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In order to get around in the world people have to make sense of Coke machines 
and computers ,  hom e heatin g system s an d electri c circuits ,  an d eve n evaporatio n 
processe s an d bouncin g balls .  The y mus t  buil d thei r  ow n fol k model s o f  ho w thes e 
thing s behav e e.g. ,  wha t  wil l  happe n i f  the y pu t  differen t  amount s o f  mone y i n a  Cok e 
machine ,  wha t  t o d o i f  th e machin e doesn' t  behav e a s the y expect .  "Menta l  Models "  i s 
th e ter m tha t  ha s evolve d fo r  a  ne w vie w o f  ho w peopl e conceptualiz e physica l 
systems .  Menta l  model s ar e mean t  t o impl y a  conceptua l  representatio n tha t  i s 
qualitative ,  an d tha t  yo u ca n ru n i n you r  mind' s ey e an d se e wha t  happens . 

In order to make the discussion concrete, I will display some mental models for 
you r  inspection .  I'v e picke d thre e domain s -  electricity ,  hom e heatin g systems ,  an d 
evaporation ,  -  becaus e the y cove r  th e diversit y o f  differen t  menta l  models ,  an d 
becaus e i t  i s  possibl e t o illustrat e a  variet y o f  hypothese s abou t  menta l  model s i n 
term s o f  thes e domains . 

Mental Models of Electric Circuits 

A number of investigators, have studied people's naive models of electric circuits 
(Fredett e &  Lochhead ,  1980 ;  Centne r  &  Centner ,  1983 ;  Osbourn e 1981 ;  Osbourn e & 
Wittrock ,  1983 ;  Steinberg ,  1983) .  Sinc e m y taxonom y i s mor e differentiate d the n th e 
others ,  I  wil l  describ e th e naiv e model s I  foun d an d poin t  ou t  ho w thes e relat e t o th e 
menta l  model s o f  electricit y foun d b y othe r  researchers . 

In the study I analyzed people s naive models of a simple battery, switch, and 
lightbul b circuit .  Fo r  th e circuit ,  I  administere d a  questionnair e t o twenty-fou r 
subject s wh o ha d n o specia l  knowledg e o f  circuits .  Th e questionnair e aske d the m (1 ) 
t o dra w a  schemati c circui t  an d explai n ho w i t  worked ,  (2 )  t o answe r  a  variet y o f 
question s abou t  th e workin g o f  th e circui t  tha t  the y drew ,  suc h a s whic h wa y th e 
curren t  flow s i n eac h componen t  an d wire ,  an d (3 )  t o evaluat e differen t  circuit s i n 
orde r  t o decid e whethe r  the y woul d wor k properly . 

I was able to categorize the types of models people were using both at the 
circui t  leve l  an d a t  th e individua l  componen t  level .  Seve n o f  th e subject s ha d a  mor e 
or  les s correc t  mode l  o f  th e wa y a  batter y circui t  functions .  Tha t  is ,  on e pol e o f  th e 
batter y act s a s a  sourc e o f  electron s an d th e othe r  a s a  sink .  Th e curren t  i s 
maintaine d b y a n io n flo w i n th e batter y betwee n th e tw o poles .  1  explai n eac h o f  th e 
incorrec t  model s below : 

(l) Converging flow model (3 subjects). This model posits that there are two 
kind s o f  electricit y (i.e. ,  positiv e an d negative )  flowin g ou t  fro m th e battery ,  an d tha t 
yo u nee d bot h kind s t o mak e th e bul b light .  I  hav e calle d thi s mode l  th e "epox y glue " 
model  o f  circui t  flow ,  whil e Steinber g (1983 )  refer s t o i t  a s th e "sink "  mode l  an d 
Osbourn e (1981 )  th e "bipolar "  model .  Lik e me ,  Steinber g find s thi s mode l  hel d b y 
approximatel y one-sevent h o f  Smit h Colleg e undergraduate s firs t  takin g physics ,  bu t 
Osbourn e an d Wittroc k (1983 )  repor t  findin g thi s mode l  i n approximatel y one-thir d o f 
youn g children . 

