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Subjec t  explainin g electri c current :  I f  yo u in -
creas e resistanc e I n th e circuit ,  th e curren t  slow s 
down.  No w that' s lik e a  h1gh--car s o n a  highwa y 
wher e you--i f  yo u notic e a s yo u clos e dow n a  lane , 
you hav e car s movin g along .  Okay ,  a s yo u g o dow n 
int o th e thing ,  th e car s mov e slowe r  throug h tha t 
narro w point . 

When peopl e ar e reasonin g abou t  a n unfamilia r  do -
main ,  the y ofte n appea r  t o us e analogies ,  a s I n th e 
abov e exampl e fro m a  protocol .  Analogie s ar e als o use d 
i n teaching ,  a s i n th e followin g excerpt : 

The ide a tha t  electricit y flow s a s wate r  doe s i s a 
good analogy .  Pictur e th e wire s a s pipe s carryin g 
wate r  (electrons) .  You r  wal l  plu g i s a  high-pres -
sur e sourc e whic h yo u ca n ta p simpl y b y insertin g 
a plug .  Th e plu g ha s tw o prongs--on e t o tak e th e 
flo w t o th e lamp ,  radio ,  o r  ai r  conditioner ,  th e 
secon d t o conduc t  th e flo w bac k t o th e wall .  A 
valv e (switch )  i s usa d t o star t  o r  sto p flow . 

If implicit or explicit analogies are an important 
determinan t  o f  th e wa y peopl e thin k abou t  comple x sys -
tems ,  the n i t  become s crucia l  t o kno w exactl y ho w suc h 
analogie s work .  Thi s pape r  consider s th e psychologica l 
rol e o f  thes e analogie s I n structurin g th e targe t 
domain . 

The firs t  questio n tha t  mus t  b e pose d i s whethe r 
suc h seemin g analogica l  model s d o i n fac t  strongl y 
affec t  th e person' s conceptualizatio n o f  th e targe t 
domai n (th e Generativ e Analog y hypothesis) ,  o r  whethe r 
the y ar e merel y convenien t  way s o f  talkin g abou t  th e 
domai n (th e Mer e Terminolog y hypothesis) .  Th e mer e us e 
of  term s borrowe d fro m a  give n domain--as ,  fo r  example , 
when electricit y i s discusse d i n term s o f  movin g vehi -
cle s o r  flowin g water--1 s no t  i n Itsel f  proo f  tha t  th e 
speake r  i s conceivin g o f  electricit y a s deepl y analo -
gous t o traffi c  o r  t o wate r  flow . 

To dem.onstrat e tha t  a n analog y ha s generativ e con -
ceptua l  power ,  w e mus t  sho w tha t  nontrivla l  inference s 
specifi c  t o th e bas e occu r  i n th e target .  Thes e infer -
ence s mus t  b e suc h tha t  the y canno t  b e attribute d t o 
shallo w lexica l  associations ;  e.g .  i t  i s  no t  enoug h t o 
fin d tha t  th e perso n wh o speak s o f  electricit y a s 
"flowing "  als o use s term s suc h a s "capacity "  o r 
''pressure" .  Suc h usag e I s certainl y suggestiv e o f  a 
Generativ e Analogy ,  bu t  i t  coul d als o occu r  unde r  th e 
Mere Terminolog y hypothesis . 

The goa l  her e i s t o sho w that ,  a t  leas t  som e o f 
th e time ,  th e Generativ e Analog y hypothesi s holds : 
tha t  deep ,  indirec t  inference s i n th e targe t  follo w 
fro m us e o f  a  give n bas e domai n a s a n analogica l  model . 
To d o this ,  w e mus t  firs t  decid e wha t  inference s shoul d 
follo w fro m us e o f  a  give n analogy ,  an d the n observ e 
whethe r  th e analogie s peopl e adop t  appea r  t o affec t  th e 
set  o f  inference s the y readil y make . 

The pla n o f  thi s pape r  i s (1 )  t o propos e a 
structure-mappin g theor y o f  analog y tha t  wil l  allo w u s 
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t o predic t  th e se t  o f  inference s tha t  shoul d follo w 
fro m us e o f  a  give n analogy ;  (2 )  contras t  tw o analogi -
cal  model s fo r  th e domai n an d sho w tha t  the y lea d t o 
differen t  indirec t  Inferences ;  (3 )  t o sho w tha t  people' s 
inference s concernin g simpl e circuit s var y accordin g t o 
whic h o f  thes e model s the y use ;  an d finall y (4 )  t o 
discus s th e genera l  issu e o f  analogica l  model s an d 
structure-mapping . 

