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W h at  M a k e s Chi ldre n C h a n g e Thei r  M i n d s ? 

C h a n g e s i n P r o b l e m E n c o d i n g L e a d t o C h a n g e s i n Strateg y Selectio n 

Martha Wagner Alibali, Nicole M. McNeil, and Michael A. Perrott 
Carnegi e Mello n Universit y 
Departmen t  o f  Psycholog y 

Pittsburgh ,  P A 1521 3 
{alibali ,  nm2e ,  mp5k}@andrew.cmu.ed u 

Abstrac t 

Thi s stud y examine d ho w change s i n children' s 
proble m encodin g influence d thei r  strateg y selection . 
Fourth-grad e student s {N=5l )  solve d si x mathematica l 
equivalenc e problem s (e.g. ,  3+4+5 = +5 )  i n a 
pretest .  Children' s proble m encodin g wa s the n 
manipulate d i n on e o f  tw o ways ,  o r  wa s no t 
manipulate d i n a  Contro l  group .  I n th e Subtl e group , 
childre n solve d fou r  additiona l  problem s wit h th e 
equa l  sig n highlighte d i n red .  I n th e Direc t  group , 
childre n solve d th e sam e fou r  problems ,  an d wer e 
directe d t o notic e th e equa l  sig n i n eac h problem . 
Childre n the n solve d si x problem s i n a  posttest ,  an d 
di d s o agai n fou r  week s late r  i n a  follow-u p test .  Th e 
strategie s childre n conveye d i n thei r  spoke n an d 
gesture d explanation s wer e assessed .  Childre n i n th e 
Direc t  grou p considere d multipl e strategie s fo r  th e 
posttes t  problem s mor e ofte n tha n childre n i n th e 
othe r  groups ,  a s reflecte d i n thei r  spoke n an d gesture d 
explanations .  Childre n i n th e Direc t  grou p wer e als o 
most  likel y t o generat e gesture d strategie s an d t o 
abando n verba l  strategie s ove r  th e cours e o f  th e study . 
Thes e findings  sugges t  tha t  change s i n proble m 
encodin g lea d t o change s i n strateg y selection . 

People often use incorrect or inefficient strategies to 
solv e problems .  Ove r  time ,  peopl e sometime s abando n 
thes e inadequat e strategie s an d begi n t o us e bette r  ones . 
Wher e d o thes e n e w strategie s c o m e from? 
Understandin g th e origi n o f  n e w strategie s i s ke y t o 
understandin g bot h learnin g an d developmenta l  change . 
Th e presen t  stud y examine s th e origi n o f  n e w strategie s 
i n childre n learnin g t o solv e mathematica l  equations . 

Previou s studie s hav e show n tha t  th e pat h o f  strateg y 
chang e i n childre n i s  typicall y gradua l  rathe r  tha n 

abrup t  (Alibali ,  i n press ;  Siegler ,  1995) .  Tha t  is ,  i n 

most  cases ,  childre n graduall y expan d an d the n contrac t 
thei r  strateg y repertoires ,  rathe r  tha n switc h suddenl y 
from  on e strateg y t o another .  N e w strategie s ar e use d 
infrequentl y a t  first,  an d c o m e t o b e use d mor e 
consistentl y ove r  tim e (Kuh n &  Phelps ,  1982 ;  Mille r 
& Seier ,  1994) . 

Thus ,  ther e i s  growin g consensu s i n th e literatur e 
tha t  ne w strategie s ente r  th e repertoir e gradually . 
However ,  th e genesi s o f  thes e gradually-emergin g 
strategie s remain s a  puzzle .  I n thi s paper ,  w e sugges t 
that ,  i n orde r  t o understan d wher e n e w strategie s com e 
from,  i t  i s  essentia l  t o conside r  no t  onl y th e strategie s 
tha t  childre n use ,  bu t  als o th e feature s o f  th e problem s 
tha t  the y encode ,  o r  mentall y represent . 