(2) Circular flow model (4 subjects). In this view electrons flow around and 
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aro\in d th e circuit ,  an d eac h tim e tha t  the y pas s throug h th e battery ,  the y ar e give n 
additiona l  momentum .  Thi s vie w i s incorrec t  i n tha t  i t  assume s tha t  individua l 
particle s g o throug h th e batter y muc h lik e wate r  particle s g o throug h a  pum p i n a 
circulator y wate r  system .  I  hav e calle d thi s th e "racetrack "  model ,  an d i t  i s  a  versio n 
of  th e "movin g crowd "  mode l  discusse d b y Centne r  &  Centne r  (1983) . 

(3) Impvilse-signal model (3 subjects). This model posits that the switch sends 
an impuls e t o th e batter y t o trigge r  curren t  flo w fro m th e batter y t o th e ligh t  bulb . 
I t  view s a  switc h lik e th e trigge r  o f  a  gun .  Thi s i s a  variatio n o n th e "consumer " 
model  describe d b y Steinber g (1983 )  an d Fredett e &c Lochhea d (1980) ,  an d th e unipola r 
model  describe d b y Osbourn e (1981) . 

(4) Gate-switch model (3 subjects). This model posits that current flows only 
fro m th e batter y t o th e ligh t  bulb .  Fo r  th e switc h t o wor k properly ,  i t  mus t  b e 
inserte d betwee n th e batter y an d th e bulb ,  wher e i t  act s a s a  gat e regulatin g curren t 
flow .  Thi s to o i s a  versio n o f  th e unipola r  mode l  foun d b y Osbourne ,  an d th e 
consumer  mode l  o f  Steinber g (1983 )  an d Fredett e &  Lochhea d (1980) .  I t  seem s t o 
deriv e fro m th e water-flo w analog y describe d b y Centne r  an d Centne r  (1983) ,  wher e 
th e switc h i s viewe d a s a  kin d o f  valv e regulatin g flow . 

(6) Gate-switch model with circuit (2 subjects). This is a variant of the above 
model .  I t  posit s tha t  curren t  flow s i n a  circui t  bac k t o th e battery ,  bu t  yo u nee d th e 
switc h betwee n th e batter y an d th e bul b t o kee p th e curren t  fro m reachin g th e bul b 
when th e switc h i s off .  Thus ,  i t  i s  lik e wate r  flowin g i n a  circulatin g system ;  i f  th e 
wate r  ca n reac h a  smal l  hol e i n th e pip e (analogou s t o th e light) ,  the n wate r  wil l 
trickl e ou t  (i.e. ,  th e bul b wil l  light) .  Thi s i s a  partia l  consume r  mode l  o f  th e bulb , 
wher e mos t  o f  th e curren t  i s assume d t o flo w bac k t o th e battery . 

(6) Controller-switch model (2 subjects). This model views the switch as a 
contro l  devic e tha t  i s hooke d u p t o th e battery-bul b circui t  b y it s ow n contro l 
circuit .  I t  wa s th e leas t  coheren t  o f  th e si x incorrec t  view s I  encountere d an d th e 
tw o subject s wh o propose d i t  seeme d no t  t o believ e i t  ver y strongly .  Non e o f  th e 
previou s studie s tal k abou t  an y suc h view . 

I  als o attempte d t o analyz e th e menta l  model s subject s ha d o f  th e thre e majo r 
component s i n th e circuit .  Her e I  mad e my bes t  gues s o n th e basi s o f  thei r  answer s 
t o th e question s a s t o eac h subject' s vie w o f  eac h component . 

Based on the analysis there were four different views of the battery. Ten 
subject s ha d a  source-sin k vie w o f  th e battery ,  wit h electron s flowin g fro m on e pol e 
t o th e othe r  i n th e circuit .  Seve n subject s viewe d th e batter y a s simpl y a  sourc e o f 
electricit y whic h flowe d ou t  t o th e bulb .  Fou r  subject s considere d th e batter y t o b e 
an energizer ,  lik e a  pum p i n a  wate r  circulatio n system ,  an d thre e subject s considere d 
i t  a  sourc e o f  bot h positiv e an d negativ e electricity . 

