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Abstrac t 

This paper analyzes two converging views of the 
architectur e o f  intuition .  A .  diSess a an d L .  Talmy ,  workin g 
independentl y i n differen t  field s (physic s educatio n an d 
linguistics) ,  hav e formulate d strikingl y simila r  theorie s o f 
intuition .  Bot h vie w people' s intuition s abou t  force s a s 
simpl e piece s o f  knowledg e organize d heterarchically . 
However ,  Talmy' s forc e dynami c pattern s hav e mor e sys -
tem-wid e structur e tha n diSessa' s phenomenologica l  primi -
tives .  Usin g thes e primitives ,  peopl e generat e common 
sens e explanation s fo r  a  wid e variet y o f  situations . 
Moreover ,  peopl e ma y buil d upo n thes e intuition s whil e 
studyin g forma l  discipline s suc h a s physics .  However , 
severa l  primitive s directl y conflic t  wit h physic s concept s 
and ma y accoun t  fo r  resilien t  misconceptions .  Finally ,  in -
tuition s ma y als o provid e th e basi s fo r  understandin g so -
cia l  an d psychologica l  phenomena . 

In t roduct io n 

The whole of science is nothing more than a refinement of 
everyda y thinking . 

-Einstei n (1950 ,  p.59 ) 

What do people do when faced with an unfamiliar situation? 
Newel l  an d Simo n (1972 )  hav e argue d tha t  the y ma y resor t 
t o genera l  purpos e strategie s suc h a s means-end s analysis . 
However ,  the y ma y als o tur n t o thei r  intuition s o r  thei r 
"common sense "  fo r  guidance .  La y peopl e readil y under -
stan d a  wid e rang e o f  phenomen a i n whic h the y hav e litd e 
expertise .  Whe n aske d t o explicat e a  simpl e situation ,  suc h 
as a  boo k o n a  table ,  physic s novice s typicall y provid e ex -
planation s suc h as :  ̂ 

(1 )  Th e tabl e i s stationary .  I t  i s  no t  pushin g up ,  i t  i s 
jus t  blockin g th e pat h o f  th e boc k t o th e ground . 

(2 )  Wha t  i s  th e tabl e doing ? Holdin g u p th e book . 
(laughs )  U m ,  I  don' t  know . 

Êxcerpt s take n fro m interview s wit h hig h schoo l  student s wh o 
have no t  take n a  physic s cours e (Chi u &  Gutwill ,  1991) .  Al l 
example s ar e our s unles s otherwis e specified . 

(3 )  I f  th e tabl e didn' t  exer t  a  forc e upward ,  the n th e 
boo k woul d b e abl e t o brea k th e tabl e i n hal f  an d 
fial l  t o th e ground . 

Technicall y speaking ,  th e first  explanatio n (1 )  i s  incorrect , 
th e secon d (2 )  i s  ambiguous ,  an d th e las t  (3 )  i s correct . 
Nevertheless ,  al l  thre e intuitiv e explanation s ar e coheren t 
and sensical .  I n thi s paper ,  w e compar e diSess a an d Talmy' s 
theorie s o f  intuition ,  whic h describ e a n arra y o f  intuition s 
and th e cognitiv e stmcture s tha t  organiz e them . 

diSess a an d Talm y us e differen t  tool s t o expir e intuition s 
fro m differen t  angles .  Whil e diSess a studie s novice s ex -
plainin g physica l  situations ,  Talm y analyze s linguisti c ex -
pression s tha t  refe r  t o situation s involvin g forces . 

I n diSessa' s (1993 )  researc h methodology ,  a n interviewe r 
typicall y present s subject s wit h a  simpl e situatio n an d ask s 
the m t o explai n it .  Researcher s employin g thi s methodol -
ogy examin e subjects '  understandin g o f  a  disciplin e b y ask -
in g the m t o elaborat e thei r  thought s an d discus s relate d situ -
ation s (cf .  Piage t  &  Szeminska ,  1952/1941 ;  Ericsso n & 
Simon ,  1984) .  Throug h hi s analyse s o f  intervie w data , 
diSess a ha s identifie d differen t  intuition s whic h h e ha s 
terme d phenomenologica l  primitive s (p-prims) . 

Recall ,  fo r  example ,  explanatio n (1 )  fo r  ou r  boo k restin g 
on a  table .  Man y novice s shar e thi s person' s belie f  tha t  th e 
tabl e merel y block s th e book ,  preventin g i t  fro m fallin g t o 
th e groun d (Clement ,  Brow n &  Zietsman ,  1989) .  Accordin g 
t o diSessa ,  the y invok e th e Supportin g p-prim: ^  " a stron g o r 
stabl e underlyin g objec t  [table ]  keep s th e overlayin g an d 
touchin g objec t  [book ]  i n place ;  [thi s is ]  strictl y topologica l 
[with ]  n o forc e implications .  Supportin g object s ar e no t 
agentive "  (1993 ,  p.220) . 

