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CONSTRUCTING RUNNABLE MENTAL MODELS 

Alla n Collin s 
Dedr e Centne r 

Bolt Beranek and Newman Inc. 
50 Moulto n Stree t 

Cambridge ,  Massachusett s 0223 8 

A cor e ide a i n th e literatur e o n 
menta l  model s (Brown ,  Burton ,  &  Zdybel , 
1973 ;  deKleer ,  1977 ,  1979 ;  Forbus ,  1981 ; 
Hayes ,  1978 ;  Steven s &  Collins ,  1980 )  i s 
th e notio n o f  menta l  simulation .  I n al l 
thes e approache s menta l  simulatio n i s 
accomplishe d b y dividin g a  syste m int o a 
set  o f  state s whos e transitio n rule s fro m 
stat e t o stat e ar e known .  Give n th e 
transitio n rule s fo r  eac h state ,  an d th e 
topolog y o f  connection s betwee n states ,  i t 
i s  possibl e t o ru n th e syste m wit h 
differen t  input s t o se e wha t  happens . 
Thi s provide s a  kin d o f  inferentia l  powe r 
not  possibl e wit h th e stati c dat a 
structure s implie d i n muc h o f  th e 
literatur e o n frames ,  scripts ,  an d 
semanti c network s (e.g. ,  Collin s 6  Loftus , 
1975 ;  Minsky ,  1975 ;  Quillian ,  1968 ;  Schan k 
& Abelson ,  1977) . The Metapho r  Hypothesi s 

I n thi s pape r  w e propos e a  specifi c 
rol e fo r  metapho r  i n constructin g runnabl e 
menta l  models .  I t  ca n b e state d a s 
follows :  Metaphor s map th e se t  o f 
transitio n rule s fro m on e domai n (th e 
base )  int o anothe r  domai n (th e target )  s o 
tha t  i t  i s  possibl e t o construc t  a  menta l 
model  t o ru n simulation s i n th e targe t 
domain .  Thi s i s a  specia l  cas e o f 
Centner' s (1980 ,  1982 )  mor e genera l  clai m 
tha t  metapho r  i s a  mappin g o f  structura l 
relation s fro m a  bas e domai n t o a  targe t 
doma in . 
We can illustrate the hypothesis by 
showin g ho w thre e metaphor s ca n b e use d t o 
construc t  a  runnabl e versio n o f  th e 
microscopi c mode l  o f  evaporatio n discusse d 
by Steven s an d Collin s (1980) .  Then ,  i n 
th e nex t  section ,  we compar e th e mode l 
derive d fro m thes e metaphor s wit h th e 
model  on e o f  ou r  subject s use d t o reaso n 
abou t  evaporatio n i n a n experimen t  wher e 
we aske d subject s nove l  question s abou t 
evaporatio n processes . 
The first metaphor states that water 
molecule s (o r  ai r  molecules )  ar e lik e 
billiar d ball s bouncin g aroun d i n space . 
The warme r  th e wate r  is ,  th e mor e velocit y 
(o r  greate r  energy )  th e averag e molecul e 
has .  Th e sam e metapho r  applie s t o th e 
wate r  an d ai r  molecule s i n th e ai r  mas s 
abov e a  bod y o f  water .  Thi s mode l  i s 
incomplet e insofa r  a s i t  include s n o 
notio n o f  th e attractiv e force s betwee n 
differen t  molecule s an d th e polarit y o f 
th e electrica l  charge s o n differen t  side s 
of  th e molecule .  Bu t  a s a  firs t 
approximation ,  i t  i s  a  perfectl y goo d 
model . 

The secon d metapho r  state s tha t  a 

molecul e escapin g fro m th e wate r  i s lik e a 
rocke t  shi p escapin g fro m earth .  Tha t  i s 
t o sa y whethe r  o r  no t  i t  actuall y escape s 
i s a  functio n o f  it s  initia l  velocit y an d 
it s angle .  I n thi s wa y th e mode l  build s 
i n a  rudimentar y notio n o f  th e attractiv e 
force s betwee n molecules ,  b y likenin g th e 
notio n o f  escap e fro m th e attractio n o f 
th e othe r  wate r  molecule s t o escap e fro m 
gravity .  However ,  t o understan d som e 
aspect s o f  evaporation ,  thi s gravit y 
notio n o f  attractio n i s no t  enough . 