There were three prevailing views of the light bulb that I could distinguish. 
Twelv e subject s viewe d i t  a s a  narro w passag e o r  resisto r  throug h whic h curren t  mus t 
pass .  Te n subject s viewe d i t  a s a  consume r  o f  electri c current ,  thre e o f  thes e 
requirin g bot h positiv e an d negativ e electricit y t o com e togethe r  t o b e consumed .  Th e 
las t  tw o subject s ha d wha t  I  cal l  th e partia l  consume r  vie w wher e a  littl e bi t  o f  th e 
electricit y i s burne d u p a s i t  goe s throug h th e bulb . 

We distinguished four views of the switch. Most subjects had the correct 
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contact-gat e view ,  wher e th e switc h i s viewe d a s a  swingin g gat e attache d t o on e wir e 
and makin g contac t  (o r  not )  wit h th e othe r  wire .  Th e incorrec t  view s include d th e 
impulse -  signa l  vie w tha t  I  likene d t o a  gun s trigger ,  a  blockin g notio n lik e a  valv e i n 
a pipe ,  an d a  control-devic e notio n lik e th e handl e o n a  fauce t  tha t  i s  mechanicall y 
linke d t o th e valv e i n th e pip e (thoug h bot h subject s ha d th e contro l  devic e linke d 
electricall y t o th e circuit) . 

What these models illustrate is that naive subjects have a diverse set of views on 
circuits ,  whic h ar e mor e o r  les s coherent .  Thes e view s ca n b e use d generativel y t o 
gues s ho w circuit s the y hav e no t  encountere d befor e wil l  behave ,  a s w e wil l  discus s 
later .  Furthermore ,  thes e view s ar e structured :  a s w e hav e show n here ,  the y ca n b e 
regarde d a s model s o f  th e entir e circui t  o r  mor e locall y a s view s o f  specifi c 
component s o f  th e circuit .  Differen t  componen t  view s ca n i n fac t  g o wit h differen t 
syste m views .  Fo r  example ,  on e coul d hav e a n energize r  vie w o f  th e batter y wit h 
eithe r  a  contac t  gate ,  contro l  device ,  o r  blockin g vie w o f  a  switc h an d eithe r  a 
resisto r  o r  partia l  consume r  vie w o f  a  light .  Thus ,  menta l  model s o f  component s ca n 
be regarde d a s buildin g block s fo r  a  globa l  view . 

Mental Models of Home Heating Systems 

Kempton (in press) carried out a series of forty—two, in depth interviews with 
averag e American s t o determin e ho w the y se t  thei r  thermostat s an d why .  Base d o n hi s 
interview s h e identifie d tw o common fol k theorie s o f  ho w thermostat s work ,  whic h lea d 
t o quit e differen t  pattern s o f  settin g a  thermostat .  Th e tw o theorie s h e identifie d ar e 
th e Feedbac k Theor y an d th e Valv e Theory . 

The Feedback Theory. This theory views the thermostat as a device that senses 
th e temperatur e i n th e room ,  an d i f  i t  fall s  belo w th e temperatur e setting ,  th e furnac e 
turn s on ,  an d i f  i t  rise s abov e th e temperatur e setting ,  th e furnac e turn s off . 
Actually ,  a  thermosta t  ha s tw o se t  point s equidistan t  fro m th e thermosta t  setting ;  th e 
lowe r  o f  whic h turn s o n th e furnac e an d th e highe r  o f  whic h turn s i t  off .  Kempto n 
quote s on e o f  hi s subject s wh o hel d thi s view . 

