extr a move s wer e allowe d becaus e the y 

correspon d t o c o m m o n mino r  error s i n thi s particula r  stat e space : 

* On rotation problems, if subjects unnecessarily use the diagonal to 

move fro m th e inne r  t o oute r  hexagon ,  an d the n mov e bac k t o th e 

correc t  hexagon ,  the y wil l  mak e tw o extr a moves . 

* If subjects make a false start, but immediately correct it, then they will 

make tw o extr a moves . 

Each subject was assigned a score based on the percentage of passes (Is) — on 

eithe r  th e firs t  o r  secon d presentatio n o f  eac h proble m — acros s th e eigh t 

problems .  Eac h proble m wa s assigne d a  scor e base d o n th e proportio n o f 

subject s passin g it .  Th e scores ,  ranke d b y subjec t  performanc e an d proble m 

difficulty ,  ar e show n i n Tabl e 2 . 

Subjects' performance varied widely: from maximum scores for the three best 

subject s t o almos t  tota l  failur e fo r  th e wors t  subject .  Proble m difficult y als o varie d 

widely :  fro m nearl y al l  subject s passin g th e easies t  proble m t o abou t  two-third s o f 

th e subject s failin g th e hardes t  problems . 

The most important result shown in Table 2 is the rank order of the problems. 

Recal l  tha t  th e problem s varie d i n pat h lengt h fro m 4  move s (problem s 1  an d 2 )  t o 

7 move s (problem s 7  an d 8) .  Pat h lengt h i s a  poo r  predicto r  o f  proble m difficult y 

(r  =  .34) .  (Se e als o th e soli d lin e i n Figur e 3. )  Th e tw o easies t  problem s ar e als o 

th e tw o shortest ,  bu t  eve n thoug h the y bot h hav e a  pat h lengt h o f  4 ,  ther e i s a 

2 0 % differenc e i n th e proportio n o f  subject s passin g them .  Th e nex t  tw o easies t 

problem s ar e th e tw o longes t  ( 7 moves) .  Th e fou r  hardes t  problem s ar e 

intermediat e i n pat h length ,  an d withi n tha t  set ,  ther e i s a  larg e differenc e betwee n 

th e pair s wit h th e sam e pat h length . 

In the following analysis, we will show how path length, solution strategy and the 

structur e o f  th e proble m spac e interac t  t o produc e thi s patter n o f  results . 

Strategic analysis 

How might children attempt to solve these problems? In this section we will 

describ e a  basi c strateg y an d compar e i t  t o th e subjects '  performance .  The n w e 

wil l  propos e severa l  variation s o n tha t  strategy ,  an d sho w tha t  non e o f  the m fi t  th e 

dat a a s wel l  a s th e basi c strategy . 

Consider the following procedure — called Strat2 — for making moves in the 
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Tabi a 2 :  Pass/fai l  score s (b y secon d trial )  fo r  al l  subject s o n al l 

problems .  Ranke d fro m bes t  t o wors t  subjec t  an d easies t  t o hardes t  problem . 

