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A b s t r a c  t

EFFECTS OF TASK CONTEXT AND DOMAIN KNOWLEDGE ON ANALOGICAL 

TRANSFER OF SCIENCE KNOWLEDGE

by

I n e s  de G r e g o r i i s  Solomon 

A d v i s o r :  P r o f e s s o r  Ca r o l  T i t t l e

An a n a l o g y  i s  u s e d  when commonal  i t i e s  i n f e r r e d  

b e t we e n  p a s t  e x p e r i e n c e s  a nd  a c u r r e n t  e v e n t  i n c r e a s e  c o m p r e h e n s i o n  

o r  h e l p  s o l v e  a p r o b l e m .  In i n t r o d u c t o r y  s c i e n c e  c o u r s e s ,  t e a c h e r s  

o f t e n  u s e  a n a l o g i e s  t o  b r i d g e  g a p s  be t we e n  s t u d e n t s "  l i m i t e d  domain 

knowl edge  and  t h e  s p e c i - f i c  c o n c e p t  u n d e r  s t u d y  ( p o s i t i v e  t r a n s - f e r ) .  

Y e t ,  -for o v e r  a h a l f  c e n t u r y ,  a n a l o g i c a l  t r a n s f e r  s t u d i e s  show t h a t  

a p p r o x i m a t e l y  n i n e t y  p e r c e n t  o f  s u b j e c t s  t e s t e d  do n o t  t r a n s f e r  

c a u s a l  r e l a t i o n s h i p s  in an a n a l o g  t o  t h e  p r o b l e m  t h e y  w i s h  t o  

s o l v e .

T h i s  s t u d y  s u g g e s t s  t h a t  c o n t e x t  d e p e n d e n c y  a nd  a 

l e a r n e r ' s  t y p e  o f  k n o wl e d g e  b a s e  a r e  i m p l i c a t e d  in poor  a n a l o g i c a l  

t r a n s f e r  in e x p e r i m e n t a l  c o n d i t i o n s .  The c o n t e x t s  h y p o t h e s i z e d  t o  

i n f l u e n c e  p o s i t i v e  a n a l o g i c a l  t r a n s f e r  a r e  t h o s e  in wh i ch  t he

I V



a n a l o g s  a r e  1.  s t r u c t u r a l l y  a s s o c i a t e d  w i t h  r e l a t i o n s h i p s  in a 

t a r g e t  s c i e n c e  t a s k  a nd  a r e  2 .  p h r a s e d  in a p r o b l e m  - format .  The 

■form o-f p r i o r  k n o w l e d g e ,  g e n e r a l  o r  s p e c i f i c ,  was  a l s o  h y p o t h e s i z e d  

t o  p r e d i c t  p o s i t i v e  a n a l o g i c a l  t r a n s f e r  in t h e  s c i e n c e  c l a s s r o o m .

The s u b j e c t s ,  266  f r e s h m e n  in an u r b a n  h i g h  s c h o o l ,  

r e c e i v e d  t h r e e  we e k s  o f  s p e c i f i c  s c i e n c e  i n s t r u c t i o n  in t h e i r  

c l a s s r o o m s ,  by t h e i r  s c i e n c e  t e a c h e r s .  P r i o r  t o  i n t e r v e n t i o n ,  two 

knowl edge  a s s e s s m e n t s  o f  t h e i r  g e n e r a l  and  s p e c i f i c  s c i e n c e  

knowl edge  wer e  made .  A f t e r  random a s s i g n m e n t  t o  one o f  f o u r  

e x p e r i m e n t a l  g r o u p s ,  t h e  s t u d e n t s  r e a d  one o f  f o u r  a n a l o g s  t h a t  

d i f f e r e d  in t y p e  < i s o m o r p h i c  in s t r u c t u r e  o r  in s u r f a c e )  a nd  f o r m a t  

( i n  p r o b l e m o r  s t o r y  f o r m ) .  They  a nd  a  c o n t r o l  g r ou p  t he n  

a t t e m p t e d  t o  s o l v e  a p r o b l e m c o n c e r n i n g  t h e  s p e c i f i c  c o n c e p t  t h e y  

ha d  s t u d i e d  e a r l i e r .  The p r o b l e m  was  t y p i c a l  f o r  s c i e n c e  s t u d e n t s .

Al l  a s p e c t s  o f  t h e  s t u d y  -  i n s t r u c t i o n ,  knowl edge  

a s s e s s m e n t s ,  a nd  i n t e r v e n t i o n s  -  we r e  c a r r i e d  o u t  in t h e  c l a s s r o o m .  

R e s u l t s  o f  a  p r i o r i  c o n t r a s t s  b a s e d  on a r a n d o m i z e d  b l o c k  d e s i g n ,  

a nd  m u l t i p l e  r e g r e s s i o n  a n a l y s e s  showed t h a t  s p e c i f i c  c o n t e x t s  of  

a n a l o g  t y p e  and  f o r m a t  e n h a n c e d  a n a l o g i c a l  t r a n s f e r  f o r  t h e  

s t u d e n t s  in t h i s  s t u d y .  M o r e o v e r ,  g i v e n  k nowl e dge  o f  t h e  s t u d e n t s '  

g r oup  a s s i g n m e n t  a nd  t r e a t m e n t ,  t h e  fo rm o f  t h e  s t u d e n t s '  p r i o r  

knowl edge  was  a f a c t o r  t h a t  i n c r e a s e d  t h e  a c c u r a c y  o f  t he  

p r e d i c t i o n  o f  s u c c e s s f u l  a n a l o g i c a l  t r a n s f e r .
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EFFECTS OF TASK CONTEXT AND DOMAIN KNOWLEDGE ON

ANALOGICAL TRANSFER OF SCIENCE KNOWLEDGE

I INTRODUCTION

I t  i s  common f o r  p e o p l e  t o  draw a n a l o g i e s  be t we e n  

t h e i r  p a s t  e x p e r i e n c e s  a n d  t h e  c i r c u m s t a n c e s  in a c u r r e n t  s i t u a t i o n  

in o r d e r  t o  i n t e g r a t e  t h e i r  u n d e r s t a n d i n g  o r  s o l v e  a p r o b l e m .  In 

s c i e n c e ,  t e a c h e r s  u s e  a n a l o g i e s  f o r  b o t h  t h e s e  p u r p o s e s  ( G e n t n e r , 

1 9 8 3 ) .  A n a l og y  i s  t h e  i n f e r e n c e  t h a t  c e r t a i n  s i m i l a r i t i e s  e x i s t  

b e t we e n  p a s t  a nd  p r e s e n t  e v e n t s .  Most  i m p o r t a n t l y ,  t h e  i n f e r e n c e  

i m p l i e s  f u r t h e r  p r o b a b l e  s i m i l a r i t i e s  be t we e n  t h e s e  e v e n t s  

< T v e r s k y ,  1 9 7 7 ) .  The us e  o f  a n a l o g i e s  ca n  a s s i s t  s c i e n c e  s t u d e n t s  

in a c c e s s i n g  wha t  t h e y  a l r e a d y  knew in o r d e r  t o  u n d e r s t a n d  u n s e e n  

n a t u r a l  phenomena .  R e a s o n i n g  by a n a l o g y  can  t h u s  be c o n s i d e r e d  a 

p o w e r f u l  c o g n i t v e  h e u r i s t i c  t h a t  p r o m o t e s  k nowl e dge  a c q u i s i t i o n .  

Th u s  s c i e n c e  t e a c h e r s  u s e  a n a l o g i e s  in i n t r o d u c t o r y  s c i e n c e  c o u r s e s  

t o  h e l p  b r i d g e  t h e  gap b e t w e e n  s t u d e n t s '  f o r m a l  s c i e n c e  e x p e r i e n c e s  

a nd  t h e  complex a nd  s o m e t i m e s  c o u n t e r i n t u i t i v e  s c i e n c e  phenomena 

i n t r o d u c e d  in c l a s s .

Ye t  e m p i r i c a l  s t u d i e s  in v a r i o u s  d o m a i n s ,  i n c l u d i n g  

s c i e n c e ,  show t h a t  t h e  u s e  o f  a n a l o g y  t o  i n c r e a s e  c o mp r e h e n s i o n  or  

s o l v e  p r o b l e m s  i s  s u r p r i s i n g l y  l ow.  When g r o u p s  t e s t e d  in t h e s e  

s t u d i e s  u s e d  an a n a l o g  p r o v i d e d  by t h e  e x p e r i m e n t e r s  p r i o r  t o  

a t t e m p t i n g  t o  s o l v e  a p r o b l e m  t a s k ,  l e s s  t h a n  t w e n t y  p e r c e n t  d i d  

s o .  W i t h o u t  p r o m p t i n g  f rom t h e  e x p e r i m e n t e r s ,  f ew u s e d  t h e  o p e n l y  

a v a i l a b l e  a n a l o g  t o  u n d e r s t a n d  a nd  s o l v e  a  n o v e l  p r o b l e m  o r  a d a p t



a p r o b l e m  s o l u t i o n  t o  a n o t h e r  a p p r o p r i a t e  c o n t e x t  ( Br own , Ka ne ,  & 

Long,  1987;  Gick 6c H o l y o a k ,  1?SC; W e i s b e r g ,  d e C a m i l l o ,  & P h i l l i p s ,  

1 9 7 8 ) .

R e s e a r c h e r s  s e e k i n g  t o  s t u d y  t h e  u s e  o f  a n a l o g i e s  t o  

i mprove  p r o b l e m  s o l v i n g  o r  knowl edge  u s e  have  g e n e r a l l y  t a k e n  two 

a p p r o a c h e s :  t h e  m a n i p u l a t i o n  o f  t h e  t a s k  o r  e n h a n c e me n t  o f  t h e  

knowl e dge  b a s e  o f  t h e  l e a r n e r .  Both a p p r o a c h e s  ha ve  been t a k e n  

s e p a r a t e l y ,  and  a l m o s t  a l w a y s  in a 1:1 e x p e r i m e n t a l  s e t t i n g .

The t a s k  m a n i p u l a t i o n  a p p r o a c h  t o  t h e  s t u d y  o f  

i mp r o v i n g  a n a l o g i c a l  t r a n s f e r  g e n e r a l l y  i n v o l v e d  a l t e r i n g  t he  

a n a l o g y  and  i t s  c o n t e x t .  I n  t h e s e  c o n t e x t u a l  s t u d i e s  t h e  a n a l o g y  

was  s i t u a t e d  s o  t h a t  i t  more  c l o s e l y  r e p l i c a t e d  t h e  t a r g e t  p r o b l e m  

in f u n c t i o n  and  fo rm ( C r i s a f i  6c B r o w n , 1986;  P e r f e t t o ,  B r a n s f o r d  & 

F r a n k s ,  1 9 8 3 ) .  O f t e n  p e r f o r m a n c e  impr oved  o n l y  a f t e r  e x p e c t a t i o n s  

o f  s p o n t a n e o u s  a n a l o g i c a l  t r a n s f e r  wer e  a b a n d o n e d  a nd  h i n t s  or  

p r o m p t s  we r e  g i v e n  t o  s u b j e c t s  t o  us e  t h e  a v a i l a b l e  a n a l o g s  ( Gi ck  6c 

H o l y o a k ,  1 9 8 0 ) .  In none  o f  t h e s e  c o n t e x t  m a n i p u l a t i o n  s t u d i e s  

w e r e  s u b j e c t s '  p r i o r  kno wl e d g e  o r  t h e  r o l e  p l a y e d  by domain 

knowl e dge  e x a m i n e d .

The k n o wl e d g e  b a s e  a p p r o a c h  i n v o l v e d  t h e  l e a r n e r ' s  

p r i o r  knowl edge  o r  k n o wl e d g e  b a s e  and  p r e p a r a t i o n .  E x p e r t - n o v i c e  

a n a l o g y  p e r f o r m a n c e s  h a v e  been  c ompa r ed  in o r d e r  t o  e s t a b l i s h  

c r i t e r i a  f o r  t r a i n i n g  ( L a r k i n  6c R e i f ,  1 9 7 9 ) .  Some i n v e s t i g a t i o n s  

s o u g h t  t o  i nduce  s chema  f o r m a t i o n  in t h e i r  s u b j e c t s  o r  p r o v i d e d  

i n t e n s i v e  s h o r t - t e r m  t r a i n i n g  in t h e  r e c o g n i t i o n  a nd  us e  o f  

a n a l o g i e s  ( A l e x a n d e r ,  P a t e ,  Kul kowi ch  & W r i g h t ,  1988;  B r a n s f o r d ,
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Sher wood ,  H a s s e l b r i n g ,  K i n z e r  & W i l l i a m s ,  1989;  Gick & H o l y o a k ,  

1 9 8 3 ) .  However ,  t h e s e  k nowl e dge  b a s e  s t u d i e s  d i d  n o t  e x p l o r e  t h e  

c o n t e x t  in wh i ch  t h e  a n a l o g  i s  s i t u a t e d ,  a nd  i t s  e f f e c t  on w h e t h e r  

p r i o r  knowl edge  wo u l d  be a c c e s s e d  o r  r e m a i n  i n e r t .  Nor  d i d  t h e s e  

knowl e dge  s t u d i e s  t a k e  p l a c e  o v e r  e x t e n d e d  p e r i o d s  o f  t i m e ,  in 

t h e i r  e n t i r e t y ,  in t h e  c l a s s r o o m .

T h u s ,  two a r e a s  n o t  y e t  p a i r e d  a nd  p o s s i b l y  

i m p l i c a t e d  in t h e  low l e v e l  o f  s p o n t a n e o u s  a n a l o g i c a l  t r a n s f e r  a r e  

p r i o r  domain knowl e dge  a n d  t h e  c o n t e x t  o f  t h e  a n a l o g y  t a s k .  T h a t  

i s ,  t h e  p r o b l e m  c o n t e x t  a s  w e l l  a s  t he  s c i e n c e  c o mp e t en c e  o f  t he  

l e a r n e r  may b o t h  be q u a l i f i e r s  o f  t h e  u s e  o f  a n a l o g i c a l  t r a n s f e r .  

P r e l i m i n a r y  work in e a c h  h a s  b e e n  a c c o m p l i s h e d ,  b u t  no  s t u d y  t o  

d a t e  h a s  u s e d  b o t h  a s  i n d e p e n d e n t  v a r i a b l e s .

T h i s  s t u d y  e x p l o r e s  t h e  c ombi ne d  e f f e c t s  o f  t h e s e  

two a r e a s ,  t a s k  c o n t e x t  a nd  p r i o r  s c i e n c e  k n o w l e d g e ,  on s p o n t a n e o u s  

a n a l o g i c a l  t r a n s f e r  by a d o l e s c e n t s .  S p e c i f i c a l l y ,  t h e  s t u d y  

e x a m i n e s  t h e  e f f e c t s  o f  two t a s k  c o n t e x t s ,  t h e  t y p e  a nd  f o r m a t  o f  

t h e  a n a l o g y  on p o s i t i v e  a n a l o g i c a l  t r a n s f e r  in t h e  c l a s s r o o m .  The 

s t u d y  a l s o  e x a mi n e s  t h e  e f f e c t s  o f  g e n e r a l  domain  c o m p e t en c e  in 

s c i e n c e  a nd  s p e c i f i c  domain  k n o wl e d g e ,  t h e  k i n e t i c  m o l e c u l a r  

t h e o r y ,  on p o s i t i v e  a n a l o g i c a l  t r a n s f e r .  The s u b j e c t s  a r e  s t u d e n t s  

in an i n t r o d u c t o r y  n i n t h - y e a r  h i g h  s c h o o l  s c i e n c e  c o u r s e .  The 

d e f i n i t i o n s  o f  m a j o r  t e r m s  u s e d  in t h e  s t u d y  a r e  g i v e n  in T a b l e  1.

The n e x t  c h a p t e r  r e v i e w s  t h e  r e s e a r c h  t h a t  h a s  

s o u g h t  t o  improve a n a l o g i c a l  t r a n s f e r  by e i t h e r  a d d r e s s i n g  t h e  t a s k  

c o n t e x t  o r  t h e  s t u d e n t s "  k n o wl e d g e  b a s e ,  a nd  t h e  m o s t  r e c e n t



i n v e s t i g a t i o n s  t h a t  have  l e d  t o  t h e  h y p o t h e s e s  e x a mi ne d  in t h i s  

s t u d y .  S u b s e q u e n t  c h a p t e r s  d e s c r i b e  h y p o t h e s e s ,  m e t h o d o l o g y ,  and  

a n a l y s i s  o-f t h i s  s t u d y  o-f t h e  e f - f e c t s  o f  b o t h  t a s k  c o n t e x t  and 

s c i e n c e  knowl edge  b a s e  on p o s i t i v e  a n a l o g i c a l  t r a n s f e r .
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T a b l e  1 

D e f i n i t i o n  o f  Terms

An a l o o y  The i n f e r e n c e  t h a t  c e r t a i n  r e s e m b l a n c e s  be t ween  a p a s t  

e v e n t  a nd  a  c u r r e n t  p r o b l e m i mply p r o b a b l e  f u r t h e r  

s i m i l a r i t y .  ( Gi ck  & Ho l y o a k ,  1980)

S t r u c t u r a l  a n a l o o y  An a n a l o g y  t h a t  p o s s e s s e s  t h e  f u n c t i o n a l

r e l a t i o n s h i p  t o  be mapped t o  t h e  c u r r e n t  p r ob l e m or

e v e n t .  ( G e n t n e r ,  1983)

S u r f a c e  An a l o o y  An a n a l o g y  t h a t  p o s s e s s e s  s y n t a c t i c

s i m i l a r i t i e s  in common w i t h  t h e  t a r g e t  p r o b l e m t h a t  

a r e  i r r e l e v a n t  f o r  s o l u t i o n . ( G e n t n e r , 1983)

Base  A p a s t  e v e n t  f rom whi ch  one d r a w s  t h e  a n a l o g y .

Base a na l oQ A c o n t e x t u a l l y  m a n i p u l a t e d  b a s e  t o  wh i c h  t he

e x p e r i m e n t a l  g r o u p s  w i l l  be e x p o s e d  p r i o r  t o  a t a r g e t  

s c i e n c e  p r o b l e m . ( a s  p e r  Gick & H o l y o a k ,  1980)

T a r g e t  An e v e n t  o r  i n f o r m a t i o n  t o  be u n d e r s t o o d  o r  t he  p r ob l em

t o  be s o l v e d . ( G i c k  & Ho l y o a k ,  1980)

T a r g e t  p r o b l e m The k i n e t i c  m o l e c u l a r  p r o b l e m  t o  s o l v e  f o l l o w i n g  

e x p o s u r e  t o  a b a s e  a n a l o g .  An s w e r s  t o  s i x  t a r g e t  

p r o b l e m  q u e s t i o n s  a r e  t h e  d e p e n d e n t  v a r i a b l e s .

P o s i t i v e  a n a l o o i c a l  t r a n s f e r  Us i ng  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  

p r e s e n t  in t he  b a s e  a n a l o g  t o  c ompr e he nd  a s c i e n c e  

c o n c e p t  o r  s o l v e  a p r o b l e m ( G i c k , 1987)

N e o a t i v e  a n a l o o i c a l  t r a n s f e r  Us i ng  i r r e l e v a n t  s y n t a c t i c



e l e m e n t s  w i t h i n  t h e  b a s e  a n a l o g  t h a t  r e d u c e  s o l u t i o n  

be l ow t h e  l e v e l  a t t a i n e d  by a c o n t r o l  g r ou p  w i t h o u t  

an a n a l o g  ( G i c k ,  1987)

Pr ob l e m -format  The b a s e  a n a l o g  i s  p r e s e n t e d  in t h e  fo rm o f  a 

word p r o b l e m  t o  be s o l v e d .

S t o r y  f o r m a t  The b a s e  a n a l o g  i s  p r e s e n t e d  in t h e  n a r r a t i v e  form 

o f  a s t o r y .

S p o n t a n e o u s  s o l u t i o n  U t i l i z i n g  i n f o r m a t i o n  f r om a g i v e n  b a s e

a n a l o g  f o r  s o l u t i o n  p u r p o s e s  w i t h o u t  r e c e i v i n g  a prompt

t o  do s o .  ( G e n t n e r ,  1983)
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I I  LITERATURE REVIEU1 

Overv i ew

An a n a l o g y  i s  c o n s i d e r e d  a v a l u a b l e  t e a c h i n g  mechan i sm 

t h a t  can be u s e d  t o  i n t e g r a t e  u n d e r s t a n d i n g  -for s c i e n c e  s t u d e n t s  

< P o l y a ,  1957,  S c h o e n - f e l d ,  1985 ,  S i l v e r ,  1 9 8 5 ) .  Formal  s c i e n c e ,  w i t h  

i t s  e x t e n s i v e  v o c a b u l a r y  a nd  i t s  - f o r mi dab l e  h i e r a r c h y  o-f k n owl e dge ,  

r e q u i r e s  b a c k g r o u n d  k n o wl e d g e  t h e  b e g i n n i n g  s c i e n c e  s t u d e n t  l a c k s  

( C a r e y ,  1 9 8 6 ) .  Th u s  a  t e a c h e r ' s  u s e  o-f an a n a l o g y  a s s u m e s  t h a t  

- f u n c t i o n a l  a s p e c t s  wi t h  i n t h e  b a s e  a n a l o g  w i l l  make c l e a r  

c o r r e s p o n d i n g  - f u n c t i o n a l  a s p e c t s  in t h e  s c i e n c e  c o n c e p t ,  t h e  t a r g e t  

p r o b l e m .

T h i s  c h a p t e r  w i l l  show t h a t  d e s p i t e  r e s e a r c h e r s '  

a s s u m p t i o n s  r e g a r d i n g  t h i s  me c h a n i s m ,  a n a l o g i c a l  t r a n s f e r  r e m a i n s  

d e m o n s t r a b l y  p o o r .  E x p e r i m e n t a l  e v i d e n c e  o f  low a n a l o g i c a l  t r a n s f e r  

h a s  been  a t t r i b u t e d  t o  a v a r i e t y  o f  s p e c i f i c  n o n - s c i e n c e  

i n s t r u c t i o n a l  c o n t e x t s  s u c h  a s  t h e  t y p e  o r  f o r m a t  o f  t h e  a n a l o g .

Poor  a n a l o g i c a l  t r a n s f e r  h a s  a l s o  been  a t t r i b u t e d  t o  i n a d e q u a t e  

p r i o r  s c i e n c e  kno wl e d g e  a nd  t h e  r e s u l t a n t  i n a b i l i t y  o f  a l e a r n e r  t o  

p e r c e i v e  r e l e v a n t  p a t t e r n s  be t we e n  t h e  b a s e  a n a l o g  a nd  t h e  t a r g e t e d  

s c i e n c e  c o n c e p t .

A b r i e f  o u t l i n e  o f  e x p e r i m e n t a l  s t u d i e s  o f  a n a l o g i e s  

w i l l  be d e s c r i b e d  in t h e  f i r s t  s e c t i o n  o f  t h i s  c h a p t e r .  Component s  

u n d e r l y i n g  a n a l o g i c a l  r e a s o n i n g ,  i d e n t i f i e d  a s  t h e  i n t e g r a l  

p r o c e s s i n g  s t e p s  o f  e n c o d i n g  a nd  mapp i ng  t h e  a n a l o g y ,  w i l l  f o l l o w .

The s e c o n d  s e c t i o n  o f  t h i s  c h a p t e r  w i l l  exami ne  r e s e a r c h



a t t e m p t s  t o  f a c i l i t a t e  s p o n t a n e o u s  u s e  o f  r e l e v a n t  i n f o r m a t i o n  by 

m a n i p u l a t i n g  t h e  c o n t e x t  o f  t h e  a n a l o g  a nd  t a s k .  An e a r l y  

e x p e r i m e n t e r ' s  f a i l u r e  t o  o b t a i n  a n a l o g i c a l  t r a n s f e r  ( Du n c Ke r , 1945)  

was  t h e  s p r i n g b o a r d  f o r  c u r r e n t  r e s e a r c h  s e e k i n g  t o  improve t r a n s f e r  

by a n a l o g y  ( p o s i t i v e  a n a l o g i c a l  t r a n s f e r ) ,  a nd  how t o  p r e v e n t  

i r r e l e v a n t  y e t  s e e m i n g l y  s a l i e n t  s y n t a c t i c a l  e l e m e n t s  p r e s e n t  in t h e  

c o n t e x t  o f  t h e  a n a l o g y  f r om p r o d u c i n g  d e c r e m e n t s  in t r a n s f e r  

( n e g a t i v e  a n a l o g i c a l  t r a n s f e r ) .

In  t h e  t h i r d  s e c t i o n ,  r e s e a r c h  in how p r i o r  knowl edge  

a f f e c t s  a n a l o g i c a l  t r a n s f e r  w i l l  be r e v i e w e d .  T h e r e  have  been 

c l a i m s  t h a t  a s s e s s m e n t s  o f  a n a l o g i c a l  s i m i l a r i t i e s  c ha nge  a s  a 

f u n c t i o n  o f  t h e  d e v e l o p m e n t  o f  e x p e r t i s e  in a s p e c i f i c  domain 

( S t e r n b e r g ,  1 9 7 7 ) .  O t h e r s  c o n s i d e r  g e n e r a l  domai n  knowl edge  more 

p r e d i c t i v e  o f  w h e t h e r  o r  n o t  d i m e n s i o n s  in t h e  b a s e  a n a l o g  e s c a p e  

t h e  a t t e n t i o n  o f  t h e  s c i e n c e  s t u d e n t  ( J a n v i e r , 1 9 8 7 ) .

F i n a l l y ,  t h i s  c h a p t e r  w i l l  s u mma r i z e  f i n d i n g s  t h a t  a r e  

r e l e v a n t  t o  t h e  s t u d y  o f  t h e  e f f e c t  o f  t a s k  c o n t e x t  and  p r i o r  

knowl edge  on s o l u t i o n  by a n a l o g y .