"You just turn the thermostat up, and once she gets up there (to the desired 
temperature )  she'l l  kic k of f  automaticall y An d the n she'l l  kic k o n an d of f  t o kee p i t 
at  tha t  temperature. " 

The Valve Theory. This view holds that the setting on the thermostat controls 
th e rat e o f  hea t  flow ,  s o tha t  th e highe r  yo u se t  th e thermostat ,  th e harde r  th e 
furnac e work s t o produc e heat .  H e quote s a  subjec t  wh o hel d thi s view : 

"Um, I assume, um, that there is some kind of linear relationship between where 
th e leve r  i s an d th e wa y som e kin d o f  hea t  generatin g syste m functions .  And ,  um ,  tha t 
it' s  lik e steppin g o n th e ga s pedal ,  tha t  ther e I  hav e a  notio n o f  hydraulics ,  yo u know , 
th e harde r  yo u pus h ther e is ,  th e mor e flui d get s pushe d int o th e engine ,  an d th e 
more explosion s ther e are ,  an d th e faste r  i t  goes. " 

There are hints in the data Kempton quotes to indicate that the dichotomy he 
makes betwee n th e tw o theorie s reall y shoul d b e though t  o f  a s tw o point s i n a  large r 
spac e o f  possibl e models .  We ca n se e thi s spac e o f  model s bes t  i n tw o example s h e 
give s o f  peopl e wh o d o no t  quit e fi t  th e valve/feedbac k dichotomy . 
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One informan t  quit e clearl y enunciate d th e feedbac k theor y a t  first ; 

"I guess, what I always thought was when you turn the, the temperature, you 
tur n th e thermosta t  t o 65 ,  th e furnac e work s t o kee p th e roo m a t  6 5 an d the n a s 
soo n a s it' s  65 ,  th e furnac e stop s workin g an d the n whe n i t  start s t o ge t  a  littl e bi t 
col d agai n th e furnac e vril l  wor k again. " 

But when Kempton questioned her about heating up the house, she verbalized 
th e valv e theory : 

Q: Let's say it's very cold ... you come into the house and it's very cold, and you 
want  t o hea t  th e hous e up .  Let' s sa y yo u wan t  t o hea t  th e hous e u p t o 65 .  What 
woul d yo u d o .. . 

R; If it's very, very cold? 

Q; Uh-huh. 

R: 1 might turn it up to 70, for maybe 20 minutes, half an hour and then turn it 
bac k dow n t o 6 5 t o se e i f  I  ca n ge t  i t  warme r  faste r 

Let me consider how such a hybrid model might work. The essence of the valve 
theor y i s tha t  th e amoun t  o f  hea t  flo w i s proportiona l  t o th e temperature :  thi s i s a 
propositio n abou t  a  facto r  I  wil l  b e abl e rat e o f  hea t  flow .  Th e essenc e o f  th e 
feedbac k theor y i s tha t  th e hea t  turn s o n whe n th e temperatur e fall s  belo w a  se t 
point ,  an d turn s of f  whe n th e temperatur e rise s abov e anothe r  se t  point :  thi s i s a 
propositio n abou t  a  facto r  I  wil l  cal l  typ e o f  control .  Becaus e thes e tw o theorie s 
addres s differen t  factors ,  i t  i s  perfectl y possibl e t o believ e i n variabl e hea t  flow ,  a s i n 
th e valv e theory ,  an d indirec t  control ,  a s i n th e feedbac k theory .  Th e hybri d theor y 
i s simpl y tha t  th e temperatur e settin g control s bot h factors :  th e highe r  th e setting , 
th e greate r  th e hea t  flow ,  an d th e highe r  th e se t  point s a t  whic h th e furnac e turn s 
on an d off . 

Another of Kempton's protocols points up a third factor, heat loss, that affects 
th e wa y peopl e se t  thei r  thermostats .  I n particular ,  a  woman responden t  believe d i n 
settin g th e thermosta t  bac k a t  night ,  bu t  he r  husban d reasone d fro m hi s feedbac k 
theor y tha t  i t  di d no t  pa y t o d o so : 

"Now, my husband disagrees with me. He, he feels, and he will argue with me 
lon g enough ,  tha t  I  d o no t  sav e an y fue l  b y turnin g th e thermosta t  u p an d down... . 
Becaus e he ,  h e feel s tha t  b y th e tim e yo u tur n i t  dow n t o 5 5 an d al l  th e object s i n 
th e hous e dro p t o 55° ,  you'r e goin g t o us e mor e fue l  tha n i f  yo u woul d hav e lef t  i t  a t 
65 an d i t  jus t  kick s i n no w an d then. " 

