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Abstrac t 

In studies of analogical transfer, subjects sometimes fail to 
recogniz e tha t  problem s ar e structurall y isomorphi c 
becaus e o f  difference s i n th e problems '  content .  On e 
potentia l  explanatio n fo r  thi s findin g i s tha t  difference s i n 
conten t  lea d subject s t o infe r  tha t  th e problem s hav e 
differen t  structures .  Thi s interpretatio n woul d b e supporte d 
by evidenc e tha t  subject s construc t  differin g menta l  model s 
fo r  structurall y isomorphi c problems .  I n thi s study ,  w e 
sho w tha t  subjects '  gesture s revea l  thei r  menta l  model s o f 
problem s tha t  involv e discret e an d continuou s change . 
Four  subject s talke d ou t  lou d a s the y solve d a  se t  o f  fou r 
problem s tha t  involve d constan t  change .  Al l  subject s 
produce d gesture s a s the y spoke ,  an d thei r  gesture s reveale d 
bot h continuou s an d discret e menta l  model s o f  th e manne r 
of  constan t  change .  O n problem s constructe d t o evok e 
menta l  model s o f  continuou s change ,  subject s tende d t o 
produc e gesture s tha t  incorporate d smooth ,  continuou s 
motions .  O n problem s constructe d t o evok e menta l  model s 
of  discrete ,  incrementa l  change ,  subject s tende d t o produc e 
gesture s tha t  incorporate d repeated ,  sequential ,  discret e 
motions .  Subjects '  gesture s sometime s provide d mor e 
explici t  cue s t o thei r  menta l  model s tha n di d thei r  speech . 
The result s indicat e tha t  subject s sometime s constructe d 
differin g menta l  model s fo r  structurall y analogou s 
problems . 

Introduction 

Peopl e ofte n fai l  t o recogniz e tha t  a  previousl y learne d 
solutio n procedur e ca n b e use d t o solv e a  proble m a t  hand . 
For  example ,  i n studie s o f  analogica l  transfer ,  subject s 
sometime s fai l  t o recogniz e tha t  problem s ar e structurall y 
isomorphi c becaus e o f  difference s i n th e conten t  o r  "cove r 
stories "  o f  th e problem s (Gic k &  Holyoak ,  1980 ;  Holyoa k 
& Koh ,  1987) .  O n e potentia l  explanatio n fo r  thi s finding  i s 

tha t  difference s i n conten t  lea d subject s t o infe r  tha t  th e 
problem s hav e differen t  structure s (Basso k &  Olseth ,  1995 ; 
Bassok ,  W u ,  &  Olseth ,  1995) .  Thi s interpretatio n woul d b e 
supporte d b y evidenc e tha t  subject s construc t  distinc t  menta l 
model s fo r  structurall y isomorphi c problems .  I n thi s paper , 
we describ e a  ne w metho d fo r  gainin g acces s t o subjects ' 
menta l  model s o f  problems .  Thi s metho d involve s 
examinin g th e gesture s tha t  subject s spontaneousl y produc e 
when the y describ e thei r  reasonin g abou t  th e problems . 

I t  i s  widel y accepte d tha t  verba l  protocol s ca n provid e a n 
accurat e an d informativ e accoun t  o f  ongoin g cognitiv e 
processe s (Ericsso n &  Simon ,  1993) .  A s w e repor t  i n thi s 
paper ,  whe n subject s provid e suc h protocols ,  the y ofte n 
gestur e spontaneousl y a s the y speak .  I n recen t  years ,  severa l 
investigator s hav e claime d that ,  lik e speech ,  spontaneou s 
gesture s ar e a  w indo w throug h whic h speakers '  menta l 
processe s ca n b e viewe d (Golditi-Meadow ,  Alibali ,  & 
Church ,  1993 ;  Kendon ,  1980 ;  M c N e U I ,  1985 ;  McNeill , 
1992) .  Suc h studie s hav e show n that ,  m u c h o f  th e time ,  th e 
informatio n tha t  speaker s expres s i n gesftire s i s identica l  t o 
th e informatio n the y expres s i n speech .  W h e n gesture s 
matc h speec h i n thi s way ,  the y ca n provid e additiona l 
validatio n fo r  claim s m a d e o n th e basi s o f  subjects '  speech . 
At  othe r  times ,  however ,  th e informatio n tha t  speaker s 
expres s i n gesture s differ s fro m th e informatio n the y expres s 
i n speec h (Churc h &  Gold in-Meadow ,  1986 ;  M c N e U l ,  1992 ; 
Perry ,  Church ,  &  Goldin-Meadow ,  1988) .  W h e n gesture s 
mismatc h o r  supplemen t  speech ,  the y ca n provid e 
informatio n abou t  cognitiv e processe s tha t  speaker s d o no t 
verbalize . 