A n a l oo  P r o c e s s i n g

A n a l o g i e s  a r e  l e a r n i n g  m e c h a n i s m s  c r u c i a l  t o  knowl edge  

a c q u i s i t i o n  (Brown,  1 9 8 9 1 Chi & B a s s o c k ,  1989 ;  G i c k ,  1 9 8 7 ) .  They 

f a c i l i t a t e  t h e  r e t r i e v a l  a nd  a p p l i c a t i o n  o f  a p p r o p r i a t e  e x p e r i e n c e s  

t o  c u r r e n t  p r o b l e m s  a n d  a s  s u c h  a r e  t e a c h i n g  a i d s .  O b s e r v e r s  o f  

i n t r o d u c t o r y  s c i e n c e  c l a s s e s  can  n o t e  t h a t  t e a c h e r s  o f t e n  r e f e r  t o  

a n a l o g i e s  d u r i n g  t h e  c o u r s e  o f  i n s t r u c t i o n .



G e n t n e r  ( 1 9 8 3 )  d e - f i n e s  an a n a l o g y  a s  a c o r r e s p o n d e n c e  

be t we en  a p r i o r  a nd  c u r r e n t  e v e n t .  The c o r r e s p o n d e n c e s  a r e  e x p e c t e d  

t o  e x t e n d  beyond  s i m i l a r i t i e s  n o t  e x p l i c i t l y  s t a t e d  in t he  a n a l o g .

As s u c h ,  a n a l o g i c a l  r e a s o n i n g  h a s  been  a - focus o-f i n v e s t i g a t i o n  -for 

c o g n i t i v e  a nd  e d u c a t i o n a l  p s y c h o l o g i s t s  -for many y e a r s .  Duncker  

<1945)  i s  t h e  r e f e r e n t  p o i n t  m o s t  c i t e d  in t h e  c u r r e n t  r e s e a r c h  in 

p r o b l e m  s o l v i n g  by a n a l o g y .  He s o u g h t  t o  e xa mi ne  how p r o b l e m 

s o l u t i o n s  a r e  t r a n s f e r r e d  by a s e r i e s  o f  e x p e r i m e n t s .  The 

p a r t i c u l a r  p r o b l e m  g i v e n  t o  h i s  s u b j e c t s  wh i c h  i n t e r e s t s  u s  h e r e  i s :

Given a human b e i n g  w i t h  an i n o p e r a b l e  s t oma c h  tumor  

and  r a y s  w h i c h  d e s t r o y  o r g a n i c  t i s s u e  a t  s u f f i c i e n t  

i n t e n s i t y ,  by w h a t  p r o c e d u r e  ca n  one f r e e  him o f  t he  

by t h e s e  r a y s  a nd  a t  t h e  same t i me  a v o i d  d e s t r o y i n g

h e a l t h y  t i s s u e  w h i c h  s u r r o u n d s  i t ?

P r o t o c o l s  o f  s t u d e n t s '  b r a i n - s t o r m i n g  s e s s i o n s  wh i c h  f o l l o w e d  showed 

t h a t  a f ew s u g g e s t e d ,  " . . . c r o s s i n g  s e v e r a l  weak b u n d l e s  o f  r a y s  t o  

t h e  t u m o r ,  s o  t h a t  t h e  i n t e n s i t y  n e c e s s a r y  f o r  d e s t r u c t i o n  i s  

a t t a i n e d  o n l y  h e r e  t a t  t h e  t u m o r ] 0 <1945,  p . 1 9 ) .  The o t h e r

s u g g e s t i o n s  wer e  deemed i n a d e q u a t e  by Duncke r  a s  n o t  o b s e r v i n g  t h e

c o n s t r a i n t s  o f  t he  p r o b l e m .  H i s  s u b j e c t s  < u n i v e r s i t y  a nd  h i g h  

s c h o o l  s t u d e n t s )  we r e  t h e n  i n d i v i d u a l l y  r e q u i r e d  t o  s o l v e  t h e  tumor  

p r o b l e m ,  b u t ,  " . . . n o t  one  was  s t i m u l a t e d  t o  u s e  t h e  [ c o r r e c t ]  

s o l u t i o n , "  even  a f t e r  t h e y  r e c e i v e d  a d i a g r a m  w h i c h  shewed  X-Rays  

e n t e r i n g  f rom d i f f e r e n t  d i r e c t i o n s  < p . 2 2 > .
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In  1980,  Gi ck  & Hol yoak  r a n  a s e r i e s  o f  e x p e r i m e n t s  

i n v o l v i n g  t he  Duncker  p r o b l e m .  S u b j e c t s  we r e  g i v e n  an e l a b o r a t e d  

v e r s i o n  o f  a s t o r y  <a b a s e  a n a l o g )  a b o u t  a g e n e r a l  who s u c c e s s f u l l y  

s t o r m e d  a f o r t r e s s  by d e p l o y i n g  h i s  l i m i t e d  f o r c e s  f rom v a r y i n g  

c o n v e r g i n g  a p p r o a c h e s  r a t h e r  t h a n  by s e n d i n g  h i s  e n t i r e  army a s  a 

s i n g l e  u n i t  down an e a s i l y  a c c e s s i b l e ,  b u t  h e a v i l y  g u a r d e d  r o a d  t o  

t h e  f o r t r e s s .  F o l l o w i n g  t h e  b a s e  a n a l o g  s t o r y ,  t h e i r  s u b j e c t s  were  

g i v e n  D u n c k e r ' s  tumor  p r o b l e m  t a s k  ( t h e  t a r g e t ) .  On t h e  a v e r a g e ,  

t en  p e r c e n t  s p o n t a n e o u s l y  a p p l i e d  t h e  a n a l o g y  s t o r y  t o  s o l v e  t h e  

p r o b l e m .  However ,  i f  g i v e n  a p r ompt  by t h e  e x p e r i m e n t e r s  t o  u s e  t he  

f o r t r e s s  n a r r a t i v e  t o  s o l v e  t h e  t umor  p r o b l e m ,  o v e r  60’/. made t h e  

s u c c e s s f u l  t r a n s f e r  o f  s o l u t i o n .  T h i s  i n d i c a t e d  t h a t  t h e i r  s u b j e c t s  

u n d e r s t o o d  p i v o t a l  c o r r e s p o n d e n c e s  b e t w e e n  t h e  b a s e  a nd  t h e  t a r g e t  

b u t  d i d  n o t  a c c e s s  wha t  t h e y  knew w i t h o u t  o v e r t  p r o m p t s .

From D u n c k e r ' s  t i me  t o  t h i s ,  t h e  f a i l u r e  o f  p e o p l e  t o  

s p o n t a n e o u s l y  and  s u c c e s s f u l l y  u s e  an o p e n l y  a v a i l a b l e  a n a l o g y  t o  

t r a n s f e r  a p r o b l e m  s o l u t i o n  t h e y  p o s s e s s  h a s  been  w e l l  doc ume n t ed  

( P e r f e t t o ,  B r a n s f o r d  & F r a n k s ,  1 9 8 3 ) .

C u r r e n t  p s y c h o l o g i s t s  de c ompos e d  t h e  s t u d y  o f  a n a l o g i c a l  

t r a n s f e r  i n t o  a s e r i e s  o f  s u b p r o c e s s e s  in an a t t e m p t  t o  u n d e r s t a n d  

t h e  r e a s o n s  u n d e r l y i n g  n o n - s p o n t a n e o u s  u s e  o f  a n a l o g i e s  in 

e x p e r i m e n t a l  s e t t i n g s .  T h e y  h a v e  r e f e r r e d  t o  c o n c e p t s  in 

i n f o r m a t i o n - p r o c e s s i n g  t h e o r y  t o  e x p l a i n  how p e o p l e  make 

r e p r e s e n t a t i o n s  a nd  us e  a n a l o g i e s  t o  make v a l u a b l e  i n f e r e n c e s .  Tha t  

i s ,  t h e y  have  e x a mi n e d  how a n a l o g i e s  a r e  n o t i c e d  a nd  e n c o d e d ,  and  

how t h e y  a r e  p r o c e s s e d ,  r e t r i e v e d  a nd  a p p l i e d .
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The d e s c r i p t i o n  o f  t h e  f o l l o w i n g  e x p e r i e n t i a l  l e a r n i n g  

s e q u e n c e s  h a s  been drawn f rom t h e  work o f  s e v e r a l  r e s e a r c h e r s .  The 

s e q u e n c e s  a r e  n o t  common t o  a l l  r e s e a r c h e r s ,  b u t  a r e  i n c l u d e d  h e r e  

t o  p r o v i d e  a c o m p o s i t e  o f  t h e  s t e p s  t h a t  a p p e a r  t o  be i n v o l v e d  in 

p r o b l e m s o l v i n g  by a n a l o g y .  ( 1 )  The b a s e  a n a l o g  i s  a s o u r c e  

a c c e s s e d  f rom memory b e c a u s e  t h e  l e a r n e r  h a s  n o t i c e d  some r e l e v a n c e  

t o  t h e  t a r g e t  p r o b l e m  ( T h o r n d i k e  1913 ,  T h o r n d y k e ,  1 9 7 7 ) .  ( 2 )

J u d g e me n t s  o f  s i m i l a r i t y  o r  t y p i c a l i t y  a r e  made be t we en  t h e  b a s e  and 

t h e  t a r g e t ,  s u b j e c t  t o  t h e  l e a r n e r ' s  s p e c i f i c  knowl edge  b a s e .  T h i s  

f a c i l i t y  o f  j u d g e m e n t  o r  c o d i n g  may become a u t o m a t i z e d  o v e r  t i me  and 

e x p e r i e n c e  (Kahneman & T v e r s k y ,  1 9 7 3 , 1 9 8 2 ) .  ( 3 )  The l e a r n e r  maps

c ompo ne n t s  in t h e  b a s e  t h a t  a r e  p e r c e i v e d  t o  m a t c h  c omp o n e n t s  in t he  

t a r g e t  b a s e d  on t h e  o r g a n i z a t i o n  o f  t h e  l e a r n e r ' s  p r i o r  knowledge  

( G e n t n e r , 1 9 8 3 ) .  ( 4 )  The a n a l o g y  i s  j u d g e d  f o r  s o u n d n e s s .  The

d e c i s i o n  d e p e n d s  upon w h e t h e r  t h e  a c c u m u l a t i o n  o f  p r o p e r t i e s  w i t h i n  

t h e  b a s e  a n a l o g  can  be e a s i l y  t r a n s f e r r e d  t o  t h e  p r e s e n t  e v e n t .  

S o u n d n e s s  r e q u i r e s  t h e  a n a l o g y  t o  be p o t e n t i a l l y  u s e f u l  ( S t e r n b e r g ,  

1 9 7 7 ) .  ( 5 )  The l e a r n e r  r e p r e s e n t s  t h e  p r o b l e m  by a b s t r a c t i n g  o r

i n f e r r i n g  c a u s a l  r e l a t i o n s h i p s  b e t w e e n  t h e  two s y s t e m s ,  e i t h e r  by 

g e n e r a t i n g  o r  t e s t i n g  h y p o t h e s e s ,  r e c o g n i z i n g  c o n s t r a i n t s  o r  

a p p l y i n g  a s e t  o f  i n f e r e n c e  r u l e s  ( Ho l yoa k  & T h a g a r d , 1 9 8 9 ) .  ( 6 )

P r ob l e m s o l v i n g  c o m p o n e n t s  a r e  i n f e r e n c e d  a nd  a n a l o g i c a l  t r a n s f e r  i s  

a t t e m p t e d .  The e x p e c t a t i o n  t h a t  p r e v i o u l y  mapped s i m i l a r i t i e s  w i l l  

c o n t i n u e  t o  p l a y  p a r a l l e l  r o l e s  g e n e r a t e s  s o l u t i o n s  t o  t he  t a r g e t  

p r o b l e m ( G e n t n e r ,  1 9 8 3 ) .

Each o f  t h e s e  s u b p r o c e s s e s  h a s  b e e n  exa mi ned
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i n d e p e n d e n t l y  b e c a u s e  e a c h  h a s  be e n  c o n s i d e r e d  t o  be a f f e c t e d  by 

d i f f e r e n t  p s y c h o l o g i c a l  f a c t o r s  ( G e n t n e r ,  1 9 8 3 ) .  Of p a r t i c u l a r  

r e l e v a n c e  t o  t h e  p r e s e n t  s t u d y  a r e  t h e  a s p e c t s  wh i c h  r e f e r  t o  t he  

l e a r n e r ' s  p e r c e p t i o n  o f  t a s k  embedded f e a t u r e s  ( t h e  c o n t e x t )  and 

t h o s e  whi ch  r e f e r  t o  p r i o r  k n o w l e d g e ,  wh i c h  can  c o n n e c t  o r  s e p a r a t e  

t h e  c ompone n t s  in t h e  a n a l o g y  f r om i t s  i n t e n d e d  u s e .  T h e s e  a r e  two 

a s p e c t s  t h a t  t e a c h e r s  c a n  c o n t r o l  o r  f a c i l i t a t e  in c l a s s r o o m  

s e t t i n g s .  Ulhi le some r e s e a r c h e r s  have  m a n i p u l a t e d  t h e  a n a l o g y  and 

i t s  c o n t e x t  in e x p e r i m e n t a l  s e t t i n g s ,  a nd  o t h e r s  ha ve  f o c u s e d  on 

t h e i r  s u b j e c t s '  p r i o r  k n o w l e d g e ,  t h e  e f f e c t s  o f  b o t h  c o n t e x t  and 

domain knowl edge  on t h e  d e g r e e  a nd  d i r e c t i o n  o f  a n a l o g i c a l  t r a n s f e r  

have  n o t  been e x a m i n e d .  They  ha ve  be e n  s e l e c t e d  h e r e  on t h e  b a s i s  

o f  t h e i r  c l a s s r o o m  a p p l i c a b i l i t y .

C o n t e x t  E f f e c t s  R e s e a r c h

An a l o g  T y p e ;  S u r f a c e  v s  S t r u c t u r a l

A l t h o u g h  r e a l  l i f e  l e a r n i n g  t a k e s  p l a c e  in c o n t e x t s  

a l o n g  a  c o n t i n u u m  b e t w e e n  p u r e l y  s u p e r f i c i a l  o r  i n c i d e n t a l  c o n t e x t s  

a nd  d e e p l y  p e r t i n e n t  o r  p i v o t a l  c o n t e x t s ,  seme r e s e a r c h e r s  f i n d  i t  

c o n v e n i e n t  t o  u s e  d i c h o t o m i e s  o f  s u r f a c e  v s  s t r u c t u r a l  c o n t e x t s  

( G e n t n e r , 19 8 3 ;  Gick 1 9 8 7 ) .  T h e s e  d i c h o t o m i e s  p r o v i d e  t h e  f r amework  

f o r  c o m p a r i n g  t y p e s  o f  a n a l o g i e s .

S t r u c t u r a l  c o n t e x t s  have  two a c t i v e  f u n c t i o n s :  t h e y  

b o t h  d i r e c t  a c t i o n  a n d  p r o v i d e  f e e d b a c k  a s  a  c o n s e q u e n c e  o f  t h e  

a c t i o n  ( She r wood ,  K i n z e r ,  B r a n s f o r d  & F r a n k s ,  1 9 8 7 ) .  Over  t ime
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r e l e v a n t  a c t i o n s  become bound  t o  s t r u c t u r a l  c o n t e x t u a l  c u e s  t h a t  

g u i d e  i d e n t i f i c a t i o n  o f  a  p r o b l e m ' s  c r i t i c a l  f e a t u r e s  ( S c h o e n f e l d .  

1 9 8 5 ) .  S u r f a c e  c o n t e x t s  a r e  p a s s i v e :  t h e y  a r e  i n c i d e n t a l  c o n d i t i o n s  

p r e s e n t  d u r i n g  l e a r n i n g  w h i c h  l a c k  u t i l i t y  in s o l v i n g  o r  

u n d e r s t a n d i n g  t h e  c u r r e n t  e v e n t .  N e v e r t h e l e s s ,  by t h e i r  p r e s e n c e ,  

t h e y  t o o  may become a s s o c i a t e d  w i t h  d e c i s i o n - m a k i n g  and  p r o b l e m 

s o l v i n g  <Kahneman & T v e r s k y , 1 9 7 2 , 1 9 7 3 ) .

S e n s i t i v i t y  t o  s u r f a c e  c o n t e x t s  wa s  shown t o  a f f e c t  

j u d g e m e n t  in two r e l a t e d  s t u d i e s .  Kahneman a nd  T v e r s k y  <1973)  a s k e d  

t h e i r  s u b j e c t s  t o  j u d g e  w h a t  p r o p o r t i o n  o f  names  on a l i s t  were  

m a l e .  The s u b j e c t s  a s s i g n e d  h i g h e r  p r o p o r t i o n s  t o  t h o s e  l i s t s  in 

wh i c h  t h e  ma l e  names  w e r e  f a m o u s .  In a c t u a l i t y  t h e r e  we r e  e qua l  

number s  o f  e a c h  s e x .  T v e r s k y  & Ga t i  <1982)  a s k e d  s u b j e c t s  t o  r a t e  

p a i r s  o f  Ame r i c a n  c i t i e s  f o r  s i m i l a r i t y .  The p a i r s  wer e  r a t e d  a s  

v e r y  s i m i l a r  when embedded in an i n t e r n a t i o n a l  l i s t  o f  c i t i e s .  When 

t h e  l i s t  was  e x c l u s i v e l y  A m e r i c a n ,  t h e  same t a r g e t  p a i r s  wer e  no t  

j u d g e d  a s  s i g n i f i c a n t l y  s i m i l a r .  Kahneman and T v e r s k y  <1973,  1982)  

r e a s o n e d  t h a t  l e a r n e r s  a r e  s e n s i t i v e  t o  s u r f a c e  s i m i l a r i t y  f o r  good 

r e a s o n .  In e v e r y d a y  l i v i n g ,  a p p e a r a n c e s  o f t e n  c o r r e c t l y  c o r r e l a t e  

w i t h  r e l e v a n t  f a c t o r s  in an e v e n t .  In mak i ng  j u d g e m e n t s  u n d e r  

u n c e r t a i n t y  l e a r n e r s  a r e  w i s e  t o  r e l y  on s u r f a c e  c u e s ,  t h e i r  o n l y  

s o u r c e  o f  i n f o r m a t i o n .  T h i s  s e n s i t i v i t y  t o  c o n t e x t  o f t e n  p a y s  o f f ,  

r e i n f o r c i n g  t h e  l i n k  b e t w e e n  t h e  s u p e r f i c i a l  cue  a nd  t h e  d e c i s i o n  

t a k e n .

In h e r  e a r l i e r  work on a n a l o g i c a l  t r a n s f e r ,  Brown 

<1979)  came t o  somewhat  t h e  same c o n c l u s i o n  and  s u g g e s t e d  t h a t  t h e s e
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s u r f a c e  c o n t e x t s  may a l s o  be t h e  c a u s e  o f  d e c r e m e n t a l  t r a n s f e r  o f  

some a n a l o g i e s  ( n e g a t i v e  a n a l o g i c a l  t r a n s f e r ) .  L e a r n e r s  may p r e f e r  

s u r f a c e  a n a l o g s  a s  a g u i d e l i n e  f o r  e f f o r t l e s s  d i r e c t  m a p p i n g .  She 

e x p l a i n e d  t h a t  s u p e r f i c i a l  f e a t u r e s  e n c o d e d  d u r i n g  i n s t r u c t i o n  and  

u n a l l i e d  t o  t h e  f u n d a m e n t a l  c o n c e p t s  c a n n o t  be t h e  b a s i s  f o r  

s u s t a i n e d  l e a r n i n g .  Her  s u g g e s t i o n  t h a t  r e l i a n c e  on s u r f a c e  f a c t o r s  

d u r i n g  f o r m a l  l e a r n i n g  p r o d u c e s  n e g a t i v e  t r a n s f e r  h a s  be e n  w e l l  

doc u me n t e d  ( S c h o e n f e l d ,  1 9 8 7 ) .  A b s t r a c t  s t r u c t u r a l  a n a l o g s ,  on t h e  

o t h e r  h a n d ,  r e q u i r e  g r e a t e r  a t t e n t i o n  a nd  p r o c e s s i n g  b e c a u s e  t h e y  

l a c k  t h e  s u p e r f i c i a l  s i m i l a r i t y  and  e a s e  o f  a p p l i c a t i o n  o f  a 

c o n v e n i e n t  t e m p l a t e .

S k o r s t a d ,  F a l k e n h e i m e r , & G e n t n e r  ( 1 9 8 7 )  gave  

u n d e r g r a d u a t e s  o f  v a r y i n g  c o m p e t e n c e  32 s h o r t  s t o r i e s  t o  r e a d .  H a l f  

we r e  ke y  n a r r a t i v e s  e x p e c t e d  t o  s e r v e  a s  a n a l o g  b a s e s .  A week l a t e r  

t h e y  we r e  g i v e n  two t a s k s ,  in wh i c h  t h e y  were  t o  j u d g e  p a i r s  o f  

s t o r i e s  f o r  p o t e n t i a l  s o u n d n e s s  o r  u s e f u l n e s s  o f  ma t c h  and  a n a l o g y  

p a i r i n g .  They  r e a d  a new s e t  o f  s t o r i e s  whi ch  wer e  e i t h e r  

s t r u c t u r a l l y  t r u e  a n a l o g i e s  t o  t h e  ke y  s t o r i e s ,  s u r f a c e  a n a l o g i e s  

o r  m i s l e a d i n g  f a l s e  a n a l o g i e s .  In  t h e  f i r s t  t a s k  t h e y  r a t e d  t h e  

s t o r y  p a i r s  f o r  s o u n d n e s s  o f  m a t c h .  A l l  s u b j e c t s  had  a s i g n i f i c a n t  

p r e f e r e n c e  f o r  t h e  t r u e  a n a l o g i e s .  They  e x p l a i n e d  t h a t  r e l a t i o n a l  

c a u s a l  s t r u c t u r e s  w e r e  i m p o r t a n t  t o  them in d e t e r m i n i n g  t h e  

s o u n d n e s s  o f  t h e  a n a l o g y .  However ,  in t h e i r  s e c o n d  t a s k ,  t h e  same 

s u b j e c t s  t e n d e d  n o t  t o  r e t r i e v e  a nd  p a i r  t h e  t r u e  a n a l o g  

s p o n t a n e o u s l y  f rom t h e i r  p r e v i o u s  w e e k ' s  r e a d i n g s ,  b u t  i n s t e a d ,  were  

more  l i k e l y  t o  a c c e s s  s u p e r f i c i a l  m e r e - a p p e a r a n c e  m a t c h e s .
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In  s c i e n c e  a nd  mat h  d o m a i n s ,  p e r c e i v e d  s i m i l a r i t y  r a t h e r  

t ha n  s t r u c t u r a l  i s o mo r p h i s m h a s  be e n  c o n s i d e r e d  by some t o  be t he  

b e s t  p r e d i c t o r  o f  w h e t h e r  a s u b j e c t  w i l l  u s e  t h e  s o l u t i o n  o f  a 

p r e v i o u s l y  w o r k e d  o u t  p r o b l e m  t o  s o l v e  a c u r r e n t  a n a l o g o u s  one 

( d e S e s s a , 1 9 8 7 |  L a u r i 11a r d , 1 9 7 9 ) .  S p e c i f i c  d o ma i n s  l i k e  s c i e n c e  have  

been  f o u n d  by some r e s e a r c h e r s  t o  i n i t i a t e  a s u r f a c e  a p p r o a c h .  B i g g s  

( 1982 )  c ompa r e d  t h e  way s c i e n c e  a nd  l i b e r a l  a r t s  u n d e r g r a d u a t e s  

a p p r o a c h e d  t h e i r  r e s p e c t i v e  d i s c i p l i n e s .  The s c i e n c e  s t u d e n t s  u s e d  

a s u r f a c e  a p p r o a c h  s i g n i f i c a n t l y  more  o f t e n  t h a n  d i d  t h e  l i b e r a l  

a r t s  u n d e r g r a d u a t e s .  I t  a p p e a r s  t h e n  t h a t  when s u r f a c e  knowl edge  

l a c k s  c r u c i a l  c o n n e c t i o n s  b e t w e e n  i m p o r t a n t  s c i e n t i f i c  i d e a s ,  

s t u d e n t s '  kno wl e d g e  r e m a i n s  i n e r t .  T h i s  was  f o u n d  t o  be t r u e  f o r  

h i g h  s ch o o l  f r e s h m e n  a s  w e l l  ( K i r b y  & B i g g s ,  1 9 8 1 ) .  S e v e r a l  

e x p l a n a t o r y  h y p o t h e s e s  ca n  be drawn f rom t h e s e  s t u d i e s .  P e r h a p s  t h e  

s c i e n c e  s t u d e n t s  ha d  no e x t e n s i v e  schema on wh i c h  t o  g r a f t  t h e  new 

c o n c e p t s .  Or p r o c e d u r a l  kno wl e d g e  may be v a l u e d  by s c i e n c e  s t u d e n t s  

b e c a u s e  i t  i s  p r a g m a t i c a l l y  more  e f f e c t i v e  ( L a u r i l l a r d .  1 9 7 9 ) .  T h a t  

i s ,  s c i e n c e  c o u r s e s  may e m p h a s i z e  " f a c t s "  wh i c h  e n c o u r a g e  

m e m o r i z a t i o n  a n d  r e p r o d u c t i o n  o f  s u r f a c e  d e t a i l s  a t  t h e  e x p e n s e  of  

t h e  s t r u c t u r a l  c o n c e p t .  T h e s e  h y p o t h e s e s  a r e  a s  y e t  u n t e s t e d .