I n contrast ,  Talm y (1988 )  examine s linguisti c expression s 
(i n English )  an d thei r  syntacti c constraints .  Conside r  th e 
difference s betwee n a  force-neutra l  (4 )  an d a  force-interactiv e 
(5 )  sentence : 

(4 )  Th e socce r  bal l  i s rollin g throug h th e tal l  grass . 
(5 )  Th e socce r  bal l  i s rollin g despit e th e tal l  grass . 

I n (5) ,  "despite "  emphasize s th e grass' s resistanc e t o th e bal -
l' s  motion ,  wherea s (4 )  focuse s onl y o n th e ball' s  move -
ment 

^P-prim s appea r  i n italics . 
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Extendin g hi s argumen t  ove r  a  wid e rang e o f  grammatica l 
evidence ,  Talm y (1988 )  construct s a  cas e fo r  forc e dy -
nami c pattern s (F D patterns) ,  simpl e conceptua l  unit s 
tha t  yiel d inference s abou t  force-interactiv e situations .  Fou r 
basi c dimensions—forc e entity ,  intrinsi c tendency ,  relativ e 
strength ,  an d result—reflec t  m a n y o f  th e linguisti c con -
straint s o n Englis h speakers '  reference s t o force .  First ,  a n 
oppositio n exist s betwee n tw o forc e entities ,  th e socce r 
bal l  (Protagonist )  an d th e tal l  gras s (Antagonist). ^  A s i n 
(5) ,  th e Protagonis t  an d th e Antagonis t  ar e typicall y denote d 
by th e subjec t  an d th e objec t  A t  issu e i n al l  force-interac -
tiv e sentence s i s whethe r  th e Protagonis t  ca n realiz e it s in -
trinsi c tendenc y (towar d res t  o r  motion )  i n spit e o f  th e 
Antagonist' s  opposition .  I n thi s case ,  th e ball' s  tendenc y i s 
towar d motion .  Fo r  th e Protagonis t  t o realiz e it s intrinsi c 
tendency ,  i t  mus t  hav e greate r  relativ e strength .  Th e 
conjunctio n "despite "  indicate s th e socce r  ball' s  greate r 
strengt h relativ e t o tha t  o f  th e grass .  Th e ver b phras e typi -
call y announce s th e resul t  o f  th e interactio n ("i s  rolling") . 
Talm y note d tha t  man y sentence s describ e forc e interactiv e 
situation s tha t  exhibi t  thi s patter n o f  Hindering: ^  "Th e 

[Protagonist's ]  intrinsi c tendenc y i s .. .  towar d motion ,  an d 
althoug h ther e i s a n externa l  forc e opposin g it ,  th e 
[Protagonist ]  i s  stronger ,  s o tha t  it s  tendenc y become s real -
ize d i n resultan t  motion "  (1988 ,  p.55) .  I n short ,  sentence s 
indicat e forc e interaction s throug h th e us e o f  grammatica l 
form s tha t  captur e th e forc e entities ,  thei r  intrinsi c tenden -
cies ,  thei r  relativ e strengths ,  an d th e resul t 

I n th e boo k o n th e tabl e scenari o fo r  instance ,  Talm y 
woul d argu e tha t  novice s invok e th e Blockin g F D pattern : 

"Whil e th e [Protagonist ,  i.e. ,  book ]  ha s .. .  a  tendenc y to -
war d motion ,  th e Antagonis t  [table ]  i s .. .  stronge r  an d s o ef -
fectivel y block s it....Th e [Protagonist ]  i s  kep t  i n place " 
[italic s i n original ]  (1988 ,  p.55) .  Blockin g fits  th e situatio n 
becaus e th e stronge r  tabl e ha s a  tendenc y towar d res t  an d 
henc e prevent s th e boo k fro m realizin g it s tendenc y towar d 
motion . 

P-prim s an d F D pattern s hav e strikingl y simila r  form s an d 
functions .  Bot h type s o f  primitive s ar e small ,  schemati c 
knowledg e unit s tha t  peopl e us e fo r  simpl e inferencin g an d 
prediction .  Th e nex t  sectio n begin s b y comparin g thei r  in -
terna l  structure s an d thei r  connections .  Then ,  diSessa' s ap -
plicatio n mechanis m provide s th e basi s fo r  discussin g F D 
patter n activation ,  followe d b y a  discussio n o f  c o m m o n fea -
ture s acros s severa l  p-prim s an d Talmy' s system-wid e di -
mensions .  Finally ,  w e conside r  th e rang e o f  phenomen a 
tha t  eac h theor y cowers ,  fro m th e physica l  t o th e psycho-so -
cial . 