We propos e that ,  whe n solvin g a  problem ,  childre n 
encod e selecte d feature s o f  th e problem ,  an d the n appl y 
a se t  o f  operation s t o thos e encode d features .  Unde r  tiiis 
view ,  a  strateg y i s a  se t  o f  operation s applie d t o a 
particula r  se t  o f  proble m features .  Thi s vie w implie s 
that ,  w h e n childre n encod e n e w feature s o f  problems , 
the y ca n the n us e thos e feature s i n n e w proble m solvin g 
strategies .  Thus ,  on e potentia l  sourc e o f  ne w proble m 
solvin g strategie s i s  change s i n th e proble m feature s 
tha t  childre n encode .  Change s i n children' s proble m 
encodin g m a y provid e the m wit h "buildin g blocks "  fir 
us e i n constructin g n e w proble m solvin g strategies . 

We propos e tha t  change s i n children' s proble m 
encodin g m a y b e on e sourc e o f  variabilit y i n thei r 
sfrateg y use .  Previou s studie s hav e show n tha t  childre n 

ofte n exhibi t  variabl e sfrateg y use ,  sometime s 
considerin g multipl e sfrategie s fa r  individua l  problem s 
(e.g. ,  Alibali ,  i n press ;  Alibal i  &  Goldin-Meadow , 
1993 ;  Siegler ,  1995) .  Thi s within-proble m variabilit y 
i s  eviden t  i n gesture-speec h mismatches ,  i n whic h 
childre n expres s on e strateg y i n speec h an d anothe r  i n 
gestur e (Churc h &  Goldin-Meadow ,  1986 ;  Perry , 
Church ,  &  Goldin-Meadow ,  1988) .  W e sugges t  tha t 
children' s mismatchin g gesture s reflec t  informatio n tha t 

the y hav e encode d abou t  th e problems ,  bu t  hav e no t 
use d i n solvin g th e problem s (se e Siegler ,  1984) . 
Thus ,  sfrategie s expresse d uniquel y i n gestur e ar e 
sfrategie s tha t  childre n conside r  bu t  d o no t  us e t o deriv e 

proble m solution s (se e als o Garber ,  Alibali ,  &  Goldin -
M e a d o w,  1998) . 

Th e goa l  o f  th e presen t  stud y i s t o investigat e th e 
rol e o f  change s i n proble m encodin g i n th e proces s rf 
strateg y change .  T o thi s end ,  w e experimentall y 
manipulate d children' s proble m encoding ,  an d 
examine d th e resultin g change s i n thei r  strateg y use . 
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As ou r  experimenta l  task ,  w e selecte d mathematica l 
equivalenc e problem s (e.g. ,  3+4+5 = +5) .  W e chos e 
thes e problem s fo r  severa l  reasons .  First ,  previou s 
wor k ha s show n tha t  childre n ofte n us e incorrec t 
strategie s fo r  solvin g suc h problems ,  an d tha t  childre n 
expres s thei r  problem-solvin g strategie s i n bot h gestur e 
and speec h (Alibal i  &  Goldin-Meadow ,  1993 ;  Perr y e t 
al. ,  1988) .  Second ,  previou s wor k usin g a 
reconstructio n tas k (simila r  t o thos e use d b y Chas e & 

Simon ,  1973 ,  an d Siegler ,  1976 )  ha s show n tha t 
childre n wh o solv e equivalenc e problem s incorrectl y 
ofte n encod e th e problem s incorrectl y (Alibali ,  1998) . 
Specifically ,  childre n wh o solv e equivalenc e problem s 
incorrectl y ofte n fai l  t o properl y encod e th e positio n o f 
th e equa l  sign .  I n th e presen t  study ,  w e manipulate d 
children' s encodin g o f  equivalenc e problem s b y 
drawin g thei r  attentio n t o th e positio n o f  th e equa l  sign . 

We hypothesize d tha t  change s i n children' s proble m 
encodin g woul d lea d t o increase d variabilit y  i n thei r 
strateg y use ,  whic h woul d b e manifeste d i n increase d 
productio n o f  gesture-speec h mismatches .  Further ,  w e 
hypothesize d tha t  change s i n children' s proble m 
encodin g woul d lea d t o change s i n thei r  strateg y use . 
Specifically ,  w e predicte d tha t  change s i n encodin g 
woul d caus e childre n t o generat e ne w strategies ,  an d 
tha t  thes e ne w strategie s woul d ofte n b e expresse d 
uniquel y i n gesture . 