The essence of the husband's argument is that the time the furnace is on when 
you mov e th e thermosta t  u p i n th e mornin g i s a s grea t  o r  greate r  tha n th e tim e i t  i s 
of f  whe n yo u se t  th e thermosta t  dow n a t  night .  Th e tw o time s ar e i n fac t  roughl y 
equivalent .  Th e saving s fro m turnin g th e thermosta t  dow n a t  nigh t  com e becaus e th e 
furnac e turn s o n les s frequentl y durin g th e night .  Bu t  i t  i s  eas y t o se e ho w he r 
husban d migh t  no t  thin k o f  thi s savings ,  i f  h e think s th e onl y effec t  o f  lowerin g th e 
settin g i s th e tw o transient s whic h offse t  eac h other .  H e i s implicitl y  assumin g tha t 
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th e furnac e i s turnin g o n an d of f  a t  th e sam e rat e a t  a  lowe r  settin g a s a  highe r 
setting ,  onc e steady-stat e i s achieved .  Suc h a  vie w make s sens e i f  yo u thin k hea t 
los s fro m a  hous e i s constant ,  o r  simpl y depend s o n th e temperatur e outside .  I n 
orde r  t o reall y "understand "  wh y ther e i s a  savings ,  yo u hav e t o hav e a  notio n tha t 
heat  los s i s proportiona l  t o th e differenc e betwee n th e temperatur e indoor s an d 
outdoors ,  o r  a t  leas t  tha t  i t  depend s o n th e indoo r  temperature . 

We have thus identified three factors that appear in Kempton's protocols, for 
whic h peopl e ma y hav e differen t  models .  Thes e factor s ar e equivalen t  t o th e 
componen t  model s I  discusse d wit h respec t  t o electricity .  I  woul d argu e tha t  mos t 
combination s o f  th e differen t  model s fo r  thes e thre e component s ar e possible . 

Let me explain each of the possible models and their combinations. With respect 
t o th e "hea t  flow "  component ,  th e grade d hea t  flo w mode l  i s wha t  th e valv e theor y 
implies .  Th e constan t  hea t  flo w model ,  whic h i s implie d b y th e feedbac k theory ,  i s  th e 
correc t  mode l  (ignorin g transients) .  Wit h respec t  t o th e "typ e o f  control "  component , 
direc t  control ,  whic h th e valv e theor y implies ,  mean s tha t  th e rat e o f  hea t  flo w 
change s a s yo u mov e th e thermosta t  u p o r  down .  Indirec t  contro l  b y temperature ,  a s 
th e feedbac k theor y implies ,  refer s t o th e mode l  wher e change s i n temperatur e caus e 
th e furnac e t o tur n o n an d off .  A  thir d possibl e mode l  i s a n adjustabl e rati o model : 
thi s mode l  assume s tha t  th e furnac e turn s itsel f  o n an d of f  wit h a  particula r 
frequency ,  an d changin g th e temperatur e settin g cause s th e furnac e t o tur n o n an d 
of f  a t  a  differen t  ratio .  Thi s migh t  b e calle d a n open-loo p mode l  a s oppose d t o a 
feedbac k model .  Finally ,  wit h respec t  t o hea t  loss ,  peopl e migh t  hav e an y o f  th e thre e 
model s I  describe d i n th e discussio n o f  th e husban d wh o wouldn' t  tur n th e hea t  bac k 
at  night . 

In summary, I see there are two dominant views of how a thermostat works and 
tha t  thes e influenc e people' s behavio r  i n substantiv e ways .  Bu t  i n additio n t o thes e 
tw o dominan t  views ,  a t  a  finer-grai n leve l  o f  analysis ,  ther e ar e a  hos t  o f  possibl e 
models .  Thes e deriv e fro m combinin g componen t  model s i n variou s ways . 