I n  a  r e l a t e d  s t u d y  b y  G e n t n e r  ( 1 9 8 8 )  i t  was  shown t h a t  

t h e  s a l i e n c e  o f  s u r f a c e  d e t a i l s  i s  s t r o n g  in n o n - s c i e n c e  a r e a s  of  

l e a r n i n g  a s  w e l l ,  eve n  when s u b j e c t s  a r e  p r o v i d e d  w i t h  e x p l i c i t  

s t a t e m e n t s  a b o u t  t h e  p r i n c i p l e  i n v o l v e d .  G e n t n e r  ( 1 9 8 8 )  t r a i n e d  

u n d e r g r a d u a t e s  t o  u s e  m a p p i n g  in t h e  a n a l o g i c a l  t r a n s f e r  o f  

i n f o r m a t i o n .  A f t e r  t h e  t r a i n i n g  p e r i o d  o n e - h a l f  o f  h e r  s ampl e
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r e c e i v e d  p r o c e d u r a l  m o d e l s  o-f an a i r p l a n e  a l t i t u d e  d e v i c e ,  a nd  t he  

o t h e r  h a l f  r e c e i v e d ,  in a d d i t i o n ,  a c a u s a l  model  t h a t  e x p l a i n e d  t h e  

p r o c e d u r a l  s t e p s  o f  t h e  o p e r a t i o n .  W i t h i n  e a c h  h a l f  o f  t h e  s a m p l e ,  

h a l f  wer e  g i v e n  h i g h l y  s i m i l a r  g a u g e s  d u r i n g  t h e  s t u d y  a nd  t h e  o t h e r  

h a l f  r e c e i v e d  g a u g e s  w h i c h  v a r i e d  in s u r f a c e  a p p e a r a n c e ,  b u t  wh i c h  

wer e  i d e n t i c a l  in f u n c t i o n  t o  a l l  t h e  g a u g e s  in t h e  s t u d y .  The 

g r o u p  wh i c h  drew p o s i t i v e  a n a l o g i e s  mos t  o f t e n  w e r e  t h o s e  in t h e  

g r oup  w i t h  t h e  c a u s a l  e x p l a n a t i o n  a nd  t h e  h i g h l y  s i m i l a r  d e v i c e s .  

Thos e  who drew i n c o r r e c t  a n a l o g i e s  mos t  o f t e n  ( n e g a t i v e  a n a l o g i c a l  

t r a n s f e r )  we r e  t h e  two g r o u p s ,  w i t h  o r  w i t h o u t  c a u s a l  e x p l a n a t i o n ,  

in whi ch  t h e  d e v i c e s  l o o k e d  d i s s i m i l a r .

G e n t n e r  ( 1 9 8 8 )  a s sume d  t h a t  h e r  s u b j e c t s  we r e  

d i s t r a c t e d  by t h e  s u r f a c e  a p p e a r a n c e  p a r a l l e l s  be t we en  t h e  t r a i n i n g  

g a u g e s  ( t h e  b a s e  a n a l o g )  a nd  t h e  t a r g e t  g a u g e s  in t h e  s t u d y ,  and 

m i s c o n s t r u e d  t h e  t a s k .  In  o r d e r  t o  improve p o s i t i v e  a n a l o g i c a l  

t r a n s f e r ,  t h e  same s u b j e c t s  we r e  t he n  e x p l i c i t l y  t o l d  t o  i g n o r e  

s u r f a c e  s i m i l a r i t i e s  a nd  c o n c e n t r a t e  on s t r u c t u r a l ,  r e l a t i o n a l  

m a t c h e s .  T h i s  was  f o l l o w e d  by a b r i e f  c a u s a l  r a t i o n a l e  f o r  t h e  

o p e r a t i o n  o f  t h e  t r a i n i n g  d e v i c e .  The r e s u l t s  o f  t h e  s e c o n d  p a r t  o f  

t h i s  s t u d y  s h o v e d  t h e  s u b j e c t s  we r e  s t i l l  i n f l u e n c e d  by t h e  s a l i e n t  

a p p e a r a n c e  o f  t h e  g a u g e s  a nd  drew i n c o r r e c t  a n a l o g i e s  ( n e g a t i v e  

a n a l o g i c a l  t r a n s f e r )  a g a i n .

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  r e s u l t s  d e s c r i b e d  above  

l i e s  in an e a r l i e r  s t u d y  o f  i n f o r m e d  v s  s p o n t a n e o u s  a n a l o g i c a l  

t r a n s f e r  ( P e r f e t t o ,  B r a n s f o r d  & F r a n k s ,  1 9 8 3 ) .  When s u b j e c t s  

a t t e m p t  t h e  a n a l o g i c a l  t r a n s f e r  t a s k  f i r s t ,  a nd  t h e n  r e c e i v e  a h i n t
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t o  u s e  t h e  a n a l o g y ,  a s t r e a m  o f  r e t r i e v a l  e v e n t s  h a s  been  enc oded  

t h a t  c a n n o t  be d i v e r t e d  by t h e  d e l a y e d  h i n t  o r  s p e c i a l  i n s t r u c t i o n .  

P e r f e t t o  e t  a l  we r e  a b l e  t o  s u p p o r t  t h i s  h y p o t h e s i s  by g i v i n g  a 

s e c o n d  g r oup  o f  s u b j e c t s  t h e  a n a l o g y  h i n t  a t  t h e  same t i me  s o l u t i o n  

was  a t t e m p t e d .  T h i s  g r ou p  r e t r i e v e d  t h e  s t r u c t u r a l  r e l a t i o n s  and  

s o l v e d  t h e  p r o b l e m .  T h u s  i n i t i a l  e n c o d i n g  of  s i m i l a r  b u t  i r r e l e v a n t  

p r o p e r t i e s  i s  s u f f i c i e n t  t o  b l o c k  r e t r i e v a l  o f  c o r r e c t  

r e p r e s e n t a t i v e  e l e m e n t s  in t h e  a n a l o g y  when t h e s e  s p e c i f i c  

i n s t r u c t i o n s ,  h i n t s ,  a r e  g i v e n  a f t e r  t h e  a n a l o g i c a l  t r a n s f e r  t a s k  

h a s  been  a t t e m p t e d .

S e v e r a l  r e s e a r c h e r s  a g r e e  t h a t  s c i e n c e  s t u d e n t s  encode  

s u r f a c e  e l e m e n t s  f i r s t  b u t  t h e r e  i s  l i t t l e  a c c o r d  a s  t o  why.

S e v e r a l  r e a s o n s  have  be e n  s u g g e s t e d .  Work i ng  w i t h  c r o s s - c u l t u r a l  

p o p u l a t i o n s  s o l v i n g  p h y s i c s  m e c h a n i c s  p r o b l e m s  by a n a l o g y ,  F i s h e r  

a nd  L i p s o n  <1983)  b e l i e v e  t h a t  s t u d e n t s  c l i n g  t o  s u r f a c e  f e a t u r e s  t o  

a v o i d  e x t r a  me n t a l  e f f o r t .  Sa lomon <1988)  a g r e e s .  S t u d e n t s  in h i s  

s t u d y  d e v e l o p e d  a s u r f a c e  s a l i e n c e  h e u r i s t i c  t h a t  g u i d e d  t h e i r  

j u d g e m e n t s  in p r o b l e m s o l v i n g .  By a u t o m a t i z e d  m a s t e r y  o f  s u r f a c e  

c u e s  and  r e s u l t a n t  p r o c e d u r e s  t h e y  r e p o r t e d  t h e y  r e q u i r e d  l e s s  

m e n t a l  e n e r g y  t h a n  t h a t  n e e d e d  t o  s e a r c h  f o r  s t r u c t u r a l  

r e l a t i o n s h i p s  a nd  w i t h  e q u a l  s u c c e s s  in p r o b l e m  s o l v i n g .

Laur  i 11a r d  <1979)  a nd  Solomon <1983)  d i s a g r e e .  The 

b e s t  s c i e n c e  s t u d e n t s ,  t h e y  m a i n t a i n , u s e  a n a l o g i e s  p r e s e n t e d  in 

c l a s s  o r  s e l f  d e r i v e d  t o  i n c r e a s e  deep  u n d e r s t a n d i n g  o f  s c i e n c e  

c o n c e p t s  b e c a u s e  t h e s e  a n a l o g i e s  r e v e a l  c a u s a l  a nd  s t r u c t u r a l  

r e l a t i o n s h i p s .  When t h o s e  same s t u d e n t s  a d o p t  s u r f a c e  l e v e l
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p r o c e s s i n g ,  t h e y  may ha ve  c h o s e n  an e x p e d i e n t  s t r a t e g y  whi ch  

r e q u i r e s  l e s s  o-f him o r  h e r  in a p a r t i c u l a r  domain o r  s c h o o l  

s e t t i n g .  Those  same s t u d e n t s  can a t  o t h e r  t i m e s ,  e n c o d e ,  r e t r i e v e  

and  map s t r u c t u r a l  r e l a t i o n s h i p s  when i t  s eems  a p p r o p r i a t e .

A n o t h e r  r e a s o n  why s u r f a c e  c u e s  a r e  e n c o d e d  b e f o r e  

s t r u c t u r a l  o n e s  i s  p r o p o s e d  by S c h o e n f e l d  < 1 9 8 5 ) .  He d o u b t s  t h a t  

s t u d e n t s  can s w i t c h  a w a r e n e s s  and  a p p l i c a t i o n  o f  t h e  s u p e r f i c i a l  

and  t h e  s t r u c t u r a l  e f f e c t i v e l y .  R a t h e r  he s u g g e s t s  t h a t  f o r ma l  

e d u c a t i o n  ( in mat h  a nd  s c i e n c e  in p a r t i c u l a r )  i n v o l v e s  i n e r t  

knowl edge  t h a t  i s  t a u g h t ,  c u e d  a nd  t e s t e d  w i t h  s u p e r f i c i a l  m a t c h e s  

be t we e n  t h e  exampl e  o r  a n a l o g  and  t h e  t a r g e t  p r o b l e m .  For  i n s t a n c e ,  

homework p r o b l e m s  and  t e s t  q u e s t i o n s  c l o s e l y  m a t c h  e x a mp l e s  

d e s c r i b e d  in l e c t u r e  c l a s s .  A c c o r d i n g l y  s t u d e n t s  ha ve  l e a r n e d  t h a t

a t t e n t i o n  t o  s u r f a c e  m a t c h e s  p r o d u c e s  t e a c h e r - a c c e p t a b l e  r e s u l t s .

They  have  l o s t  any e x p e c t a t i o n  o f  h a v i n g  t h e  a n a l o g  o r  t h e  p r ob l e m 

make s e n s e  and  no l o n g e r  s e e k  r e l a t i o n s h i p s .

In sum,  in c o m p a r i n g  s t r u c t u r a l  and  s u r f a c e  t y p e s

o f  a n a l o g y ,  r e s e a r c h  r e s u l t s  i n d i c a t e  t h a t  s t r u c t u r a l  c o n t e x t s

d i r e c t  c r i t i c a l  i d e n t i f i c a t i o n  o f  t r a n s f e r a b l e  r e l a t i o n s h i p s .  

A t t e n t i o n  t o  s u r f a c e  c o n t e x t  h a s  been shown t o  be a d v e r s e l y  

a s s o c i a t e d  w i t h  t r a n s f e r .

A n a l o o  F o r ma t :  S i m i l a r  t o  v s  D i f f e r e n t  f r om T a r g e t  

A n o t h e r  c o n t e x t u a l  f a c t o r  r e l e v a n t  t o  i n i t i a l  

e n c o d i n g  c o n c e r n s  t h e  f o r m a t  o f  t h e  b a s e  a n a l o g  a nd  i t s  s i m i l a r i t y  

t o  t h e  f o r m a t  o f  t h e  t a r g e t  e v e n t .  Duncker  <1935)  s u g g e s t e d  t h a t
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t h e  f o r m a t  o f  t h e  t umor  p r o b l e m  d e s c r i b e d  e a r l i e r  i n c l u d e d  g i v e n s  he 

c h a r a c t e r i z e d  a s  “f u n c t i o n a l l y  f i x e d . "  T h e s e  p r e v e n t e d  h i s  s u b j e c t s  

f rom b r e a k i n g  o u t  o f  a r i g i d  m i n d - s e t  in o r d e r  t o  e mpl oy  t h e  

s o l u t i o n  m e n t i o n e d  in t h e i r  b r a i n s t o r m i n g  s e s s i o n s  o r  in t h e  d i ag r a m 

he p r o v i d e d .  He r u e f u l l y  c o n c l u d e d  t h a t  h i s  p r o b l e m  m i g h t  have  been 

s o l v e d  by h i s  s u b j e c t s  ha d  he d e v e l o p e d  t h e  t a r g e t  p r o b l e m in a 

l e s s  f i x e d  f o r m a t .

P o s n e r ,  S t r i k e ,  Hewson & G e r t z o g  <1982)  o b s e r v e d  

t h a t  when p a s t  and  c u r r e n t  i n s t r u c t i o n  wer e  s i m i l a r l y  p r e s e n t e d ,  

s t u d e n t s  c o u l d  d e t e c t  a  r e g u l a r i t y  o f  o u t c o m e s .  Brown,  Kane & Long 

<1987)  t r a i n e d  c h i l d r e n  a s  young a s  f o u r  t o  d e v e l o p  a m i n d s e t  t h a t  

was  n o t  " f u n c t i o n a l l y  f i x e d " .  They  gave  t h e  c h i l d r e n  b a s e  a n a l o g  

s t o r i e s  t h a t  we r e  homol ogous  t o  t h e  t a r g e t  e v e n t ,  in f o r m a t  a s  we l l  

a s  in p r i n c i p l e s .  T h e i r  s u b j e c t s  d i d  n o t  f a i l  t o  u s e  t h e i r  p r i o r  

knowl e dge  t o  r e c o g n i z e  p r o b l e m i s o m o r p h s  when p a s t  a nd  p r e s e n t  

s t o r i e s  we r e  i n t r o d u c e d  t o  t h e  c h i l d r e n  in t h e  f o r m o f  p r o b l e m s .  

B r o w n , J . ,  C o l l i n s  & De gu i d  <1988)  s u g g e s t  t h a t  a p r o b l e m - s i t u a t e d  

f o r m a t  p r e s e n t e d  d u r i n g  a c q u i s i t i o n  g a i n s  power  a s  a c o v e r t  prompt  

t o  e l i c i t  t h e  c o r r e c t  f u n c t i o n a l  f e a t u r e s  o f  t h e  t a r g e t  p r o b l e m .

T h a t  i s ,  i f  r e l a t i o n s h i p s  in t h e  b a s e  a n a l o g  a r e  i n i t i a l l y  e nc ode d  

in an i n q u i r y  o r  p r o b l e m  s o l v i n g  m a n n e r ,  r e t r i e v a l  o f  b o t h  a n a l o g  

and  s o l u t i o n  may be e n h a n c e d  d u r i n g  a n a l o g i c a l  t r a n s f e r .

A s e r i e s  o f  s t u d i e s  ha ve  e x a m i n e d  f o r m a t  and  i t s  

a f f e c t  on a n a l o g i c a l  t r a n s f e r  in p r o b l e m  s o l u t i o n .  T h e s e  a r e  n o t  

a n a l o g y  s t u d i e s ,  b u t  t h e y  have  i m p l i c a t i o n s  f o r  t h e  s t u d y  o f  

a n a l o g i c a l  t r a n s f e r .  P e r f e t t o ,  B r a n s f o r d  and  F r a n k s  in 1983 gave
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t h e i r  s u b j e c t s  a s e r i e s  o f  s i m p l e  i n s i g h t  p r o b l e m s  ( some m i g h t  c a l l  

them p a r l o r  p u z z l e s ) ,  s u c h  a s ,

A man who l i v e d  in a s ma l l  town m a r r i e d  t w e n t y  

d i f f e r e n t  women.  A l l  a r e  s t i l l  l i v i n g  a nd  he 

n e v e r  d i v o r c e d  a s i n g l e  o n e .  Y e t  he  b r o k e  no l aw.

Can you e x p l a i n ?

Not  o n l y  c o u l d  t h e  s u b j e c t s  n o t  s o l v e  t h e  p u z z l e ,  

t h e y  d i d  n o t  r a i s e  t h e i r  p e r f o r m a n c e  l e v e l  a bove  t h a t  o f  t h e  c o n t r o l  

g r oup  eve n  when t h e  p u z z l e  wa s  p r e c e d e d  w i t h  d e c l a r a t i v e  s e n t e n c e s  

t h a t  i n c l u d e d  t h e  s o l u t i o n  a nd  t h e  wor d  " c l e r g y m a n "  a s  w e l l .  Viewed 

w i t h i n  t h e  f r a mewor k  o f  a n a l o g y  s t u d i e s ,  t h e  d e c l a r a t i v e  s e n t e n c e s  

( t h e  b a s e )  ga ve  t h e  s u b j e c t s  t h e  b a c k g r o u n d  k nowl e dge  n e e d e d  f o r  

s o l u t i o n  b u t  n o t  t h e  a w a r e n e s s  t h a t  s u b s t i t u t i o n  o f  t h e  word  

" c l e r g y m a n "  f o r  "man" p r e s e n t e d  a new r e p r e s e n t a t i o n  o f  t h e  r i d d l e  

( t h e  t a r g e t  p r o b l e m ) .  When a d v i s e d  t h a t  t h e  d e c l a r a t i v e  s e n t e n c e s  

c o u l d  h e l p  s o l v e  t h e  r i d d l e ,  t h e  s u b j e c t s  a c c e s s e d  t h e  s o l u t i o n s .

S e e k i n g  t o  improve  a n a l o g i c a l  t r a n s f e r  u s i n g  t h e  same 

p u z z l e s ,  L o c k h a r t ,  Lamon,  & Gick ( 1 9 8 8 )  c h o s e  t o  a l t e r  t h e  f o r m a t  o f  

t h e  b a s e  i n f o r m a t i o n .  I n  a s e r i e s  o f  e x p e r i m e n t s  t h e i r  s u b j e c t  

r e c e i v e d  one o f  two t r e a t m e n t s .  One g r o u p  somewhat  d u p l i c a t e d  t h e  

P e r f e t t o  et .  a !  ( 1 9 8 3 )  e x p e r i m e n t a l  g r ou p  e x c e p t  t h a t  t he  

d e c l a r a t i v e  a c q u i s i t i o n  c o n d i t i o n  was  r e p e a t e d  t w i c e .  The s e c o n d  

gr oup  r e c e i v e d  t h e  i n f o r m a t i o n  a s  a p r o b l e m  f o l l o w e d  by a c l u e  t h a t  

c o u l d  s o l v e  t h e  p u z z l e .  T h i s  l a t t e r  g r ou p  s o l v e d  t h e  p u z z l e  

s i g n i f i c a n t l y  more  o f t e n  t h a n  d i d  t h e  r e p e a t e d  d e c l a r a t i v e  

a c q u i s i t i o n  g r o u p .  F o l l o w i n g  t h e  p r o b l e m  s o l v i n g  p h a s e  a l l  s u b j e c t s
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we r e  g i v e n  a f r e e  r e c a l l  t e s t  o f  t h e  b a s e  s e n t e n c e s  t h a t  p r e c e d e d  

t h e  p u z z l e .  No d i f f e r e n c e  was  f o u n d  be t we e n  g r o u p s ,  r u l i n g  o u t  t he  

p o s s i b i l i t y  t h a t  t h e  p u z z l e - a c q u i s i t i o n  e n c o d i n g  c o n d i t i o n s  

i n c r e a s e d  m e m o r a b i 1 i t y  o f  t h e  s o l u t i o n  i n f o r m a t i o n .

O t h e r  r e s e a r c h e r s  ha ve  e x a mi ne d  how p o s i t i v e  

a n a l o g i c a l  t r a n s f e r  i s  e n h a n c e d  when b o t h  t h e  a n a l o g  b a s e  a nd  t h e  

t a r g e t  c o n c e p t  a r e  i n t r o d u c e d  in p a r a l l e l  f a s h i o n  in t h e  f o r m a t  o f  a 

p r o b l e m .  R e s u l t s  s u g g e s t  t h a t  when b o t h  b a s e  a nd  t a r g e t  ha ve  t h e  

same a c q u i s i t i o n  f o r m a t ,  s o l u t i o n  by a n a l o g y  i n c r e a s e s  

s i g n i f i c a n t l y .  For  e x a m p l e ,  Adams,  K a s s e r m a n ,  Ye a r wood ,  P e r f e t t o ,  

B r a n s f o r d  and  F r a n k s  ( 1 9 8 8 )  d e s c r i b e d  how s u b j e c t s  who a c q u i r e d  

knowl e dge  in a p r o b l e m  s o l v i n g  way s u c c e s s f u l l y  u s e d  t h e  i n f o r m a t i o n  

a s  a t o o l .

In e a r l y  a n a l o g y  s t u d i e s  t h e  a c q u i s i t i o n  t a s k  

u s u a l l y  t ook  t h e  f o rm o f  a s t o r y ,  s u c h  a s  t h e  f o r t r e s s  a n a l o g  ( Gi ck  

& H o l y o a k ,  1 9 8 0 ) .  As s u c h ,  i t  was  q u i t e  d i s s i m i l a r  t o  t h e  l a t e r  t a s k  

o f  s o l v i n g  a p r o b l e m .  T h i s  may have  a f f e c t e d  t h e  p r o c e s s i n g  

r e q u i r e d  o f  t h e  s u b j e c t s  d u r i n g  a n a l o g i c a l  t r a n s f e r .  I t  

c o n d i t o n a l i z e d  t h e  i n f o r m a t i o n  in t h e  n a r r a t i v e  s t o r y  o f  t h e  a n a l o g ,  

l e a v i n g  t h e  s u b j e c t s  u n p r i m e d  f o r  t h e  p r o b l e m  f o r m a t  o f  t h e  

a n a l o g i c a l  t r a n s f e r  t a s k  wh i c h  f o l l o w e d ,  t h e r e b y  r e d u c i n g  p o s i t i v e  

a n a l o g i c a l  t r a n s f e r  p e r f o r m a n c e .

In  t h e  Adams e_t al_ ( 1 9 8 8 )  s t u d y ,  two g r o u p s  o f  

u n d e r g r a d u a t e s  w e r e  g i v e n  10 s t a t e m e n t s  t o  r e a d ,  some o f  w h i c h  had  

be e n  u s e d  in t h e  L o c k h a r t ,  Lamon, & Gick ( 1988 )  s t u d y .  However ,  t h i s  

d e s i g n  e l i m i n a t e d  r e p e a t e d  d e c l a r a t i v e  s e n t e n c e s  and  b a s e
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I n s t e a d ,  n e a r l y  s y n t a c t i c a l l y  i s o m o r p h i c  s e n t e n c e s  we r e  made i n t o  

t r e a t m e n t  c o n d i t i o n s  w i t h  t h e  h e l p  o f  a comma a nd  c l a u s e  r e v e r s a l .  

For  i n s t a n c e ,  Group A ' s  s t a t e m e n t s  w e r e  f a c t u a l ,  i . e . ,  " B e f o r e  a 

b a s e b a l l  game t h e r e  i s  no s c o r e "  o r  " A m i n i s t e r  m a r r i e s  s e v e r a l  

p e o p l e  e a ch  w e e k " .  Group B r e c e i v e d  t h e  same i n f o r m a t i o n ,  b u t  each  

s e n t e n c e  was  composed  o f  two c l a u s e s ,  i . e . , " A l l  b a s e b a l l  games  have  

no s c o r e ,  b e f o r e  t h e y  b e g i n . "  o r  " I t  i s  p o s s i b l e  t o  m a r r y  s e v e r a l  

p e o p l e  e a ch  we e k ,  i f  one  i s  a m i n i s t e r " .  The a u t h o r s  s u g g e s t  t h a t  

Group B ' s  a c q u i s i t i o n  s e n t e n c e  had  a q u i z z i c a l  o r i e n t a t i o n  in t he  

f i r s t  c l a u s e  t h a t  i n t r o d u c e d  t h e  p r o b l e m ,  f o l l o w e d  by t h e  s o l u t i o n  

o r  e x p l a n a t i o n  in t h e  s e c o n d  c l a u s e .

Adams ejt aj_ <1988)  h y p o t h e s i z e d  t h a t  t h i s  f o r m a t  

wou l d  d i r e c t  t h e  r e p r e s e n t a t i o n  o f  t h e  p r o b l e m .  T h a t  i s ,  i t  wou l d  

i nduc e  a p r o b l e m - s o l v i n g  m i n d - s e t  d u r i n g  a c q u i s i t i o n  t h a t  w o u l d  in 

t u r n ,  l e a d  t o  p o s i t i v e  a n a l o g i c a l  t r a n s f e r .  The r e s u l t s  s u p p o r t e d  

t h e i r  h y p o t h e s e s .  Group B was  s i g n i f i c a n t l y  more  s u c c e s s f u l  t h a n  

Group A in s p o n t a n e o u s l y  a c c e s s i n g  a s o l u t i o n  t o  t h e  t a r g e t  p r o b l e m  

wh i c h  f o l l o w e d  s ome t i me  l a t e r ,  i . e .  "Ni ck  t h e  Greek can a c c u r a t e l y  

p r e d i c t  t h e  s c o r e  o f  a  b a s e b a l l  game b e f o r e  i t  s t a r t s .  How d o e s  he 

do i t ? "  o r  " I n  one  town in T e x a s  a man l e g a l l y  m a r r i e d  s e v e r a l  women 

w i t h o u t  d i v o r c i n g  a  s i n g l e  o n e .  How i s  t h i s  p o s s i b l e ? "  Adams ej, 

a l  c o n c l u d e d  t h a t  h i g h  s i m i l a r i t y  b e t w e e n  t h e  e n c o d i n g  p r o c e s s  o f  

t h e  b a s e  a n a l o g  a nd  t h e  p r o c e s s e s  i n v o k e d  w h i l e  s o l v i n g  a t a r g e t  

p r o b l e m  w i l l  l e a d  t o  p o s i t i v e  a n a l o g i c a l  t r a n s f e r .