Method 

Participants 

Sbcty-fou r  fourth-grad e student s (age s 9  an d 10 ) 
participate d i n th e study .  Al l  attende d parochia l 
school s i n th e greate r  Pittsburg h area .  Thirtee n o f  th e 
student s solve d on e o r  mor e problem s correctl y o n th e 
experimenta l  pretest .  Thes e student s wer e eliminate d 
from  th e analyse s presente d i n thi s paper .  Thus ,  th e 
final  sampl e consiste d o f  5 1 student s (3 4 girl s an d 1 7 
boys) ,  al l  o f  who m solve d si x mathematica l  equivalenc e 
problem s incorrectl y o n th e pretest. ' 

Procedure 

Student s wer e aske d t o solv e an d explai n si x 
mathematica l  equivalenc e problem s (e.g. , 
3+4+5 = +5 )  a s par t  o f  a  pretest .  Student s wer e the n 
randoml y assigne d t o on e o f  thre e interventions ,  tw o o f 
whic h wer e designe d t o modif y thei r  encodin g o f  th e 
equivalenc e problems .  Al l  thre e intervention s use d a 
set  o f  fou r  mathematica l  equivalenc e problems , 
comparabl e t o thos e presente d i n th e pretest .  I n th e 

Subtl e condition ,  participant s solve d an d explaine d fou r 

problem s i n whic h th e equa l  sig n wa s printe d i n red . 
I n th e Direc l  condition ,  participant s solve d an d 

explaine d th e sam e fou r  problem s wit h th e re d equa l 
signs ,  an d i n addition ,  th e experimente r  directe d 
children' s attentio n t o th e equa l  sign ,  sayin g "Mak e 
sur e yo u notic e wher e th e equa l  sig n i s i n th e problem. " 
I n th e Contro l  condition ,  participant s solve d an d 
explaine d th e sam e fou r  problems ,  wit h ordinar y blac k 

equal  signs .  Not e tha t  childre n di d no t  receiv e an y 
feedbac k abou t  whethe r  thei r  solution s wer e correc t  i n 
any o f  th e groups .  Followin g th e intervention ,  ead i 
chil d wa s aske d t o solv e an d explai n anothe r  se t  o f  si x 
equivalenc e problem s a s par t  o f  a  posttest . 
Approximatel y fou r  week s later ,  eac h chil d wa s agai n 
aske d t o solv e an d explai n a  se t  o f  si x problem s a s par t 
of  a  follow-u p test . 

Coding 

For  eac h o f  th e problems ,  w e code d th e strateg y tha t  th e 
chil d expresse d i n speec h an d th e strateg y tha t  th e chil d 
expresse d i n gesture .  Example s o f  problem-solvin g 
strategie s expresse d i n speec h an d gestur e ar e presente d 
i n Tabl e 1 . 

Tabl e 1 

Example s o f  Strategie s Expresse d i n Speec h an d 
i n Gestur e fo r  th e Proble m 3+4+5 = + 5 

Strateg y 

Add Al l 

Add t o 
Equal 
Sig n 

Groupin g 

Equaliz e 

Speech 

" I  adde d 3  plu s 
4 plu s 5  plu s 5 , 
and i t  mad e 17. " 

" 3 plu s 4  i s 7 , 
plu s 5  i s 12. " 

" I  jus t  adde d 3 
and 4  t o mak e 
7. " 

" 3 an d 4  an d 5 
i s  12 ,  an d 7  plu s 
5 i s als o 12. " 

Gestur e 

Right-han d poin t 
t o 3 ,  4 ,  lef t  5 , 
righ t  5 ,  solution . 

Right-han d poin t 
t o 3 ,  4 ,  lef t  5 , 
solution . 

Left-han d poin t 
t o 3 ,  4 ,  solution . 

Left-han d poin t 
t o 3 ,  4 ,  lef t  5 , 
hand down . 
Right-han d poin t 
t o righ t  5 , 
solution . 

'  Th e unequa l  distributio n o f  boy s an d girl s wa s 
unexpected ,  an d wa s du e t o th e fac t  tha t  mor e girl s tha n 
boys returne d permissio n slip s wit h parenta l  consen t  t o 
participat e i n th e study . 