I f  gesture s d o i n fac t  yiel d evidenc e abou t  subjects '  menta l 
model s o f  problems ,  thi s evidenc e m a y actuall y b e mor e 
compelhn g tha n evidenc e gleane d fro m verba l  protocols . 
Thi s i s because ,  w h e n problem s ar e presente d i n words ,  th e 
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word s o f  th e tex t  ca n influenc e th e word s subject s us e whe n 
describin g sui d solvin g th e problem s i n speech . 
Spontaneou s gestures ,  i n contrast ,  ar e no t  "modeled "  fo r 
subject s whe n a  proble m i s presente d a s text .  Thus ,  i f 
subjects '  gesture s revea l  menta l  models ,  the y wil l  provid e 
compellin g evidenc e tha t  subject s hav e activel y constructe d 
suc h models . 

Ther e i s reaso n t o believ e tha t  a  stud y o f  th e spontiuieou s 
gesture s subject s produc e durin g verba l  protocol s wil l  indee d 
be fruitful .  Previou s studie s hav e show n tha t  mos t  peopl e 
spontaneousl y gestur e whe n the y explai n thei r  reasonin g 
abou t  a  problem .  Moreover ,  gesture s pnxluce d durin g 
proble m explanation s typicall y conve y specifi c  aspect s o f 
th e problem s bein g explained ,  o r  specifi c  strategie s fo r 
solvin g thos e problems .  Suc h substantiv e gesture s hav e 
bee n observe d i n a  variet y o f  ag e group s an d o n a  variet y o f 
tasks .  Thes e includ e preschooler s an d elementar y schoo l 
childre n reasonin g abou t  countin g task s (Graham ,  1994) , 
Piagetia n conservatio n task s (Churc h &  Goldin-Meadow , 
1986) ,  mathematica l  equivalenc e problem s (Alibal i  & 
Goldin-Meadow ,  1993 ;  Perry ,  e t  al. ,  1988) ,  an d seasona l 
chang e problem s (Crowde r  &  N e w m a n ,  1993) ;  adolescent s 
reasonin g abou t  Piagetia n bendin g rod s task s (Stone .  W e b b , 
& Mahootian ,  1991) ;  adult s reasonin g abou t  problem s 
involvin g gear s (Perr y &  Elder ,  1995) ;  an d subject s o f  man y 
age group s reasonin g abou t  mora l  dilemma s (Church , 
Schonert-Reichl ,  G o o d m a n ,  Kelly ,  &  Ayman-Nolley ,  1995 ; 
G o o d m a n,  Church ,  &  Schonert ,  1991) .  Thus ,  gestur e ha s 
prove n t o b e a  valuabl e too l  fo r  studyin g cognitiv e processe s 
at  a  variet y o f  developmenta l  stages ,  an d i n a  variet y o f 
domains .  I n th e presen t  study ,  w e examine d th e gesture s 
tha t  adul t  subject s spontaneousl y produce d whe n solvin g 
wor d problem s tha t  involv e constan t  chang e (e.g. ,  change s 
i n spee d o r  rat e o f  populatio n growth) . 

Basso k an d Olset h (1995 )  hav e argue d that ,  whe n solvin g 
constan t  chang e problems ,  subject s construc t  menta l  model s 
of  th e manne r  i n whic h th e entit y i n th e proble m change s 
(i.e. ,  continuousl y o r  discretely) .  The y taugh t  subject s a 
procedur e fo r  solvin g a  proble m i n whic h a n entit y change d 
eithe r  continuousl y (e.g. ,  speed )  o r  discretel y (e.g. ,  monthl y 
investment s i n a  saving s account) .  Subject s the n attempte d 
t o solv e analogou s transfe r  problem s i n whic h th e manne r  o f 
chang e differed .  Subject s frequently  an d spontaneousl y 
transferre d solutio n procedure s learne d fo r  discret e chang e 
problem s t o continuou s chang e problems ;  however ,  the y 
rarel y transferre d solutio n procedure s learne d fo r  continuou s 
chang e problem s t o discret e chang e problems .  Base d o n 
thes e pattern s o f  transfer ,  Basso k an d Olset h argue d tha t 
subject s constructe d differin g menta l  model s o f  th e proces s 
of  chang e fo r  discret e an d continuou s problems . 