Structure and Function 

To illustrate the similarities among p-prims and FD pat-
terns ,  conside r  th e situatio n o f  pushin g a  cu p a t  a  constan t 

^Talm y call s thes e actor s th e "Agonist "  an d "Antagonist, " 
take n from  muscle-pai r  temiinology .  W e prefe r  th e mor e widel y 
known term s from  literar y analysis . 
^Fo r  eas y reference ,  w e hav e name d eac h o f  Talmy' s pattern s an d 
underline d them . 

velocit y acros s a  table .  I s th e ac t  o f  pushin g responsibl e fo r 
th e continuin g motio n o f  th e cup ? No t  i n an y direc t  way . 
The cu p continue s t o m o v e becaus e i t  ha s momentum ; 
pushin g onl y nullifie s th e effec t  o f  th e frictiona l  force . 
Newton' s Law s requir e th e absenc e o f  a  ne t  forc e fo r  a n ob -
jec t  t o mov e a t  a  constan t  velocity .  However ,  novice s typi -
call y invok e Continuou s Forc e t o mak e sens e o f  thi s situa -
tion :  " A directe d impetu s act s .. .  o n a n objec t  [wit h constan t 
effort] .  Resul t  i s  displacemen t  and/o r  spee d i n th e sam e di -
rection "  (diSessa ,  1993 ,  p.217) .  Likewise ,  Talmy' s 
Propellin g "involve s a  [Protagonist ]  wit h a n intrinsi c ten -

denc y towar d res t  tha t  i s  bein g oppose d fro m outsid e b y a 
stronge r  Antagonist ,  whic h thu s overcome s it s resistanc e 
and force s i t  t o move "  (1988 ,  p.54) .  I n bot h type s o f  primi -
tives ,  a n agen t  i s i n continuou s contac t  wit h a  patien t  an d 
force s i t  t o move . 

P-prim s an d F D pattern s ar e no t  identical ,  however .  F D 
pattern s embod y a n interna l  organizatio n i n th e for m o f  di -
mensiona l  slot s tha t  p-prim s lack .  Hence ,  creatin g a  ne w 
F D patter n t o matc h a  p-pri m involve s hypothesizin g a  ne w 
dimensio n an d finding  grammatica l  evidenc e t o suppor t  it ^ 
On th e othe r  hand ,  a  p-pri m ca n b e generate d easil y from  an y 
F D patter n sinc e p-prim s ar e no t  constraine d b y interna l 
structure . 

F D pattern s als o adop t  a  particula r  subjectiv e viewpoint , 
wherea s p-prim s d o not .  Specifically ,  th e "result "  dimen -
sio n require s tha t  a  perso n choos e a  particula r  perspectiv e 
when reasonin g intuitivel y abou t  a  phenomenon .  B y distin -
guishin g betwee n tw o actor s (Protagonis t  an d Antagonist) , 
peopl e ca n vie w th e sam e situatio n fro m differen t  perspec -
tives .  Fo r  example ,  pushin g someon e acros s th e roo m 
(Propelling' )  differ s fro m bein g pushe d acros s th e roo m 

(Hindering) .  I n contras t  p-prim s assum e a n objectiv e per -
spectiv e whic h view s bot h situation s a s Continuou s Force . 
Al l  p-prim s emplo y a  third-perso n perspective ,  whil e eac h 
F D patter n assume s a  subjectiv e perspective . 

Systematicity—Connections Among 

P r i m i t i v e s 

This section demonstrates similarities between the p-prim 
syste m an d forc e dynamic s b y contrastin g the m wit h a  com -
petin g theor y o f  naiv e physics .  Close r  examinatio n how -
ever ,  reveal s difference s i n thei r  connection s amon g ptvim -
tives . 

McCloskey' s (1983 )  intuitiv e theor y theor y argue s tha t 
childre n intuitivel y develo p a n impetu s theory ,  exemplifie d 
by th e belie f  tha t  "th e ac t  o f  settin g a n objec t  i n motio n im -
part s t o th e objec t  a n interna l  forc e o r  'impetus '  tha t  serve s 
t o maintai n th e motion "  (p.306) .  A  centra l  tene t  o f  th e im -
petu s theory ,  "continuou s motio n require s a  cause "  contra -
dict s Newton' s Laws .  (Acceleration ,  no t  velocity ,  i s  th e 
outcom e o f  a n applie d force. )  McCloske y claim s tha t  chil -
dren' s intuitiv e idea s fon n a  theor y o f  physica l  phenomena : 

Th e nai f  i s  no t  merel y ignorant ,  then ,  bu t  alread y pos -
sesses ,  t o on e degre e o r  another ,  a  fairl y  complicate d 

^Fo r  a  lis t  o f  dimension s no t  mentione d i n thi s paper ,  se e 
Talm y (1988) . 
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worl d view .  I n short ,  th e nai f  ha s a  syste m o f  beliefs , 
coheren t  t o varyin g degree s dependin g o n th e individual , 
and mor e o r  les s consistentl y held .  (McCloske y & 
Kargon ,  1988 .  p.60 ) 

Novices, possessing a fairly systematic theory about mo-
tion ,  shoul d reaso n i n a  consisten t  (i f  incorrect )  manner . 

diSess a disagrees .  H e argue s tha t  "intuitiv e physic s i s a 
fragmente d collectio n o f  ideas ,  loosel y connecte d an d rein -
forcing ,  havin g non e o f  th e commitmen t  o r  systematicit y 
tha t  on e attribute s t o theories. "  (1988 ,  p.50 )  Thei r  impetus -
lik e understandin g o f  motio n stem s fro m a  heterarch y o f  p -
prims :  Forc e a s a  Mover ,  Continuou s Force ,  an d Dyin g 
Away. ^  Moreover ,  h e show s tha t  student s ofte n vacillat e 
betwee n differen t  intuitions ,  thereb y supportin g hi s clai m 
tha t  intuitiv e knowledg e doe s no t  for m a  coheren t  system , 
but  exist s i n pieces . 