We the n identifie d al l  o f  th e strategie s tha t  eac h chil d 
expresse d i n speec h and/o r  i n gestur e durin g th e 
proble m explanation s o n th e pretest ,  posttes t  an d 
follow-u p test .  Not e tha t  thi s metho d fo r  assessin g a 
child' s strateg y repertoir e include s an y strateg y tha t  th e 
chil d eve r  mentione d durin g th e proble m explanation s 
(i n eithe r  modality) .  W e the n compare d th e set s c f 
strategie s tha t  childre n expresse d o n eac h test .  An y 
strateg y expresse d o n th e pretes t  bu t  no t  o n a  late r  tes t 
(posttes t  o r  follow-up )  wa s considere d t o b e 
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Abandoned .  Similarly ,  an y strateg y tha t  wa s no t 

expresse d o n th e pretes t  bu t  wa s expresse d o n a  late r 
tes t  wa s considere d t o b e Generated . 

Finally ,  fo r  eac h proble m explanation ,  w e code d th e 
relationshi p betwee n gestur e an d speech ,  i f  th e chil d 
expresse d th e sam e strateg y i n bot h modalities ,  th e 
explanatio n wa s code d a s a  gesture-speec h Match .  I f  th e 

chil d expresse d differen t  strategie s i n speec h an d 
gesture ,  th e explanatio n wa s code d a s a  Mismatch .  Fo r 

example ,  conside r  a  chil d who ,  fo r  th e proble m 
4+5+7 = +7 ,  said ,  " I  adde d th e 4  an d th e 5  an d th e 
7" ,  an d pointe d t o th e 4 ,  th e 5 ,  an d th e lef t  7 .  I n thi s 
example ,  th e chil d expresse d th e A d d t o Equa l  Sig n 
strateg y i n bot h speec h an d gesture ,  s o th e respons e 
woul d b e code d a s a  Match .  Next ,  conside r  a  chil d 
w ho said ,  " I  adde d th e 4  an d th e 5  an d th e 7" ,  an d 
pointe d t o th e 4 ,  th e 5 ,  th e lef t  7 ,  an d the n th e righ t  7 . 
I n thi s example ,  th e chil d expresse d th e A d d t o Equa l 
Sig n strateg y i n speech ,  an d th e A d d Al l  strateg y i n 
gesture ,  s o th e respons e woul d b e code d a s a  Mismatc h 
(se e Perr y e t  al. ,  1988) . 

Results 

We assesse d th e effect s o f  change s i n children' s 
encodin g o n tw o type s o f  dependen t  measures :  (1 ) 
change s i n th e numbe r  o f  strategie s tha t  childre n 
considere d f w individua l  problems ,  an d (2 )  change s i n 
th e repertoire s o f  strategie s tha t  childre n expresse d i n 
speec h an d i n gesture .  W e hypothesize d that ,  eve n i n 
th e absenc e o f  feedbac k abou t  correctness ,  change s i n 
children' s proble m encodin g woul d lea d the m t o mor e 
fi-equently  conside r  multipl e strategie s fo r  individua l 
problems .  W e fiuther  hypothesize d tha t  change s i n 
encodin g woul d lea d childre n t o generat e ne w 
strategies .  Base d o n previou s wor k (Alibal i  &  Goldin -
M e a d o w,  1993) ,  w e expecte d tha t  suc h ne w strategie s 
woul d ofte n b e expresse d uniquel y i n gesture . 

Did changes in encoding lead to changes in 

th e variabilit y  o f  strateg y choices ? 

We firs t  examine d whethe r  th e encodin g 

manipulatio n influence d th e numbe r  o f  strategie s tha t 
childre n considere d i n solvin g individua l  problems . 

We hypothesize d tha t  change s i n encodin g woul d lea d 
childre n t o mor e frequently  conside r  altemativ e 
strategies .  W e hav e argue d i n previou s wor k tha t  whe n 
childre n conside r  multipl e strategie s i n solvin g a 
problem ,  the y produc e gesture-speec h mismatche s 
(Alibal i  &  Goldin-Meadow ,  1993 ;  Goldin-Meadow , 
Alibali ,  &  Church ,  1993) .  Thus ,  w e predicte d tha t  th e 
manipulatio n woul d lea d childre n t o produc e mor e 
mismatche s o n th e posttes t  an d follow-u p tes t 
problems . 