Th e presen t  stud y seek s t o establis h a  ne w an d mor e direc t 
metho d fo r  assessin g th e menta l  model s tha t  subject s 
construc t  whe n solvin g problem s tha t  involv e constan t 
change .  Th e goa l  o f  th e stud y wa s t o investigat e whethe r 
subjects '  spontaneou s gesture s provid e direc t  evidenc e tha t 
the y construc t  differen t  menta l  model s fo r  problem s 
involvin g discret e an d continuou s change . 

Metho d 

Participants 

Participant s wer e fou r  Universit y o f  Chicag o students ,  2 
male s an d 2  females .  Al l  wer e nativ e Englis h speakers . 
Each wa s pai d $ 6 fo r  participating . 

Procedure 

Each subjec t  solve d a  se t  o f  fou r  structurall y isomorphi c 
wor d problem s tha t  involve d constan t  chang e (se e Tabl e 1) . 
Th e se t  consiste d o f  tw o problem s tha t  wer e constructe d t o 
evok e model s o f  continuou s chang e (Continuou s problems) , 
and tw o tha t  wer e constructe d t o evok e model s o f  discret e 
chang e (Discret e problems) .  Eac h subjec t  wa s presente d 
wit h th e wor d problem s o n paper ,  on e a t  a  time .  Fo r  eac h 
problem ,  th e subjec t  wa s aske d t o rea d th e proble m aloud , 
and the n t o tal k ou t  lou d a s h e o r  sh e solve d th e problem . 
The sessio n wa s videotape d s o tha t  subjects '  verba l 
protocol s an d gesture s coul d late r  b e analyzed . 

Tabl e 1 
Problem s Use d i n th e Stud y 

Continuous Problems 
I t  take s 3 5 minute s t o inflat e a  ho t  ai r  balloon .  Th e rat e 

at  whic h th e ho t  ai r  i s  presse d int o th e balloo n increase s 
steadil y fro m 1 0 liters/minut e a t  th e beginnin g o f  th e first 
minut e t o 8 0 liters/minut e a t  th e en d o f  th e 35t h minute . 
H o w man y liter s o f  ho t  ai r  ar e presse d int o th e balloo n 
ove r  th e 3 5 minut e period ? 

The speed of an airplane inaeases at a constant rate 
durin g a  perio d o f  1 2 minute s fro m 1 0 miles/minut e t o 3 4 
miles/minute .  Wha t  distance ,  i n miles ,  wil l  th e plan e 
trave l  durin g th e 1 2 minut e period ? 

Discrete Problems 
A bookcas e ha s 6  shelves .  Th e numbe r  o f  book s o n 

eac h successiv e shel f  from  to p t o botto m increase s b y a 
constan t  fro m th e numbe r  o f  book s o n th e shel f  abov e it . 
I f  ther e ar e 1 5 book s o n th e to p shel f  an d 4 5 book s o n th e 
botto m shelf ,  h o w m a n y book s tota l  ar e i n th e bookcase ? 

For a lecture, 10 rows of chairs have been arranged in a 
lectur e hall .  Th e chair s hav e bee n se t  u p suc h tha t  th e 
number  o f  chair s i n eac h ro w increase s b y a  constan t  from 
th e numbe r  o f  chair s i n th e previou s row .  I f  ther e ar e 2 5 
chair s i n th e first  ro w an d 11 5 chair s i n th e 10t h row ,  ho w 
many chair s tota l  ar e ther e i n th e lectur e hall ? 

C o d i n g 

Each subject' s verba l  protoco l  wa s broke n int o clauses . 
Each claus e o f  th e verba l  protoco l  an d eac h spontaneou s 
gestur e wer e code d a s describe d i n th e followin g sections . 
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For  clause s tha t  wer e accompanie d b y gestures ,  th e 
relationshi p betwee n gestur e an d speec h wa s evaluated . 