The third metaphor states that the 
molecule s i n th e ai r  mas s ove r  th e wate r 
can b e though t  o f  a s peopl e insid e a  room . 
As mor e wate r  molecule s collec t  i n th e ai r 
mass,  th e roo m become s mor e crowde d wit h 
wate r  an d ai r  molecules .  Th e warme r  th e 
ai r  mass ,  th e large r  th e room .  Thus ,  war m 
ai r  masse s ar e les s dens e the n col d ai r 
masses .  Th e boundar y betwee n th e ai r  an d 
wate r  i s th e entr y int o th e room ,  an d i f 
everyon e crowd s alon g tha t  borde r  i t  i s 
har d t o ge t  in .  Thi s crowded-roo m 
metapho r  lead s t o many correc t 
predictions ,  bu t  i s  wron g i n som e 
fundamenta l  ways .  I n fact ,  th e spac e 
betwee n molecule s i n a  coo l  ai r  mas s neve r 
becomes crowded .  Coo l  ai r  masse s hol d 
les s moistur e becaus e th e wate r  molecule s 
i n the m ten d t o los e energ y wit h eac h 
interaction .  The n th e attractiv e force s 
betwee n wate r  molecule s ten d t o attrac t 
th e molecule s bac k t o th e wate r  surfac e o r 
t o for m raindrop s o r  dew . 

Now we want to show how these three 
metaphor s enabl e a  perso n t o construc t  a 
runnabl e mode l  o f  evaporatio n processes . 
We woul d argu e tha t  peopl e usuall y kno w 
certai n interactio n rule s o f  billiar d 
ball s suc h a s thos e depicte d i n Figur e 1 . 
Velocit y o f  eac h bal l  i n th e interactio n 
i s represente d b y a  vector ,  an d th e 
transitio n rul e o f  th e interactio n b y th e 
larg e arrow .  Rul e 1  show s tha t  withou t 
collision ,  spee d an d directio n ar e 
maintained .  Rul e 2  show s a  head-o n 

-  collisio n wit h a  non-movin g bal l  wher e 
momentum i s transferre d fro m on e bal l  t o 
th e other .  Rule s 3  an d 4  sho w ho w 
momentum i s transferre d a s a  movin g bal l 
strike s a  non-movin g bal l  a t  differen t 
angles .  Rule s 5  an d 6  sho w typica l 
interaction s whe n bot h ball s ar e moving . 
Thes e rule s summariz e one' s loca l 
knowledg e abou t  ho w billiar d ball s 
interact . 

From these local interaction rules, 
one ca n deriv e certai n globa l  propertie s 
of  ho w a  containe r  ful l  o f  molecule s wil l 
behave .  Tha t  i s w e ca n construc t  a n 
aggregat e mode l  o f  molecula r  interactio n 
(Steven s &  Steinberg ,  1981 )  base d o n th e 
mechanica l  mode l  o f  billiard-bal l 
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interaction .  Th e mos t  importan t 
propertie s o f  thi s aggregat e mode l  ar e 
tha t  ther e i s variabilit y  o f  spee d an d 
directio n o f  th e molecules .  Thi s produce s 
randomnes s o £ motion s o f  th e molecules , 
wit h som e goin g towar d th e surface ,  som e 
not .  Ther e i s elasticit y o f  interactio n 
so tha t  energ y ca n b e transferre d fro m 
molecul e t o molecule ,  bu t  no t  lost . 
Finally ,  ther e i s n o chang e i n directio n 
or  velocit y withou t  a  collision .  I n ou r 
view ,  peopl e ca n eithe r  imagin e molecule s 
movin g i n thi s aggregat e fashio n (lik e 
seein g dus t  particle s movin g i n th e 
sunlight )  o r  b y followin g a  singl e 
molecul e movin g aroun d an d encounterin g 
othe r  molecule s accordin g t o th e loca l 
interactio n rule s show n i n Figur e 1 . Q- o-

does no t  mi x completel y (dependin g o n 
winds) ,  the n wate r  molecule s may 
accumulat e i n th e ai r  alon g th e water' s 
surfac e an d n o ne w molecule s ca n ge t  in , 
eve n thoug h th e ai r  mas s i s no t  filled . 
I f  a  crowde d ai r  mas s i s cooled ,  th e wate r 
molecule s may b e squeeze d ou t  fo r  lac k o f 
space .  Thes e behaviora l  propertie s 
reflec t  th e wa y ai r  masse s actuall y 
behave ,  eve n thoug h th e mode l  i s 
essentiall y  incorrect . 
In an earlier paper (Stevens & 
Collins ,  1980 )  we describe d th e kin d o f 
inferentia l  powe r  tha t  runnabl e model s 
provid e fo r  answerin g nove l  question s 
abou t  th e world .  I n orde r  t o se e ho w 
subject s us e models ,  we conducte d a n 
experimen t  wher e we aske d subject s t o 
reaso n abou t  suc h questions . 
Exper  imen t  o n Menta l  Model s 
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Pl9ur a I .  So« « Lntaractlo n rula s fo r  p«rfactl y alttsti c  billiar d 
balla . 