Proble m 

Number  7 

Subjec t 

4 1 

12 1 

26 1 

18 1 

20 1 
17 1 

5 1 
11 1 
14 1 

33 1 

3 1 

36 1 
27 1 

2 1 

16 1 
7 

39 

56 
41 

51 
1 1 

13 

19 
50 

9 
29 

6 
30 

15 1 
25 
31 
43 

45 
8 

40 

10 

55 
24 

42 

Proble m 

mean 

t  1 

1 0 

1 0 

1 0 
1 1 

)  0 

1 1 

1 1 

1 0 
1 1 

1 1 

1 1 

1 1 
B 0 

1 0 
1 0 

1 0 

1 0 

95 .7 4 

8 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

0 
1 

1 

1 

1 

1 
1 

0 
0 

1 

0 
0 
1 

0 

0 

0 
0 

0 

0 

0 

AQ 

7 

0 
0 

0 

0 

0 

0 

0 
0 
1 

1 

1 

0 

0 
0 

0 

0 

0 

0 

0 

CO 

3 

0 
0 

0 

0 
1 

1 

1 

0 

0 
1 

1 

1 

1 

0 

0 
1 

0 
1 

0 
1 

0 

0 

0 

0 

0 
1 

1 

0 
0 

0 

0 

ff  « 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 
1 

0 

0 
1 
• 

1 
1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

6 

1 

1 

1 

0 

1 
• 

1 

0 
1 

1 

0 

0 

0 
1 

0 

0 
1 

1 

0 
1 

0 

0 

0 
0 
1 

0 
0 

0 

0 
0 

0 

0 
1 

0 

0 

0 

0 

0 
0 

4 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 
1 

1 

1 

1 
1 

0 

0 

0 

1 

1 

1 

0 

0 
0 

0 
0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

mean 

1. 0 

1. 0 

1. 0 

88 

88 

85 

.7 5 

.7 5 

.7 5 

.7 5 

.7 5 

.7 5 

.7 5 

.7 5 

.7 5 

.6 3 

.6 3 

.6 3 

63 

.6 3 

.5 0 

50 

.5 0 

.5 0 

50 

50 

.5 0 

.4 3 

38 

38 

.3 8 

'  3 8 

38 

38 

38 

25 

25 

.1 3 

.1 3 

51 50 34 .3 3 



Ambiguou s sub-goal s 
233 

D CM stat e space : 

1. If there is a two-move sequence that can reach the goal state, then 

make it ,  otherwise : 

2. Generate all candidate moves: (all legal moves, except the piece just 

moved. ) 

3. If there is more than one candidate, choose randomly. 

4. Go to step 1. 

This is a simple generate-and-test strategy, with two constraints: a) Two-move 

lookahea d t o th e goa l  state .  Th e lookahea d ha s a  ver y simpl e evaluatio n function : 

th e stat e i s eithe r  th e goa l  stat e o r  i t  i s  not .  N o partia l  evaluation s ar e mad e 

(suc h a s th e numbe r  o f  piece s i n thei r  goa l  positions. )  b )  N o immediat e backup .  I n 

th e D C M puzzle ,  a  constrain t  agains t  movin g th e sam e piec e twic e i s equivalen t  t o 

a prohibitio n o n immediat e backup . 

We can determine the probability that Strat2 would discover a minimum path 

solutio n fo r  eac h proble m b y computin g th e compoun d probabilitie s tha t  i t  wil l 

sta y o n a  minimu m path . 

By applying this analysis to each of the eight problems, we can compare the 

probabilit y  tha t  Strat Z woul d pas s eac h proble m wit h th e subjects '  actua l 

performance .  Fo r  eac h o f  th e problem s i n Tabl e 3  — ranke d fro m easies t  t o 

hardes t  — w e hav e liste d th e proble m number ,  th e initia l  an d fina l  states ,  th e pat h 

length ,  th e probabilit y  tha t  Strat 2 woul d fin d th e minimu m pat h solutio n o n a 

singl e trial ,  th e probabilit y  tha t  Strat 2 woul d b e successfu l  i f  i t  wer e give n tw o 

chance s t o fin d th e minimu m path ,  and ,  i n th e fina l  column ,  th e proportio n o f 

subject s passin g eac h proble m b y th e secon d trial . 

Tabl e 3 :  Subjec t  p«rformane « an d Moda l  psrformane * 

Probia m 
Number 

2 

1 
8 
7 
3 
5 
6 
4 

State s 
Initia l  Fina l 

1 8 —> 8 
17 >  2 1 
15 >  8 
14 >  7 
11 — > 2 0 
13 — > 1 9 
24 >  1 8 
10 >  5 

Pat h 
Lengt h 

4 
4 
7 
7 
5 
6 
6 
5 

Strat 2 
P 

500 
333 
500 
.50 0 
.37 5 
.33 3 
.25 0 
.16 7 

2p-p 2 

.75 0 
556 
.75 0 
.75 0 
.60 9 
.55 6 
.44 0 
.31 0 

Proportio n 
Passin g 

95 
.7 4 
69 
59 
51 
50 
34 
33 
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A plo t  Of  bot h th e model' s an d th e subjects '  likelihoo d o f  succes s fo r  eac h 

problem ,  i s show n i n Figur e 3 .  Strat 2 explain s almos t  6 0 % o f  th e varianc e i n 

proble m difficuit v { £ -  767 ,  t  -  2.9 ,  d f  -  7 ,  p  <  .05) .  I f  w e eliminat e th e tw o 4 -

move problems ,  whic h wer e muc h easie r  fo r  th e subject s tha n fo r  th e model ,  the n 

th e correlatio n betwee n Strat 2 an d subjec t  performanc e i s r  »  .9 5 {t-6.02 ,  df=»5 ,  p 

< .01) . 

1.0 0 

90 

.8 0 

w 
O o 
c 
o ' Z 
ta e a e t» 0. 