T h e i r  s t u d y  d i d  n o t  a d d r e s s  r i v a l  r e a s o n s  f o r  t h e
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a n a l o g i c a l  t r a n s f e r  s u c c e s s .  T h e r e  was  no c o n t r o l  f o r  t h e  l o n g e r ,  

p l a y f u l ,  c o n d i t i o n a l  i f - t h e n ,  more i n t e r e s t i n g  s e n t e n c e s  f o r  g r oup  

B. Nor  was  i t  c l e a r  w h a t  t h e  o p e r a t i n g  a g e n t  in t h e  two c l a u s e  

s e n t e n c e s  wa s :  wer e  t h e  b a s e  a n a l o g  s e n t e n c e s  s i m i l a r  in f o r m a t  t o  

t h e  t a r g e t  p r o b l e m  a s  t h e y  s u g g e s t ?  o r  d i d  t h e  comma and  t he  

r e v e r s e d  e m p h a s i s  e s t a b l i s h  a moment a r y  o b s t a c l e  t o  s k i mmi ng ,  a 

c o g n i t i v e  b u r r  a s  i t  w e r e  t h a t  e n c o u r a g e d  r e a d e r  a t t e n t i o n ?  Nor  was  

t h e i r  a c q u i s i t i o n  c o n d i t i o n  a p r o b l e m .  L i k e  L o c k h a r t ,  Lamon & Gick 

<1988)  t h e  a c q u i s i t i o n  s e n t e n c e s  were  d e c l a r a t i v e  t o o .  However  

t h a t  may b e ,  t h e  r e s u l t s  o f  t h e  s t u d y  g e n e r a l l y  s u g g e s t  t h a t  a c c e s s  

t o  a n a l o g i e s  and h e n c e  i n e r t  know’ edge  can be a c t i v a t e d  when t h e  

f o r m a t  o f  t h e  b a s e  a n a l o g  i s  m a n i p u l a t e d  t o  e n c o u r a g e  p r o c e s s i n g  

t h a t  i s  s i m i l a r  t o  t h e  way t h e  t a r g e t  p r o b l e m s h o u l d  be p r o c e s s e d .

A l t h o u g h  t h e  r e a s o n s  f o r  t h e  s u c c e s s  o f  s u r f a c e  

s a l i e n c e  o r  p r o c e s s i n g  f o r m a t  s i m i l a r i t i e s  on p r o b l e m  s o l v i n g  by 

a n a l o g y  a r e  n o t  c l e a r ,  p e r c e p t u a l  s i m i l a r i t y  in b o t h  s y n t a c t i c  and  

a c q u i s i t i o n  f o r m a t  h a s  been  shown t o  have  an e f f e c t  on a n a l o g i c a l  

t r a n s f e r .  Whi l e  s u r f a c e  s a l i e n c e ,  t h e  c o n t e x t u a l  v a r i a b l e  d i s c u s s e d  

e a r l i e r  h a s  been shown t o  p r o d u c e  n e g a t i v e  a n a l o g i c a l  t r a n s f e r ,  

p r o b l e m  f o r m a t ,  t h e  s e c o n d  c o n t e x t  v a r i a b l e  j u s t  d e s c r i b e d ,  h a s  

been  shown t o  p r o d u c e  p o s i t i v e  a n a l o g i c a l  t r a n s f e r .

In a l l  t h e  c o n t e x t  s t u d i e s  d e s c r i b e d  a b o v e ,  l e a r n e r s  

w e r e  e x p e c t e d  t o  go be yond  t h e  s u r f a c e  o f  t h e  t e x t  in o r d e r  t o  

t r a n s f e r  knowl edge  by a n a l o g y .  In e x a m i n i n g  t h e  p r o b l e m  o f  e n a b l i n g  

s u b j e c t s  t o  draw on i n f o r m a t i o n  in s i t u a t i o n s  w h e r e  i t  i s  

p o t e n t i a l l y  r e l e v a n t ,  t h e  g e n e r a l  o r  s p e c i f i c  k nowl e dge  p o s s e s s e d
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by t h e  l e a r n e r s  was  n o t  e x a m i n e d .  I t  i s  c u r r e n t l y  a s sumed  t h a t  

l e a r n e r s  w i t h  h i g h  knowl e dge  ca n  b e t t e r  i n t e g r a t e  c o mp o n e n t s  of  a 

p r o b l e m t ha n  s t u d e n t s  w i t h  low k n o w l e d g e .  T h i s  i s  b e c a u s e  h i g h  

knowl edge  s u b j e c t s  a r e  a s s u m e d  t o  p o s s e s s  s c h e m a s  w h i c h  g u i d e  t h e i r  

a t t e n t i o n  t o  c e r t a i n  c o n t e x t u a l  d e t e r m i n a n t s  a nd  away -from 

s u p e r f i c i a l  d a t a  ( B i s a n z  & V o s s ,  1981 ,  6 i c k  & H o l y o a k ,  1 9 8 3 ) .  The 

s t u d i e s  o f  s u r f a c e  s i m i l a r i t y  a nd  o f  f o r m a t ,  d e s c r i b e d  e a r l i e r  in 

t h i s  s e c t i o n ,  d i d  n o t  c o n s i d e r  w h e t h e r  p r i o r  kno wl e d g e  i n c r e a s e d  

a c c e s s  by i mpos i ng  o r g a n i z a t i o n  on t h e  b a s e  a n a l o g ,  t h e  t a r g e t  

p r o b l e m  and  t h e i r  c o n t e x t s .  The n e x t  s e c t i o n  d i s c u s s e s  t h o s e  s t u d i e s  

t h a t  r e m e d i e d  t h i s  o m i s s i o n  a nd  e x a mi ne d  t o  w h a t  e x t e n t  p r i o r  domain 

knowl edge  g o v e r n s  a n a l o g i c a l  t r a n s f e r .

S t u d i e s  o f  P r i o r  Knowledge

A n o t h e r  a r e a  o f  s t u d y  in a n a l o g i e s  h a s  e x a mi ne d  t h e  

amount  and  t y p e s  o f  k nowl e dge  a c q u i r e d  p r i o r  t o  t h e  a n a l o g y  t a s k  a nd  

t h e i r  e f f e c t  on p o s i t i v e  a n a l o g i c a l  t r a n s f e r  ( G e n t n e r  & L a n d e r s ,

1985;  Gick & Ho l yoa k ,  1 9 8 3 ) .  T h e s e  s t u d i e s  r e c o g n i z e  c l o s e  t i e s  

be t we en  t r a n s f e r  by a n a l o g y  a nd  schema f o r m a t i o n .  Most  s t u d i e s  do 

n o t  i n v o l v e  t h e  s c i e n c e  d o m a i n ,  n o r  do t h e y  e s t a b l i s h  e c o l o g i c a l  

v a l i d i t y ,  b u t  a r e  i n c l u d e d  h e r e  t o  d e m o n s t r a t e  p e r t i n e n t  a r e a s  of  

r e s e a r c h .

Schema a r e  c o g n i t i v e  s t r u c t u r e s  c o n t a i n i n g  knowl edge  

w i t h i n  a p a r t i c u l a r  d o m a i n .  Th e y  g u i d e  a t t e n t i o n ,  e n c o d i n g  and  

r e t r i e v a l ,  and  s o  d i r e c t  t h e  p r o c e s s i n g  o f  i n f o r m a t i o n  ( Th o r n d y k e  & 

H a y e s - R o t h ,  1 9 7 9 ) .  L e a r n e r s  s c a n  f o r  r e l a t i o n s h i p s  wh i c h  a l r e a d y
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e x i s t  in t h e i r  s chema in o r d e r  t o  map c o m p o n e n t s  o-f t h e  b a s e  a n a l o g  

o n t o  t h e  t a r g e t .  R e l a t i o n a l  c o r r e s p o n d e n c e s  w i 11 t h e n  be e x t e n d e d  t o  

b r i d g e  g a p s  in t h e i r  Knowl edge ,  and  t h i s  g e n e r a t e s  s o l u t i o n s  

<Ge n t ne r  & T o u p i n ,  1986;  S t e r n b e r g  1 9 7 7 ) .

I t  h a s  l o n g  been  s u g g e s t e d  t h a t  a weak knowl e dge  b a s e  

w i t h  r e s p e c t  t o  t h e  p r o b l e m  domain  i s  a c a u s a l  a g e n t  o-f poor  

a n a l o g i c a l  t r a n s f e r .  Duncker  <1945)  s t a t e d  t h a t  a good m a t h e m a t i c i a n  

p o s s e s s e d  a c o h e r e n t  t h e o r y  w h i c h  e n a b l e d  him o r  h e r  t o  plumb t h e  

p r o p e r t i e s  o f  an a n a l o g  on an a b s t r a c t  l e v e l .  S u b j e c t s  who f a i l e d  

t o  r e a l i z e  t h e  r e l e v a n c e  o f  a  p r e v i o u s  p r o b l e m  d i d  s o  due t o  t he  

a b s e n c e  o f  p r i o r  knowl e dge  a nd  we r e  t h e r e f o r e  u n a b l e  t o  e x t r i c a t e  

t h e m s e l v e s  f rom s u p e r f i c i a l  p e r c e p t i o n s .

D u n c k e r ' s  h y p o t h e s e s  ha ve  be e n  s u p p o r t e d  by r e s e a r c h e r s  

o f  n o v i c e - e x p e r t  p a r a d i g m s ,  who r e c o g n i z e  t h a t  a n a l o g i e s  m u s t ,  of  

n e c e s s i t y ,  imply c o n d i t i o n s  n o t  e x p l i c i t l y  s t a t e d  in t h e  p r o b l e m .

Only a s t r o n g  knowl e dge  b a s e  can  a s s i s t  t h e  l e a r n e r  in r e c o g n i z i n g  

wh i c h  p r o p e r t i e s  o f  t h e  a n a l o g  can  s a t i s f y  t h o s e  c o n d i t i o n s  (Chi  & 

B a s s o c k ,  1 9 8 9 ) .  Some r e s e a r c h e r s  s u g g e s t  t h a t  s p e c i f i c  knowl edge  

a b o u t  t h e  p r o b l e m  domain  i s  e s s e n t i a l  f o r  i n t e l l i g e n t  p e r f o r m a n c e  

( R e e d ,  Demps te r  & E t t i n g e r ,  1 9 8 5 ) .  O t h e r s  c o n s i d e r  a  b r o a d  g e n e r a l  

domain b a c k g r o u n d  more e f f e c t i v e  t h a n  a  s p e c i f i c  one  (Brown,  C o l l i n s  

& Dugu i d ,  1 9 8 8 ) .  Few e m p i r i c a l  s t u d i e s  ha ve  c o mp a r e d  t h e  e f f e c t  o f  

h i g h  and  low s p e c i f i c  domain kno wl e d g e  on a n a l o g i c a l  t r a n s f e r .  Fewer  

s t i l l  c h a r a c t e r i z e  " h i g h 0 a nd  “ low" o r  “g o o d '  a nd  ° p o o r 8 a  p r i o r i .

Domain S p e c i f i c  Knowledge

Gick a nd  Hol yoak  ( 1 9 8 0 )  showed t h a t  f ew s u b j e c t s  s o l v e d
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D u n c k e r / s  tumor  p r o b l e m when i t  was  p r e c e d e d  w i t h  t h e  - f o r t r e s s  

a n a l o g .  In an e x p e r i m e n t a l  s e t t i n g  t h e y  s u b s e q u e n t l y  ( 1983 )  

i n c r e a s e d  p o s i t i v e  t r a n s f e r  by p r o v i d i n g  two a n a l o g s ,  w i t h  i d e n t i c a l  

c o n c e p t s  b u t  d i f f e r e n t  s y n t a c t i c a l  f o r m ,  p r i o r  t o  t h e  t a r g e t  t a s k .

The i n c r e a s e  in a n a l o g i c a l  t r a n s f e r  wa s  due t o  i n t e n s i v e  e x p o s u r e  t o  

t h e  same c o n c e p t  w h i c h ,  t h e  a u t h o r s  e x p l a i n ,  p r o v i d e d  r i c h  s p e c i f i c  

knowl edge  and  i n d u c e d  schema t h a t  d i d  n o t  e x i s t  b e f o r e .  They 

h y p o t h e s i z e d  t h a t  a s p e c t s  o f  e v e n t s  in t h e  two a n a l o g s  wer e  e n c o d e d  

a s  c o n n e c t i o n s .  M u l t i p l e  e x p o s u r e  t o  t h e  p r i n c i p l e  i n v o l v e d  

e s t a b l i s h e d  a s p e c i f i c  knowl edge  b a s e  w h i c h  s u p p o r t e d  p o s i t i v e  

a n a l o g i c a l  t r a n s f e r .

Chi & Ba s s o c k  ( 1 9 8 9 )  o b s e r v e d  i n d i v i d u a l  s c i e n c e  

u n d e r g r a d u a t e s  f rom an i n t r o d u c t o r y  p h y s i c s  c l a s s  s o l v i n g  p h y s i c s  

p r o b l e m s  a f t e r  e x p o s u r e  t o  p r e v i o u s l y - s o l v e d  a n a l o g o u s  e x a m p l e s .  

S o l u t i o n  e x p l a n a t i o n s  w e r e  r e c o r d e d  d u r i n g  a nd  a f t e r  t h e  t a s k .  Most  

s t u d e n t s  u s e d  t h e  p r e v i o u s l y  s o l v e d  e x a m p l e s  a s  t h e i r  a n a l o g o u s  

b a s e .  Those  s t u d e n t s  l a b e l l e d  " p o o r "  by t h e  t eam s p e n t  much t i me  

r e - r e a d i n g  t h e  e x a m p l e s .  T h e i r  p r o t o c o l s  r e v e a l e d  t h a t  t h i s  was  

done in an a t t e m p t  t o  map t h e  w o r k e d  o u t  s o l u t i o n  en. t o t o  . T h e i r  

s o l u t i o n  e x p l a n a t i o n s  w e r e  few a nd  t h e y  d e t e c t e d  c o m p r e h e n s i o n  

f a i l u r e  r a r e l y ,  a nd  t h e n  o n l y  when t h e y  c o u l d  n o t  f o l l o w  t h e  mat h  

m a n i p u l a t i o n s .  The "good"  s t u d e n t s  i d e n t i f i e d  t h e  e x a m p l e s  a s  

a n a l o g o u s  t o  t h e  t a r g e t  p r o b l e m a nd  r e l i e d  on them o n l y  d u r i n g  t h e  

i n i t i a l  s o l u t i o n  a t t e m p t s ,  e x c e p t  t o  m o n i t o r  t h e i r  p r o g r e s s  by 

e x a m i n i n g  s p e c i f i c  s e c t i o n s .  T h e i r  p r o t o c o l s  r e v e a l e d  a r i c h  

s p e c i f i c  knowl edge  b a s e ,  b e c a u s e  t h e  l e a r n e r s  we r e  a b l e  t o  r e l a t e



27

t h e  a n a l o g o u s  p r o b l e m  t o  t h e  t a r g e t  by e x p l a i n i n g  how t h e  a n a l o g  was 

an i n s t a n t i a t i o n  o-f a  s c i e n c e  c o n c e p t  n o t  e x p l i c i t l y  s t a t e d .

In a  r e l a t e d  s t u d y ,  " p o o r "  s t u d e n t s  wer e  g i y e n  

i n t e n s i v e  i n s t r u c t i o n  in a s p e c i f i c  m a t h e m a t i c a l  p r o c e d u r e  p r i o r  t o  

e x p o s u r e  t o  p r o b l e m s o l v i n g  by a n a l o g y .  They  showed i mproved  

a n a l o g i c a l  t r a n s f e r  < K o l o k o v s k y , Hayes  & S i mon ,  1 9 8 5 ) .  They were  

e x p o s ed  t o  many e x a m p l e s  o-f a p a r t i c u l a r  ma t h  s t r a t e g y .  Once i t  was  

a s c e r t a i n e d  t h a t  t h e  l e a r n e r s  w e r e  - f a m i l i a r  w i t h  t h e  - f unda men t a l s  of  

t h e  math  p r i n c i p l e ,  p e r f o r m a n c e  in a n a l o g i c a l  t r a n s f e r  i mpr ove d .

The Chi  & B a s s o c k  s t u d y  ( 1 9 8 9 )  h o w e v e r ,  d i d  n o t  

e x p l a i n  how t h e  " good"  u n d e r g r a d u a t e s  g a i n e d  t h a t  s p e c i f i c  knowl edge  

b a s e .  I t  a l s o  a s s u me d  t h a t  e x p l i c i t  v e r b a l i z a t i o n  i s  a s u f f i c i e n t  

c o n v e r g i n g  m e a s u r e  o f  u n d e r s t a n d i n g  o f  a  w o r k e d  o u t  p r o b l e m .  N e i t h e r  

o f  t h e  l a s t  two s c h o o l - d o m a i n  s t u d i e s  t o o k  p l a c e  in t h e  c l a s s r o o m .  

M o r e o v e r ,  t he  "good"  a n d  " p o o r "  c h a r a c t e r i z a t i o n s  in b o t h  o f  t he  

l a s t  s t u d i e s  we r e  d e f i n e d  p o s t  hoc b a s e d  on t h e  l e a r n e r s '  p r ob l e m 

s o l v i n g  s u c c e s s  d u r i n g  t h e  e x p e r i m e n t .  T h i s  l a t t e r  p r o c e d u r e  d o e s  

n o t  a c comoda t e  o t h e r  h y p o t h e s e s ,  o t h e r  t h a n  a n a l o g i c a l  t r a n s f e r ,  f o r  

s u c c e s s f u l  s o l u t i o n ,  a n d  p r o v i d e d  no g e n e r a l i z a b l e  c r i t e r i a  f o r  

p r e d i c t i n g  " good  a n d  p o o r . "

Domain G e n e r a l  Knowledge

R e s e a r c h e r s  o f  p r i o r  k n o wl e d g e  a nd  a n a l o g i c a l  

t r a n s f e r  do n o t  a g r e e  on t h e  t y p e  o f  p r i o r  k n o wl e d g e  n e e d e d  f o r  

p o s i t i v e  a n a l o g i c a l  t r a n s f e r .  Some r e s e a r c h e r s  ha ve  a r g u e d  t h a t  

domain s p e c i f i c  k n o wl e d g e  was  t o o  r e s t r i c t i v e .  R a t h e r  t han  

f a c i l i t a t i n g  t r a n s f e r ,  s p e c i f i c  knowl e dge  c o u l d  be c h a r a c t e r i z e d
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more a s  a s o u r c e  o-f a u t o m a t i c  r e s p o n s e s  t o  v e r y  - f a m i l i a r  p r o b l e m s  

t ha n  a t r u e  t r a n s - f e r  o-f knowl e dge  ( L a r k i n  & Rei - f ,  1979 ;  S c h o e n - f e l d ,  

1 9 8 5 ) .  Lamper t  & C l a r k  ( 1 9 9 0 )  and  Simon ( 1 9 7 3 )  -found e x p e r t s  were  

o n l y  a b l e  t o  m a n i p u l a t e  s t r u c t u r a l  p r i n c i p l e s  in - f a m i l i a r  

s i t u a t i o n s ,  whe r e  s t e r e o t y p i c a l  c i r c u m s t a n c e s  e v o k e d  r o u t i n e  

r e s p o n s e s .  T h a t  i s ,  e x p e r t s  had  d e v e l o p e d  a r e p e r t o r y  o-f g e n e r i c  

r e s p o n s e s  t o  v a r i a t i o n s  w i t h i n  a n a r r o w  -framework in wh i c h  t h e y  were  

e x t r e m e l y  e x p e r i e n c e d .  The e x p e r t s '  s chema was  a u t o m a t i c a l l y  

a c t i v a t e d  when a p r o b l e m - t y p e  was  r e c o g n i z e d ,  w h i c h  in t u r n  

t e r m i n a t e d  t he  s e a r c h  -for s o l u t i o n .

Braun ( 1 9 8 5 )  d i s a g r e e s .  She - f e e l s  i t  i s  t h e  e x p e r t s  who 

have  t h e  more - f l e x i b l e  a p p r o a c h e s  t o  l e a r n i n g ,  w h e r e a s  n o v i c e s  l a c k  

c o g n i t i v e  m a t u r i t y  a nd  a r e  d e e p l y  d e p e n d e n t  upon s p e c i - f i c  knowl e dge  

a nd  p a r t i c u l a r  c o n t e x t s  in t h e  l e a r n i n g  e n v i r o n m e n t .

S p e n c e r  & W e i s b e r g  ( 1 9 8 6 )  e x a mi n e d  t h i s  a r g u m e n t  by 

r e p l i c a t i n g  Gick & H o l y o a k ' s  1983 s t u d y ,  wh i c h  u s e d  m u l t i p l e  a n a l o g s  

t o  i nduc e  s p e c i - f i c  kno wl e d g e  sc hema .  S p e n c e r  a nd  W e i s b e r g  t h e n  

v a r i e d  one a s p e c t  o-f t h e  r e p l i c a t i o n .  T h e i r  s u b j e c t s  w e r e  r emoved  

a f t e r  t h e  e x p e r i m e n t a l  1 :1  t r a i n i n g  c o n d i t i o n  w i t h  t h e  

e x p e r i m e n t e r s ,  t o  t h e  c l a s s r o o m  t o  s o l v e  t h e  d i s t r a c t o r  a nd  t a r g e t  

p r o b l e m s  in a who l e  g r o u p  s e t t i n g  w i t h  t h e i r  t e a c h e r .  No 

i mprovement  in a n a l o g i c a l  t r a n s f e r ,  s u c h  a s  t h a t  r e p o r t e d  by Gick & 

Ho l y o a k ,  was  o b t a i n e d .  S p e n c e r  & U e i s b e r g  h y p o t h e s i z e d  t h a t  n a r r o w 

e x p e r t i s e  w i t h  a r e s e a r c h e r  in one e x p e r i m e n t a l  s e t t i n g  was  

i n s u f f i c i e n t  t o  e n s u r e  a n a l o g i c a l  t r a n s f e r  o f  t h a t  e x p e r t i s e  t o  

n o n - t r a i n i n g ,  s p e c i f i c  t a s k  s i t u a t i o n s  in c l a s s r o o m  s e t t i n g s .
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T h i s  had  been  o b s e r v e d  e a r l i e r  by Newel l  ( 1 9 8 0 ) .  Newel l  

■felt  s p e c i f i c  schema e n c o u r a g e  n a r r o w  s t r a t e g i e s  t h a t  a r e  e a s y  t o  

t e a c h  b u t  c a s t  a  "penumbr a  o f  g e n e r a l i t y  T h a t  i s ,  s u c h  n a r r o w  

e x p e r t i s e  i s  of  l i m i t e d  u s e  in a n a l o g i c a l  t r a n s f e r  i f  t h e  new 

c o n t e x t  s h i f t s  s l i g h t l y  f rom t h e  o r i g i n a l .

S e v e r a l  s t u d i e s  s u g g e s t  t h a t  g e n e r a l  domain 

knowl edge  may be more  p r e d i c t i v e  o f  p o s i t i v e  a n a l o g i c a l  t r a n s f e r  

t ha n  domain s p e c i f i c  k n o w l e d g e .  Knowledge r i c h  in r e l a t i o n s h i p s  and 

a s s o c i a t i v e  l i n k s  may s u p p o r t  e n h a n c e d  a c c e s s i b i l i t y  o f  t h a t  

knowl edge  in a p p r o p r i a t e  s i t u a t i o n s ,  a s  Brown s u g g e s t s .

Br oa d  kno wl e d g e  in one o r  more  d o m a i ns  i n c r e a s e s  a 

l e a r n e r ' s  a b i l i t y  t o  us e  f o r ma l  knowl edge  s t r u c t u r e s  in a v a r i e t y  of  

p r o b l e m s .  Brown ( 1 9 8 9 )  o b s e r v e d  t h i s  w i t h  v e r y  young  c h i l d r e n  whom 

s h e  t r a i n e d  t o  r e c o g n i z e  a n a l o g i e s  a nd  t h e i r  v a l u e  in f u r t h e r  

l e a r n i n g .  She p r o p o s e d  t h a t  r e p e a t e d  e x p o s u r e  t o  a n a l o g i e s  in 

d i s p a r a t e  domai ns  wou l d  f r e e  t h e  s t r u c t u r a l  p r i n c i p l e s  f rom t h e i r  

s e t t i n g  and  t h e r e b y  i n c r e a s e  g e n e r a l i z a b i 1 i t y .  C h i l d r e n  l e a r n  t o  

make f i n e r  d i s c r i m i n a t i o n s  in t h e i r  c o m p a r i s o n  p r o c e s s i n g  ( mapp i ng)  

w i t h  a g e .  R e c o g n i z i n g  t h a t  d e v e l o p m e n t a l  d i f f e r e n c e s  r e q u i r e d  

c a r e f u l  c a l i b r a t i o n  o f  l e v e l s  o f  t a s k  d i f f i c u l t y ,  s h e  p i l o t e d  

a n a l o g s  and  p r o b l e m s  t h a t  we r e  u n d e r s t a n d a b l e  a nd  e a s y  t o  a p p l y .

Thos e  a n a l o g s  c h o s e n  f o r  h e r  s t u d y  ( 1 9 8 9 )  were  c a l i b r a t e d  t o  meet  

t h e  same s o l u t i o n  r a t e  a s  t h o s e  f o u n d  by Gick a nd  Hol yoak  in 1980.  

Only  10-20% of  t h e  f o u r  y e a r  o l d s  in a p i l o t  s t u d y  c o u l d  s o l v e  t he  

p r o b l e m s  s p o n t a n e o u s l y .  T h i s  i s  t h e  same p r o p o r t i o n  o f  s p o n t a n e o u s  

p o s i t i v e  a n a l o g i c a l  t r a n s f e r s  Gick and  Holyoak r e p o r t e d  in t h e i r
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a n a l o g y  s t u d i e s  w i t h  a d u l t s  < 1 9 8 0 , 1 9 8 3 ) .