A structure-mapping theory of analogy. The claim 
her e i s tha t  analogie s selec t  certai n aspect s o f  exist -
in g knowledge ,  an d tha t  thi s selecte d knowledg e ca n b e 
structurall y characterized .  First ,  let' s  conside r  wha t 
an analog y I s not .  A n analog y suc h a s 

(1 )  A n electri c circui t  wit h a  batter y an d resisto r 
much lik e a  plumbin g syste m wit h a  reservoi r 
and a  constricte d sectio n o f  pipe . 

clearl y doe s no t  conve y tha t  alj _ o f  one' s knowledg e 
abou t  th e plumbin g syste m shoul d b e attribute d t o th e 
circuit .  Th e inheritanc e o f  characteristic s i s onl y 
partial .  Thi s migh t  sugges t  tha t  a n analog y i s a  wea k 

similarit y statement ,  conveyin g tha t  som e bu t  no t 
al l  o f  th e characteristics  o f  th e bas e syste m appl y t o 
th e targe t  system .  Bu t  thi s wea k characterizatio n fail s 
t o captur e th e distinctio n betwee n litera l  similarit y 
and analogica l  relatedness .  Contras t  statemen t  (1 )  wit h 
a litera l  similarit y statemen t  lik e 

(2 )  A  hos e i s lik e a  pipe . 
The litera l 

similarit y statemen t  (2 )  convey s tha t  th e pip e an d 
th e hos e shar e objec t  attributes--e.g .  cylindrica l 

shape--a s wel l  a s sharin g simila r  relationship s wit h 
othe r  objects--e.g .  CONVEY (hose ,  water)/C0NVE Y (pipe , 
water) .  Statemen t  (1 )  als o convey s considerabl e overla p 
i n functiona l  relations :  e.g .  imped e (resistor ,  curren t 
/IMPEDE (constriction ,  water) .  However ,  i t  doe s no t 
conve y overla p o f  object s an d thei r  attributes .  Th e 
resisto r  a s a  separat e objec t  nee d no t  hav e an y quali -
tie s i n common with^constriction .  Th e analogy ,  i n 
short ,  convey s overla p i n th e syste m o f  relation s 
among objects ,  bu t  n o particula r  overla p i n th e charac -
teristic s o f  th e object s themselves .  Th e litera l 
similarit y statemen t  convey s overla p bot h i n relation s 
among th e object s an d i n th e attribute s o f  th e indivi -
dual  objects . 

The analogica l  model s use d i n scienc e ca n b e 
characterize d a s structure-mapping s betwee n comple x 
systems .  I n thes e analogies ,  th e object s o f  th e know n 
domain ,  th e bas e domain ,  ar e mappe d ont o th e object s o f 
th e domai n o f  inquiry ,  th e targe t  domain ;  th e predicate s 
of  th e bas e domain--particularl y th e relation s tha t  hol d 
among th e nodes--ar e the n applie d i n th e targe t  domain . 
Structure-mappin g analog y assert s tha t  identica l  opera -
tion s an d relationship s hol d amon g nonidentica l  things . 
The relationa l  structur e i s preserved ,  bu t  no t  th e 
objects . 

Give n a  particula r  prepositiona l  representatio n 
of  knowledg e w e ca n procee d wit h a n explici t  charac -
terizatio n o f  analogica l  mapping .  A  structure-mappin g 
analog y betwee n a  targe t  syste m T  an d a  bas e syste m B 
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i s  a n assertio n tha t 
1.  Give n a  decompositio n o f  th e bas e an d targe t 

domains into object nodes b,,b.,...,b of the 

base system B and object nodes t,,t„,...,t 
1 ^  HI 

of  th e targe t  syste m T , 

2. The analogical mapping M maps the nodes of B 

M:b. - t .  int o th e node s o f  T . 