The rocket-shi p metapho r  give s a 
simpl e thre e stat e descriptio n o f  behavio r 
of  molecule s nea r  th e surface .  I f  the y 
hav e an y downwar d componen t  o f  velocity , 
the y d o no t  escape .  I f  the y ar e heade d 
straigh t  up ,  ther e i s  som e minimu m initia l 
velocit y the y nee d t o escape .  I f  the y ar e 
heade d u p a t  a n angl e t o th e surface ,  th e 
smalle r  th e angl e th e greate r  th e initia l 
velocit y the y nee d t o escap e (becaus e o f 
th e attractio n o f  th e surfac e ove r  a 
large r  par t  o f  th e tra jectory) .  Thi s 
thre e stat e mode l  summarize s wha t  th e 
rocket-shi p metapho r  implie s abou t  th e 
effect s o f  th e water' s surface . 
The crowded-room metaphor, like the 
bill iard-bal l  metaphor ,  lead s t o 
constructio n o f  a n aggregat e mode l  a t  th e 
microscopi c level .  Th e mode l  ha s th e 
followin g behavior .  Th e warme r  th e ai r 
mass,  th e large r  th e roo m is .  A s wate r 
evaporate s int o th e ai r  mass ,  i t  fill s u p 
wit h molecules .  Col d ai r  masse s tak e les s 
tim e t o fil l  u p wit h molecules .  Whe n th e 
ai r  mas s i s  filled ,  the n n o mor e wate r 
molecule s ca n ge t  in .  I f  th e ai r  mas s 

Fou r  subject s wer e aske d eigh t 
question s abou t  evaporat ion .  The y wer e 
aske d t o explai n thei r  reasonin g o n eac h 
quest ion .  Al l  wer e reasonabl y 
intel l igent ,  bu t  wer e novice s abou t 
evaporatio n processes .  Ou r  analysi s wil l 
cente r  o n on e subject ,  whos e mode l  o f 
evaporatio n processe s wa s ver y muc h lik e 
th e mode l  w e constructe d fro m th e thre e 
metaphors ,  i f  no t  exactl y th e sam e model . 
Hi s vie w include s notion s o f  th e energ y 
neede d fo r  molecule s t o escap e fro m a  bod y 
o f  wate r  an d th e diff icult y o f  wate r 
molecule s enterin g a  col d ai r  mas s becaus e 
o f  th e highe r  density .  Nowher e doe s h e 
mentio n attract iv e force s betwee n 
molecules ,  whic h suggest s tha t  thi s notio n 
i s no t  par t  o f  hi s  model .  H e seem s t o 
shar e a  common misconceptio n tha t  visibl e 
cloud s (suc h a s on e see s comin g ou t  o f  a 
boilin g kettle )  ar e mad e u p o f  wate r  vapo r 
rathe r  recondense d liqui d water .  Thi s 
misconceptio n force d hi m int o severa l 
wron g explanat ions . 
We will present the portions of his 
response s t o thre e o f  th e quest ion s tha t 
illustrat e hi s us e o f  th e menta l  mode l 
describe d eibove . 
Q2: On a cold day you can see your 

breath .  Why ? 
S: I think again this is function of the 

wate r  conten t  o f  you r  breat h tha t  yo u 
ar e breathin g out .  O n a  colde r  da y 
i t  make s wha t  woul d normall y b e a n 
invisibl e gaseou s expansio n o f  you r 
breat h (whatever) ,  i t  make s i t  mor e 
dense .  Th e col d temperatur e cause s 
th e wate r  molecule s t o b e mor e dens e 
and tha t  in  tur n make s i t  visibl e 
relativ e t o th e surroundin g gase s o r 
relativ e t o wha t  you r  breat h woul d b e 
on a  warme r  day ,  whe n yo u don' t  ge t 
tha t  col d effec t  causin g th e wate r 
conten t  t o b e mor e dens e .  .  . 