Brown ga ve  - f ive c h i l d r e n  ( a v e r a g e  age  4)  a  s e r i e s  

o-f p l a y  s i t u a t i o n s  in wh i c h  a  p i v o t a l  - f a c t o r  in t h e  t a r g e t  p r o b l e m ,  

a p i e c e  o-f p a p e r ,  was  p r o m i n e n t  in e a c h  s i t u a t i o n ,  u n d e r  v a r i o u s  

g u i s e s  o-f u t i l i t y .  In t h e  t r a i n i n g  e x a m p l e s  p r i o r  t o  t h e  t a r g e t  

p r o b l e m ,  t h e  p a p e r  was  a l t e r n a t e l y  u s e d  a s  a  c a r p e t ,  a b r i d g e  o r  a 

t e l e s c o p e .  The c h i l d r e n  d e m o n s t r a t e d  s i g n i f i c a n t  a n a l o g i c a l  

t r a n s f e r  t o  t h e  t a r g e t  p r o b l e m  wh i c h  r e q u i r e d  a p i e c e  o f  p a p e r  t o  be 

u s e d  in a way ( a s  a p e a  s h o o t e r )  n o t  p r e v i o u s l y  e n c o u n t e r e d  in t he  

t r a i n i n g  e x a mp l e s  f o r  s o l u t i o n .

P r i o r  t o  t h e  same t a r g e t  p r o b l e m ,  h e r  c o n t r o l  

c h i l d r e n  we r e  g i v e n  e x t e n s i v e  e x p e r i e n c e  w i t h  d r a w i n g  a n a l o g i e s ,  and  

i d e n t i c a l  p l a y  s i t u a t i o n s ,  b u t  t h e  p i e c e  o f  p a p e r  was  p r e s e n t e d  in 

o n l y  one h a b i t u a l  f u n c t i o n ,  f o r  w r i t i n g .  D e n i e d  an e x p a n d e d  r a n g e  

o f  p o t e n t i a l  a p p l i c a t i o n s  of  a p i v o t a l  f a c t o r  ( a  p i e c e  o f  p a p e r ) ,  

t h e  c o n t r o l s  wer e  u n a b l e  t o  u s e  t h e  a n a l o g  t o  s o l v e  t h e  p r o b l e m .

Brown s u g g e s t e d  t h a t  b r o a d  k n o w l e d g e ,  w i t h i n  t h e  r a n g e  o f  a young 

c h i l d ' s  c o m p e t e n c e ,  r e d u c e s  D u n c k e r ' s  A f u n c t i o n a l  f i x e d n e s s 8 and 

i n c r e a s e s  o n e ' s  f l e x i b i l i t y  in n o t i c i n g  a nd  a p p l y i n g  s o l u t i o n s  

mapped f rom e v e r y d a y  a nd  s c h o o l  a n a l o g i e s .

In c o m p a r i n g  t h e  e f f e c t s  o f  domain  s p e c i f i r  v s  

g e n e r a l  domain knowl edge  on a n a l o g i c a l  t r a n s f e r ,  A l e x a n d e r ,  P a t e ,  

Kul kowi ch  & W r i g h t  ( 1 9 8 8 )  t r a i n e d  two g r o u p s  o f  s t u d e n t s  ( h i g h  

s c h o o l  and c o l l e g e )  in domain s p e c i f i c  knowl e dge  ( i m m u n o l o g y ) ,  

a n a l o g i c a l  r e a s o n i n g ,  a nd  s t r a t e g i e s  in how t o  s p o t  a nd  u s e  

a n a l o g i e s .  P r i o r  t o  i n s t r u c t i o n ,  t h e  s t u d e n t s  we r e  i d e n t i f i e d  a s
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" h i g h "  o r  " low" g e n e r a l  domain c o m p e t e n t  b a s e d  on c r i t e r i a l  s c i e n c e  

a s s e s s m e n t  t e s t s  d e v i s e d  f o r  t h e  s t u d y .  " H i g h s "  a nd  " lows* were  

e i t h e r  1 / 2  a s t a n d a r d  d e v i a t i o n  above  o r  be l ow t h e  s a mpl e  mean .  A

week p r i o r  t o  t r a i n i n g  a l l  s t u d e n t s  w e r e  p r e t e s t e d  f o r  domain

s p e c i f i c ,  a n a l o g y  a nd  s t r a t e g i e s  k n o wl e d g e .  T r a i n i n g  t he n  t ook  

p l a c e  f o r  t h r e e  c o n s e c u t i v e  d a y s .  P o s t - t e s t s  we r e  made t he  

f o l l o w i n g  week in two a r e a s  o f  i n s t r u c t i o n :  i mmuno l og i ca l  

t e r m i n o l o g y  and  s o l v i n g  a t a r g e t  p r o b l e m  a f t e r  r e a d i n g  t h e  s t o r y  

t h a t  t h e  e x p e r i m e n t e r s  p r o v i d e d  a s  a b a s e  a n a l o g  in immunology.

I n s t r u c t i o n  in a n a l o g i c a l  r e a s o n i n g  and  s t r a t e g i e s  in 

how t o  r e c o g n i z e  s c i e n c e  a n a l o g i e s  p r o d u c e d  no s i g n i f i c a n t  e f f e c t  on 

a ny  s t u d e n t ' s  t r a n s f e r  o f  knowl edge  by a n a l o g y .  Domain s p e c i f i c  

t r a i n i n g  d i d  have  a  s i g n i f i c a n t  e f f e c t  on v o c a b u l a r y  p o s t t e s t s  of  

t h e  low s c i e n c e  c o m p e t e n t  o n l y .  The f a c t o r  wh i c h  b e s t  p r e d i c t e d  how 

w e l l  s t u d e n t s  s o l v e d  a s c i e n c e  p r o b l e m  in immunology by a n a l o g y  was 

t h e i r  p r e - i n t e r v e n t i o n  g e n e r a l  s c i e n c e  c o m p e t e n c e  a s s e s s m e n t .

One can  t a k e  i s s u e  w i t h  A l e x a n d e r  ej.  a l  ' s  d e c i s i o n

t o  u s e  v o c a b u l a r y  a s  an i n d i c a t o r  o f  domain  k n o w l e d g e ,  o r  w i t h  t he

c o m p a r a t i v e l y  b r i e f  i n s t r u c t i o n a l  p e r i o d  <3 d a y s ) ,  b u t  t h i s  s t u d y  

i s  s i g n i f i c a n t  t o  t h e  r e s e a r c h  p r o p o s e d  in t h i s  p a p e r  on o t h e r  

g r o u n d s .  I t  i d e n t i f i e d  " h i g h s "  and  " l o w s "  a p r i o r i  on t h e  b a s i s  o f  

g e n e r a l  s c i e n c e  c o mp e t en c e  t o  b e t t e r  a s s e s s  t h e  e f f e c t s  o f  s p e c i f i c  

t r a i n i n g .  I f  c omp a r e d  d i f f e r i n g  g e n e r a l  c o mp e t e n c e  l e v e l s  in 

s c i e n c e  a nd  t h e  e f f e c t s  o f  l i m i t e d  d o m a i n - s p e c i f i c  i n s t r u c t i o n  on 

s o l v i n g  an immunology p r o b l e m v i a  an a n a l o g  b a s e .  I t  a l s o  c a r r i e d  

o u t  i n s t r u c t i o n  in t h e  dynamic  c o n t e x t  o f  a  c l a s s r o o m  r a t h e r  t han  in
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a  1:1 e x p e r i m e n t a l  s i t u a t i o n  common t o  mos t  o t h e r  a n a l o g  s t u d i e s .

Summary

F i v e  c o n c l u s i o n s  r e l a t e d  t o  t h e  p r e s e n t  s t u d y  ca n  be 

drawn -from t h e  l i t e r a t u r e .  F i r s t ,  a l t h o u g h  a n a l o g i c a l  t r a n s f e r  i s  

c o n s i d e r e d  a t i m e - h o n o r e d  s t r a t e g y  -for p r o b l e m  s o l v i n g  a nd  knowledge  

a c q u i s i t i o n ,  o n l y  10-20% o f  t h e  s u b j e c t s  e x h i b i t  s p o n t a n e o u s  

a n a l o g i c a l  t r a n s f e r  f r o m  b a s e  t o  t a r g e t  in t y p i c a l  s t u d i e s .  Second ,  

c o n t e x t u a l  e l e m e n t s  p r e s e n t  in t h e  b a s e  a n a l o g  may e i t h e r  improve 

s o l u t i o n  by a n a l o g y  ( p o s i t i v e  a n a l o g i c a l  t r a n s f e r )  o r  r e d u c e  

t r a n s f e r  be low t h e  p e r f o r m a n c e  o f  a  c o n t r o l  g r ou p  g i v e n  no a n a l o g  a t  

a l l  ( n e g a t i v e  a n a l o g i c a l  t r a n s f e r ) .  T h i r d ,  o f  t h e  c o n t e x t u a l  f a c t o r s  

e x a m i n e d ,  a n a l o g y  t y p e  a nd  a n a l o g y  f o r m a t  a p p e a r  t o  be s i g n i f i c a n t  

f a c t o r s  in improved  a n a l o g i c a l  t r a n s f e r  p e r f o r m a n c e .  A b a s e  a n a l o g  

in a p r ob l e m f o r m a t  v s  a  b a s e  a n a l o g  in a s t o r y  f o r m a t  h o l d s  p r omi s e  

f o r  p o s i t i v e  a n a l o g i c a l  t r a n s f e r .  And,  s u r f a c e - s i m i 1a r  b a s e  a n a l o g s  

i r r e l e v a n t  f o r  s o l u t i o n  a r e  o f t e n  s u f f i c i e n t l y  s a l i e n t  t o  p r o d u c e  

n e g a t i v e  a n a l o g i c a l  t r a n s f e r  ( s e e  T a b l e  1 ) .

F o u r t h ,  p r i o r  knowl e dge  a p p e a r s  t o  h e l p  l e a r n e r s  

c o n s t r u c t  a  r e p r e s e n t a t i o n  o f  t h e  t a r g e t  p r o b l e m .  The d e g r e e  and 

d i r e c t i o n  o f  a n a l o g i c a l  t r a n s f e r  may be p r e d i c t e d  by t h e  p r i o r  

knowl edge  p o s s e s s e d  by s t u d e n t s .  T h i s  k n owl e dge  may be domain 

s p e c i f i c  o r  domain g e n e r a l .  Thos e  who p o s s e s s  t h e  l a t t e r  f o rm o f  

knowl edge  a r e  as sumed  t o  ha ve  d e v e l o p e d  e x t e n s i v e  schema  t h a t  a r e  

s e n s i t i v e  t o  d i v e r s e  a p p l i c a t i o n s  and  r e l a t i o n s h i p s ,  t h e  v e r y  

s e n s i t i v i t y  r e q u i r e d  in a n a l o g i c a l  t r a n s f e r .
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And - f i f t h ,  f ew a n a l o g  s t u d i e s  t a k e  p l a c e  in t he  

c l a s s r o o m ,  when t h e y  i n v o l v e  s u b j e c t - m a t t e r  l e a r n e d  in s c h o o l  a s  t he  

f o c u s  o f  t he  a n a l o g i c a l  t r a n s f e r  t a s k ;  and  none  ha ve  e x a mi ne d  

l e a r n e r s  o v e r  e x t e n d e d  p e r i o d s  of  i n s t r u c t i o n .

The p r e s e n t  s t u d y  e x p l o r e d  t h e  u s e  o f  a n a l o g i c a l  

t r a n s f e r  by s t u d e n t s  in i n t r o d u c t o r y  h i g h  s c h o o l  s c i e n c e .  The 

s u b j e c t s  we r e  u r b a n ,  a d o l e s c e n t  s c i e n c e  s t u d e n t s  in f r e s h m e n  h i g h  

s c h o o l  s c i e n c e  c l a s s e s .  They  r e c e i v e d  t h r e e  we e k s  o f  i n s t r u c t i o n  in 

a  s p e c i f i c  s c i e n c e  c o n c e p t  ( s e e  Ap pe nd i x  A) in t h e  c l a s s r o o m  by 

e x e r i e n c e d  s c i e n c e  t e a c h e r s  p r i o r  t o  e x p o s u r e  t o  one  o f  f o u r  

e x p e r i m e n t a l  b a s e  a n a l o g s .  A c o n t r o l  g r o u p  e x p o s e d  t o  t h e  same 

s c i e n c e  i n s t r u c t i o n  r e c e i v e d  no a n a l o g  a t  a l l  p r i o r  t o  s o l v i n g  t h e  

t a r g e t  p r o b l e m s .

The s p e c i f i c  a n a l o g s  we r e  v a r i e d  by t y p e  a nd  f o r m a t .  

The a n a l o g y  t yp e  was  e i t h e r  s t r u c t u r a l l y  a p p r o p r i a t e  o r  

s y n t a c t i c a l l y  i s o m o r p h i c  t o  t h e  t a r g e t .  The a n a l o g y  f o r m a t  was  

e i t h e r  a t r a d i t i o n a l  n a r r a t i v e  s t o r y  f o r m a t  or  a p r o b l e m  s o l v i n g  

f o r m a t .  The s t u d e n t s  w e r e  i n s t r u c t e d  f i r s t  in a p a r t i c u l a r  s c i e n c e  

c o n c e p t  w i t h i n  t h e  s t a t e  c u r r i c u l u m .  Th e y  we r e  t h e n  t e s t e d  on t h e i r  

knowl edge  o f  t h e  s p e c i f i c  c o n c e p t ,  a s  w e l l  a s  on t h e i r  g e n e r a l  

s c i e n c e  k n o w l e d g e .  Both  o f  t h e s e  knowl e dge  a s s e s s m e n t s  w e r e  u s e d  t o  

d e t e r m i n e  t he  c o n t r i b u t i o n  o f  t h e s e  f o r m s  o f  p r i o r  k nowl e dge  in 

p r e d i c t i n g  a n a l o g i c a l  t r a n s f e r .

S c i e n c e  i n s t r u c t i o n  r e l e v a n t  t o  t h e  d e s i g n  a n d  t o p i c  

o f  t h e  s t u d y ,  a s  w e l l  a s  a s s e s s m e n t s  o f  p r i o r  k n o wl e d g e  w e r e  c a r r i e d  

o u t  in t h e  c l a s s r o o m .  The c l a s s r o o m  was  a l s o  t h e  s e t t i n g  f o r  t he



i n t e r v e n t i o n  n a m e l y ,  t h e  a n a l o g i c a l  t r a n s f e r  t a s k .  The i n t e r v e n t i o n  

p e r m i t t e d  e x a m i n a t i o n  o f  t h e  r o l e s  o f  two c o n t e x t  v a r i a b l e s ,  f o r m a t  

and  t yp e  o f  a n a l o g y ,  on t h e  a n a l o g i c a l  t r a n s f e r  o f  s c i e n c e  

knowl e dge .
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I I I  HYPOTHESES

The d e s i g n  o-f t h e  s t u d y  i s  g i v e n  in T a b l e  2 .  T h e r e  a r e  f o u r  

e x p e r i m e n t a l  g r o u p s  a nd  one n o - t r e a t m e n t  c o n t r o l .  The b a s e  a n a l o g  

a p p e a r s  in one of  f o u r  c o n t e x t s  shown a s  g r oup  1 ,  2 ,  3 ,  and  4 in 

T a b l e  2 .  The c o n t e x t  i s  a n a l o g o u s  in e i t h e r  s t r u c t u r e  o r  s u r f a c e  

t o  t h e  t a r g e t  p r o b l e m t o  be s o l v e d ;  a nd  i s  g i v e n  in e i t h e r  p r o b l e m  

o r  s t o r y  f o r m a t .  A l l  Ss  r e s p o n d e d  t o  t h e  same p o s t - i n t e r v e n t i o n  

t a r g e t  p r o b l e m m e a s u r e .  A n a l o g i c a l  t r a n s f e r  o f  p r o b l e m s o l u t i o n s  in 

s c i e n c e  was  a s s e s s e d  by r e s p o n s e s  o f  e a c h  g r ou p  t o  t h e  t a r g e t  

p r o b l e m  q u e s t  i o n s .

1 Main e f f e c t :  P r o b l e m  v s  S t o r y  f o r m a t

S u b j e c t s  in t h e  p r o b l e m a n a l o g y  f o r m a t  ( G r o u p s  1 a nd  3)  w i l l  

have a s i g n i f i c a n t l y  h i g h e r  mean s c o r e  t h a n  s u b j e c t s  w i t h  a 

s t o r y  f o r m a t  ( G r o u p s  2 a nd  4 ) .

S p o n t a n e o u s  u s e  o f  an a n a l o g y  t o  s o l v e  a p r o b l e m  i s  e n h a n c e d  

when b o t h  a n a l o g y  a nd  t e s t  m a t e r i a l s  a r e  p r o c e s s e d  in a 

p r o b l e m f o r m a t  ( P o s i t i v e  A n a l o g i c a l  T r a n s f e r ) .

2 .  Main e f f e c t :  S t r u c t u r a l  v s  S u r f a c e  Type

S u b j e c t s  g i v e n  a  s t r u c t u r a l  a n a l o g y  ( G r o u p s  1 a nd  2 )  w i l l  

have  a s i g n i f i c a n t l y  h i g h e r  mean s c o r e  t h a n  s u b j e c t s  g i v e n  

a s u r f a c e  a n a l o g y  ( Gr o u p s  3 a nd  4 ) .
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T a b l e  2

De s i gn  o-f t h e  S t u d y ;  D i s t r i b u t i o n  o-f Type  a nd  For ma t  o f  An a l oo y

A n a l o g  Type

An a l o g  Format  S t r u c t u r a l  S u r f a c e  No A n a l o g

P r o b l e m  Group 1 Group 3 ---------

S t o r y  Group 2 Group 4 ---------

No A n a l og  --------- --------- Group 5
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An a n a l o g y  i n c r e a s e s  t r a n s f e r  o f  k n o wl e d g e  when i t  s h a r e s  

s t r u c t u r a l  r e l a t i o n s h i p s  in common w i t h  t h e  t a r g e t  p r o b l e m .  

( P o s i t i v e  A n a l o g i c a l  T r a n s f e r ) .

3 .  W i t h i n  g r o u p :  S t r u c t u r a l  Type in P r o b l e m  For ma t  

S u b j e c t s  r e c e i v i n g  an a n a l o g y  o f  a  s t r u c t u r a l  t y p e  in a 

p r o b l e m f o rm (Group  1) w i l l  ha ve  a s i g n i f i c a n t l y  h i g h e r  

mean s c o r e  t h a n  t h e  o t h e r  e x p e r i m e n t a l  c o n d i t i o n s  o f  

a n a l o g y  t y p e  a nd  f o r m a t ,  o r  c o n t r o l  ( G r o u p s  2 ,  3 ,  4 ,  

and 5 ) .

The c o m b i n a t i o n  o f  s t r u c t u r a l  t y p e  a nd  p r o b l e m  f o r m a t  o f  

t h e  b a s e  a n a l o g  p r o v i d e s  t h e  g r e a t e s t  s u p p o r t  f o r  t he  

t r a n s f e r  o f  kno wl e d g e  ( P o s i t i v e  A n a l o g i c a l  T r a n s f e r ) .

4 .  C o n t r o l :  No a n a l o g  v s  s u r f a c e  a n a l o g s

C o n t r o l  s u b j e c t s  w i l l  ha ve  a s i g n i f i c a n t l y  h i g h e r  mean 

s c o r e  t h a n  s t u d e n t s  in t h e  s u r f a c e  a n a l o g y  c o n d i t i o n s  

( Gr o u p s  3 a nd  4 ) .

S u r f a c e  p r o p e r t i e s  common t o  b o t h  t h e  b a s e  a n a l o g  and  

t h e  t a r g e t  p r o b l e m ,  b u t  i r r e l e v a n t  f o r  s o l u t i o n ,  w i l l  

i n t e r f e r e  w i t h  s u c c e s s f u l  s o l u t i o n  by a n a l o g y  ( N e g a t i v e  

A n a l o g i c a l  T r a n s f e r ) .



38

5 .  Domain Knowledge E f f e c t :  G e n e r a l  a nd  S p e c i f i c  Knowledge 

Gi ven  knowl edge  o f  a s t u d e n t ' s  t r e a t m e n t  g r o u p ,  t h e  

a c c u r a c y  o f  p r e d i c t i o n  o f  s u c c e s s f u l  t r a n s f e r  o f  s p e c i f i c  

s c i e n c e  knowl e dge  by a n a l o g y  w i l l  be i n c r e a s e d  by 

knowl edge  o f  t h e  s t u d e n t ' s  s c o r e  on t h e  g e n e r a l  domain 

c o mp e t en c e  t e s t  (RCT).

T h i s  h y p o t h e s i s  e x a m i n e s  w h e t h e r  domai n  k n o wl e d g e ,  

a s s u m i n g  t h e  e x i s t e n c e  o f  b r o a d  s c h e m a ,  w i l l  be more 

h i g h l y  a s s o c i a t e d  w i t h  a n a l o g i c a l  t r a n s f e r  o f  s c i e n c e  

c o n c e p t s  a nd  p r o b l e m  s o l u t i o n s  t a u g h t  in t h e  c l a s s r o o m  

t h a n  w i l l  s p e c i f i c  domain  k n o w l e d g e .  T h a t  i s ,  g e n e r a l  

r a t h e r  t ha n  s p e c i f i c  s c i e n c e  kno wl e d g e  may a s s i s t  t h e  

t h e  l e a r n e r  t o  a g r e a t e r  d e g r e e  in r e c o g n i z i n g  a n a l o g o u s  

p r o b l e m  s o l v i n g  t a s k s  in s t o r y  f o r m a t s  o r  in a v o i d i n g  

s e e m i n g l y  a n a l o g o u s  s u r f a c e  s i m i l a r i t i e s  f o r  s o l u t i o n  

p u r p o s e s .



IV METHODS

The s t u d y  e x a mi n e d  t h e  e f f e c t s  o f  two t a s k  c o n t e x t s  and 

p r i o r  s c i e n c e  knowl edge  on s c i e n c e  p r o b l e m s o l v i n g  by a n a l o g y  f o r  

s t u d e n t s  t a k i n g  a f r e s h m a n  h i g h  s c h o o l  s c i e n c e  c o u r s e .  The t a s k  

c o n t e x t s  r e f e r  t o  t h e  f o rm and  t y p e  o f  a n a l o g  p r e s e n t e d .  P r i o r  

knowl edge  was  m e a s u r e d  on two a s s e s s m e n t  t e s t s .  G e n e r a l  knowledge  

o f  s c i e n c e  was  t e s t e d  by a s t a n d a r d i z e d  New York S t a t e  E d u c a t i o n  

D e p a r t m e n t  <NYSED) R e g e n t s  Competency  T e s t  (RCT) in S c i e n c e ;  

s p e c i f i c  s c i e n c e  k nowl e dge  by a s c h o o l - w i d e  t e s t  on t h e  k i n e t i c  

m o l e c u l a r  t h e o r y  (KMT).  T r a n s f e r  o f  s c i e n c e  k nowl e dge  by a n a l o g y  

was  a s s e s s e d  by s c o r e s  on a s c i e n c e  p r o b l e m  t a s k .  T a b l e  3 o u t l i n e s  

t h e  t i m i n g  o f  t h e  e x p e r i m e n t .

S u b j e c t s

The s t u d e n t s  c o m p r i s e d  a l l  t h e  f r e s h m e n  s c i e n c e  c l a s s e s  

in an u r b a n  h i g h  s c h o o l  . Thos e  e x c l u d e d  f rom t h e  f r e s h m e n  s c i e n c e  

pool  f rom whi c h  t h i s  s t u d y ' s  s t u d e n t s  we r e  drawn we r e  t h o s e  who 

wer e  n o t  in NY S t a t e  f o r  e a c h  o f  g r a d e s  7 ,  8 a nd  9 ,  o r  wer e  a b s e n t  

f rom e i t h e r  t h e  s p e c i f i c  (KMT) o r  g e n e r a l  (RCT) s c i e n c e  knowledge  

a s s e s s m e n t s .  M o r e o v e r ,  p r i o r  RCT f a i l u r e  s t u d e n t s  t ook  p a r t  in 

m a n d a t e d  r e m e d i a t i o n  p r o g r a m s  a nd  we r e  n o t  i n c l u d e d  in t h e  s u b j e c t  

p o o l .

Thus  t h o s e  t h a t  p a r t i c i p a t e d  in t h i s  s t u d y  were  

f r e s h m e n  who e x p e r i e n c e d  a t  l e a s t  t h r e e  we e ks  o f  s p e c i f i c  s c i e n c e  

i n s t r u c t i o n  and  two we e k s  o f  r e v i e w  d u r i n g  t h e  s e m e s t e r  in whi ch  

t h i s  s t u d y  t ook  p l a c e .  In a d d i t i o n  t h e y  we r e  t h e  o n l y  n i n t h  g r a d e r s  

who ha d  c o m p l e t e d  t h r e e  y e a r s  o f  t h e  u n i f o r m  NY S t a t e  s c i e n c e



T a b l e  3 TIME LINE

TIMING

1 P r i o r  t o  
e x p e r i m e n t

2 Two mon t hs  p r i o r  
t o  i n t e r v e n t i o n

3 T h r e e  we e ks  p r i o r  
t o  i n t e r v e n t i o n

4 Two weeks  p r i o r  
t o  i n t e r v e n t i o n

5 One week p r i o r  
i n t e r v e n t i o n

6 One week p r  i o r  
t o  i n t e r v e n t i o n

7 Ana l ogy
i n t e r v e n t i o n  
<double  b l i n d )

STUDENT ACTIVITIES

I n s t r u c t i o n  in NY S t a t e  s c i e n c e  c u r r i c u l u m  
d u r i n g  g r a d e s  7 - 9 .

T h r e e  we e k s  o f  i n s t r u c t i o n  in s p e c i f i c  
s c i e n c e  c o n c e p t  ( k i n e t i c  m o l e c u l a r  t h e o r y )  
i n  c l a s s r o o m  f o l l o w e d  by two we e k s  o f  
r e v i e w  f o r  f i n a l  s t a t e  RCT exam.