Codin g speech .  Eac h verba l  claus e wa s code d i n term s o l 
whethe r  i t  indicate d a  specifi c  manne r  o f  change ,  iin d i l  so , 
whic h type .  Thus ,  eac h claus e wa s classifie d a s providin g 
cue s fo r  a  Continuou s model ,  a  Discret e model ,  o r  Neithe r 
model .  Th e followin g verba l  cue s wer e take n a s evidenc e o f 
a Continuou s menta l  model :  (1 )  mentio n o f  th e value s i n 
th e proble m usin g rate-lik e units ;  (2 )  reference  t o th e entir e 
perio d o f  tim e involve d i n th e problem ;  (3 )  reference s t o 
averagin g and/o r  multiplying ;  (4 )  explici t  reference s t o rates . 
The followin g verba l  cue s wer e take n a s evidenc e o f  a 
Discret e menta l  model :  (1 )  mentio n o f  th e value s i n th e 
proble m usin g amount-lik e units ;  (2 )  reference  t o th e 
individua l  unit s o f  tim e involve d i n th e problem ;  (3 ) 
reference s t o dividin g and/o r  repeate d addition ;  (4 )  explici t 
reference s t o "th e constant" .  Not e tha t  man y o f  thes e verba l 
cue s ar e als o presen t  i n th e proble m texts .  Codin g criteri a 
and example s ar e presente d i n Tabl e 2 . 

Tabl e 2 
Codin g Categorie s an d Example s 

Speech Codes 
Continuou s Discret e 

"I t  starte d a t  1 0 liter s pe r  "A t  fu^ t  ther e wer e 1 0 liters " 
minute " 

"Ove r  th e 12-minut e 
period... " 

"I n eac h o f  th e 1 2 
minutes... " 

"Th e averag e i s  70 ,  time s 1 0 "9 0 divide d b y 9  i s  10 ,  s o 
rows "  yo u hav e t o kee p addin g 10 " 

"The number of books was "The constant was 6" 
goin g u p a t  a  constan t  rate " 

Gesture Codes 
Continuou s Discret e 

Righ t  han d pal m arc s Righ t  han d point ,  tap s tabl e 
smoothl y upwar d i n neutra l  fou r  times ,  movin g lef t  t o 
spac e i n fron t  o f  subject .  right . 

Right hand point sweeps Right hand palm makes 
diagonall y acros s tabl e to p thre e shor t  hop s extendin g 
away from  sel f  fro m sel f  int o neutra l  space . 

Codin g gesture .  Th e strea m o f  manua l  movemen t  wa s 
broke n dow n int o individua l  gesture s usin g criteri a develope d 
i n previou s wor k (Churc h &  Goldin-Meadow ,  1986) .  Th e 
h;indshape ,  motion ,  han d placement ,  an d han d orientatio n 
used i n eac h gestur e wer e uiuiscribe d withou t  acces s t o th e 
audi o portio n o f  th e tap e (i.e. .  wit h th e soun d turne d off) . 
Each gestur e w;i s the n cUissifie d a s conveyin g a  Continuou s 
model ,  a  Discret e model ,  o r  Neithe r  model .  Gesture s tha t 
incorponae d a  smooth ,  continuou s motio n (e.g. ,  sweeping . 

arcing ,  dragging ,  slidin g o r  lifting )  wer e code d a s 
Continuous .  Gesture s tha t  incorporate d a  sequenc e o f 
discret e movement s (e.g. ,  a  sequenc e o f  a t  leas t  3  hops ,  taps , 
points ,  traces ,  beats ,  wris t  rotations ,  o r  finger  extensions ) 
wer e code d a s Discrete .  Gesture s tha t  incorporate d a  zig -
zaggin g o r  spirsdin g motio n tha t  move d ou t  fro m th e bod y 
wer e als o code d a s Discrete .  Al l  othe r  gesture s wer e code d a s 
indicatin g Neithe r  model .  Thes e include d simpl e bea t 
(accen t  o r  emphasis )  gestures ,  points ,  flicks ,  gesture s tha t 
trace d number s o n th e tabl e o r  i n th e air ,  an d iconi c 
(representational )  gesture s tha t  di d no t  conve y th e manne r  o f 
chang e (e.g. ,  gesture s tha t  depicte d th e rang e o f  value s i n a 
proble m b y indicatin g tw o location s i n space) .  Example s o f 
gesture s tha t  conve y Continuou s an d Discret e model s ar e 
presente d i n Tabl e 2 . 