We fu-s t  considere d change s from  th e pretes t  t o th e 
posttest .  A s see n i n Figur e 1  (whit e an d dotte d bars) , 
childre n i n th e Contro l  an d Subtl e group s produce d 

fewe r  mismatche s o n th e posttes t  tha n o n th e pretest , 

wit h th e greates t  decreas e i n th e Contro l  group .  I n 
contrast ,  childre n i n th e Direc t  grou p produce d slightl y 
mor e Mismatche s o n th e posttes t  tha n the y di d o n th e 
pretest .  Repeate d measure s A N O V A reveale d a 
significan t  interactio n betwee n conditio n (Control , 
Subtle ,  Direct )  an d tes t  (Pre ,  Post) ,  F(2,48)=4.49 , 

p<.02 .  Planne d contrast s comparin g pretest-to-posttes t 
chang e score s acros s group s reveale d tha t  th e Direc t 

grou p differe d significantl y from  th e Contro l  grou p 

(F(l,48)=9.36 ,  p<.005) ,  an d th e Subtl e grou p diflfaie d 
marginall y from  th e Contro l  grou p (F(l,48)=2.96 , 
p<.10) .  Thus ,  a s predicted ,  th e manipulatio n le d 
childre n t o conside r  multipl e sfrategie s fo r  individua l 
problem s mor e frequently . 

We nex t  considere d th e effect s o f  th e encodin g 
manipulatio n o n change s from  th e pretes t  t o th e follow -
up test .  Recal l  tha t  th e follow-u p sessio n too k plac e 
approximatel y fou r  week s afte r  th e initia l  session .  Si x 
of  th e childre n wer e no t  availabl e t o b e teste d a t  th e 
follow-u p session ,  s o th e overal l  A ^  fo r  al l  follow-u p 
analyse s i s reduce d t o 45 .  A s see n i n Figur e 1 ,  i n al l 
thre e groups ,  childre n produce d fewe r  mismatche s a t  th e 
follow-u p tha n i n th e pretest .  Th e drofHjff "  from  pretes t 
t o follow-u p wa s greates t  i n th e Contro l  grou p (-1.33) , 
smalle r  i n th e Subtl e grou p (-0.80) ,  an d smalles t  i n th e 
Direc t  grou p (-0.67) .  However ,  th e interactio n betwee n 
conditio n (Control ,  Subtle ,  Direct )  an d tes t  (Pre , 
Follow-up )  di d no t  reac h significanc e (F(2,42)<1) . 

•  Pretes t 

Posttes t 

Follow-u p 

I 

Contro l Subtl e Direc t 

Figur e 1 .  Mea n numbe r  o f  gesture-speec h mismatche s 
produce d b y childre n i n eac h grou p o n th e pretest , 
posttest ,  an d follow-u p test .  Pretes t  an d posttes t  dat a 
ar e base d o n th e ful l  sampl e (A^=51) ;  follow-u p dat a i s 
base d o n th e reduce d sampl e (A^=45) .  Th e error s bar s 
depic t  standar d errors . 
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I n sum ,  childre n th e Direc t  grou p mor e frequently 
considere d multipl e strategie s fo r  individua l  problem s 

immediatel y followin g th e encodin g manipulation . 
However ,  a t  th e follow-up ,  fou r  week s later ,  thi s effec t 

had dissipated . 

Did changes in encoding lead to changes in 

strateg y use ? 

We nex t  examine d whethe r  th e encodin g 
manipulatio n le d childre n t o solv e th e posttes t  an d 
follow-u p problem s differentl y from  th e pretes t 
problems .  T o addres s thi s question ,  w e compare d th e 
repertoir e o f  strategie s tha t  eac h chil d expresse d i n 
speec h an d gestur e o n eac h test .  W e the n assesse d 
whethe r  childre n generate d n e w strategie s i n speec h o r 
i n gesture ,  an d whethe r  childre n abandone d ol d 
strategie s from  speec h o r  from  gesture . 

e 
2 

U 
o 

I 

1- , 

0.8 -

0.6 -  H  Direc t 

0.4 -

0.2 -

Strateg y Generation :  Speec h 

• Control 

[3 Subtle 

Post Follow-u p 

Figur e 2 ,  Proportio n o f  childre n i n eac h conditio n w h o 
generate d ne w strategie s i n speec h (wit h o r  withou t 
matchin g gesture )  o n th e posttes t  an d follow-u p test . 