F i n a l  exam o f  s e m e s t e r  wh i c h  i n c l u d e d  domain 
s p e c i f i c  a s s e s s m e n t  (KMT) c o n d u c t e d  in t he  
c l a s s r o o m .

S t a t e w i d e  g e n e r a )  s c i e n c e  a s s e s s m e n t  (RCT) 
a d m i n i s t e r e d  in c l a s s .

S t u d e n t s  who t ook  b o t h  KMT a nd  RCT 
a s s e s s m e n t s  wer e  r a n k e d  on t h e i r  RCT s c o r e .

Each s t u d e n t  f rom c o n s e c u t i v e  r a n k e d  g r o u p s  
o f  t w e n t y  was  r a n d o m l y  a s s i g n e d  ( on  p a p e r )  
t o  1 o f  5 t r e a t m e n t  g r o u p s  in a  r a n d o m i z e d  
b l o c k  d e s i g n  w h i l e  r e m a i n i n g  in a  
w h o l e - c l a s s  c o n f i g u r a t i o n .

S u b j e c t s  in t r e a t m e n t  g r o u p s  (N =  266)  r e a d ,  
i n  c l a s s ,  an a n a l o g  ( g r o u p s  1 - 4 )  o r  no a n a l o g  
( c o n t r o l  g r oup  5)  a nd  t h e n  a t t e m p t e d  t o  s o l v e  
t h e  t a r g e t  p r o b l e m .
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c u r r i c u l u m  -from g r a d e s  7 t o  9 a nd  s a t  -for t h e  s t a t e  m a n d a t e d  domain 

g e n e r a l  RCT t e s t .

P r o c e d u r e

D u r i n g  t h e  l a s t  i n s t r u c t i o n a l  hal-f  o f  t h e  s e m e s t e r ,  a l l  

s t u d e n t s  in e l e v e n  - f reshmen s c i e n c e  c l a s s e s  r e c e i v e d  t h r e e  we e k s  of  

s t u d y  in t h e  k i n e t i c  m o l e c u l a r  t h e o r y  by t h e i r  a s s i g n e d  s c i e n c e  

t e a c h e r s ,  s e e  Ap pe nd i x  A.  The t h e o r y  i s  p a r t  o f  t h e  c u r r i c u l u m  and 

t h e  t o p i c  o f  t h e  a n a l o g y  p r o b l e m  i n t e r v e n t i o n .  I n s t r u c t i o n  was  

f o l l o w e d  by two k n o wl e d g e  a s s e s s m e n t s  s e p a r a t e d  by a p p r o x i m a t e l y  one 

week and  c a r r i e d  o u t  by t h e  same t e a c h e r s  in t h e  c l a s s r o o m .  The 

f i r s t ,  on domain s p e c i f i c  k nowl e dge  (KMT), was  t e s t e d  w i t h  a  20 i t em 

exam on t h e  k i n e t i c  m o l e c u l a r  t h e o r y .  I t  was  a  s e c t i o n  o f  t he  

s e m e s t e r  f i n a l  t o  e n s u r e  opt imum a t t e n d a n c e  a nd  u n i f o r m  f o c u s  of  

i n s t r u c t i o n .  App e n d i x  B c o n t a i n s  t h e  t w e n t y  i t em t e s t .

The f o l l o w i n g  week s t u d e n t s  t ook  t h e  s e c o n d  knowl edge  

a s s e s s m e n t :  a 70 i t e m R e g e n t s  Competency  t e s t  (RCT) in s c i e n c e  b a s e d  

on a t h r e e  y e a r  s t a t e  c u r r i c u l u m  in s c i e n c e .  A f t e r  t h e  c l a s s r o o m  

t e a c h e r s  g r a d e d  b o t h  e xa ms ,  s t u d e n t s  who t ook  b o t h  t e s t s  (N = 3 0 0 ) ,  

we r e  t hen  r a n k e d  on t h e i r  g e n e r a l  s c i e n c e  c o m p e t e n c y  a s  r e p o r t e d  by 

t h e i r  s c o r e s  on t h e  RCT.

A r a n d o m i z e d  b l o c k  d e s i g n  was  f o r m e d  t o  r e d u c e  

e x p e r i m e n t a l  e r r o r  in e a c h  o f  t h e  t r e a t m e n t  g r o u p s .  The d e s i g n  

i n c r e a s e d  t h e  h o m o g e n e i t y  o f  e a c h  o f  t h e  t r e a t m e n t  g r o u p s  a s  

r e g a r d i n g  p r i o r  g e n e r a l  s c i e n c e  k n o wl e d g e .  The f i r s t - r a n k e d  t we n t y  

s t u d e n t s  wer e  r a n d o m l y  a s s i g n e d  t o  a c o n t r o l  g r ou p  o r  one o f  t he
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•four i n t e r v e n t i o n  g r o u p s .  Each s u c c e e d i n g  b l o c k  o f  t w e n t y  r a n k e d  

s u b j e c t s  was  s i m i l a r l y  a s s i g n e d  t o  one o f  t h e  f i v e  g r o u p s .  Thus  e a ch  

s t u d e n t  in e a ch  b l o c k  o f  t w e n t y  was  r a n d o m l y  p l a c e d  in one o f  t he  

e x p e r i m e n t a l  o r  c o n t r o l  g r o u p s  ( T a b l e  2 ) .  In t h i s  wa y ,  f i f t e e n  

r a n d o m i ze d  b l o c k s  by f i v e  g r o u p s  were  o b t a i n e d .  T h i s  was  i n t e n d e d  t o  

e n s u r e  u n i f o r m i t y  o f  p r i o r  d o m a i n - g e n e r a l  k nowl e dge  f o r  each  o f  t h e  

f i v e  g r o u p s .

Be c a us e  t h e  s c i e n c e  c l a s s e s  we r e  l e f t  u n a l t e r e d  and t h e  

s t u d e n t s  were  n o t  p h y s i c a l l y  g r o u p e d  in t h i s  d o u b l e  b l i n d  s t u d y ,  

t h e i r  names wer e  l a t e r  a f f i x e d  t o  t h e  i n t e r v e n t i o n  i n s t r u m e n t  f o r  

e a ch  of  t h e  g r oup  c o n d i t i o n s  t o  e n s u r e  a c c u r a t e  d i s t r i b u t i o n  b a s e d  

on t h e i r  RCT r a n k .

A p p r o x i m a t e l y  a week a f t e r  t h e  RCT t h e  s t u d e n t s  

p a r t i c i p a t e d  in t h e  a n a l o g i c a l  t r a n s f e r  o f  knowl e dge  i n t e r v e n t i o n .  

T h i s  i n t e r v e n t i o n  was  a d m i n i s t e r e d  by t h e i r  s c i e n c e  t e a c h e r s  in t h e  

s c i e n c e  c l a s s e s .  S t u d e n t s  a b s e n t  f rom e i t h e r  t h e  KMT o r  t h e  RCT 

t e s t s  r e m a i n e d  in t h e  s c i e n c e  c l a s s e s  b u t  d i d  n o t  t a k e  p a r t  in t h e  

i n t e r v e n t i o n .  T h e i r  names  wer e  on a s e l f - p a c e d  d r u g  o p i n i o n  

q u e s t i o n a i r e  p r o v i d e d  by t h e i r  t e a c h e r s .  The t ime  t o  c o m p l e t e  t h i s  

q u e s t i o n a i r e  was  e q u a l  i n  c o m p l e t i o n  t i me  t o  t h e  i n t e r v e n t i o n .

Al l  s t u d e n t s  in t h e  c l a s s r o o m  ( w h e t h e r  t a k i n g  p a r t  in 

t h e  i n t e r v e n t i o n  o r  n o t )  we r e  t o l d  t h a t  t h e  work b e f o r e  them wou l d  

p r o v i d e  t he  s c i e n c e  d e p a r t m e n t  w i t h  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  

coming y e a r ' s  f r e s h m a n  s c i e n c e  c o u r s e s .  They  w e r e  a s k e d  t o  do t h e i r  

b e s t  even t hough  t h e y  h a d  a l r e a d y  t a k e n  t h e  RCT a nd  we r e  t o l d  t h a t  

t h e i r  r e s p o n s e s  wo u l d  in no way a f f e c t  t h e i r  c o u r s e  g r a d e .  None
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c h o s e  t h e  o p t i o n  o f  n o t  p a r t i c i p a t i n g  in t h e  s t u d / .  P i l o t  t r i a l s  

s u g g e s t e d  t h a t  t h e  a n a l o g y  i n t e r v e n t i o n  wo u l d  n o t  e x c e e d  20 m i n u t e s  

t o  c o m p l e t e ;  however  t h e r e  was  no t i me  l i m i t  f o r  c o m p l e t i o n .  Al l  

s t u d e n t s  f i n i s h e d  t h e  t a s k  w i t h i n  a h a l f - h o u r .

Thos e  s t u d e n t s  a s s i g n e d  t o  one o f  t h e  f o u r  i n t e r v e n t i o n  

g r o u p s  r e a d  a b a s e  a n a l o g  p a s s a g e ,  s e e  A p p e n d i c e s  D-G. The b a s e  

a n a l o g  a p p e a r s  in one  o f  f o u r  c o n t e x t s :  a n a l o g o u s  in s t r u c t u r e  or  

s u r f a c e  t o  t h e  t a r g e t  p r o b l e m  t o  be s o l v e d ,  a nd  in e i t h e r  a p r o b l e m 

o r  s t o r y  f o r m a t ,  s e e  d e s i g n  in T a b l e  2 .  The s t u d e n t s  w e r e  f i r s t  

a s k e d  t o  r a t e  on a 5 - p o i n t  L i k e r t  s c a l e  how w e l l  t h e y  u n d e r s t o o d  t h e  

p a s s a g e  and  how d i f f i c u l t  a p a s s a g e  i t  s e eme d .  T h e s e  q u e s t i o n s  wer e  

d e s i g n e d  t o  d i r e c t  t h e  Ss  a t t e n t i o n  t o  t h e  a n a l o g  a nd  e n s u r e  t h a t  i t  

was  r e a d  a nd  e v a l u a t e d .  The y  w e r e  g i v e n  no h i n t  o r  pr ompt  t o  us e  

t h e  b a s e  a s  an a i d  in a n s w e r i n g  t h e  s c i e n c e  p r o b l e m s  wh i c h  f o l l o w e d .

The c o n t r o l  g r o u p  d i f f e r e d  f rom e a c h  o f  t h e  f o u r  

e x p e r i m e n t a l  g r o u p s  in one  r e s p e c t  o n l y .  C o n t r o l s  w e r e  n o t  g i v e n  

a ny  b a s e  a n a l o g  t o  r e a d .  They  r e a d  i n s t e a d  a  one  pa ge  f a c t  s h e e t  on 

d r u g s .

The d e p e n d e n t  m e a s u r e  i n s t r u m e n t ,  i d e n t i c a l  f o r  a l l  t h e  

g r o u p s ,  i n c l u d i n g  t h e  c o n t r o l ,  was  a 250 wor d  p a s s a g e  a b o u t  a 

p a r t i c u l a r  a s p e c t  o f  a  h y p o t h e t i c a l  h i g h  s c h o o l  s c i e n c e  e x p e r i m e n t  

( Appe nd i x  I ) .  I t  c o n c l u d e s  w i t h  a f a m i l i a r  s c h o o l - b a s e d  p r o b l e m  of  

how t o  i n t e r p r e t  b e s t  w h a t  o c c u r r e d  f rom t h e  r e a d i n g ,  f o r  a l a b  

n o t e b o o k  w r i t e u p .  A l l  g r o u p s ,  i n c l u d i n g  t h e  c o n t r o l ,  t h e n  a n s we r e d  

s i x  m u l t i p l e  c h o i c e  q u e s t i o n s  ( f o u r  c h o i c e s  f o r  e a c h  q u e s t i o n )  

r e q u i r e d  f o r  t h e  l a b  w r i t e u p .  The s i x  q u e s t i o n s  w e r e  c h o s e n  f rom
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t h e  RCT s c i e n c e  s y l l a b u s .  The b a s e  a n a l o g  was  d e s i g n e d  t o  t ap  

a n a l o g i c a l  t r a n s f e r  o f  k i n e t i c  m o l e c u l a r  t h e o r y  knowl e dge  t he  

s t u d e n t s  had  s t u d i e d  two m o n t h s  p r i o r ,  s e e  T i m e l i n e  in T a b l e  3 .

Desi  on

The d e s i g n  o f  t h e  s t u d y  was  b a s e d  on f i v e  g r o u p i n g s  

w i t h i n  a  r a n d o m i z e d  b l o c k  d e s i g n .  T h i s  d e s i g n  was  c h o s e n  t o  c o n t r o l  

f o r  p r i o r  k n o w l e d g e ,  a  v a r i a b l e  t h a t  h a s  be e n  h y p o t h e s i z e d  t o

i n f l u e n c e  a n a l o g i c a l  t r a n s f e r .  By i d e n t i f y i n g  p r i o r  knowl e dge  a s  a

v a r i a b l e  t h a t  may a f f e c t  t h e  ou t come  m e a s u r e  b e f o r e  a s s i g n i n g  

s u b j e c t s  t o  t r e a t m e n t  g r o u p s ,  s u b s e q u e n t  a n a l y s e s  a r e  more  s e n s i t i v e  

t o  t h e  e f f e c t s  o f  t h e  i n t e r v e n t i o n s .

S u b j e c t s  w e r e  f i r s t  r a n k e d  on p r i o r  g e n e r a l  s c i e n c e  

knowl edge  s c o r e s .  The f i r s t  t w e n t y  h i g h e s t - s c o r i n g  s u b j e c t s  

c o m p r i s e d  t h e  f i r s t  s e g me n t  o r  b l o c k .  W i t h i n  e a c h  b l o c k  s u b j e c t s  

wer e  r an d o m l y  a s s i g n e d  t o  one o f  f i v e  t r e a t m e n t  g r o u p s .  S u b j e c t s  

in e a c h  s u b s e q u e n t  r a n k e d  b l o c k  o f  t w e n t y  w e r e  s i m i l a r l y  r a n d o ml y  

a l l o t e d  t o  one o f  f i v e  t r e a t m e n t s .  T h u s ,  on t h e  b a s i s  o f  g e n e r a l  

s c i e n c e  knowl e dge  c r i t e r i a ,  r a n k e d  s u b j e c t s  we r e  b l o c k e d  a nd  t hen  

r an d o m l y  a s s i g n e d  t o  one  o f  t h e  i n t e r v e n t i o n  g r o u p s .

The f i r s t  f o u r  g r o u p s  we r e  c o n s t r u c t e d  by f o r m i n g  a c r o s s

o f  two l e v e l s  o f  a n a l o g y  t y p e  w i t h  two l e v e l s  o f  a n a l o g y  f o r m a t .  I f  

we c o n s i d e r  j u s t  t h e s e  g r o u p s  t h e  d e s i g n  can  be v i e w e d  a s  a 2x2 

f a c t o r i a l .  The f i f t h  g r o u p ,  t h e  c o n t r o l ,  l a c k e d  b o t h  f a c t o r s .  Thus  

t h e  o v e r a l l  d e s i g n  i s  n o t  a t r u e  f a c t o r i a l  one  ( shown e a r l i e r  in 

T a b l e  2 ) .

The p r e - i n t e r v e n t i o n  knowl e dge  i n v o l v e d  i n c l u d e s  ( 1 )
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g e n e r a l  s c i e n c e  c o m p e t e n c y  a s  a s s e s s e d  in a s t a t e w i d e  exam (RCT) and 

( 2 )  domain s p e c i - f i c  knowl e dge  a s  a s s e s s e d  in a s c h o o l - w i d e  uni-form 

exam (KMT).

Al l  a s p e c t s  o f  t h e  d o u b l e - b l i n d  e x p e r i m e n t  were  c a r r i e d  

o u t  by t h e  r e g u l a r l y  a s s i g n e d  s c i e n c e  t e a c h e r s  in t h e  s c i e n c e  

c l a s s r o o m .  Th u s  w i t h i n  e a c h  s c i e n c e  c l a s s  t h e r e  wer e  s t u d e n t s  

a s s i g n e d  t o  e a c h  o f  t h e  f i v e  g r o u p s .  At  no t i me  we r e  s c i e n c e  c l a s s e s  

p h y s i c a l l y  r e a r r a n g e d  n o r  was  i d e n t i f i c a t i o n  o f  g r oup  a s s i g n m e n t  

made known t o  t e a c h e r s  o r  s t u d e n t s .

Group 1 r e c e i v e d  a s t r u c t u r a l  b a s e  a n a l o g  p r e s e n t e d  a s  a 

p r o b l e m  p r i o r  t o  a t t e m p t i n g  t o  s o l v e  t h e  t a r g e t  p r o b l e m  (Append i x  

D ) . Group 2 r e a d  t h e  same s t r u c t u r a l  b a s e  a n a l o g  b u t  in t he  

t r a d i t i o n a l  fo rm a s  a s t o r y  ( Appe nd i x  E ) . Group 3 r e c e i v e d  a 

s u r f a c e  b a s e  a n a l o g  p r e s e n t e d  a s  a p r o b l e m  p r i o r  t o  t h e  t a r g e t  

p r o b l e m ( Appe nd i x  F)  a nd  Group 4 r e a d  t h e  same s u r f a c e  b a s e  a n a l o g  

b u t  in s t o r y  f o r m ( Ap p e n d i x  6 ) .  Group 5 ,  t h e  c o n t r o l  r e a d  no a n a l o g  

p r i o r  t o  t h e  t a r g e t  p r o b l e m .  The d e p e n d e n t  v a r i a b l e  f o r  a l l  g r o u p s  

was  t h e  Ss  r e s p o n s e s  t o  q u e s t i o n s  t o  t h e  t a r g e t  p r o b l e m  whi ch  

c o n c e r n s  t r a n s f e r  o f  k n o wl e d g e  o f  k i n e t i c  m o l e c u l a r  t h e o r y .

M a t e r i a l s  - I n s t r u m e n t s

S p e c i f i c  k n o wl e d g e  a s s e s s m e n t  o f  k i n e t i c  m o l e c u l a r  t h e o r y  

A 20 i t e m ,  m u l t i p l e  c h o i c e  t e s t  c o n s t r u c t e d  by t he  

r e s e a r c h e r  ( s e e  Ap p e n d i x  B) was  u s e d  t o  m e a s u r e  knowl edge  o f  t he  

k i n e t i c  m o l e c u l a r  t h e o r y  (KMT). I t  was  a d m i n i s t e r e d  by t h e  c l a s s r o o m  

t e a c h e r s  a s  p a r t  o f  t h e  f i n a l  exam t o  e n s u r e  maximum a t t e n d a n c e .  A



46

r e l i a b i l i t y  s t u d y  made on 20 s t u d e n t s  n o t  p a r t  o f  t h e  t a r g e t  s ampl e  

p r o d u c e d  a r e l i a b i l i t y  c o e f f i c i e n t  of  . 7 6 ,  t h e  s t a n d a r d  d e v i a t i o n  

was  2 . 8 1 9  and  t h e  s t a n d a r d  e r r o r  o f  me a s u r e m e n t  was  1 . 3 6 .

To i n d i c a t e  how t h e  domain s p e c i f i c  a s s e s s m e n t  r e l a t e s  t o  

t h e  a n a l o g y  a nd  t a r g e t  p r o b l e m ,  a t e s t  map wa s  made by f o u r  

s c i e n c e  t e a c h e r s  <see  App e n d i x  C ) .  T e s t  i t e m s  w e r e  mapped on 6 

c a t e g o r i e s :  Knowledge ,  C o mp r eh e n s i o n ,  A p p l i c a t i o n ,  A n a l y s i s ,  

S y n t h e s i s ,  a nd  E v a l u a t i o n .  The i t e ms  in t h e  f i r s t  h a l f  of  t h e  t e s t  

mapped more h e a v i l y  on t h e  f i r s t  3 c a t e g o r i e s ,  w h i l e  i t e ms  in t he  

l a s t  h a l f  mapped on t h e  l a t t e r  3 c a t e g o r i e s .

Al l  o f  t h e  f i v e  e x p e r i e n c e d  s c i e n c e  t e a c h e r s  a s k e d  t o  

r a t e  t h i s  i n s t r u m e n t ,  ( f o u r  o f  whom c o n s t r u c t e d  t h e  t e s t  map)  f o u n d  

t h e  20 i t e m t e s t  a s a t i s f a c t o r y  t e s t  o f  k i n e t i c  m o l e c u l a r  knowl edge  

f o r  s c i e n c e  f r e s h me n  who ha ve  c o m p l e t e d  t h e  RCT c o u r s e .  E i g h t y  

p e r c e n t  f e l t  a s c o r e  o f  70X o r  b e t t e r  (14+ c o r r e c t )  was  n e c e s s a r y  t o  

d e m o n s t r a t e  knowl edge  o f  t h e  t h e o r y  ( one  t e a c h e r  f e l t  65% was  

a c c e p t a b l e ) .  Al l  of  t h e  r a t e r s  f e l t  a m a j o r i t y  o f  t h e i r  s t u d e n t s  

c o u l d  d e m o n s t r a t e  a c q u i s i t i o n  o f  t h e  t h e o r y  by o b t a i n i n g  a s c o r e  of  

70'/. o r  b e t t e r .  One o f  t h e  r a t i n g  t e a c h e r s  t a u g h t  a p p r o x i m a t e l y  

t h i r t y  o f  t h e  s t u d e n t s  p a r t i c i p a t i n g  in t h i s  s t u d y .

Ge ne r a l  knowl e dge  a s s e s s m e n t  -  t h e  RCT/ Sc i e n c e  T e s t  

T h i s  t e s t  wa s  d e v e l o p e d  by t h e  New York  S t a t e  

E d u c a t i o n  De p a r t m e n t  (NYSED) and  f i e l d  t e s t e d  f o r  t h r e e  y e a r s  b e f o r e  

i t  became a r e q u i r e m e n t  f o r  a h i g h  s c h o o l  d i p l o m a  f o r  a l l  s t u d e n t s  

o f  New York S t a t e  g r a d u a t i n g  a f t e r  1990 .  I t  i s  a d m i n i s t e r e d  t o  9 t h  

g r a d e r s  in NY s t a t e  who have  t a k e n  t h e  u n i f o r m  7 - 9  g r ad e  s c i e n c e
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c u r r i c u l u m  on wh i c h  t h e  R C T/ S c i e n c e  i s  b a s e d .  The p e r c e n t  of  NYS 

s t u d e n t s  who p a s s e d  t h e  R C T/ S c i e n c e  in 1990 was  68 /  a nd  in NYC i t  

was  65’/ . .  The NY S t a t e  Bo a r d  o f  R e g e n t s  D i v i s i o n  o f  S c i e n c e  T e s t i n g  

and  E v a l u a t i o n  s u p p l i e d  t h e  r e l i a b i l i t y  d a t a .  The K u d e r - R i c h a r d s o n  

r e l i a b i 1 i t y  was  . 85  f o r  t h e  RCT/ Sc i e nc e  ( Appe nd i x  J ) .

S t u d e n t s  e x e m p t e d  f rom t h e  RC T / Sc i e n c e  a nd  i t s  

r e q u i r e m e n t  f o r  a d i p l o m a  a r e  t h o s e  who d i d  n o t  a t t e n d  a s c h o o l  in 

New York S t a t e  f o r  one  o r  more  y e a r s  d u r i n g  t h e  7 t h  - 9 t h  g r a d e s .

Such e x e mp t e d  s t u d e n t s  w e r e  n o t  p a r t  o f  t h e  s t u d y .

A c c o r d i n g  t o  NYSED g u i d e l i n e s ,  a s c o r e  o f  46+ in t he  

RCT/ Sc i e nc e  i n d i c a t e s  s c i e n c e  c o mp e t e n c y  a nd  m e e t s  t h e  d i p l o ma  

r e q u i r e m e n t .  The t op  s c o r e  p o s s i b l e  i s  70 .  The t e s t  m e a s u r e s  

c o n c e p t s  and  p r o b l e m s  i n c l u d e d  in t h e  p r o p o s e d  s t u d y .  Be c a us e  i t  

t e s t s  t h e  s t u d e n t s '  a b i l i t y  t o  a p p l y ,  a n a l y z e  a nd  p r e d i c t ,  a s c o r e  

o f  4 5 -  i n d i c a t e s ,  a c c o r d i n g  t o  NY SED, t h a t  t h e  s t u d e n t  i s  n o t  y e t  

c o mp e t e n t  in s c i e n c e  a nd  m u s t  r e c e i v e  r e m e d i a t i o n  in o r d e r  t o  t a k e  

t h e  RCT/ Sc i e nc e  when n e x t  o f f e r e d  by t h e  s t a t e .  I t  i s  e x p e c t e d  t h a t  

t h e  RCT/ Sc i e nc e  s c o r e s  w i l l  i n c r e a s e  w i t h  f u r t h e r  a p p r o p r i a t e  

i n s t r u c t i o n .  S t u d e n t s  in r e m e d i a t i o n  we r e  n o t  p a r t  o f  t h i s  s t u d y .

The b a s e  a n a l o g y  -  t h e  t r e a t m e n t

The b a s e  a n a l o g  d e v i s e d  f o r  t h e  s t u d y  i s  t h e  s o u r c e  o f  

i n f o r m a t i o n  f rom w h i c h  t h e  s t u d e n t  may s p o n t a n e o u s l y  d raw an a n a l o g y  

t o  s o l v e  t h e  t a r g e t  p r o b l e m .  S p o n t a n e o u s  s o l u t i o n s  a r e  t h o s e  in 

wh i c h  t h e  s t u d e n t  h a s  r e c e i v e d  no h i n t  o r  a d v i c e  t o  u s e  t h e  ba s e  

a n a l o g  f o r  s o l u t i o n .  The a n a l o g  was  s e t  in two d i f f e r e n t  c o n t e x t s  of  

t ype  a nd  f o r m a t ,  e a c h  o f  w h i c h  p o s s e s s e s  two l e v e l s .  T h a t  i s ,  t he
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a n a l o g  t y p e  may be s i m i l a r  in s t r u c t u r e  o r  s u r f a c e  t o  t h e  t a r g e t  

p r o b l e m t o  be s o l v e d .  The f o r m a t  may be in e i t h e r  a s t o r y  o r  p r o b l e m 

f o r m.