Q4:  Whic h wil l  evaporat e faster ,  a  pa n o f 
ho t  wate r  place d i n th e refrigerato r 
or  th e sam e pa n lef t  a t  roo m 
temperature ? Why ? 
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S:  When I  firs t  rea d tha t  question ,  my 
initia l  impression ,  tha t  puttin g a 
pan o f  ho t  wate r  i n th e refrigerato r 
you suddenl y hav e thes e cloud s o f 
vapo r  i n it ,  thre w me of f  fo r  a 
second .  I  wa s thinkin g i n term s o f 
ther e i s a  lo t  evaporation .  Wel l  I 
guess ,  a s I  though t  throug h i t  more , 
I  wa s thinkin g tha t  i t  wa s a n 
indicatio n o f  mor e evaporation ,  bu t 
i t  wa s jus t  (le t  u s say )  th e sam e 
evaporation .  Immediatel y whe n yo u 
put  i t  i n anyway ,  i t  wa s mor e 
visible .  Ahmm,  a s I  thin k throug h i t 
now,  ray  belie f  i s  tha t  i t  woul d 
evaporat e les s tha n th e sam e pa n lef t 
standin g a t  roo m temperatur e an d my 
reasonin g ther e i s tha t  th e ai r  i n 
th e refrigerato r  i s goin g t o b e 
relativel y dens e relativ e t o th e roo m 
temperatur e air ,  becaus e a t  a  colde r 
temperatur e agai n it s molecule s ar e 
close r  togethe r  (wha t  not) ,  an d tha t 
i n effec t  leave s les s roo m t o allo w 
th e molecule s fro m th e ho t  wate r  t o 
joi n th e air .  .  .  . 

ships ,  an d crowde d rooms ,  h e mus t  hav e 
draw n upo n som e suc h object s i n orde r  t o 
creat e th e mode l  h e wa s using .  Base d o n 
thi s model ,  h e wa s abl e t o dea l  quit e 
successfull y wit h th e questions ,  eve n 
thoug h hi s mode l  wa s incorrec t  i n severa l 
ways. 

Acknowledgment s 

Thi s researc h wa s supporte d b y th e 
Personne l  an d Trainin g Programs , 
Psychologica l  Science s Division ,  Offic e o f 
Naval  Research ,  unde r  contrac t  numbe r 
N00014-79-C-0338 ,  Contrac t  Authorit y 
Identificatio n Number  N R 154-428 .  We 
than k Michae l  William s fo r  a n engagin g 
conversatio n tha t  le d t o th e metapho r 
hypothesi s o f  thi s paper ,  an d t o Ke n 
Forbu s fo r  hi s comment s o n a  draf t  o f  th e 
paper . 

Q5:  Doe s evaporatio n affec t  wate r 
temperature ? I f  so ,  i n wha t  way ,  an d 
why? 

S: I guess those water molecules that do 
leav e th e surfac e o f  th e wate r  ar e 
thos e tha t  hav e th e highes t  amount s 
of  energy .  I  mea n the y ca n actuall y 
brea k fre e o f  th e res t  o f  th e wate r 
molecule s an d g o ou t  int o th e air . 
Now i f  the y hav e a ,  i f  the y ar e th e 
ones wit h th e mos t  energy ,  I  gues s 
generall y hea t  i s wha t  wil l  energiz e 
molecules ,  the n tha t  woul d lea d me t o 
believ e tha t  maybe ,  althoug h i t  may 
not  b e measurable ,  mayb e wit h 
sophisticate d instrument s i t  is ,  bu t 
maybe i t  woul d b e measurabl e afte r 
you r  mos t  energeti c molecule s hav e 
lef t  th e greate r  bod y o f  water . 
Thos e tha t  remai n ar e les s energeti c 
and therefor e thei r  temperatur e 
perhap s less . The subject' s firs t  tw o answer s 

manifes t  th e crowde d roo m model :  Th e 
particle s i n col d ai r  ar e crowde d 
together ,  whic h act s t o mak e one' s breat h 
more visibl e an d t o mak e i t  mor e difficul t 
fo r  wate r  molecule s fro m a  ho t  pa n t o ge t 
in .  Th e las t  answe r  manifest s th e rocke t 
shi p an d billiar d bal l  models :  Th e 
particle s mov e aroun d an d thos e tha t 
escap e ar e th e hig h energ y particles , 
leavin g th e lo w energ y particle s behin d 
and henc e coolin g th e water . 
These excerpts illustrate the 
underlyin g molecula r  mode l  o f  evaporatio n 
tha t  th e subjec t  had ,  an d ho w h e use d i t 
t o fin d answer s t o nove l  questions .  Hi s 
model  i s clos e to ,  i f  no t  th e sam e as ,  th e 
model  we constructe d fro m th e metaphor s i n 
th e previou s section .  Th e '  hypothesi s o f 
th e pape r  i s tha t  thi s subject' s 
underlyin g mode l  wa s constructe d b y 
pastin g togethe r  hi s model s o f  ho w 
familia r  object s behave .  Whil e h e may no t 
hav e draw n upo n billiar d balls ,  rocke t 
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