Talmy' s F D pattern s provid e a  simila r  explanation . 
Novice s us e on e o r  mor e primitive s t o m a k e sens e o f  a 
physica l  phenomenon .  Instea d o f  a n impetu s theory ,  naiv e 
reasoner s invok e Engage .  Propelling ,  an d Discontinu e t o 
make sens e o f  a  shove d objec t  comin g t o rest. '  Here ,  th e 
critica l  componen t  o f  intrinsi c tendenc y (towar d rest )  m a y 
accoun t  fo r  muc h o f  th e impetu s notion . 

T o illustrat e th e similaritie s an d difference s amon g th e 
thre e theories .  Figur e 1  show s th e interactio n betwee n for -
mal  physic s an d intuitiv e knowledg e fo r  eac h thewetica l  per -
spective .  Th e representatio n o f  McCloskey' s vie w empha -
size s th e cohesivenes s o f  th e impetu s theory .  H e argue s tha t 
intuitio n an d physic s diffe r  primaril y i n content ,  no t  i n 
form .  Furthermore ,  th e separatio n o f  th e tw o domain s re -
flect s McCloskey' s pedagogica l  contentio n tha t  student s 
must  "b e induce d t o giv e u p th e impetu s theor y an d accep t 
th e Newtonia n perspective "  (1983 ,  p.319) .  Hence , 
McCloskey' s vie w o f  intuitio n preclude s th e possibilit y  o f 
buildin g upo n naiv e idea s t o develo p forma l  physic s knowl -
edge . 

I n contrast ,  th e diagram s o f  diSessa' s an d Talmy' s view s 
represen t  th e heterarch y o f  individua l  primitives ,  som e o f 
whic h ar e require d fo r  developin g scientifi c  knowledg e 
(diSessa ,  1993) .  Th e distanc e fro m eac h intuitio n t o physic s 
knowledg e represent s thei r  relativ e difference .  Primitive s 
tha t  d o no t  cu e fcmna l  concept s ar e furthes t  awa y (e.g. , 

^Forc e a s Move r  schematize s " a directe d impetu s act s i n a  burs t 
on a n object, "  resultin g i n "displacemen t  and/o r  spee d i n th e 
same direction "  (diSessa ,  1993 ,  p.217) . 
Dyin g Awa y characterize s th e belie f  tha t  "al l  motion ,  especiall y 
impulsivel y o r  violentl y caused ,  graduall y die s away "  (diSessa , 
1993 ,  p.219) . 
^E îgag e "involve s a  stronge r  Antagonis t  tha t  come s int o 
positio n agains t  a  [Protagonist ]  wit h a n intrinsi c tendenc y 
towar d rest ,  an d thu s cause s i t  t o chang e from a  stat e o f  res t  t o 
one o f  action "  (Talmy ,  1988 ,  p.57) . 
Discontinu e "i s a  non-prototypica l  typ e o f  lettin g .. .  wher e a n 
Antagonis t  tha t  ha s forcibl y kep t  i n motio n a  [ProUgonist ] 
tendin g towar d res t  no w cease s impingin g o n thi s [Protagonist ] 
and allow s i t  t o com e t o rest "  (Talmy ,  1988 ,  p.58) . 

McCloske y 

Physic s 

[~ |  =  Physic s Knowledg e 

O =  Intuitiv e Knowledg e 

— =  Activatio n link s 

diSess a Talra y 

© - ^  0 

Physic s 

Figur e 1 .  Th e interactio n betwee n physic s an d (pre-for -
mal )  intuitiv e knowledg e i n th e theorie s o f  McCloskey , 
diSessa ,  an d Talmy . 

Dying Away, Discontinue), while those that form the basis 

of  forma l  physic s (e.g. ,  Ohm' s L a w ,  Engage )  overla p wit h 
th e physic s realm. *  Activatio n link s betwee n som e primi -
tive s indicat e thei r  propensit y t o excit e on e another. ' 

Bot h diSess a an d Talm y argu e fo r  a  heterarchica l  knowl -
edg e system ,  bu t  close r  inspectio n reveal s importan t  differ -
ences .  P-prim s ar e loosel y connecte d (som e for m clusters) , 
wherea s F D pattern s ar e linke d systematically .  Base d o n 
hi s dat a o f  student s makin g contradictor y remark s durin g in -
dividua l  explanations ,  diSess a argue s tha t  intuition s ar e no t 
connecte d systematically .  I n contrast ,  al l  F D pattern s shar e 
th e sam e dimensions ,  s o the y ar e systematicall y linked . 
Thes e dimensiona l  relation s m a y e x p l ^  th e difficult y o f  al -
terin g an y particula r  forc e intuitio n withou t  modifyin g oth -
er s i n th e system . 