We first consider strategy generation. We assessed 
th e proportio n o f  childre n w h o expresse d an y ne w 
strategie s eithe r  i n speec h o r  uniquel y i n gestur e o n th e 
posttes t  an d th e follow-u p test .  A s show n i n Figur e 2 , 
th e proportio n o f  childre n w h o expresse d ne w strategie s 
i n speec h di d no t  <Me r  systematicall y acros s 
conditions ,  fo r  eithe r  th e posttes t  o r  th e follow-u p test . 
However ,  a s see n i n Figur e 3 ,  th e proportio n o f  childre n 
w ho expresse d ne w strategie s uniquel y i n gestur e wa s 
greates t  i n th e Direc t  group ,  bot h a t  th e posttes t  an d a t 
th e follow-u p test .  Mo r e childre n i n th e Direc t  grou p 
tha n i n th e Contro l  an d Subtl e group s generate d 
gesture d strategie s from  pretes t  t o posttes t  (A*(l)=5.80 , 
p<.02) ,  an d from  pretes t  t o follow-u p (A*(l)=2.95 , 
p<.\0) .  Thus ,  th e Direc t  encodin g manipulatio n le d 
childre n t o generat e ne w strategie s tha t  the y expresse d 
uniquel y i n gesture . 

Althoug h m a n y childre n generate d ne w problem -
solvin g strategie s ove r  th e cours e o f  th e study ,  i t  shoul d 

be note d tha t  almos t  al l  o f  th e strategie s childre n 
generate d wer e incorrect .  I n orde r  fo r  childre n t o 

generat e correc t  strategie s fo r  solvin g equivalenc e 

problems ,  instructiona l  inpu t  o r  feedbac k abou t 

correctnes s m a y b e required . 

u 
o 
e 
o 
r 
g. 
S 

1- , 

0.8 -

0.6 -

Strateg y Generation :  Gestur e 

• Control 

E3 Subtle 

• Direct 

Post Follow-u p 

Figur e 3 .  Proportio n o f  childre n i n eac h conditio n w h o 
generate d ne w strategie s uniquel y i n gestur e o n th e 
posttes t  an d follow-u p test . 

We next considered strategy abandoning. We 
assesse d th e proportio n o f  childre n i n eac h conditio n 
w ho abandone d on e o r  mor e o f  th e strategie s expresse d 
on th e pretest ,  eithe r  i n speec h o r  uniquel y i n gesture . 
As show n i n Figur e 4 ,  th e proportio n o f  childre n w h o 
abandone d strategie s from  speec h wa s greates t  i n th e 
Direc t  group .  Mo r e childre n i n th e Direc t  grou p tha n i n 
th e Contro l  an d Subtl e group s abandone d spoke n 
strategie s bot h from  pretes t  t o posttes t  (A^(l)=3.98 , 
p<.05) ,  an d from  pretes t  t o follow-u p (A^(l)=4.60 , 
p<.05) .  Thus ,  th e Direc t  encodin g manipulatio n le d 
childre n t o abando n spoke n strategies . 
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Figur e 4 .  Proportio n o f  childre n i n eac h conditio n w h o 
abandone d strategie s from  speec h from  pretes t  t o 
posttest ,  an d from  pretes t  t o follow-up . 
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Th e manipulatio n m a y hav e helpe d childre n t o zer o 
i n o n pretes t  strategie s wer e "wort h keeping. " 

Presumably ,  childre n maintaine d strategie s tha t  wer e 

consisten t  wit h thei r  ne w encodings ,  an d abandone d 

strategie s tha t  wer e inconsisten t  wit h thei r  ne w 
encodings .  However ,  i t  shoul d b e note d tha t  al l  o f  th e 
strategie s tha t  childre n maintaine d wer e incorrect .  Thi s 
i s becaus e ou r  sampl e include d onl y childre n w h o 
solve d th e pretes t  problem s incorrectly . 