.7 0 

.6 0 

SO 

Subitct t 

Stro t  2 

4 0 -Stro t  1 / 

.30 - <i* 

_L A. A. 
3 4  5  6 

Probia m Numb* r 

Figur e 3 Probabilit y  o f  passin g a  proble m b y th e secon d tria l  fo r  subject s 

{soli d line) ,  Strat 2 (dashe d line )  an d Strat i  (dotte d line) . 

Strat 2 ca n b e characterize d a s a  rando m wal k throug h th e stat e spac e wit h tw o 

constraints :  n o immediat e backup ,  an d a  two-ste p lookahea d fo r  th e goa l  state . 

We ca n as k tw o question s abou t  thes e constraints .  First ,  ho w wel l  d o subject s 

adher e t o them ? Second ,  ho w importan t  ar e they ? 

The No-Backup Constraint. Children's compliance with the no-backup constraint 

was assesse d b y countin g th e numbe r  o f  time s -  ove r  bot h successfu l  an d 

unsuccessfu l  trial s -  tha t  the y move d th e sam e piec e twic e i n succession .  Overall , 

ther e wa s a  violatio n rat e o f  11% .  I f  move s wer e mad e withou t  th e constraint ,  w e 

woul d expec t  3 3 % o f  move s t o b e doubl e moves . 

Removin g th e no-backu p constrain t  fro m Strat 2 substantiall y  reduce s th e 

probabilit y  o f  solution .  Al l  th e two-wa y branche s becom e three-wa y branches . 
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and all the direct connections (e.g., 11-10 in problem 7) become binary nodes. 

Even wit h two-mov e lookahead ,  suc h a  mode l  woul d perfor m fa r  belo w th e 

averag e solutio n rate s fo r  ou r  subjects . 

Depth of Lookahead. Compliance with the two-move lookahead constraint was 

assesse d b y computin g th e proportio n o f  trial s i n whic h subject s mov e t o th e goa l 

directl y fro m state s tha t  ar e n  move s distan t  fro m th e goal .  Figur e 4  show s th e 

actua l  proportio n o f  minimu m pat h solution s a s a  functio n o f  distanc e fro m th e 

goal .  Als o show n ar e th e proportion s predicte d b y Strat 2 an d b y a  rando m mov e 

generator . 

Strat2's two-move lookahead predicts perfect performance from up to 2 moves 

away fro m a  goal ,  an d the n a  shar p decline .  Subjec t  performanc e i s indee d quit e 

goo d a t  2  move s away ,  bu t  i t  remain s hig h (nearl y 90% )  fo r  3  move s away ,  rathe r 

tha n droppin g a s predicted .  I n fact ,  abou t  4 0 % o f  th e subject s exhibite d perfec t 

performanc e onc e the y wer e 3  move s awa y fro m th e goal . 

Given this relatively good performance from 3 moves away, it is reasonable to 

conside r  a n alternativ e t o Strat 2 tha t  differ s onl y i n havin g three-move ,  rathe r  tha n 

two-mov e lookahea d t o th e goal .  Strat 3 woul d produc e ver y hig h likelihood s o f 

succes s withi n tw o trials ,  rangin g fro m .9 7 an d .9 4 fo r  problem s 8  an d 7 ,  t o low s 

of  .5 6 fo r  problem s 1 ,  4 ,  an d 5 .  No t  onl y doe s Strat 3 produc e unacceptabl y hig h 

solutio n rates ,  bu t  also ,  i t  onl y explain s abou t  5 % o f  th e varianc e i n subjects ' 

solutio n rates . 

If we degrade the two-move lookahead to a one-move lookahead, then we get a 

model  tha t  explain s onl y 2 6 % o f  th e variance . 

All-or-none Evaluation. Associated with Strat2's two-move lookahead is an all-

or-non e evaluatio n function .  I f  th e childre n wer e usin g a  partia l  evaluatio n 

functio n tha t  wa s sensitiv e t o som e — bu t  no t  al l  — o f  th e piece s bein g i n thei r 

goal  positions ,  the n w e shoul d se e tw o kind s o f  biase s i n thei r  mov e patterns . 