Cod in g th e relationshi p betwee n gestur e an d 
speech .  Fo r  clause s tha t  include d bot h speec h an d gesture , 
and tha t  conveye d a  mode l  i n a t  leas t  on e o f  th e tw o 
modalities ,  th e relationshi p betwee n gestur e an d speec h wa s 
identified .  Thi s relationshi p wa s classifie d a s on e o f  fou r 
types :  (1 )  Speech-Gestur e Match ,  i n whic h speec h an d 
gestur e provid e cue s fo r  th e sam e model ,  (2 )  Speec h 
Explicit ,  i n whic h speec h provide d a  cu e fo r  on e o f  th e 
models ,  bu t  gestur e di d not ,  (3 )  Gestur e Explicit ,  i n whic h 
gestur e provide d a  cu e fo r  on e o f  th e models ,  bu t  speec h di d 
not ,  an d (4 )  Speech-Gestur e Mismatch ,  i n whic h speec h an d 
gestur e provide d cue s fo r  differen t  models . 

Results 

Did subjects gesture when they described how they 
solve d th e p r o b l e m s ? 

We fu^ t  examine d whethe r  subject s produce d gesture s alon g 
wit h thei r  verba l  protocols .  Indeed ,  al l  fou r  subject s 
gesture d o n ever y on e o f  th e fou r  problems .  Subject s varie d 
i n h o w muc h the y spoke ,  an d i n h o w ofte n the y produce d 
gesture s a s wel l  a s speech .  Th e tota l  numbe r  o f  clause s 
subject s produce d acros s th e fou r  problem s range d fro m 8 8 
t o 14 5 (M=124 ,  SD=26.5) ,  an d th e ra w numbe r  o f  gesture s 
produce d range d from  2 8 t o 9 3 (M=56 ,  SD=27.4) .  Subject s 
produce d gesture s a s wel l  a s speec h i n a n averag e o f  4 4 % o f 
al l  clause s (rang e 3 2 % t o 6 4 % ,  S D = 1 4 % ) . 

Did subjects' speech convey continuous and 
discret e menta l  m o d e l s o f  c h a n g e ? 

Next ,  w e examine d whethe r  subjects '  verba l  protocol s 
provide d cue s fo r  distinc t  continuou s an d discret e menta l 
model s o f  th e proces s o f  change .  W e isolate d th e verba l 
clause s tha t  wer e "marked "  i n th e sens e tha t  speec h conveye d 
a cu e fo r  on e o f  th e tw o models .  W e the n examine d whethe r 
subject s tende d t o us e clause s marke d b y Discret e cue s mos t 
ofte n o n th e Discret e problems ,  an d clause s marke d b y 
Continuou s cue s mos t  ofte n o n th e Continuou s problems . 
Recal l  tha t  th e proble m text s provide d man y suc h verba l 
cues . 

As see n i n Tabl e 3 ,  Pane l  A .  subject s produce d mor e 
clause s marke d b y Discret e cue s tha n b y Continuou s cue s 
when solvin g th e Discret e problems .  Al l  fou r  subject s 
followe d th e expecte d pattern ,  an d th e patter n differe d 
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significantl y f m m chanc e performanc e (i(3)>10.0 ,  p<0.001) . 
Subject s als o produce d mor e clause s marke d b y Continuou s 
cue s tha n b y Discret e cue s whe n solvin g th e Continuou s 
problems ,  a s see n i n Pane l  B .  Thre e o f  th e fou r  subject s 
showe d th e predicte d pattern .  Th e remainin g subjec t  (TM ) 
produce d predominantl y clause s marke d b y Discret e cues , 
suggestin g tha t  sh e ha d constructe d a  discret e menta l  mode l 
fo r  th e continuou s problems .  Becaus e T M showe d a  patter n 
opposit e fro m th e othe r  subjects ,  th e tren d towar d greate r  us e 
of  clause s marke d b y Continuou s cue s o n th e Continuou s 
problem s di d no t  attai n significanc e (t(3)=2.14 , 
0.05<p<0.10 ,  one-tailed) . 

s\i\)m . 