3. Then predicate s vali d i n B  ca n b e applie d i n 
T,  usin g th e nod e substitution s dictate d b y 
th e mapping : 

M :  CHb.,h.) J -^CHt.,t.) J 

Further ,  th e probabilit y  tha t  th e derive d 
propositio n i s vali d i n th e targe t  T  i s 
greate r  fo r  relationa l  predicate s tha n fo r 
attributes ,  an d greate r  fo r  high-orde r  rela -
tion s tha n fo r  lower-orde r  relations .  Th e 
strengt h o f  th e analogica l  predicatio n in -
crease s a s w e mov e dow n th e list . 

(i )  M:A(b. ) A(t. ) 

(ii )  ̂ :CHb^,b.) J -)-Z:F(t .  .t̂ )  J 

{iii)M:£G{Fj(b.,bj), F^{b.,h.)J —^ 

£G(F^(t.,tj), F^{t.,t.)J 

Thus, TRUE ZrA(b.)J does not strongly suggest 

TRUE £"A(t.)7. Attributional predicates (i) are less 

likely to carry over than relational predicates (ii); 
and lower-orde r  relation s les s likel y tha n higher-orde r 
relation s (iii) . 

Two models of simple electric circuits. One common 
analog y use d t o teac h simpl e electricit y i s base d o n 
plumbin g systems .  Figur e 1  show s th e structure-mappin g 
conveye d b y thi s analogy .  Th e object-node s o f  th e 
hydrauli c bas e domai n (e.g .  th e reservoi r  an d constric -
tion )  ar e mappe d ont o th e object-node s (th e batter y an d 
resistor )  o f  th e circuit .  Give n thi s correspondenc e o f 
nodes ,  th e analog y convey s tha t  th e relationship s tha t 
hol d betwee n th e object s an d object-attribute s o f  th e 
hydrauli c syste m als o hol d betwee n th e node s o f  th e 
electri c system-.fo r  example ,  tha t  curren t  increase s 
wit h voltag e jus t  a s rat e o f  wate r  flo w increase s wit h 
pressure ;  an d tha t  curren t  decrease s wit h resistanc e 
jus t  a s th e rat e o f  wate r  flo w decrease s wit h degre e 
of  constriction . 

A secon d kin d o f  analog y fo r  electri c circuit s i s 
base d o n object s movin g throug h chutes .  Curren t  i s 
seen a s a  movin g crow d o f  smal l  objects :  voltag e i s th e 
forwar d pressur e o r  pushines s o f  th e objects .  Lik e th e 
plumbin g model ,  th e moving-objec t  mode l  provide s rela -
tion s tha t  map usefull y int o th e electrica l  system :  I f 
we imagin e a  sourc e o f  pushines s correspondin g t o th e 
battery ,  an d gate s i n th e chut e correspondin g t o th e 
resistors ,  the n th e mor e pushiness ,  th e highe r  th e rat e 
of  aggregat e motion ;  th e narrowe r  th e gates ,  th e lowe r 
th e rat e o f  aggregat e motion . 

Althoug h thes e tw o analogie s conve y many o f  th e 
same relations ,  i n som e respect s the y diffe r  i n th e 
aptnes s o f  th e relationa l  matc h wit h th e targe t  domain , 
particularl y i f  w e conside r  slightl y mor e comple x 
circuit s (se e Gentne r  an d Genti"" "  i n press. ) 

in g analog y i s particularl y ap t  fo r  combination s o f 
batteries ,  whil e th e moving-objec t  mode l  i s superio r 
fo r  combination s o f  resistors . 

Figur e 1 
Structura l  representation s o f  wate r  flo w an d o f 

simpl e electri c circuit ,  showin g structura l  overla p 
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Combinationa l  problems .  One wa y t o observ e dee p 
indirec t  inference s i n th e targe t  domai n i s t o as k 
about  differen t  combination s o f  components .  Fo r  example , 
we ca n as k ho w th e curren t  i n a  circui t  wit h tw o resis -
tor s i n serie s o r  i n paralle l  compare s wit h tha t  i n a 
simpl e one-resisto r  circuit .  Th e answer s ar e no t  ob -
vious .  Th e fou r  circuit s generate d b y serie s an d para -
lle l  combination s o f  batterie s an d resistor s ar e non -
transparent .  The y provid e a n excellen t  wa y t o observ e 
tru e inferences ,  a s oppose d t o shallo w verba l  associa -
tions .  T o deduc e th e curren t  i n thes e fou r  circuits , 
th e perso n mus t  mov e beyon d th e first-stag e naiv e model 
of  circuitr y (show n i n Figur e 1) .  Thi s firs t  leve l  o f 
insigh t  i s tha t  batterie s mak e fo r  mor e current ,  resis -
tor s mak e fo r  les s current .  Thes e rule s hol d fo r 
batterie s an d resistor s i n series ,  bu t  no t  fo r  paralle l 
combinations ,  a s show n i n Figur e 2 .  Paralle l  batterie s 
giv e th e sam e curren t  a s a  singl e system ,  no t  more ; 
whil e paralle l  resistor s allo w mor e curren t  tha n i n a 
simpl e circuit ,  no t  less . 
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F igu r e 2 , 
Curren t  an d vo l t ag e i n s imp l e seria l  an d para l le l 