Finally ,  w e assesse d th e proportio n o f  childre n i n 
eac h grou p w h o abandone d strategie s tha t  the y 
expresse d uniquel y i n gestur e o n th e pretest .  Childre n 

w ho expresse d n o strategie s uniquel y i n gestur e o n th e 
pretes t  wer e exclude d fix)m  thi s analysis .  A s see n i n 
Figur e 3 ,  th e proportio n o f  childre n w h o abandone d 
suc h strategie s wa s hig h overall .  Furthermore ,  mor e 
childre n i n th e Contro l  grou p tha n i n th e Subtl e an d 
Direc t  group s abandone d strategie s from  gesture .  Thi s 
patter n wa s non-significan t  a t  th e posttest ,  bu t 

significan t  a t  th e follow-u p tes t  (A^(l)=7.37 ,  p<.Ol) . 
Thus ,  childre n whos e encodin g wa s manipulate d wer e 
les s likel y t o abando n gesture d strategies . 
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Figur e 5 .  Proportio n o f  childre n i n eac h conditio n w h o 
abandone d strategie s from  gestur e from  pretes t  t o 
posttest ,  an d from  pretes t  t o follow-up . 

D i s c u s s i o n 

Th e result s o f  thi s stud y sho w tha t  change s i n 
children' s proble m encodin g influence d thei r  strateg y 
choices .  Specifically ,  guidin g children' s attentio n t o 
th e equa l  sig n le d the m (1 )  t o mor e frequently  conside r 
multipl e strategies ,  a s reflecte d i n thei r  continue d 
productio n o f  gesture-speec h mismatches ,  (2 )  t o 
generat e n e w strategie s tha t  the y expresse d uniquel y i n 
gesture ,  (3 )  t o abando n strategie s tha t  the y initiall y 
expresse d i n speech ,  an d (4 )  t o maintai n strategie s tha t 

the y initiall y  expresse d uniquel y i n gesture .  Thes e 
change s occurre d eve n thoug h childre n receive d n o 

instructio n an d n o feedbac k tha t  thei r  problem-solvin g 

strategie s wer e incorrect .  Overall ,  th e dat a sugges t  tha t 
change s i n children' s proble m encodin g influenc e thei r 
strateg y choices . 

Becaus e w e di d no t  directl y measur e children' s 
proble m encoding ,  w e canno t  b e certai n tha t  th e 
manipulatio n actuall y cause d childre n t o improv e thei r 

encoding .  W e als o canno t  evaluat e h o w children' s 
encodin g change d a s a  resul t  o f  th e manipulation . 
However ,  th e result s strongl y sugges t  tha t  childre n i n 
th e Direc t  grou p di d indee d chang e thei r  encodin g o f  th e 
problems .  Further ,  anecdota l  evidenc e suggest s tha t 
childre n i n th e Direc t  grou p specificall y change d thei r 

encodin g o f  th e equa l  sign ,  whic h wa s th e focu s o f  th e 
manipulation .  Fo r  example ,  o n th e posttest ,  on e chil d 
describe d a  ne w strateg y i n whic h h e "switched "  th e 
position s o f  th e equa l  sig n an d th e plu s from  th e right -
han d sid e o f  th e equatio n (i.e. ,  changin g th e proble m 
fro m 3 + 4 + 5 = _ + 5 t o 3 + 4 + 5 + 5 = _ ) ,  an d the n adde d al l 
fou r  addends .  Thi s strateg y make s explici t  mentio n o f 
th e positio n o f  th e equa l  sign .  I n a  follow-u p stud y tha t 
we ar e currentl y conducting ,  w e ar e directl y measurin g 
children' s encodin g bot h befor e an d afte r  a n encodin g 
manipulation ,  i n orde r  t o establis h whethe r  th e 
manipulatio n actuall y cause s change s i n encoding . 