A s t r u c t u r a l  a n a l o g  p o s s e s s e s  r e l a t i o n s h i p s  t h a t  r e l a t e  

f u n c t i o n a l l y  t o  t h e  s o l u t i o n  r e q u i r e d  by t h e  p r o b l e m  ( s e e  Append i x  

K ) . A s u r f a c e  a n a l o g  p o s s e s s e s  s u p e r f i c i a l  s y n t a c t i c a l  s i m i l a r i t i e s  

b u t  l a c k s  t h e  e l e m e n t s  n e e d e d  t o  s o l v e  t h e  p r o b l e m  ( s e e  Appe nd i x  L ) .  

The n a r r a t i v e  s t o r y  f o r m a t  i s  t h e  t r a d i t i o n a l  way an a n a l o g  i s  

p r e s e n t e d  p r i o r  t o  t h e  t r a n s f e r ,  w h e r e a s  t h e  p r o b l e m  f o r m a t  o f  t h e  

b a s e  a n a l o g  p a r a l l e l s  t h e  p r o b l e m  f o r m a t  o f  t h e  t a r g e t  p r o b l e m .

S t u d e n t s  r a n d o m l y  a s s i g n e d  t o  t h e  c o n t r o l  g r oup  d i d  n o t  

r e c e i v e  t h i s  p a r t  o f  t h e  i n s t r u m e n t .

T r a n s f e r  o f  Knowledge A s s e s s me n t

The t a r g e t  p r o b l e m  common t o  a l l  g r o u p s ,  i n c l u d i n g  t h e  

c o n t r o l s ,  i s  a 250 wor d  r e a d i n g  p a s s a g e  a nd  s e r i e s  o f  s i x  m u l t i p l e  

c h o i c e  q u e s t i o n s  a b o u t  a  f a m i l i a r  s c h o o l - b a s e d  e x p e r i e n c e  in w r i t i n g  

up a l a b  p r o b l e m ( A p p e n d i x  I ) ,  K-R 20 r e l i a b i l i t y  was  . 34  The 

q u e s t i o n s  we r e  b a s e d  on p a s t  RCT q u e s t i o n s .  S i x  e x p e r i e n c e d  s c i e n c e  

t e a c h e r s  o f  High School  C h e m i s t r y  o r  B i o l o g y  who t a u g h t  t h e  f r e s h ma n  

s c i e n c e  c u r r i c u l u m  a nd  ha ve  p r e p a r e d  f r e s h m e n  c l a s s e s  f o r  t h e  

RCT/ Sc i e n c e  in t h e  p a s t  p a r t i c i p a t e d  in t h e  r a t i n g  t h e  r e l a t i o n s h i p s  

be t we e n  t h e  f o u r  a n a l o g s  a nd  t h e  t a r g e t  p r o b l e m s t u d y  f o r  t h e  

a s s e s s m e n t  i n s t r u m e n t .  On l y  one o f  t h e  r a t e r  t e a c h e r s  t a u g h t  

s t u d e n t s  in t h i s  s t u d y .

Al l  r a t e d  t h e  s t r u c t u r a l  t y p e  b a s e  a s  a n a l o g o u s  t o  t h e  

t a r g e t  p r o b l e m  and  t h e  p r o b l e m  f o r m a t  a s  a n a l o g o u s  t o  t h e  t a r g e t



49

p r ob l e m - format .  A l l  s i x  a l s o  r a t e d  t h e  r e l a t i o n s h i p s  w i t h i n  t h e  

s t r u c t u r a l  b a s e  a s  a n a l o g o u s  t o  t h e  r e l a t i o n s h i p s  i n t e g r a l  t o  t he  

k i n e t i c  m o l e c u l a r  t h e o r y .  F i v e  o f  t h e  s i x  t e a c h e r s  ( 8 3 '/.) r a t e d  t he  

s u r f a c e  t yp e  b a s e  a s  s u p e r f i c i a l l y  a n a l o g o u s  t o  t h e  t a r g e t  p r o b l e m .  

And f i v e  o u t  o f  s i x  r a t e d  t h e  s o l u t i o n s  r e q u i r e d  t o  s u c c e s s f u l l y  

t r a n s f e r  s c i e n c e  k nowl e dge  t o  t h e  t a r g e t  p r o b l e m  a s  i n d i c e s  o f  

domain s p e c i f i c  k n owl e dge  o f  t h e  k i n e t i c  m o l e c u l a r  t h e o r y  (Append i x  

B ) .

Da t a  A n a l y s i s

Each o f  t h e  f i r s t  f o u r  h y p o t h e s e s  was  a n a l y z e d  a s  a 

p r i o r i  c o m p a r i s o n s  o f  p e r f o r m a n c e  m e a n s ,  u s i n g  a s  an e r r o r  t e r m t h e  

mean s q u a r e  w i t h i n  c e l l ,  f rom t h e  t r e a t m e n t  by b l o c k  d e s i g n .  A 

r a n d o m i z e d  b l o c k  d e s i g n  was  u s e d  a nd  t h e  e x p e r i m e n t e r  r an d o m! y  

a s s i g n e d  r a n k e d  g r o u p s  o f  t w e n t y  s u b j e c t s  t o  e a c h  o f  t h e  f o u r  

t r e a t m e n t  o r  c o n t r o l  g r o u p s .  Each s u b s e q u e n t  r a n k e d  g r oup  o f  t w e n t y  

s u b j e c t s  c o m p r i s e d  a b l o c k ,  r e s u l t i n g  in f i f t e e n  b l o c k s  by f i v e  

g r o u p s .

A s e r i e s  o f  f o u r  c o n t r a s t s  wa s  c o n s t r u c t e d .  Fo r  t h e  

f i r s t  h y p o t h e s i s  c o n c e r n i n g  a n a l o g  t y p e ,  t h e  me a ns  o f  t h e  s c o r e s  on 

t h e  t r a n s f e r  d e p e n d e n t  v a r i a b l e  f o r  g r o u p s  1 a nd  2 ( s t r u c t u r a l  t y p e s  

o f  a n a l o g s )  we r e  c o n t r a s t e d  t o  t h e  means  o f  g r o u p s  3 a nd  4 ( s u r f a c e  

a n a l o g s ) .  The s e c o n d  h y p o t h e s i s  c o n c e r n e d  a n a l o g  f o r m a t  s o  t h e  

means  o f  g r o u p s  1 a n d  3 ( p r o b l e m  f o r m a t )  wer e  c o n t r a s t e d  t o  t h e  

means  o f  g r o u p s  2 a nd  4 ( t r a d i t i o n a l  s t o r y  f o r m a t ) .  The t h i r d  

h y p o t h e s i s  c o n t r a s t e d  g r o u p  1 ( a  s t r u c t u r a l  t y p e  o f  a n a l o g  in a



p r o b l e m  -format )  means  t o  t h o s e  o f  a l l  t h e  o t h e r s .  T h e s e  f i r s t  t h r e e  

c o n t r a s t s  wer e  d e s i g n e d  t o  t e s t  p o s i t i v e  t r a n s f e r  f rom a n a l o g  t o  

t a r g e t  p r o b l e m .

The f o u r t h  h y p o t h e s i s  c o m p a r ed  t h e  c o n t r o l  ( no  

a n a l o g )  means  w i t h  t h o s e  o f  g r o u p s  3 a nd  4 ( s u r f a c e  -  t y p e  a n a l o g s ) .  

T h i s  l a s t  c o n t r a s t  wa s  d e s i g n e d  t o  t e s t  f o r  d e c r e m e n t a l  t r a n s f e r  

f rom a n a l o g  t o  t a r g e t  p r o b l e m  ( n e g a t i v e  t r a n s f e r ) .

Hoi ( u l  + u 3 ) / 2  = ( u 2  + u 4 > / 2

Ho2 ( u l  + u 2 ) / 2  = ( u 3  + u 4 ) / 2

Ho3 u l  = ( u2  + u3+ u4 + u 5 ) / 4

Ho4 u5 = ( u 3  + u 4 ) / 2

The c o e f f i c i e n t s  f o r  t h e  p r e p l a n n e d  c o m p a r i s o n s  a r e :  

T r e a t m e n t  g r o u p s  C o n t r o l

1 2 3 4 5

I 1 -1 1 -1 0

H y p o t h e s e s 11 1 1 -1 -1 0

Compar i s o n s I I I 4 -1 -1 -1 -1

IV 0 0 -1 -1 2

The f i f t h a nd l a s t  h y p o t h e s i s exami  ned t h e  i

o f  w h e t h e r  t h e  n a t u r e  o f  p r e - i n t e r v e n t i o n  s c i e n c e  knowl e dge  ( g e n e r a l  

s c i e n c e  c omp e t en c e  a s s e s s e d  by t h e  RCT, a nd  domain  s p e c i f i c  

knowl e dge  a s s e s s e d  by t h e  KMT) i n c r e a s e d  t h e  p r e d i c t i o n  o f  t r a n s f e r



once a s u b j e c t ' s  t r e a t m e n t  a s s i g n m e n t  was  known.  M u l t i p l e  

r e g r e s s i o n  a n a l y s i s  was  u s e d  t o  d e t e r m i n e  i f  p r i o r  knowl e dge  <doma 

s p e c i f i c  a n d / o r  domain  g e n e r a l )  i n c r e a s e s  p r e d i c t i o n  o f  p o s i t i v e  

t r a n s f e r  by a n a l o g y  a f t e r  knowi ng  t o  wh i ch  of  t h e  f i v e  g r o u p s  t he  

s u b j e c t s  wer e  a s s i g n e d .  The s i g n i f i c a n c e  o f  t h e  B5 a nd  B<6 t e r m s  in 

t h e  e q u a t i o n  be l ow we r e  t e s t e d  w i t h  a f o r w a r d  p r o c e d u r e .

Y = bo + b l x l  + b2x2  + b3x3 + b4x4 + b 5 s p e c  + b<5gen + e

Y = The s c o r e  on t h e  t a r g e t  p r o b l e m q u e s t i o n  

xl  : Where x l ,  S s  a r e  in t h e  s t r u c t u r e / p r o b l e m  g r o u p ,  z e r o  f o r

a l l  o t h e r s

x2 : Where x 2 ,  Ss  a r e  in t h e  s t r u c t u r e / s t o r y  g r o u p ,  z e r o  f o r

a l l  o t h e r s

x3 : Where x 3 ,  Ss  a r e  in t h e  s u r f a c e / p r o b l e m  g r o u p ,  z e r o  f o r

a l l  o t h e r s

x4 : Where x 4 ,  S s  a r e  in t h e  s u r f a c e / s t o r y  g r o u p ,  z e r o  f o r

a l l  o t h e r s

b 5 s p e c  : S c o r e  on s p e c i f i c  domai n  a s s e s s m e n t  (KMT)

b6gen : S c o r e  on g e n e r a l  domain knowl edge  a s s e s s m e n t  (RCT)
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V RESULTS

The ■f i r s t  p o r t i o n  o f  T a b l e  4 p r e s e n t s  t h e  mea ns  and  s t a n d a r d  

d e v i a t i o n s  f o r  t h e  m e a s u r e s  o f  p r e - i n t e r v e n t i o n  k n o wl e d g e ,  b o t h  

g e n e r a l  and  s p e c i f i c ,  f o r  e a c h  o f  t h e  f i v e  g r o u p s  ( N=266) .  The 

g e n e r a l  s c i e n c e  c o mp e t en c e  (RCT) and  t h e  s p e c i f i c  s c i e n c e  

c o mp e t en c e  (KMT) means  r a n g e  f rom 5 3 . 2 0  t o  5 3 . 9 4  a nd  1 3 . 4 8  t o  

1 4 . 0 5 ,  r e s p e c t i v e l y .  As  p e r  t h e  r a n d o m i z e d  b l o c k  d e s i g n ,  s u b j e c t s  

w e r e  r a n k e d  on t h e i r  RCT s c o r e .  Each r a n k e d  s u b j e c t ,  w i t h i n  each  

b l o c k  o f  t w e n t y ,  was  r a n d o m l y  a s s i g n e d  t o  one o f  t h e  f o u r  t r e a t m e n t  

a nd  c o n t r o l  g r o u p s .  T h i s  p r o d u c e d  a  m a t r i x  of  f i v e  g r o u p s  by 

f i f t e e n  b l o c k s .  Thus  t h e  f i v e  g r o u p s  d i d  n o t  d i f f e r  

p r e - e x p e r i m e n t a l 1y in t h e i r  g e n e r a l  s c i e n c e  c o m p e t e n c e  s c o r e s  a s  

i n d i c a t e d  by mean s c o r e s  t h a t  a r e  r e l a t i v e l y  t h e  same a c r o s s  a l l  

g r o u p s .

The s e c o n d  p a r t  o f  T a b l e  4 p r e s e n t s  m e a s u r e s  o f  

p o s t - i n t e r v e n t i o n  knowl e dge  ( a n a l o g i c a l  t r a n s f e r ) .  The mea ns  of  

t h e  d e p e n d e n t  v a r i a b l e ,  f rom low t o  h i g h ,  a r e  3 . 1 5 ,  3 . 3 9 ,  3 . 4 4 ,

3 . 5 6  a nd  4 . 2 1  f o r  g r o u p s  4 , 2 , 5 , 3 , 1  r e s p e c t i v e l y .  Few of  t h e  

s t u d e n t s  in a ny  o f  t h e  g r o u p s  a n s w e r e d  t h e  t a r g e t  q u e s t i o n s  

p e r f e c t l y  ( 1 7  o u t  o f  2 6 6 ) ,  a l t h o u g h  t h e r e  we r e  t w i c e  a s  many 

p e r f e c t  s c o r e s  in g r oup  1 a s  c ompa r e d  t o  t h e  c o n t r o l .

S u b j e c t s  who h a d  t a k e n  b o t h  p r i o r  s c i e n c e  knowl e dge  

a s s e s s m e n t s  ( t h e  KMT a nd  RCT c o m p e t en c y  t e s t s )  b u t  wer e  a b s e n t  f rom 

t h e  i n t e r v e n t i o n  c o n s t i t u t e  m i s s i n g  d a t a .  The l o s s  o f  t h e s e  

s u b j e c t s  ( n  = 34)  r e s u l t e d  in u n e q u a l  c e l l  s i z e s  i n  t h e  r a n d o m i z e d  

15 b l o c k  by 5 g r ou p  d e s i g n  ( s e e  T a b l e  4 ) .
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T a b l e  4

Means and S t a n d a r d  D e v i a t i o n s  -for G e n e r a l  & S p e c i f i c  S c i e n c e  

Knowledge T e s t s  & A n a l o g i c a l  T r a n s f e r  T e s t

Gr oups  (N=266)

Knowledge l ( E x p ) 2 ( Exp) 3 ( Exp) 4 ( Exp) 5(C)

n 56 51 55 52 52

P r e - I n t e r v e n t  ion

Ge ne r a l  S c i e n c e (RCT)

M 5 3 . 7 5 5 3 . 6 8 5 3 . 6 ? 5 3 . 9 4 5 3 . 2 0

SD 7 . 4 0 7 . 8 3 7 . 6 4 7 . 3 6 7 . 5 2

S p e c i f i c  S c i e n c e (KMT)

M 1 3 . 7 3 13 . 6 0 1 3 . 5 4 1 3 . 4 8 14 . 0 5

SD 3 . 5 8 3 . 8 0 3 . 4 8 3 . 1 8 3 . 3 4

> s t - I n t e r v e n t  i on

A n a l o g i c a l  T r a n s f e r

M 4 . 2 1 3 . 3 ? 3 . 5 6 3 . 1 5 3 . 4 4

SD 1 . 2 6 1 . 2 8 1.21 1 . 3 4 1 . 1 9

Group 1 =  s t r u c t u r a l - t y p e  a n a l o g  p h r a s e d  a s  a p r o b l e m

Group 2 =  s t r u c t u r a l - t y p e  a n a l o g  in t r a d i t i o n a l  s t o r y  -format

Group 3 -  s u r f a c e - t y p e  a n a l o g  p h r a s e d  a s  a p r o b l e m

Group 4 = s u r f a c e - t y p e  a n a l o g  in t r a d i t i o n a l  s t o r y  f o r m a t

Group 5 =  c o n t r o l  <no a n a l o g )
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The - f i r s t  h y p o t h e s i s  s t a t e d  t h a t  t h o s e  r e c e i v i n g  a 

s t r u c t u r a l  a n a l o g  wh i c h  s h a r e d  r e l a t i o n s h i p s  a nd  s o l u t i o n s  in 

common w i t h  t h e  t a r g e t  s c i e n c e  p r o b l e m ( g r o u p s  1 a nd  2)  wou l d  

o b t a i n  a h i g h e r  mean t r a n s f e r  s c o r e  t h a n  t h o s e  s t u d e n t s  in g r o u p s  3 

a nd  4 who r e a d  a s u p e r f i c i a l l y  s i m i l a r  s u r f a c e  a n a l o g  p r i o r  t o  t he  

t a r g e t  p r o b l e m .  The e f f e c t  was  s i g n i f i c a n t ,  t, ( 1 9 1 )  = 2 . 8 3 4 ,  £

( . 0 0 1 .  The d e n o m i n a t o r  f o r  t h e  X was  o b t a i n e d  f r om t h e  mean 

s q u a r e s  w i t h i n  c e l l  t e r m .  The d e n o m i n a t o r  ( 1 . 1 0 )  was  c omp u t e d  f rom 

t h e  t r e a t m e n t  ( g r o u p s )  by b l o c k  r a n d o m i z e d  b l o c k  d e s i g n .

The s e c o n d  h y p o t h e s i s  t e s t e d  w h e t h e r  t h o s e  g r o u p s  r e a d i n g  

t h e i r  b a s e  a n a l o g  in a p r o b l e m  f o r m a t  ( g r o u p s  1 a nd  3)  wo u l d  more 

l i k e l y  show p o s i t i v e  a n a l o g i c a l  t r a n s f e r  t h a n  g r o u p s  2 a nd  4 ,  who 

r e a d  t h e i r  b a s e  a n a l o g  in a t r a d i t i o n a l  s t o r y  f o r m a t .  T h i s  e f f e c t  

was  s i g n i f i c a n t ,  X <191)  = 3 . 9 4 0 ,  £  ( . 0 0 1 .  The t h i r d  h y p o t h e s i s

s t a t e d  t h a t  s t u d e n t s  in g r o u p  1 (who r e a d  t h e i r  s t r u c t u r a l l y  

a n a l o g o u s  t e x t  in a p r o b l e m  f o r m a t )  w o u l d  o b t a i n  a s i g n i f i c a n t l y  

h i g h e r  mean s c o r e  on t h e  t a r g e t  q u e s t i o n s  t h a n  w o u l d  a l l  t h e  o t h e r  

g r o u p s .  T h i s  e f f e c t  t o o  was  s i g n i f i c a n t ,  _t ( 1 9 1 )  = 4 . 7 9 3 ,  £

( . 001 .

The r e s u l t s  o f  t h e s e  f i r s t  t h r e e  c o n t r a s t s  t e s t i n g  

h y p o t h e s e s  1 - 3 ,  s u g g e s t  t h a t  f o r  t h i s  p o p u l a t i o n  s c i e n c e  a n a l o g s  

p h r a s e d  a s  p r o b l e m s  r a t h e r  t h a n  s t o r y  t e x t s ,  a nd  a n a l o g s  wh i c h  

r e f l e c t e d  t h e  de e p  s t r u c t u r a l  r e l a t i o n s h i p s  o f  t h e  t a r g e t  p r o b l e m ,  

i n c r e a s e d  t h e  l i k e l i h o o d  t h a t  s c i e n c e  knowl e dge  wo u l d  be 

a n a l o g i c a l l y  t r a n s f e r r e d  two m o n t h s  a f t e r  i n s t r u c t i o n .  M o r e o v e r ,  

i f  t h e s e  two a s p e c t s  w e r e  b o t h  o b s e r v e d  s i m u l t a n e o u s l y ,  p o s i t i v e
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a n a l o g i c a l  t r a n s - f e n  was  s u p p o r t e d .

A f o u r t h  h y p o t h e s i s  t e s t e d  f o r  n e g a t i v e  t r a n s f e r .  I t  

e x a mi n e d  w h e t h e r  t h e  mean s c o r e  on t h e  t a r g e t  q u e s t i o n s  a c h i e v e d  by 

t h e  s u r f a c e  a n a l o g  g r o u p s  3 a nd  4 ,  wo u l d  be l owe r  t ha n  t h a t  o f  t h e  

c o n t r o l  g r oup  wh i c h  r e c e i v e d  no a n a l o g  a t  a l l  p r i o r  t o  a n s w e r i n g  

t h e  t a r g e t  q u e s t i o n s .  T h i s  h y p o t h e s i s  was  n o t  s u p p o r t e d .  S t u d e n t s  

who r e a d  t h e  s u r f a c e  a n a l o g  p e r f o r m e d  l e s s  w e l l  t h a n  t h e  c o n t r o l  

g r ou p  ( s e e  T a b l e  4 ) ,  b u t  t h e  e f f e c t  was  n o t  s i g n i f i c a n t :  £  ( 1 9 1 )

= . 4 3 1 .

The f i f t h  and  l a s t  h y p o t h e s i s  s t a t e d  t h a t  b e c a u s e  g e n e r a l  

s e i e n c e  c o mp e t e n c e  (RCT) r e f l e c t s  a  c o h e s i v e  a nd  i n t e g r a t i v e  

f o u n d a t i o n  of  k n o w l e d g e ,  e s p e c i a l l y  in s c i e n c e ,  i t  wou l d  be more 

s i g n i f i c a n t l y  r e l a t e d  t o  p o s i t i v e  a n a l o g i c a l  t r a n s f e r  t h a n  wou l d  

domai n  s p e c i f i c  k nowl e dge  (KMT).

A m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was  u s e d  t o  d e t e r m i n e  

w h e t h e r  g e n e r a l  (RCT) a n d / o r  s p e c i f i c  (KMT) s c i e n c e  knowl e dge  a dde d  

t o  t h e  p r e d i c t i o n  o f  t h e  d e p e n d e n t  v a r i a b l e ,  g i v e n  knowl edge  o f  

g r ou p  m e m b e r s h i p .  A f o r w a r d  s e l e c t i o n  p r o c e d u r e  wa s  i n c l u d e d  t o  

s e e  w h e t h e r  p r e - i n t e r v e n t i o n  knowl e dge  v a r i a b l e s  ( s p e c i f i c  a n d / o r  

g e n e r a l )  wo u l d  i n c r e a s e  p o s i t i v e  a n a l o g i c a l  t r a n s f e r  p r e d i c t i o n  

g i v e n  t h a t  g r oup  me mb e r s h i p  was  i n c l u d e d  in t h e  m o d e l .

When t h e  s i g n i f i c a n c e  o f  t h e  BSspec  ( t h e  KMT) a nd  B6gen 

( t h e  RCT) r e g r e s s i o n  e q u a t i o n  t e r m s  wer e  t e s t e d ,  t h e  RCT s c o r e  was  

c h o s e n  a s  t h e  b e s t  v a r i a b l e  t o  e n t e r .  The r e g r e s s i o n  shows  t h a t  t h e  

s p e c i f i c  s c i e n c e  k nowl e dge  s c o r e  (KMT) v a r i a b l e  was  n o t  s e l e c t e d  

upon d e t e r m i n a t i o n  t h a t  no a d d i t i o n a l  p r e d i c t i v e  i n f o r m a t i o n  wou l d
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be o b t a i n e d  by i t s  i n c l u s i o n  in t h e  r e g r e s s i o n .

The a d d i t i o n  o f  t h e  RCT r a i s e d  t h e  R s q u a r e  -from . 08  ( j u s t  

u s i n g  g r oup  a s s i g n m e n t )  t o  . 3 1 .  The g a i n  was  s i g n i f i c a n t ,  t  

( 260 )  = 9 . 5 6  £  < . 0 0 1 .  T h i s  o v e r a l l  R s q u a r e  o-f .31 was  a l s o

s i g n i f i c a n t ,  F = 2 4 . 1 6  £  < . 0 0 1 .  T h i s  s u g g e s t s  t h a t  t h e

a c c u r a c y  o f  p r e d i c t i n g  a n a l o g i c a l  t r a n s f e r  i s  i n c r e a s e d  when t he  

RCT s c o r e  o f  g e n e r a l  s c i e n c e  knowl e dge  i s  a d d e d  t o  knowl e dge  of  

g r oup  a s s i g n m e n t .

In sum,  t h e  d a t a  s u p p o r t  h y p o t h e s e s  1 , 2 , 3  a nd  5 .