con f igu ra t io n c i r c u i t s . 
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CROWD MODEL 

Again I have all these people coming along 
here .  I  hav e thi s bi g are a her e wher e peopl e 
ar e millin g around .  I  thin k i t  i s  crucia l 
tha t  I  separat e the m thoug h befor e the y ge t 
t o th e gate s . . .  I  ca n mode l  th e tw o gat e 
syste m b y jus t  puttin g th e tw o gate s righ t 
int o th e aren a jus t  lilc e that .  S o thi s i s 
one possibl e mode l  o f  th e tw o gat e system . 
Ther e ar e tw o gate s instea d o f  on e whic h 
seems t o impl y tha t  th e resistanc e woul d b e 
hal f  a s grea t  i f  ther e wer e onl y on e gat e 
fo r  al l  thos e people . 

Thi s protoco l  suggest s tha t  model s d o affec t  infer -
ences .  Th e followin g stud y test s thi s possibilit y  mor e 
on a  large r  scale .  I n thi s study ,  fairl y  naiv e hig h 
schoo l  an d colleg e student s wer e firs t  show n a  simpl e 
circui t  wit h a  batter y an d a  resistor ,  an d the n aske d 
t o giv e qualitativ e solution s fo r  th e fou r  combinatio n 
circuit s show n i n Figur e 2 .  The y wer e aske d t o circl e 
whethe r  th e curren t  (an d voltage )  i n eac h o f  th e combin -
atio n circuit s woul d b e greate r  than ,  equa l  to ,  o r  les s 
tha n tha t  o f  th e simpl e battery-resisto r  circuit .  Afte r 
the y gav e thei r  answer s fo r  al l  fou r  combinatio n cir -
cuits ,  the y wer e aske d t o describ e th e wa y the y though t 
about  electricity .  Then ,  fo r  eac h o f  th e fou r  circui t 
problems ,  the y wer e aske d t o circl e whethe r  the y ha d 
though t  abou t  flowin g fluid ,  movin g objects ,  o r  som e 
othe r  wa y o f  conceivin g o f  electricity .  The y wer e als o 
aske d question s abou t  water ,  t o b e sur e tha t  the y under -
stoo d th e bas e domain . 

Figur e 3  show s a  schemati c diagra m o f  paralle l  an d 
seria l  resistor s i n th e targe t  an d i n th e tw o bas e 
systems . 

F igu r e 3 

S E R I A L RESISTORS PARALLEL RESISTOR S 

Do analogie s mak e a  d i f f e r e n c e .  I f  sub jec t s ar e 
reall y usin g thei r  analogica l  mode l s t o unders tan d 
electronic s the y shoul d d ra w o n thei r  know ledg e o f  com -
binationa l  re la t ion s amon g th e co r respond in g componen t s 
i n thei r  respect iv e bas e d o m a i n s .  Eve n thoug h th e com -
ple x circui t  p rob lem s ar e couche d pure l y i n term s o f 
electronics ,  w e shoul d se e d i f f e rence s i n s u b j e c t s ' 
prediction s depend in g o n wh ic h mode l  the y u s e . 