I n short ,  diSessa' s p-pri m theor y an d Talmy' s F D theor y 
shar e a  heterarchica l  architectur e o f  intuitio n bu t  diffe r  o n th e 
number  o f  connection s betwee n intuitions . 

Application 

diSessa (1993) hypothesizes a specific process for applying 
p-prim s t o everyda y phenomena .  Stimulate d b y sensor y 
data ,  on e o r  mor e p-prim s ar e activate d accordin g t o thei r 
cuein g priorities .  Then ,  eac h p-prim' s reliabilit y 
priorit y determine s it s applicability .  Althoug h loosel y 
connected ,  on e p-pri m m a y reinforc e consonan t  p-prim s an d 
inhibi t  conflictin g one s unti l  th e knowledg e networ k settle s 
down t o a  quiescen t  state . 

Talm y doe s no t  explicat e a  cognitiv e mechanis m fo r  cue -
in g an d utilizin g F D patterns .  Nevertheless ,  a  cuein g an d 

"Ohm' s La w p-prim :  "A n agen t  o r  causa l  impetu s act s throug h a 
resistanc e o r  interferenc e t o produc e a  result "  (diSessa ,  1993 , 
p.217) . 
^ We ca n vie w F D dimension s a s activatio n links .  F D pattern s 
wit h commo n propertie s alon g a  lin k mutuall y activat e on e 
another ,  wherea s thos e wit h differen t  propertie s inhibi t  eac h 
other .  Dimensiona l  link s ca n hav e differen t  weights . 
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reliabilit y  mechanis m simila r  t o diSessa' s i s plausible . 
Talmy' s dimension s sugges t  slot s whic h woul d simplif y an d 
facilitat e acces s t o a  particula r  F D patter .  I n contrast ,  diSes -
sa' s networ k o f  primitive s settle s d o w n relativel y slowly . 

Physical Intuitions vs. Physics Concepts 

When people apply their intuitions to physical situations, 
thei r  reasonin g ca n eithe r  suppor t  o r  conflic t  wit h forma l 
physics .  Fo r  example ,  instructor s ca n buil d upo n th e nearl y 
identica l  Forc e a s Move r  an d gogag g pattern s t o teac h a  qual -

itativ e versio n o f  Newton' s Secon d L a w ( a forc e cause s a 
mass t o accelerate) .  I n th e Forc e a s Move r  p-prim ,  " a di -
recte d impetu s act s i n a  burs t  o n a n object, "  resultin g i n 
"displacemen t  and/o r  spee d i n th e sam e direction "  (diSessa , 
1993 ,  p.217) ,  wherea s E n g a g e represent s " a stronge r 

Antagonis t  tha t  come s int o positio n agains t  a  [Protagonist ] 
wit h a n intrinsi c tendenc y towar d rest ,  an d thu s cause s i t  t o 
chang e fro m a  stat e o f  res t  t o on e o f  action "  (Talmy ,  1988 , 
p.57) . 

However ,  intuition s ca n als o interfer e wit h forma l  domai n 
knowledg e a t  bot h th e primitiv e an d systemi c levels . 
Primitive s suc h a s th e Dyin g A w a y p-pri m an d th e Permi t 

F D patter n conflic t  wit h forma l  physics .  Frequentl y cue d i n 
situation s involvin g deceleration .  Dyin g A w a y probabl y ac -
count s fo r  th e impetu s misconception :  "al l  motion ,  espe -
ciall y impulsivel y « '  violentl y caused ,  graduall y die s away " 
(diSessa ,  1993 ,  p.219) .  Again ,  thi s violate s th e Newtonia n 
concep t  o f  m o m e n t u m .  Similarly ,  Permit' "  als o conflict s 

wit h forma l  j^ysics ,  wherei n al l  phenomen a ar e causal .  Fo r 
instance ,  wate r  doe s no t  lea k firom a  tan k becaus e a  hol e al -
low s it ;  gravit y an d w a t » pressur e pus h i t  throug h th e open -
ing . 

Systemic conflicts with formal physics. Unlike p-
prims ,  forc e dynamics' s dimension s e m b o d y systemi c 
conflict s wit h physics .  Fo r  example ,  th e intrinsi c tendency , 
relativ e strengt h an d resul t  dimension s i n forc e dynamic s 
contribut e t o misconception s abou t  physica l  forc e 
interactions .  Th e intrinsi c tendenc y dimensio n violate s th e 
la w o f  inerti a an d contradict s th e existenc e o f  norma l  forces . 
I n F D patterns ,  fwc e entitie s see k t o asser t  thei r  intrinsi c 
tendencies .  A  rive r  trie s t o move .  A  tabl e trie s t o remai n 
still .  Consequendy ,  whe n a  perso n stop s pushin g a  table ,  i t 
assert s it s intrinsi c tendenc y an d stops .  Accordin g t o 
Newto n however ,  a n objec t  ha s constan t  m o m e n t u m unles s 
a ne t  forc e act s upo n i t  (th e tabl e woul d continu e movin g i n 
space) .  I n physics ,  object s hav e n o intrinsi c tendenc y 
towar d res t  o r  motion ,  bu t  rathe r  a n intrinsi c tendenc y 
towar d constan t  velocity .  diSess a incorporate s intrinsi c 
tendenc y i n a  generalize d accoun t  o f  successfu l  an d 
unsuccessfu l  resistance .  However ,  h e onl y encode s thi s 
"resistance "  i n a  fe w p-prims ,  suc h a s Ohm' s L a w ,  Intrinsi c 