Mental Models of Evaporation 

In a study where they posed eight difficult questions about evaporation to four 
novic e subjects ,  Collin s an d Centne r  (i n press )  foun d tha t  subjects '  model s o f 
evaporatio n consiste d o f  fiv e componen t  subprocesses : 

1) How molecules behave in the water 
2)  Ho w molecule s escap e fro m th e wate r  t o th e ai r 
3)  Ho w molecule s behav e i n th e ai r 
4)  Ho w molecule s retur n t o th e wate r  fro m th e ai r 
5)  Ho w molecule s g o fro m liqui d t o vapor ,  an d vic e vers a 

They enumerated a number of different views for each of these component processes, 
tha t  wer e suggeste d i n subjects '  protocols . 

Behavior in the water. Figure 1 shows four models for how molecules behave in 
water .  Th e firs t  vie w i s calle d th e sand-grai n mode l  -  th e molecule s jus t  si t  ther e 
lik e grain s o f  sand ,  movin g an d slippin g whe n somethin g pushe s o n them .  Th e 
temperatur e o f  th e wate r  i s th e averag e temperatur e o f  th e individua l  molecules .  Thi s 
i s a  ver y primitiv e model .  Th e nex t  tw o view s assum e tha t  th e molecule s ar e bouncin g 
aroun d i n th e wate r  lik e billiar d ball s i n rando m directions .  I n bot h thes e views ,  th e 
spee d o f  th e molecule s reflect s th e temperatur e o f  th e water .  Th e differenc e i s tha t 
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i n on e versio n — th e equa l  spee d mode l  — al l  th e molecule s ar e movin g a t  th e sam e 
speed .  Th e othe r  versio n i s a  rando m spee d model ,  tha t  allow s fo r  difference s i n 
spee d fo r  differen t  particles .  O n thi s vie w temperatur e reflect s th e averag e spee d o f 
a collectio n o f  molecules .  Th e fourt h view ,  calle d th e molecula r  attractio n model , 
incorporate s attractio n betwee n molecule s int o th e rando m spee d model .  I n i t 
molecule s mov e aroun d randomly ,  bu t  thei r  path s ar e constraine d b y th e attractiv e 
(an d repulsive )  electrica l  force s betwee n molecules .  Thi s vie w i s essentiall y  correct . 

Escape from the water. Figure 2 shows three possible component models for 
escap e (pictoriall y  tw o ar e th e same) .  Th e heat-threshol d mode l  i s a  threshol d vie w 
of  escape ;  Th e molecule s hav e t o reac h som e temperature ,  suc h a s th e boilin g poin t 
of  th e liquid ,  an d the n the y po p ou t  o f  th e liquid ,  th e wa y popcor n pop s ou t  o f  th e 
pan whe n i t  i s  ho t  enough .  Th e remainin g tw o model s focu s o n molecula r  velocity , 
rathe r  tha n th e incorrec t  notio n o f  molecula r  temperature .  Th e rocketshi p mode l  i s 
base d o n th e assumptio n tha t  th e molecule s i n th e wate r  ar e movin g i n rando m 
directions .  I n orde r  t o escap e fro m th e wate r  (lik e a  rocketshi p fro m th e earth) ,  a 
molecul e mus t  hav e a n initia l  velocit y i n th e vertica l  directio n sufficien t  t o escap e 
fro m gravity .  Th e thir d view ,  th e molecula r  escap e model ,  posit s tha t  th e initia l 
velocit y mus t  b e grea t  enoug h t o escap e fro m th e molecula r  attractio n o f  th e othe r 
molecules .  Bot h thes e latte r  model s ar e i n par t  correct ,  bu t  th e majo r  effec t  i s  du e 
t o th e molecula r  attractio n o f  th e water . 