Tabl e 3 
Proportio n o f  Marke d Clause s 

tha t  Containe d Cue s fo r  Eac h Mode l 

Continuou s 

A:  Discret e Problem s 

TM 
CF 
SW 
GC 

Mean 
Proportio n 

0.0 3 
0.0 0 
0.0 4 
0.0 0 

0.0 2 

B:  Continuou s Problem s 

TM 
CF 
SW 
GC 

Mean 
Proportio n 

0.3 6 
1.0 0 
1.0 0 
0.7 5 

0.7 8 

Discret e 

0.9 7 
1.0 0 
0.9 6 
1.0 0 

0.9 8 

0.6 4 

0.0 0 
0.0 0 
0.2 5 

0.2 2 

N (Marke d 
Clauses ) 

35 
30 
26 
16 

2 2 
19 
21 
16 

D i d subjects '  gesture s conve y continuou s a n d 
discret e menta l  mode l s o f  change ? 

Next ,  w e examine d whether ,  lik e thei r  speech ,  subjects ' 
gesture s als o provide d evidenc e fo r  distinc t  continuou s an d 
discret e menta l  model s o f  th e proces s o f  change .  Ove r  th e 
set  o f  fou r  problems ,  ever y on e o f  th e fou r  subject s produce d 
some gesture s tha t  conveye d eac h model .  O n average ,  1 0 % 
of  eac h subject' s tota l  corpu s o f  gesture s conveye d a 
Continuou s mode l  (rang e 4 % t o 2 0 % )  an d 1 9 % o f  eac h 
subject' s gesture s conveye d a  Discret e mode l  (rang e 9 % t o 
3 2 % ) .  Th e remainin g gesture s conveye d Neithe r  model . 

We isolated the gestures that were "marked" in the sense 
tha t  the y conveye d a  cu e fo r  on e o f  th e tw o models .  W e 
the n examine d whethe r  subject s tende d t o us e Discret e 
gesture s mos t  ofte n o n Discret e problems ,  an d Continuou s 
gesture s mos t  ofte n o n Continuou s problems .  A s see n i n 

Tabl e 4 ,  Pane l  A ,  subject s wer e indee d mor e likel y t o 
produc e Discret e gesture s whe n solvin g th e Discret e 
problems .  Al l  fou r  subject s followe d th e predicte d pattern . 
Even give n th e smal l  sampl e size ,  th e patter n differe d 
significantl y from  chanc e (t(3)=9.76 ,  I2<0.001 ,  one-tailed) . 
Subject s wer e als o mor e likel y t o produc e Continuou s 
gesture s whe n solvin g th e Continuou s problems ,  a s see n i n 
Panel  B .  Indeed ,  thre e o f  th e fou r  subject s produce d 
absolutel y n o Discret e gesture s whe n solvin g th e 
Continuou s problems .  Th e remainin g subjec t  (TM ) 
produce d predominantl y Discret e gestures .  Thus ,  lik e he r 
speech ,  T M ' s gesture s indicat e tha t  sh e constructe d a  discret e 
menta l  mode l  fo r  th e continuou s problems .  I n fact ,  h a 
gesture s revea l  th e patter n mor e strongl y tha n he r  speech . 
Becaus e T M ' s patter n differe d fro m th e othe r  subjects ,  th e 
tren d towar d greate r  us e o f  Continuou s gesture s fo r  th e 
Continuou s problem s di d no t  attai n significanc e (t(3)=1.27 , 
.05<p<0.15 ,  one-tailed) . 

Subjec t 

Tabl e 4 
Proportio n o f  Marke d Gesture s 

tha t  Conveye d Eac h Mode l 

Cpntinyp i 
Gesture s 

A:  Discret e F*roblem s 

T M 
CF 
SW 
GC 

Mean 
Proportio n 

0.1 2 
0.1 7 
0.2 7 
0.1 7 

0.1 8 

B:  Continuou s Problem s 

TM 
CF 
SW 
GC 

Mean 
Proportio n 

0.1 2 
1.0 0 
1.0 0 
1.0 0 

0.7 8 

j s Discret e 
Gesture s 

0.8 8 
0.8 3 
0.7 3 
0.8 3 

0.8 2 

0.8 8 
0.0 0 
0.0 0 
0.0 0 

0.2 2 

N (Marke d 
Gestures ) 

17 
6 
11 
6 

17 
1 
6 
3 

We als o examine d whethe r  individua l  subject s 
differentiate d betwee n th e tw o type s o f  problem s i n thei r 
gestures .  A s noted ,  subjec t  T M di d no t  systematicall y 
differentiat e betwee n th e tw o type s o f  problems ;  sh e 
appeare d t o represen t  bot h problem s a s involvin g discret e 
change .  Subjec t  S W ,  i n contrast ,  tende d t o produc e 
Continuou s gesture s o n Continuou s problems ,  an d Discret e 
gesture s o n Discret e problem s (x2=8.24 ,  p<.001) .  Th e 
remainin g tw o subject s als o showe d th e predicte d pattern , 
but  produce d to o fe w gesture s t o analyz e a t  th e individua l 
level . 
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Di d speec h a n d gestur e a lway s conve y th e s a m e 
menta l  m o d e l ? 