10 ' A stronge r  Antagonis t  tha t  ha s bee n blockin g a 

Resistances ^  an d Supportin g (se e diSessa ,  1993 ,  pp .  126 -
129) . 

Novice s als o believ e tha t  object s wit h a n intrinsi c ten -
denc y towar d res t  canno t  exer t  force s (se e sentenc e (1)) .  Fo r 
instance ,  large ,  inanimat e entitie s suc h a s floors ,  wall s an d 
shelve s canno t  exer t  force s o n othe r  objects .  Compar e sen -
tenc e (6 )  t o it s awkwar d counterpar t  (7) : 

(6 )  Thi s cabine t  ca n accommodate/store/hol d fiftee n 
dishes . 

C7)  !  Thi s cabine t  ca n lift/pus h up/hol d u p fiftee n 
dishes . 

Sentenc e (6 )  describe s di e cabinet' s storag e spac e i n a  con -
ventiona l  manner .  Th e sentenc e fulfill s  ou r  expectation s o f 
large ,  heav y object s b y attributin g a  res t  tendenc y t o th e cab -
ine t  W h e n sentenc e (7 )  assign s a n activ e ver b however ,  th e 
cabine t  acquire s a  counter-intuitiv e tendenc y towar d action . 
Consequently ,  sentenc e (7 )  sound s awkward .  Wherea s 
novice s believ e tha t  onl y animat e entitie s exer t  forces ,  ex -
pert s believ e tha t  al l  entitie s can .  diSess a concede s tha t  a n 
underdevelope d sens e o f  agenc y (e.g. ,  table s canno t  push ) 
m ay caus e thi s error ,  bu t  h e locate s thi s naiv e conceptio n 
withi n particula r  p-prim s (suc h a s Supportin g an d Intrinsi c 
Resistance) . 

Th e F D dimensio n o f  relativ e strengt h contradict s th e 
physic s principl e o f  ne t  forces .  Focusin g o n th e relativ e 
strength s o f  tw o opposin g actor s suggest s tha t  th e stronge r 
acto r  win s an d manifest s it s effect .  I n physic s however , 
ther e i s n o "stronger "  actor .  Th e su m o f  al l  force s actin g o n 
an objec t  determine s it s resultin g motion .  Employin g rela -
tiv e strengt h induce s holisti c intuitiv e reasonin g abou t  th e 
interactio n o f  tw o entitie s a s on e phenomenon .  I n contrast , 
th e exper t  vie w focuse s o n eac h objec t  separatel y an d ana -
lyze s th e su m o f  al l  force s actin g o n eac h one .  Thi s mis -
leadin g notio n appear s i n th e Overcomin g p-prim ,  whic h re -
quire s a n analysi s o f  th e relativ e strength s o f  th e forcefu l  ac -
tors :  "on e forc e o r  influenc e overpower s another "  (diSessa , 
1993 ,  p.222) .  A s wit h novices '  limite d agency ,  diSess a lo -
calize s relativ e strengt h i n a  fe w primitives . 

Finally ,  th e F D result' s  focu s o n on e forc e entit y contfa -
dict s Newton' s Thir d L a w o f  action/reaction .  I n al l  F D pat -
terns ,  tw o entitie s ar e i n conflict ,  bu t  th e resul t  o f  onl y on e 
entit y (Protagonist )  i s  highlighted .  I n th e Engag e patter n 
fo r  instance ,  on e i s primaril y concerne d wit h th e outcom e o f 
th e Protagonis t  (wil l  i t  b e force d t o move?) ,  payin g littl e at -
tentio n t o th e Antagonist .  However ,  th e la w o f  ac -
tion/reactio n state s tha t  tw o interactin g entitie s alway s exer t 
equa l  an d opposit e force s o n eac h other .  Unlik e novices , 
physic s expert s ar e concerne d wit h th e result s o f  bot h enti -
ties .  diSess a (1980 ,  1993 )  recognize s thi s mismatc h i n hi s 
descriptio n o f  causa l  synta x i n whic h a n agen t  act s upo n a 
patien t  t o produc e a  result .  T h e synta x impute s a n 
agent/patien t  relationship ,  highlightin g th e patient' s  out -
come,  agai n i n conflic t  wit h Newton' s Thir d Law . 