W hy migh t  change s i n encodin g lea d t o increase d 
variability ,  an d t o n e w strategie s tha t  wer e expresse d i n 
gestur e an d no t  i n speech ? W e sugges t  that ,  whe n 
gestur e convey s informatio n tha t  i s no t  expresse d i n 
speech ,  i t  reveal s informatio n tha t  childre n hav e 
encode d abou t  th e problems ,  bu t  hav e no t  use d i n thei r 
proble m solution s (se e Siegler ,  1984) .  Thi s encoded -
but-not-use d informatio n i s activ e i n th e children' s 
reasonin g abou t  th e problems ,  bu t  doe s no t  pla y a  rol e 
i n th e final  solutio n procedure s tha t  the y select .  I n 
contrast ,  informatio n tha t  i s bot h encode d an d use d t o 
solv e a  proble m i s expresse d i n speec h (wit h o r  withou t 
matchin g gesture )  rathe r  tha n uniquel y i n gesture .  Th e 
presen t  result s sugges t  tha t  th e Direc t  manipulatio n le d 
t o change s i n children' s encoding ,  bu t  tha t  childre n di d 
not  us e thei r  n e w encoding s i n th e procedure s tha t  the y 
ultimatel y selecte d t o solv e th e problems . 

Th e presen t  result s underscor e that ,  t o detec t  th e first 
sign s o f  n e w strategies ,  i t  i s  essentia l  t o us e measure s 
tha t  ar e sensitiv e t o subtl e change s i n children' s 
reasonin g abou t  problems .  I n thi s study ,  a  relativel y 

coarse-graine d measur e (ne w strategie s expresse d i n 

speech )  di d no t  revea l  change s du e t o th e encodin g 
manipulation ,  whil e mor e subtl e measure s (e.g. ,  ne w 
strategie s expresse d i n gesture ,  th e frequency  o f  gesture -
speec h mismatches )  did .  B y usin g bot h gestur e an d 
speec h t o asses s children' s knowledge ,  w e wer e abl e t o 
identif y problem s fo r  whic h childre n considere d 
multipl e problem-solvin g strategies ,  an d w e wer e abl e 
t o identif y strategie s tha t  wer e no t  expresse d i n speech . 
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Our  result s demonstrat e tha t  assessin g performanc e wit h 
suc h fine-grained  measure s ca n hel p u s t o understan d 
th e proces s o f  chang e i n children' s thinking . 

We bega n thi s pape r  b y raisin g th e questio n o f  wher e 
ne w strategie s com e fi-om.  Althoug h ther e ar e probabl y 
many correc t  answer s t o thi s question ,  i n th e presen t 
stud y w e hav e focuse d o n on e particula r  sourc e o f  ne w 
strategies :  change s i n children' s proble m encoding . 
Our  dat a sugges t  tha t  change s i n encodin g ca n indee d 
be a  sourc e o f  ne w problem-solvin g strategies — 

specifically ,  ne w strategie s tha t  ar e expresse d i n gesture . 
Our  dat a furthe r  sugges t  tha t  change s i n encodin g als o 
contribut e t o th e proces s o f  strateg y abandoning ,  h i 
fiiture  work ,  w e wil l  examin e whetiie r  feedbac k abou t 
correctnes s wil l  encourag e childre n t o construc t  an d us e 

ne w strategie s base d o n thei r  ne w encodings . 
Of  course ,  knowin g tha t  change s i n encodin g ca n b e a 

sourc e o f  ne w strategie s doe s no t  solv e th e proble m c f 
th e genesi s o f  ne w forms—on e mus t  the n as k wher e 
ne w encoding s com e fi-om.  Nevertheless ,  w e submi t 
tha t  th e presen t  findings  ar e importan t  becaus e the y ca n 
guid e an d constrai n theorizin g abou t  th e mechanism s 
tha t  underli e strateg y generation .  Indeed ,  th e 
mechanism s b y whic h ne w encoding s ar e generate d ar e 
likel y t o b e quit e differen t  fi-om  th e mechanism s b y 
whic h ne w strategie s ar e generated .  W e sugges t  tha t 
ne w encoding s ma y aris e a s a  resu h o f  implici t  learnin g 
processe s tha t  apprehen d structur e i n a  stimulu s 
environmen t  (Reber ,  1993) .  Thes e ne w encoding s ca n 
the n b e use d a s ra w materia l  fo r  strateg y construction . 
Thus ,  w e sugges t  that ,  i n orde r  t o full y  understan d th e 
proces s o f  strateg y change ,  i t  i s  essentia l  t o understan d 
when an d wh y proble m solver s chang e thei r  proble m 
encoding . 
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