Behavior in the air. There are three component models of how the water 
molecule s behav e i n th e ai r  ar e depicte d i n Figur e 3 .  Th e containe r  mode l  posit s tha t 
th e ai r  hold s wate r  molecule s an d ai r  molecule s mixe d togethe r  unti l  i t  i s  fille d u p (a t 
100 % humidity) .  Th e variable-size-roo m mode l  i s a  refinemen t  o f  th e containe r  mode l 
t o accoun t  fo r  th e fac t  tha t  war m ai r  hold s mor e moistur e tha n col d air .  I n thi s 
model ,  molecule s i n war m ai r  ar e furthe r  apart ,  an d s o ar e les s dens e tha n molecule s 
i n col d air . 
That  leave s mor e spac e t o pu t  wate r  molecule s i n war m ai r  tha n i n col d air .  I n th e 
exchange-of-energ y model ,  th e chie f  reaso n tha t  col d ai r  hold s les s moistur e tha n 
war m ai r  i s  tha t  it s  ai r  molecule s ar e les s energetic .  When wate r  molecule s i n th e ai r 
collid e wit h ai r  molecules ,  the y ar e mor e likel y t o giv e u p energ y i f  th e ai r  i s  col d 
(an d henc e les s energetic )  tha n i f  i t  i s  warm .  I f  th e wate r  molecule s becom e les s 
energetic ,  the y ar e mor e easil y capture d b y th e molecula r  attractio n o f  othe r  wate r 
molecule s (o r  a  nucleu s particle) .  When enoug h wate r  molecule s collec t  aroun d a 
particle ,  the y wil l  precipitate .  Thi s latte r  vie w i s essentiall y  correct . 

Return to the water. Figure 4 shows three models of how water molecules return 
t o th e water .  Th e crowde d roo m mode l  assume s tha t  whe n al l  th e spac e i n th e ai r  i s 
filled ,  n o mor e wate r  molecule s ca n ge t  in .  Th e aggregatio n mode l  assume s tha t  wate r 
molecule s mov e aroun d i n th e ai r  unti l  the y encounte r  a  nucleu s o r  particl e (whic h 
coul d b e anothe r  wate r  molecule )  aroun d whic h wate r  accumulates .  Th e les s energeti c 
th e molecule ,  th e mor e likel y i t  i s  t o b e caugh t  b y th e molecula r  attractio n o f  th e 
particle .  A s thes e particle s accumulat e water ,  gravitationa l  force s overcom e th e 
rando m movemen t  o f  th e particle s an d the y precipitate .  Th e recaptur e mode l  assume s 
tha t  particle s ar e attracte d b y th e surfac e o f  th e wate r  (o r  othe r  surfaces) .  Th e les s 
energ y the y have ,  th e mor e likel y the y ar e t o b e recaptured .  Th e actio n i n thi s vie w 
take s plac e nea r  th e surface ,  unlik e th e aggregatio n view .  Bot h th e aggregatio n an d 
th e recaptur e model s ar e essentiall y  correct ,  bu t  th e aggregatio n mode l  take s plac e 
over  a  lon g tim e perio d wit h relativel y hig h humidities ,  wherea s th e recaptur e mode l  i s 
applicabl e i n an y situatio n wher e evaporatio n i s occurring . 

Liquid-vapor transition. Figure 5 shows four different views for the transition 
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fro m liqui d t o vapo r  an d fro m vapo r  t o liquid .  On e view ,  th e coterminu s model ,  i s  tha t 
th e transitio n occur s whe n th e molecule s leav e th e wate r  an d escap e t o th e air ,  an d 
vic e versa .  O n thi s vie w th e tw o transitions ,  betwee n wate r  an d air ,  an d betwee n 
liqui d an d vapor ,  ar e th e sam e transition .  I n othe r  words ,  whethe r  a  molecul e i s i n 
th e vapo r  o r  liqui d stat e depend s solel y o n location ,  al l  molecule s beneat h th e surfac e 
of  th e wate r  ar e liquid ,  an d al l  molecule s abov e th e surfac e o f  th e wate r  ar e vapor .  A 
secon d view ,  th e intrinsi c stat e model ,  treat s th e liqui d o r  ga s stat e a s a n intrinsi c 
propert y o f  th e molecule .  I f  th e molecul e become s ho t  enough ,  i t  change s fro m liqui d 
t o vapor ,  an d i f  i t  become s col d enoug h i t  change s fro m vapo r  t o liquid .  Locatio n i s 
correlate d wit h state ,  i n tha t  molecule s i n th e vapo r  stat e ten d t o mov e int o th e air , 
whil e molecule s i n th e liqui d stat e remai n i n th e water .  A  thir d view ,  th e disassembl y 
model ,  i s  base d o n a  littl e chemistry ;  i n i t  liqui d wate r  i s though t  o f  a s mad e u p o f 
molecule s o f  HgO,  wherea s th e hydroge n an d oxyge n ar e though t  t o b e separate d i n 
wate r  vapor .  Th e exper t  view ,  calle d th e bindin g model ,  i s  base d o n molecula r 
attraction ;  wate r  molecule s i n th e liqui d stat e ar e partiall y  boun d togethe r  b y 
electrica l  attractio n o f  th e neighborin g molecules ,  wherea s molecule s i n th e gaseou s 
stat e bounc e aroun d rathe r  freely .  Th e bubble s i n a  boilin g pa n o f  wate r  ar e thu s 
wate r  molecule s tha t  hav e broke n fre e o f  eac h othe r  t o creat e a  smal l  volum e o f  wate r 
vapor ,  an d cloud s an d mis t  ar e microscopi c droplet s o f  liqui d wate r  tha t  hav e 
condensed ,  bu t  ar e suspende d i n th e air . 