T o summarize ,  bot h Talm y an d diSess a describ e severa l 
intuitiv e primitive s tha t  conflic t  wit h forma l  physic s con -
cepts .  Furthermore ,  bot h discus s c o m m o n propertie s acros s 

[Protagonist ]  wit h tendenc y towar d motio n no w disengage s an d 
release s th e [Protagonist ]  t o manifes t  it s tendency "  (Talmy , 
1988 .  p.58 ) 

^  ̂Intrinsi c Resistance :  "Especiall y heav y o r  larg e thing s resis t 
motion "  (diSessa .  1993 ,  p.218) . 
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intuitions .  However ,  Talm y argue s tha t  thes e propertie s ex -
is t  system-wid e i n th e for m o f  dimensions ,  wherea s diSess a 
typicall y locate s the m i n particula r  primitives . 

Beyond the physical range: Social and psychologi-
ca l  realm s 

People also apply their physical intuitions in the social and 
psychologica l  arenas .  Physica l  influence s (pushes )  an d thei r 
result s (motion )  ar e easil y recognized ,  bu t  thei r  socia l  coun -
terpart s (compliment s an d socia l  acceptance )  ar e les s con -
spicuous .  Nevertheless ,  peopl e offe r  intuitiv e explanation s 
fo r  socia l  situation s a s well .  Talm y (1988 )  suggest s tha t 
socia l  intuition s ar e derive d fro m physica l  intuitions . 
Conside r  a n argumen t  i n whic h Melin a convince s Jua n o f  a 
particula r  viewpoint .  Melin a ma y emplo y th e Propellin g 

patter n t o mak e sens e o f  he r  interactio n wit h Juan .  Sh e 
view s hersel f  a s a n agen t  wit h a  tendenc y toward s action , 
tryin g t o mov e Jua n t o he r  poin t  o f  view .  Juan' s tendency , 
on th e othe r  hand ,  i s t o sta y a t  hi s curren t  position ,  thu s 
hinderin g MeUna' s progress .  I f  Melin a i s t o persuad e him , 
she mus t  provid e sufficientl y stron g arguments .  Fro m 
diSessa' s perspective ,  Melin a ma y similarl y emplo y th e 
Ohm's L a w p-pri m t o guid e he r  actions .  B y arguin g mor e 
vehementl y (providin g mor e evidence ,  drawin g bette r  con -
clusion s an d s o on) ,  Melin a i s mor e likel y t o convinc e Jua n 
of  he r  views .  O n th e othe r  hand ,  i f  Jua n ha s strong ,  oppos -
in g opinions ,  h e i s les s likel y t o chang e hi s views .  B y ap -
plyin g physica l  intuition s t o socia l  situations ,  peopl e ca n 
make sens e o f  socia l  relation s (cf .  Johnson ,  1987 ;  Lakof f  & 
Johnson ,  1980) . 

The psychologica l  real m present s eve n greate r  obstacle s t o 
comprehension .  Unlik e explainin g physica l  an d socia l  phe -
nomena,  understandin g th e psych e require s identificatio n o f 
unsee n influence s withi n on e perso n (cf .  Lakoff ,  1993) . 
Severa l  fol k theorie s o f  psycholog y spli t  a n individua l  int o 
differen t  entities ,  e.g. ,  reaso n an d emotion .  Conside r  th e 
followin g sentences : 

(8 )  M y fea r  o f  height s overwhelme d m e an d drov e m e 
fro m th e airplane . 

(9 )  1  prevaile d ove r  m y fea r  o f  height s an d steppe d ont o 
th e airplane . 

T wo conflictin g entitie s (reaso n an d emotion )  exis t 
withi n th e sam e person .  Althoug h th e emotio n o f  fea r 
exist s i s a  par t  o f  us ,  peopl e frequentl y refe r  t o i t  a s a 
separat e entity .  Thes e sentences ,  then ,  describ e situation s i n 
whic h on e psychologica l  influenc e overpower s another .  Th e 
Overcomin g p-pri m o r  th e O v e r c o m e F D patter n m a y 
underli e thi s vie w whic h pit s th e intellec t  agains t  th e 
emotions.' ^  I f  a  person' s emotion s overpower s hi s 
rationalit y  (8) ,  h e lose s control .  H e resume s contro l  whe n 
hi s intellec t  regain s th e dominan t  positio n (9) . 
Ovgrcoffitng/Overcom e structure s bot h th e proble m an d th e 

solution.' ^  I n short ,  peopl e als o interpre t  socia l  an d 
psychologica l  phenomen a throug h physica l  intuitions . 

Conclusion 

diSessa and Tahuy, working independently in different fields 
(physic s educatio n an d linguistics) ,  hav e formulate d strik -
ingl y simila r  view s o f  intuition .  Bot h argu e tha t  intuitio n 
consist s o f  piece s o f  knowledg e organize d a s primitives . 
Althoug h Talmy' s forc e dynamic s describe s mor e system -
wid e connection s tha n diSessa' s p-prims ,  bot h lac k interna l 
consistenc y i n compariso n t o McCloskey' s tightly-wove n 
impetu s theory .  Moreover ,  bot h F D pattern s an d p-prim s 
explai n students '  intuitiv e reasonin g abou t  socia l  an d psy -
chologica l  situation s a s wel l  a s physica l  phenomena .  Tabl e 
1 contrast s p-prim s an d F D patterns . 