One bia s woul d sho w u p a s a  tendenc y t o favo r  move s — earl y i n th e solutio n 

— tha t  increas e th e numbe r  o f  piece s i n thei r  goa l  locations .  Fo r  example ,  i n 

Proble m 2  (1 8 — > 8) ,  a  firs t  mov e o f  th e ca t  increase s th e evaluatio n function , 

whil e movin g th e do g doe s not .  Th e do g i s als o of f  th e minimu m path .  Ove r  al l 

trial s an d al l  subjects ,  o n thi s problem ,  th e ca t  wa s move d 8 1 % o f  th e time .  Eve n 

mor e revealin g ar e th e "garde n path "  problems .  I n Proble m 4  (1 0 — > 5) ,  th e 

minimu m pat h mov e i s th e mouse ,  whic h doe s no t  increas e th e evaluatio n 

function .  Onl y th e ca t  increase s th e partia l  evaluatio n function ,  an d i t  i s  preferre d 

on 6 6 % o f  th e trials ,  eve n thoug h i t  i s  of f  th e minimu m path .  Similarly ,  o n 

Proble m 5  (1 3 — > 1 9 ) ,  th e non-minimu m mov e o f  th e do g i s preferre d o n 6 1 % o f 

th e trials . 
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Figur e 4 Proportio n o f  m i n i m u m pat h solution s fro m n  m o v e s away ,  fo r 

Strat2 ,  subject s an d a  rando m model . 

The othe r  bia s woul d b e a  reluctanc e t o remov e piece s fro m thei r  goa l  location s 

— t o reduc e th e valu e o f  a  partia l  evaluatio n function .  Thi s ca n b e assesse d o n 

Proble m 3  (1 1 — >20) ,  wher e th e m i n i m u m pat h sequenc e require s tha t  th e do g b e 

temporaril y  remove d fro m it s goa l  position .  O n 6 5 % o f  al l  trial s wit h Proble m 3 , 

subject s preferre d t o m o v e th e ca t  rathe r  tha n th e dog ,  eve n thoug h thi s too k 

the m of f  th e m i n i m u m path .  Th e all-or-non e evaluatio n functio n i n Strat 2 

understate s th e sensitivit y o f  childre n t o partiall y  correc t  solutions . 

Summary of Strategic Analysis 

Strat2 explains almost 60% of the variance over all problems and 95% of the 

varianc e ove r  th e si x mos t  difficul t  problems .  Strategie s tha t  var y th e dept h o f  th e 

lookahea d d o no t  d o a s well .  Strat i  explain s 2 6 % o f  th e variance ,  an d Strat 3 onl y 

5%.  Eliminatio n o f  no-backu p fro m Strat 2 yield s unacceptabl y lo w solutio n rates . 

Strat2 slightly understates children's abilities in two respects. First, the children 

appea r  t o b e capabl e o f  s o m e partia l  evaluation ,  wherea s Strat 2 i s not .  Second , 

onc e the y ar e onl y 3  m o v e s awa y fro m th e goa l  state ,  th e childre n ar e m o r e likel y 

t o fin d a  m i n i m u m pat h solutio n tha n i s Strat2 .  Nevertheless ,  withi n th e spac e o f 
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plausible alternative strategies explored here, Strat2 provides the best account of 

ho w childre n solv e problem s wit h ambiguou s subgoals . 

Discussion 

Piaget (1976) concludes from his observations of 5- and B-year-old children 

solvin g conventiona l  TO H problem s tha t  the y ar e unabl e t o pla n an d tha t  "Ther e i s 

.. .  a  systemati c primac y o f  th e trial-and-erro r  procedur e ove r  an y attemp t  a t 

deduction ,  an d n o cognizanc e o f  an y correc t  solutio n arrive d a t  b y chance. "  (p . 

291) .  I n contrast ,  studie s o f  pre-schooler s solvin g a  modifie d versio n o f  th e TO H 

(Klah r  &  Robinson ,  1981 )  sho w that ,  althoug h th e amoun t  o f  plannin g the y ca n d o 

i s limited ,  th e procedure s the y us e ar e highl y simila r  t o adul t  forms . 

In this investigation, pre-schoolers were presented with problems having 

ambiguou s subgoals .  W e discovere d tha t  her e too ,  Piaget' s characterizatio n doe s 

not  d o justic e t o youn g children' s abilities .  First ,  a s describe d earlier ,  eve n th e 

rando m componen t  o f  Strat 2 i s highl y constrained .  Th e avoidanc e o f  doubl e 

moves reveal s a  rudimentar y knowledg e abou t  thoroughl y useles s action s tha t  i s 

not  conveye d b y th e "trial-and-error "  view .  Second ,  solution s ar e no t  reall y 

arrive d a t  b y chance" ,  sinc e ther e i s a  lookahea d t o th e goa l  state ,  an d littl e 

deviatio n fro m th e minimu m path ,  onc e i t  i s  i n sight .  Third ,  childre n us e partia l 

evaluation s o f  nearl y correc t  state s t o guid e thei r  choic e o f  moves . 
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