For  examp le ,  her e a r e tw o sec t ion s o f  a  protoco l 
of  a  subjec t  t ry in g t o p red ic t  th e cu r ren t  i n a 
paral le l - resisto r  c i r cu i t .  I n th e f i r s t  s e c t i o n ,  sh e 
use s a  hydraul ic s mode l  w i t h reservo i r s fo r  b a t t e r i e s , 
whic h wa s he r  init ia l  m o d e l ,  an d der ive s th e wron g 
answe r  o f  les s cu r ren t .  I n th e secon d s e c t i o n ,  sh e 
use s a  crow d mode l  suggeste d t o he r  b y th e exper imen te r 
t o der iv e th e cor rec t  answe r  o f  m o r e c u r r e n t : 
HYDRAULICS MODEL WITH RESERVOIR 

We starte d of f  a s on e p i p e ,  bu t  the n w e sp l i t 
int o two .  No w doe s tha t  mak e an y d i f f e rence ? 
I  gues s i t  seem s t o m e tha t  thi s doe s mak e a 
d i f ference .  S o wha t  w e hav e her e i s  on e p i p e , 
on e sor t  o f  l in e comin g of f  an d the n w e le t  i t 
go l ik e tha t  fo r  a  w h i l e .  We le t  i t  sp l i t  o f f . 
We hav e a  d i f f e ren t  cu r ren t  i n th e sp l i t -o f f 
sec t ion ,  an d the n w e br in g i t  bac k toge the r . 
That' s a  who l e d i f f e ren t  th ing .  Tha t  jus t 
funct ion s a s on e bi g p ip e o f  som e obscu r e 
descr ip t ion .  S o y o u shoul d no t  ge t  a s  muc h 
current . 
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Subjec t  wh o use d th e flui d mode l  shoul d d o wel l  o n 
th e batter y quest ions .  Thi s i s becaus e seria l  an d 
paralle l  reservoir s combin e i n th e sam e manne r  a s ser -
ia l  an d paralle l  bat ter ies ,  an d th e combinationa l  d is -
t inction s ar e spatiall y  quit e distinc t  i n th e wate r 
domain .  Tw o equa l  reservoir s i n serie s (on e abov e th e 
other )  giv e mor e pressur e an d henc e a  greate r  rat e o f 
wate r  flo w tha n a  singl e reservoir .  However ,  sinc e 
wate r  pressur e depend s onl y o n height ,  no t  o n volume , 
tw o reservoir s i n paralle l  (sid e b y side )  yiel d onl y a 
rat e o f  flo w equa l  t o tha t  o f  a  singl e reservoir .  Thus , 
i f  th e flowin g flui d analog y i s generat ive ,  the n sub -
ject s wit h thi s mode l  (assumin g the y kno w th e wa y 
pressur e work s i n th e base )  shoul d b e abl e t o differ -
entiat e seria l  an d paralle l  configuration s o f  batteries . 
For  res is tors ,  however ,  th e flui d flo w mode l  wit h it s 
constr ict ion s shoul d no t ,  i n genera l ,  lea d t o a  stron g 
di f ferent iat io n betwee n seria l  an d paralle l  resistors . 
As th e protoco l  abov e shows ,  th e differen t  be -
twee n seria l  an d paralle l  constriction s i s fairl y 
opaqu e i n th e flui d flo w domain ;  therefor e subject s 
wit h thi s mode l  canno t  impor t  th e correc t  combination -
al  dist inctio n int o th e electricit y domain .  Thus ,  th e 
predictio n i s tha t  subject s wit h th e flui d flo w mode l 
shoul d d o bette r  wit h brtterie s tha n wit h resistors . 

For  subject s wit h th e moving-object s model ,  th e 
patter n shoul d b e quit e dif ferent .  I n thi s mode l , 
configuration s o f  batterie s shoul d b e relativel y di f f i -
cul t  t o d i f ferent iate ,  sinc e analogie s fo r  batterie s 
ar e har d t o find .  I n contrast ,  resistor s shoul d b e 
bette r  understood .  Thi s i s becaus e i n th e moving -
object s model ,  resistor s ar e ofte n see n a s gates .  Con -
ceivin g o f  resistor s a s gate s shoul d lea d t o bette r 
dif ferentiat io n betwee n th e paralle l  an d seria l  config -
urat ions .  I f  al l  th e object s mus t  pas s throug h tw o 
gate s on e afte r  th e othe r  (serial )  the n th e rat e o f 
flo w shoul d b e lowe r  tha n fo r  jus t  on e gate .  O n th e 
othe r  hand ,  i f  th e flo w split s an d move s throug h tw o 
paralle l  ga tes ,  the n th e rat e o f  flo w shoul d b e twic e 
th e rat e fo r  a  singl e gate .  Thu s subject s usin g thi s 
model  shoul d correctl y respon d tha t  paralle l  resistor s 
giv e mor e curren t  tha n a  singl e resistor ;  an d seria l 
res is tors ,  less . 