Next ,  w e examine d whethe r  subject s tende d t o conve y tli c 
same menta l  mode l  i n speec h an d i n th e accoinpimyin g 
gesture .  Studie s o f  children' s cognitiv e developmen t  hiiv e 
shown that ,  durin g transitiona l  period s i n th e proces s o f 
acquirin g concepts ,  childre n ofte n expres s on e strateg y fo r 
solvin g a  proble m i n speech ,  an d a  secon d strateg y i n th e 
accompanyin g gestur e (Alibal i  &  Goldin-Meadow ,  1993 ; 
Churc h &  Goldin-Meadow ,  1986 ;  Perry ,  e t  al. ,  1988) . 
Thus ,  whe n childre n conside r  multipl e (potentiall y 
conflicting )  strategie s fo r  solvin g problems ,  thei r  speec h an d 
gesture s ofte n mismatch .  W e hypothesize d tha t  th e adul t 
subject s i n ou r  stud y migh t  als o sometime s conside r 
multipl e model s fo r  a  give n problem .  Lik e th e childre n i n 
th e studie s describe d above ,  the y migh t  als o produc e gesture -
speec h mismatche s whe n solvin g constan t  chang e problems . 
Alternatively ,  thei r  gesture s coul d provid e evidenc e fo r  a 
particula r  mode l  whe n th e accompanyin g speec h di d not . 
Finally ,  subjects '  gesture s coul d provid e convergin g 
evidenc e fo r  th e mode l  indicate d i n th e accompanyin g 
speech . 

Tabl e 5 
Relationshi p Betwee n Speec h an d Gestur e 

Subjec t  & 
Proble m 

Typ e 

TM C 
D 

CF C 
D 

SW c 
D 

GC C 
D 

Match Speec h 
Explici t 

0.2 7 0.4 0 
0.3 0 0.4 8 

0.5 0 0.5 0 
0.1 9 0.7 7 

0.5 0 0.0 0 
0.3 8 0.4 8 

0.1 1 0.6 7 
0.5 0 0.0 0 

Gestur e 
Explici t 

0.2 3 
0.2 1 

0.0 0 
0.0 4 

0.5 0 
0.0 5 

0.2 2 
0.5 0 

C=Continuous ,  D=Discret e 

Mis -
matc h 

0.1 0 
0.0 0 

0.0 0 
0.0 0 

0.0 0 
0.1 0 

0.0 0 
0.0 0 

N 

30 
33 

2 
26 

6 
21 

9 
6 

To explor e thes e possibilities ,  w e identifie d th e 
relationshi p betwee n speec h an d gestur e i n al l  clause s i n 
whic h a t  leas t  on e modalit y  (i.e. ,  eidie r  speec h o r  gestur e o r 
both )  provide d a  cu e fo r  on e o f  th e models .  A s see n i n 
Tabl e 5 ,  subject s produce d ver y fe w clause s i n whic h speec h 
conveye d on e mode l  an d gestur e conveye d th e othe r 
(Mismatc h responses) .  However ,  clause s i n whic h gestur e 
explicitl y  conveye d on e o f  th e model s whil e speec h 
conveye d n o mode l  wer e relativel y frequent .  Individual s 
differe d i n h o w frequentl y the y produce d suc h Gestur e 
Explici t  clauses :  on e subjec t  produce d almos t  none ,  whil e 
other s produce d the m quit e regularly .  T w o o f  th e subject s 
( S W an d G C )  firequently  produce d suc h clause s fo r  on e 

proble m typ e an d no t  th e other .  Mos t  interesting ,  o n 
problem s wher e thes e subject s frequentl y produce d Gestur e 
Explici t  clauses ,  the y neve r  produce d Speec h Explici t 
clauses .  Thi s open s th e possibilit y  tha t  fo r  som e 
individuals ,  menta l  model s o f  som e proble m type s m a y b e 
mor e readil y accessibl e t o gestur e tha n t o speech . 
Alternatively ,  speaker s m a y choos e t o expres s certai n 
aspect s o f  thei r  menta l  model s i n speech ,  an d othe r  aspect s 
i n spontaneou s gestures . 