Combining component models. Table 3 summarizes all the component models 
describe d above .  Subject s ca n combin e thes e componen t  model s i n differen t  ways . 
Collin s an d Centne r  (i n press )  sho w answer s fro m tw o subject s wh o ha d differen t 
combination s o f  thes e componen t  models .  On e subjec t  ha d a  mode l  constructe d fro m 
th e rando m spee d mode l  o f  water ,  th e rocketshi p an d molecula r  escap e model s o f 
escape ,  th e variable-size-roo m mode l  o f  th e air ,  th e crowde d roo m mode l  o f  return , 
and th e coterminu s mode l  o f  th e liquid-vapo r  transition .  Th e othe r  subjec t  ha d a 
less ,  consisten t  an d les s stabl e mode l  o f  evaporation .  Hi s vie w include d somethin g lik e 
th e heat-threshol d mode l  o f  escape ,  th e containe r  mode l  o f  th e air ,  th e recaptur e 
model  o f  return ,  an d th e intrinsi c stat e mode l  o f  th e liquid-vapo r  transition .  I n 
contrast ,  a s I  hav e indicated ,  th e exper t  vie w i s mad e u p o f  th e molecula r  attractio n 
model  o f  water ,  th e rocketshi p an d molecula r  escap e model s o f  escape ,  th e exchange -
of-energ y mode l  o f  th e air ,  th e aggregatio n an d recaptur e model s o f  return ,  an d th e 
bindin g mode l  o f  th e liquid-vapo r  transition . 

Summary 

There have been a variety of attempts to identify naive subjects' mental models, 
but  mos t  o f  thes e hav e settle d o n tw o o r  thre e globa l  view s (e.g .  Kempton ,  1984 ; 
Osbourne ,  1981 ;  Steinberg ,  1983) .  A t  a  fine r  grai n leve l  o f  analysis ,  however ,  i t  i s 
possibl e t o identif y a  numbe r  o f  differen t  component s an d a  variet y o f  menta l  model s 
fo r  eac h component .  Thes e componen t  model s ca n b e combine d i n man y differen t  ways . 
But  frequentl y tw o o r  thre e combination s predominate ,  givin g ris e t o th e globa l  menta l 
model s identifie d b y differen t  researchers . 

T\ie convpoTvential approach has been pursued by a number of researchers in 
%T\.\l\c\e. \  mVeWigeiic e (,d e VAee r  1919 .  d e Klee r  &  Brow n 1981 ,  1983 ;  Forbu s 1981 ,  1982 , 
"Haye s \9^4 V Bu i  non e o i  thes e researcher s ha d trie d t o analyz e th e componen t 
model s huma n subject s actuall y have .  What  1  hav e trie d t o sho w i s ho w a  componentia l 
analysi s i s necessar y t o characteriz e th e wa y peopl e understan d physica l  systems . 
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