Overa l l ,  i f  thes e model s ar e trul y generativ e 
analogies ,  w e shoul d fin d tha t  th e fluid-flo w peopl e 
do bette r  wit h batterie s tha n resistors ,  an d th e 
moving-objec t  peopl e d o bette r  wit h resistor s tha n wit h 
batter ies . 

Results. Figure 4 shows the results for subjects 
who use d eithe r  th e fluid-flo w analog y o r  th e moving -
object s analog y consistently ,  o n al l  fou r  problems . 
For  th e fluid-flo w subjects ,  onl y thos e wh o correctl y 
answere d th e latte r  question s abou t  th e behavio r  o f 
reservoir s wer e included .  Thi s wa s t o insur e tha t 
subject s possesse d th e requisit e knowledg e i n th e bas e 
domain .  Ther e wer e nin e fluid-flo w subject s an d seve n 
moving-objec t  subjects . 

The pattern s o f  combinationa l  inferenc e ar e dif -
feren t  dependin g o n whic h mode l  th e subjec t  had .  A s 
predicted ,  peopl e wh o use d th e fluid-flo w mode l  per -
forme d bette r  o n batterie s tha n o n resistors .  Th e 
revers e i s tru e fo r  th e moving-objec t  people .  I n a 
Model  typ e x  Componen t  typ e x  Topolog y analysi s o f 
var iance ,  th e interactio n betwee n mode l  typ e an d cir -
cui t  componen t  i s signi f icant ;  ¥{i,is }  ='i(i ;  p  <  .0 5 . 

Conclusions .  Th e result s o f  th e stud y indicat e 
that ,  fo r  ou r  subjects ,  th e analogie s use d fo r  elec -
tricit y wer e trul y generative .  Us e o f  differen t  ana -
logie s le d t o systemati c difference s i n th e pattern s 
o f  correc t  an d incorrec t  inference s i n th e targe t 
domain .  Moreover ,  thes e combinatoria l  difference s ar e 
no t  easil y attr ibutabl e t o shallo w verba l  association s 
and communicativ e patterns .  Thes e analogie s see m t o 
be trul y generativ e fo r  ou r  subjects ;  structura l  re -

Flgur e I * 
Proportio n correc t  o n differen t  Itind s o f  circuit s fo r 

subject s usin g differen t  modei s o f  electricit y 
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lation s fro m th e bas e domai n ar e mappe d int o th e targe t 
domain ,  wher e the y genuinel y affec t  th e person' s con -
ceptua l  vie w o f  th e domain . 

The structure-mappin g interpretatio n o f  th e pro -
ces s avoid s tw o extrem e position s tha t  ofte n aris e i n 
discussion s o f  analog y a s explanation :  th e "vagu e 
metaphoricizing "  posit ion ,  whic h hold s tha t  analog y i s 
inherentl y illogica l  an d unhelpful ,  an d th e "appropri -
at e abstractions "  posit ion ,  whic h emphasize s th e fac t 
tha t  analogie s conve y correc t  knowledg e abou t  th e 
targe t  domain .  Th e structure-mappin g vie w i s neutra l 
wit h respec t  t o whethe r  analog y pe r  s e i s helpfu l  o r 
harmful .  Accordin g t o th e structure-mappin g view ,  th e 
inference s conveye d b y a  give n analog y ar e no t  neces -
saril y  eithe r  correc t  o r  incorrect ;  the y ar e predicta -
bl e fro m th e predicat e structur e i n th e tw o domains . 
Relationa l  predicates ,  particularl y thos e tha t  parti -
cipat e i n higher-orde r  system s o f  relat ions ,  ar e mos t 
likel y t o b e mapped ;  bu t  thes e ma y b e eithe r  correc t 
(a s i n th e cas e o f  th e moving-objec t  mode l  applie d t o 
paralle l  resistors )  o r  incorrec t  o r  indeterminan t  (a s 
when th e moving-objec t  mode l  i s applie d t o batteries) . 
The mor e w e kno w abou t  th e structur e o f  analogy ,  th e 
bette r  w e ca n desig n goo d educationa l  analogie s an d 
predic t  th e proble m tha t  wil l  occu r  i n us e o f  an y give n 
analogy . 
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