The piece s vie w o f  intuitio n suggest s tha t  primitive s re -
mai n resilien t  t o instructio n becaus e the y ar e relativel y unaf -
fecte d b y change s t o othe r  part s o f  th e forma l  knowledg e 
structure .  Consequently ,  misconception s m a y stil l  lur k be -
hin d newl y learne d an d apphe d concepts .  Novic e reasonin g 
tha t  vacillate s betwee n differen t  explanation s highlight s th e 
co-existenc e o f  thes e inconsisten t  perspectives .  Student s 
may hol d contradictor y view s simultaneousl y (Clement , 
1982 ;  Karmiloff-Smit h &  Inhelder ,  1974-5 )  becaus e thei r 
epistemolog y doe s no t  deman d system-wid e coherence .  A s 
novice s becom e experts ,  the y m a y buil d systemati c link s 
among thei r  knowledg e pieces .  Teachers ,  then ,  shoul d en -
courag e studrat s t o valu e connection s amon g thei r  knowl -
edg e piece s an d hel p the m develo p appropriat e metacognitiv e 
tools . 

Instructiona l  desig n m a y b e improve d b y buildin g 
metaphor s o n universa l  intuitions .  S o m e physica l  intu -
ition s (Forc e a s Mover ,  Engage" )  ar e th e bes t  candidate s fo r 
universality ,  becaus e peopl e shar e man y o f  th e physica l  ex -
perience s fro m whic h thes e primitive s originat e (moving) . 
As a  result ,  thes e physica l  primitive s ca n provid e c o m m o n 
startin g point s fo r  student s an d teacher s t o negotiat e com -
prehensio n o f  a  ne w topic .  Afte r  a  metaphorica l  introduc -
tio n t o th e subjec t  matter ,  student s ca n the n critiqu e th e 
metaphorica l  mappin g i n detail .  Developin g thi s typ e o f 
metaknowledg e woul d enabl e student s t o generat e an d cri -
tiqu e mappings ,  thereb y findin g bot h th e insight s an d th e 
pitfall s  inheren t  i n an y metaphor . 

The curren t  theoretica l  vie w o f  intuitio n ca n benefi t  fi-om 
researc h int o th e applicatio n mechanism s o f  physica l  primi -
tives .  Researcher s mus t  ascertai n h o w sensor y dat a cu e 
primitive s an d ho w student s modif y the m durin g th e learn -
in g proces s t o for m large r  an d mor e coheren t  knowledg e or -
ganizations .  Furthe r  researc h mus t  answe r  question s abou t 
th e orde r  i n whic h primitive s ar e create d o r  abstracted ,  abou t 
th e mechanism s fo r  cuein g primitives ,  an d abou t  th e wa y i n 
whic h learnin g affect s th e architectur e o f  intuition . 

^^Overcome :  "Instea d o f  a  stronge r  Antagonist' s  arrivin g o r 
leaving ,  t o thu s begi n o r  en d it s overpowerin g effect ,  a n 
Antagonis t  alread y i n plac e ca n becom e stronge r  o r  weake r  wit h 
th e sam e results "  (Talmy .  1988 ,  p.58) . 

^^Fo r  a n extende d discussio n o f  understandin g emotion s (e.g. . 
Anger )  i n term s o f  mechanica l  interaction s (e.g. ,  explosions) , 
see Lakof f  (1987) .  Als o se e Talm y (1988 )  an d diSess a (1993 ) 
fo r  furthe r  examples . 
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Tabl e 1 .  Compariso n o f  diSessa' s p-prim s an d Talmy' s F D pattern s 

Propert y Phenomenologica l  Primitive s Forc e Dynami c pattern s 

Simila r 
Siz e 
Functio n 
Leve l  o f  explanatio n 
Organizatio n 
Primitive s conflic t  wit h physics ? 
Physic s buil t  o n primitives ? 
Range o f  applicatio n 

Different 
Evidenc e 
Interna l  structur e 
Perspectiv e 
Systematicit y 
Applicatio n mechanis m 
Systemi c conflict s wit h physics ? 

Smal l 
Explai n &  {H-edic t 
Fundamenta l  (fo r  novices ) 
Heterarchica l  piece s 
Yes 
Yes 
Physical ,  social ,  &  psychologica l 

Studen t  interview s 
None 
Objectiv e 
Loosel y connecte d 
Cuein g &  reliabilit y  prioritie s 
N o,  bu t  commo n conflict s acros s som e p-prim s 

Smal l 
Explai n &  predic t 
Fundamenta l  (fo r  novices ) 
Heterarchica l  piece s 
Yes 
Not  specified ,  bu t  possibl e 
Physical ,  socia l  &  psychologica l 

Linguisti c pattern s 
Dimension s 
Subjectiv e 
Dimensionall y linke d 
Not  specified ,  probabl y slot s 
Yes ,  som e dimension s conflic t 
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