I t  i s  als o wort h notin g tha t  gestur e ofte n provide d 
convergin g evidenc e fo r  th e menta l  mode l  cue d i n th e 
accompanyin g speec h (i.e. ,  i n Matc h responses) .  I n thes e 
responses ,  gestur e provide s independen t  verificatio n tha t  th e 
subjec t  i s  no t  simpl y mimickin g th e verba l  cue s provide d i n 
th e proble m text ,  bu t  ha s activel y constructe d th e mode l 
expresse d i n speech . 

Discussion 

Thi s stud y ha s show n tha t  subjects '  spontaneou s gesture s 
ca n revea l  thei r  menta l  model s o f  discret e an d continuou s 
change .  Al l  fou r  o f  th e subject s studie d gesture d a s the y 
solve d constan t  chang e problems ,  an d thei r  gesture s reveale d 
bot h continuou s an d discret e menta l  model s o f  th e manne r  o f 
constan t  change .  O n problem s constructe d t o evok e menta l 
model s o f  continuou s change ,  subject s tende d t o produc e 
gesture s tha t  incorporate d smooth ,  continuou s motions , 
whil e o n problem s constructe d t o evok e menta l  model s o f 
discrete ,  incrementa l  change ,  subject s tende d t o produc e 
gestur e tha t  incorporate d repeated ,  sequential ,  discret e 
motions .  Mos t  important ,  subjects '  gesture s sometime s 
provide d mor e explici t  cue s t o thei r  menta l  model s tha n di d 
thei r  speech .  Thes e result s demonsti^t e that ,  i n thi s domai n 
as wel l  a s others ,  gestur e ca n b e a  compellin g sourc e o f  dat a 
abou t  ongoin g cognitiv e processes . 

Thes e result s als o hav e implication s fo r  theorie s o f 
analogica l  transfer .  Suc h theorie s offe r  tw o differen t 
explanation s fo r  th e findin g tha t  subject s sometime s fai l  t o 
recogniz e tha t  a  previousl y learne d solutio n procedur e ca n b e 
use d t o solv e a  proble m a t  hand .  Th e traditiona l  account , 
sometime s calle d th e interferenc e account ,  hold s tha t 
proble m conten t  interfere s wit h subjects '  abilit y  t o recogniz e 
tha t  tw o problem s shar e th e sam e structur e (Genmer ,  1983 , 
1989 ;  Gic k &  Holyoak ,  1980) .  Accordin g t o thi s view , 
subject s fai l  t o transfe r  a  solutio n procedur e becaus e the y fai l 
t o recogniz e tha t  th e bas e an d targe t  problem s ar e 
structurall y th e same .  Th e interpretativ e account ,  i n 
contrast ,  hold s tha t  difference s i n conten t  lea d subject s t o 
infe r  tha t  th e problem s hav e differen t  stiucture s (Basso k & 
Olseth ,  1995) .  Accordin g t o thi s view ,  subject s fai l  t o 
transfe r  becaus e the y activel y construc t  differen t  menta l 
model s fo r  th e bas e an d targe t  problems .  Th e tw o account s 
diffe r  cruciall y i n term s o f  th e processe s the y imput e t o 
proble m solvers :  Th e interferenc e accoun t  hold s tha t  subject s 
simpl y d o no t  recogniz e structura l  similarities ,  whil e di e 
interpretativ e accoun t  hold s tha t  subject s activel y construc t 
differin g menta l  model s fo r  isomorphi c problems . 

I n thi s study ,  subjects '  spontaneou s gesture s revealed  tha t 
the y ha d constructe d differen t  continuou s an d discret e model s 
fo r  sttiJCturall y isomorphi c constan t  chang e problems . 
Thus ,  thes e result s suppor t  th e clai m tha t  subject s activel y 
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construc t  differen t  menta l  model s fo r  differen t  type s o f 
problems .  Thes e findings  sugges t  tha t  th e menta l 
representation s tha t  subject s activel y construc t  ma y indee d 
inhibi t  the m from  transferrin g solutio n procedure s t o 
analogou s problems .  I n thi s way ,  evidenc e fro m gestur e 
support s th e interpretativ e explanatio n fo r  th e failur e o f 
analogica l  transfer . 
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