H y p o t h e s i s  4 was  n o t  s u p p o r t e d .  The a n a l y s i s  r e s u l t s  i n d i c a t e  t h a t  

t h e  c o n t e x t  in wh i c h  an a n a l o g  was  embedded a nd  t h e  k i n d  o f  p r i o r  

knowl edge  p o s s e s s e d  by t h e  s c i e n c e  s t u d e n t  may i n c r e a s e  t h e  

l i k e l i h o o d  t h a t  t h e  s t u d e n t  a p p l i e d  s c i e n c e  p r i n c i p l e s  t o  p r o b l e m s  

in wh i c h  t h e y  wo u l d  be r e l e v a n t .
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P o s i t i v e  R e s u l t s

P r i o r  s t u d i e s  ha ve  shown t h a t  a s t r u c t u r a l l y  r e l e v a n t  

a n a l o g ,  a l t h o u g h  l a c k i n g  s y n t a c t i c a l  e l e m e n t s  in common w i t h  t he  

t a r g e t  p r o b l e m ,  can  be r e c o g n i z e d  a nd  a p p l i e d  a s  a n a l o g o u s  (Brown 

1979,  Gick & Ho l y o a k ,  1 9 8 3 ) .  I t  h a s  a l s o  been  doc u me n t e d  t h a t  t he  

s a l i e n c e  o-f i r r e l e v a n t  s u r - f ac e  - f e a t u r e s  can  r e d u c e  t r a n s f e r  

< 6 e n t n e r , 1 9 8 9 )  b e c a u s e  t h e  - f e a t u r e s  a r e  s y n t a c t i c a l  l y  r e l a t e d ,  

r e s e m b l e  t r a n s f e r  c u e s  a s s o c i a t e d  w i t h  homework a nd  t e s t  p r o b l e m s ,  

o r  a r e  c o g n i t i v e l y  s e d u c t i v e  t o  n o v i c e  l e a r n e r s  who l a c k  l i n k i n g  

s c h e m a t a  ( Ba s s o c k  & Ho l y o a k ,  1989 ,  S t e r n b e r g  1 9 9 0 ) .  E x p e r i m e n t e r s  

in o t h e r  s t u d i e s  s u g g e s t e d  t h a t  s u c c e s s f u l  j u d g e m e n t s  o f  e s s e n t i a l  

p a r a l l e l s  be t we en  a n a l o g  a nd  t a r g e t  can  be t r a c e d  t o  t he  f o r m a t  in 

wh i ch  t h e  a n a l o g  i s  p r e s e n t e d  p r i o r  t o  t h e  t a r g e t  t a s k  (Adams,  e_t 

a l  1989,  Du n c k e r ,  1 9 4 5 ) .

R e c e n t  r e l a t e d  r e s e a r c h  o f  e x p e r t - n o v i c e  l e a r n i n g ,  

a p p r o p r i a t e  t o  t h e  e x a m i n a t i o n  o f  a n a l o g i c a l  t r a n s f e r ,  p r o v i d e  

o p p o s i n g  s u p p o r t  f o r  e i t h e r  g e n e r a l  o r  s p e c i f i c  p r i o r  knowl edge  a s  

a f a c i l i t a t o r  o f  t r a n s f e r .  F i n d i n g s  ha ve  n o t  d e t e r m i n e d  wh i c h  form 

o f  p a s t  knowl edge  b e s t  t r a n s f e r  s c i e n c e  c o n c e p t s  f rom f a m i l i a r  

domai ns  t o  i s o m o r p h i c  p r o b l e m s  ( C h i ,  G l a s e r  & F a r r , 1989,  E n n i s ,  

1989,  McPeck,  1990 ,  R u m e l h a r t , 1 9 8 0 ) .

I t  was  t h e r e f o r e  p r e d i c t e d  t h a t  s t u d e n t s  e x p o s e d  t o  

s t r u c t u r a l  r e l a t i o n s h i p s  a n a l o g o u s  t o  a t a r g e t  p r o b l e m  ( G r o u p s  1 

and  2)  wou l d  u s e  t h e  a n a l o g ,  w i t h o u t  p r o m p t i n g ,  eve n  i f  i t  l a c k e d  

s y n t a c t i c a l  s i m i l a r i t i e s .  L i k e w i s e  i t  was  h y p o t h e s i z e d  t h a t
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p r e s e n t i n g  t h e  -format  o-f t h e  a n a l o g  a s  a p r o b l e m ,  r a t h e r  t h a n  a s  

u s u a l l y  e x a mi ne d ,  wou l d  o r i e n t  t h e  s t u d e n t ' s  p e r c e p t i o n  o-f t he  t a s k  

and - f a c i l i t a t e  p o s i t i v e  t r a n s f e r  <Groups  1 a nd  3 ) .  T h i s  was  b a s e d  

on t h e  a s s u m p t i o n  t h a t  b o t h  a n a l o g y  a c q u i s i t i o n  a nd  t e s t  m a t e r i a l s  

wo u l d  be p r o c e s s e d  in a  s i m i l a r  p r o b l e m - o r i e n t e d  m a n n e r .

D e s c r i p t i v e  s t a t i s t i c s  a nd  a p r i o r i  c o n t r a s t s  w i t h i n  a r a n d o m i ze d  

b l o c k  d e s i g n  s u p p o r t e d  each  p r e d i c t i o n ,  s h o wi n g  t h a t  t h e s e  

p a r t i c u l a r  c o n t e x t u a l  e l e m e n t s  s i g n i f i c a n t l y  f a c i l i t a t e d  a n a l o g i c a l  

t r a n s f e r  f o r  t h e  s u b j e c t s  in t h e  s t u d y .

The d a t a  a n a l y s i s  on t h e  t h i r d  h y p o t h e s i s  compar ed  Group 

1 w i t h  a l l  t h e  o t h e r s .  The a n a l y s i s  showed a  s t r o n g  e f f e c t  be t ween  

t h e  c o n t e x t u a l  e l e m e n t s  t e s t e d .  A r e l e v a n t ,  s t r u c t u r a l  a n a l o g  

p h r a s e d  a s  a p r o b l e m < a common l e a r n i n g  s i t u a t i o n  f o r  a h i g h  

s c h o o l  s t u d e n t )  wh i c h  was  p r e s e n t e d  b e f o r e  a t t e m p t i n g  t o  s o l v e  t he  

t a r g e t  s c i e n c e  p r o b l e m  i n c r e a s e d  t h e  a n a l o g o u s  p o i n t s  o f  s i m i l a r i t y  

t h a t  may be t r a n s f e r r e d .  The c o m b i n a t i o n  o f  t h e  two c o n t e x t u a l  

e l e m e n t s  p r o v i d e d  t h e  s t r o n g e s t  f o u n d a t i o n  f o r  s u c c e s s f u l  t r a n s f e r .  

Group 1 ' s  p e r f o r m a n c e  c ompa r e d  t o  t h e  o t h e r s  s u g g e s t s  t h a t  a 

dynamic  r e l a t i o n s h i p  may ha ve  o c c u r e d  w h i c h  e i t h e r  a s s i s t e d  in 

r e t r i e v a l  or  r e n d e r e d  t h o s e  in t h e  g r o u p  more  a c u t e l y  aware  o f  

u s a b l e  p a r a l l e l s  b e t w e e n  t h e  b a s e  a n a l o g  a nd  t h e  t a r g e t  p r o b l e m .

I t  i s  n o t e d  t h a t  a l t h o u g h  t h e r e  wer e  t w i c e  a s  many p e r f e c t  s c o r e s  

in Group 1 c ompar ed  t o  t h e  n e x t  h i g h e s t  g r o u p ,  t h e  a b s o l u t e  number 

o f  s u c c e s s f u l  s t u d e n t s  wa s  low.

The f i f t h  p r e d i c t i o n  s t a t e d  t h a t  t h e  k i n d  o f  s c i e n c e  

knowl edge  a s t u d e n t  p o s s e s s e d  c o u l d  a l s o  a f f e c t  t r a n s f e r  (Brown e_t
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a l  1988,  Reed «?t al_ 1 9 8 5 ) .  The d a t a  a n a l y s i s  i n d i c a t e  t h a t  a 

s t u d e n t ' s  g e n e r a l  s c i e n c e  c o mp e t e n c y  (RCT) s c o r e ,  b u t  n o t  t he  

s p e c i f i c  s c i e n c e  a s s e s s m e n t  (KMT) s c o r e ,  i n c r e a s e d  p r e d i c t i o n  o f  

p o s i t i v e  t r a n s f e r ,  g i v e n  k nowl e dge  o f  t h e  s t u d e n t ' s  g r oup  

a s s i g n m e n t .

The RCT c o v e r e d  y e a r s  o f  p a s t  s c i e n c e  l e a r n i n g  and 

i n c l u d e d  a l l  t h e  s c i e n c e s  ( b i o l o g y ,  c h e m i s t r y ,  p h y s i c s  a nd  t h e  

e a r t h  s c i e n c e s ) .  High s c o r i n g  s t u d e n t s  p r e s u m a b l y  p o s s e s s  g r e a t e r  

r e t r i e v a b l e  knowl edge  a n d  more  s u b s t a n t i a l  s chema t h a n  do low 

s c o r i n g  s t u d e n t s .  They  may t h u s  be a b l e  t o  r e c o g n i z e  when b o t h  t he  

b a s e  a n a l o g  and  t a r g e t  p r o b l e m  c o n t a i n  c o m p a r a b l e  r e l a t i o n s h i p s  

c r i t i c a l  t o  s u p e r o r d i n a t e  s c i e n c e  kno wl e d g e  ( t h e o r i e s )  and  when t o  

i g n o r e  s u p e r f i c i a l  s i m i l a r i t i e s .  I f  s o ,  t h e  i n t e r a c t i o n  be t ween  

s t r u c t u r e s  o f  knowl edge  and  c o g n i t i v e  p r o c e s s e s  may be wha t  

a s s i s t e d  t h e  s t u d e n t s  in a p p l y i n g  t h e i r  p r e v i o u s l y  a c q u i r e d  

knowl edge  more  p r o f i c i e n t l y .

N e o a t i v e  R e s u l t s

S t u d e n t s  e x p o s e d  t o  s u r f a c e  a n a l o g  s t o r i e s  o r  p r o b l e m s  

( Gr o u p s  3 and  4) d i d  n o t  t r a n s f e r  t h e  i r r e l e v a n t  i n f o r m a t i o n  in 

a t t e m p t i n g  t o  s o l v e  t h e  t a r g e t  p r o b l e m  ( n e g a t i v e  t r a n s f e r )  a s  

p r e s e n t e d  in h y p o t h e s i s  f o u r .  I t  was  p r e d i c t e d  t h a t  s t u d e n t s  would  

be d i s t r a c t e d  by s u p e r f i c i a l l y  i s o m o r p h i c  a n a l o g s  wh i ch  c l o s e l y  

r e s e m b l e d  t h e  t a r g e t  q u e s t i o n  in w o r d s  a nd  s e t t i n g ,  b u t  l a c k e d  

m e a n i n g f u l  i n t e r r e l a t i o n s h i p s ,  s e e  A p p e n d i x  L.  S t u d e n t s  in t h e s e  

s u r f a c e  t r e a t m e n t s  ( G r o u p s  3 and  4)  d i d  s o l v e  f e w e r  t a r g e t
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q u e s t i o n s  t ha n  d i d  t h e  c o n t r o l  g r oup  o f  t h e i r  p e e r s  who r e a d  no 

a n a l o g  a t  a l l  ( n e g a t i v e  a n a l o g i c a l  t r a n s f e r ) ,  b u t  t h e  d i f f e r e n c e  

was  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .

T h i s  f i n d i n g  d i f f e r s  f rom f i n d i n g s  in r e c e n t  r e l a t e d  

r e s e a r c h  on n e g a t i v e  t r a n s f e r  ( G e n t n e r  1 9 8 9 ) .  E x p e r i m e n t s  have  

shown t h a t  s u p e r f i c i a l l y  s i m i l a r  a n a l o g s  p o s s e s s  d i s t r a c t i n g  

s u r f a c e  • ' noi se ' '  t h a t  s e t  l e a r n e r s  on e r r o n e o u s  t r a i n s  o f  t h o u g h t  

f rom whi ch  t h e y  r a r e l y  r e c o v e r  d u r i n g  t h e  c o u r s e  o f  s o l v i n g  t he  

t a r g e t  p r o b l e m .

Why d i d  t h e  s t u d e n t s  in t h e  p r e s e n t  s t u d y  r e s i s t  n e g a t i v e  

t r a n s f e r ?  S p e c i f i c  p a r a m e t e r s ,  i . e .  an e x p e r i m e n t a l  e n v i r o n m e n t  

i d e n t i c a l  t o  t h e i r  l e a r n i n g  e n v i r o n m e n t  o v e r  an e n t i r e  s e m e s t e r  a s  

w e l l  a s  p a r a l l e l  a c q u i s i t i o n  c o n d i t i o n s  f o r  l e a r n i n g  a nd  t e s t i n g  

may be o p e r a t i n g  f a c t o r s  ( S p e n c e r  & W e i s b e r g ,  1 9 8 6 ) .  A l l  a s p e c t s  

o f  t h e  d o u b l e  b l i n d  s t u d y  we r e  c a r r i e d  o u t  u n d e r  t h e  same 

c o n d i t i o n s  w i t h  t h e  same g r ou p  o f  t e a c h e r s  o v e r  two m o n t h s .  As 

s u c h ,  t h e  p u r p o s e s  a s s i g n e d  t o  t h e  c l a s s r o o m  by t h e  s t u d e n t s  and  

t h e  t e a c h e r s  wer e  t h e  same -  t o  l e a r n  s c i e n c e  c o n c e p t s  and  a p p l y  

them in s o l v i n g  s c i e n c e  p r o b l e m s .

The t o p i c  o f  t h e  t a r g e t  p r o b l e m wa s  s p e c i f i c a l l y  r e l a t e d  

t o  i n s t r u c t i o n  t o  w h i c h  t h e y  ha d  been  e x p o s e d  f o r  some t i m e .  I t  

was  b a s e d  on a  s t a t e  s y l l a b u s  w i t h i n  a d e f i n e d  domain t h a t  wou l d  

l a t e r  be t e s t e d  on a s t a t e w i d e  exam r e q u i r e d  f o r  a h i g h  s c h o o l  

d i p l o m a .  T h u s ,  u n s u r p r i s i n g l y ,  s t u d e n t s  may ha ve  d e v e l o p e d  a 

s c i e n c e  - p r o b l e m  m i n d s e t  t h a t  p r e v e n t e d  c o n s i d e r a t i o n  o f  t he  

s u r f a c e  “n o i s e "  a s  a p o s s i b l e  s o u r c e  o f  s o l u t i o n .



61

F u r t h e r  s t u d y  i s  r e q u i r e d  in i m p r o v i n g  t h e  r e l i a b i l i t y  

o-f t h e  a n a l o g i c a l  t r a n s f e r  i n s t r u m e n t ,  g i v e n  t h a t  t h e  q u e s t i o n s  

we r e  b a s e d  on p r e v i o u s  RCT q u e s t i o n s .  The i n s t r u m e n t  can be 

l e n g t h e n e d  and  p r e - t e s t e d  t o  t h e  l e v e l  of  s o l u t i o n  d e t e r m i n e d  by 

e a r l i e r  r e s e a r c h e r s  <Brown,  1987 ,  Gick & Ho l y o a k ,  1980)

S e v e r a l  i n v e s t i g a t o r s  ha ve  d e b a t e d  w h e t h e r  s p e c i f i c  

knowl edge  o r  g e n e r a l  kno wl e d g e  i s  a p r e r e q u i s i t e  o f  p o s i t i v e  

t r a n s f e r .  P r o p o n e n t s  o f  t h e  f o r m e r  a r g u e  t h a t  s p e c i f i c  c o n t e n t  

knowl edge  i s  c l e a r l y  d e f i n e d  a nd  d e l i m i t e d  by c o n d i t i o n s  of  

a p p l i c a b i l i t y ,  w h e r e a s  g e n e r a l  domain  knowl e dge  i s  s o  b r o a d  and 

d i f f u s e  a s  t o  p l a c e  a h i g h  demand on c o g n i t i v e  p r o c e s s i n g  t h a t  

r e q u i r e  e x p e r t  s chema (Chi  & B a s s o c k ,  1989 ,  Lamper t  & C l a r k ,  1990,  

Simon,  1 9 7 3 ) .

Why d i d  s c o r e s  on s p e c i f i c  s c i e n c e  knowl e dge  (KMT), t he  

domain on wh i ch  t h e  a n a l o g  a nd  t a r g e t  p r o b l e m  we r e  b a s e d ,  and  whi ch  

was  c l o s e r  in t i me  t o  s p e c i f i c  i n s t r u c t i o n ,  n o t  have  t h e  a d v a n t a g e  

in p r e d i c t i n g  t r a n s f e r ?  I t  may be t h a t  s t u d e n t s "  s p e c i a l i z e d  

s c i e n c e  knowl edge  r e m a i n e d  i n e r t  i f  i f  l a c k e d  i n t e g r a t i o n  o r  i f  i t  

p o s s e s s e d  “ f u n c t i o n a l  f i x e d n e s s 15 o r  i f  was  b a s e d  on m e m o r i z a t i o n  

o f  d e f i n i t i o n s  o f  c e n t r a l  t e r m s  r a t h e r  t h a n  on o r g a n i z e d  u n i t s  a s  

wou l d  be e x p e c t e d  o f  t h o s e  s c o r i n g  h i g h  on t h e  g e n e r a l  s c i e n c e  

knowl edge  a s s e s s m e n t .  F u r t h e r  r e s e a r c h  i s  s u g g e s t e d  in e x p l o r i n g  

w h e t h e r  g e n e r a l  o r  s p e c i f i c  s c i e n c e  k nowl e dge  can  p r e d i c t  when 

s t u d e n t s  f a i l  t o  e i t h e r  s e e  o r  a p p l y  t h e  r e l a t i o n s h i p s  in t h e  

s t r u c t u r a l  a n a l o g .
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Summary

S t u d e n t s "  a b i l i t y  t o  t r a n s f e r  s p e c i f i c  s c i e n c e  knowl edge  t h a t  

had  been t a u g h t  them o v e r  t h e  s e m e s t e r ,  d i f f e r e d  when t h e  f o r m a t  

( p r o b l e m  or  s t o r y )  a nd  t h e  t y p e  ( s t r u c t u r a l  o r  s u r f a c e )  of  t h e  

a n a l o g  was  m a n i p u l a t e d .  S u c c e s s f u l  t r a n s f e r  was  s u p p o r t e d  when a 

s t r u c t u r a l  a n a l o g  wa s  p r e s e n t e d  a s  a p r o b l e m p r i o r  t o  s o l v i n g  t he  

p r o b l e m  t a s k .

The form o f  s t u d e n t s "  p r i o r  s c i e n c e  knowl edge  ( s p e c i f i c  o r  

g e n e r a l )  a l s o  c o n t r i b u t e d  t o  p r e d i c t i n g  p o s i t i v e  a n a l o g i c a l  

t r a n s f e r  by t h e s e  s u b j e c t s .  S t u d e n t s "  s c o r e s  on a g e n e r a l  s c i e n c e  

compe t enc e  t e s t ,  w e r e  b a s e d  on t h r e e  y e a r s  o f  a New York S t a t e  

s c i e n c e  s y l l a b u s .  The  s c o r e s  w e r e  more  p r e d i c t i v e  o f  s u c c e s s  in 

s o l v i n g  t h e  p r o b l e m t a s k ,  g i v e n  knowl e dge  o f  g r oup  a s s i g n m e n t ,  t ha n  

we r e  t he  s t u d e n t s "  s c o r e s  on a t e s t  o f  c o mp e t en c y  in a s p e c i f i c  

s c i e n c e  domain upon wh i c h  t h e  t r a n s f e r  t a s k  was  b a s e d .

R e s e a r c h  I m p l i c a t i o n s

The d a t a  i n  t h i s  s t u d y  show i n c r e a s e s  in c o m p r e h e n s i o n  

and  t r a n s f e r  when t a s k  c o n s t r a i n t s  we r e  m a n i p u l a t e d .  T h a t  i s ,  e a ch  

g r oup  o f  s t u d e n t s  who d i d  n o t  d i f f e r  p r e - e x p e r i m e n t a l l y  in t h e i r  

g e n e r a l  s c i e n c e  k n owl e dge  p e r f o r m e d  t h e  a n a l o g  t a s k  d i f f e r e n t i a l l y .  

The g r o u p s "  p e r f o r m a n c e s  w e r e  b a s e d  on how an a n a l o g  was  f o r m a t t e d  

and  w h e t h e r  i t  p o s s e s s e d  s t r u c t u r a l  r e l a t i o n s h i p s  t o  t h e  t r a n s f e r  

t a s k .  A l t h o u g h  s u r f a c e  c o n t e x t s  b e t w e e n  a n a l o g  and  t a r g e t  

d i f f e r e d ,  t h e  p r o b l e m  f o r m a t  g u i d e d  i d e n t i f i c a t i o n  o f  p a r a l l e l  

t a s k s  a nd  p e r h a p s  p a r a l l e l  c o n t e n t .
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Competence  in g e n e r a l  s c i e n c e  knowl edge  was  more 

p r e d i c t i v e  o f  p o s i t i v e  t r a n s f e r  t ha n  was  s p e c i f i c  s c i e n c e  

k n o wl e d g e ,  t h e  v e r y  t o p i c  upon whi ch  t h e  a n a l o g  and  t r a n s f e r  t a s k  

w e r e  b a s e d .  P e r c e p t i o n  o f  u n d e r l y i n g  p a t t e r n s  r e q u i r e s  e f f i c i e n t  

i n t e g r a t i o n  and  many d i s c r i m i n a t i n g  e x a m p l e s  (Lohman,  1 9 9 0 ) ,  two 

f a c t o r s  p r e s u m a b l y  p o s s e s s e d  by h i g h - s c o r i n g  g e n e r a l  domain 

knowl edge  h i g h  s c h o o l  f r e s h m e n .

T h i s  s t u d y  d i f f e r e d  in s e v e r a l  o t h e r  s i g n i f i c a n t  ways  

f r om r e c e n t  r e l a t e d  r e s e a r c h  on a n a l o g i c a l  t r a n s f e r .  A l l  a s p e c t s  

o f  t h e  s t u d y  were  c o n d u c t e d  in t h e  c l a s s r o o m ,  by t h e  same t e a c h e r s ,  

d u r i n g  w h o l e - c l a s s  i n s t r u c t i o n  o v e r  t h e  normal  c o u r s e  o f  t h e  

s e m e s t e r .  I n s t r u m e n t s  we r e  b a s e d  on c o n c e p t s  in a s c i e n c e  

c u r r i c u l u m  in wh i c h  t h e  c l a s s e s  had  be e n  i n s t r u c t e d .  T e s t i n g  and 

i n t e r v e n t i o n  t ook  p l a c e  u n d e r  t h e  u s u a l  s c h o o l  t e s t i n g  c o n d i t i o n s  

< i . e .  f i n a l  exams a nd  s t a t e w i d e  m a n d a t e d  q u a l i f y i n g  exams)  

f a m i l i a r  t o  h i g h  s c h o o l  s t u d e n t s  in an u r b a n  c i t y  h i g h  s c h o o l .

T h i s  e n s u r e d  t h a t  i t  was  n o t  n e c e s s a r y  t o  s i m u l a t e  n a t u r a l i s t i c  

l e a r n i n g  c o n d i t i o n s ,  s i n c e  a c t u a l  l e a r n i n g  c o n d i t i o n s  wer e  in 

e f f e c t  t h r o u g h o u t  t h e  e x p e r i m e n t .

P r a c t i c a l  I m p l i c a t i o n s

T h i s  s t u d y  l e n d s  some s u p p o r t  t o  t h e  f i n d i n g s  of  

r e s e a r c h  on a n a l o g i c a l  t r a n s f e r  t h a t  c o n t e x t u a l  p r o p e r t i e s  o f  an 

a n a l o g y  can i n f l u e n c e  k nowl e dge  t r a n s f e r . T e a c h i n g  p r o c e d u r e s ,  

t e x t b o o k  e x a m p l e s ,  l a b  m a n u a l s ,  c h a r t s  a nd  d i a g r a m s ,  s c i e n c e  v i d e o s  

a nd  c o mp u t e r  g r a p h i c s  c a n  p r o v i d e  v i s u a l ,  l i t e r a r y ,  and
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m a n i p u l a b l e  a n a l o g i e s  t h a t  o b s e r v e  t h e  s a l i e n t  c o n t e x t u a l  - f a c t o r s  

t e s t e d  in t h i s  s t u d y .  Such e f f o r t s  may - f a c i l i a t e  knowl edge  

a c q u i s i t i o n  by a i d i n g  r e t r i e v a l  o r  by s t i m u l a t i n g  schema and  

a n a l y t i c a l  a b i l i t i e s .

No a n a l o g y  i s  p e r - f e c t .  The o n l y  r e p r e s e n t a t i o n  j u s t  

l i k e  t h e  t a r g e t  p r o b l e m  in e v e r y  r e s p e c t  i s  t h e  t a r g e t  p r o b l e m 

i t s e l - f .  R e s e a r c h e r s  know t h a t  a n a l o g i e s  can  i n f l u e n c e  t he  

l e a r n e r s '  n o t i o n  o f  s c i e n c e  p r i n c i p l e s  e i t h e r  p o s i t i v e l y  or  

n e g a t i v e l y  ( C e n t n e r , 1 9 8 3 ,  H a e r t e l , 1989)  d e p e n d i n g  on how much 

d i s t o r t i o n  i s  u n c o n t r o l l e d  f o r  in t h e  e l e m e n t s  t o  be mapped .  T h i s  

s t u d y  h a s  h i g h l i g h t e d  two s i t u a t i o n a l  v a r i a b l e s  t h a t  a r e  u n d e r  t he  

c o n s c i o u s  c o n t r o l  o f  t h e  t e a c h e r .  Both a r e  e a s i l y  d e v e l o p e d  a n d / o r  

exa mi ned  in t h e  l e s s o n  p l a n  p r i o r  t o  i n s t r u c t i o n .

W e l l - w r o u g h t  a n a l o g i e s  can s i m u l a t e  t h e  mos t  complex 

s c i e n c e  phenomena .  B e c a u s e  t h e y  a r e  one o f  t h e  v e h i c l e s  f o r  

a s s o c i a t i o n  and  i n t e r p r e t a t i o n  t h e y  s h o u l d  be c a r e f u l l y  d e s i g n e d  t o  

g e n e r a t e  e x p l a n a t i o n s  a n d  h i g h l i g h t  s a l i e n t  r e l a t i o n s h i p s  ( U i t t r o c k  

& A l e s s a n d r  in i , 1 9 9 0 ) .  E n a b l i n g  a s p e c t s  o f  t h e  v a r i a b l e s  o f  

a n a l o g - t y p e  a nd  a n a l o g —f o r m a t  s h o u l d  be i n c o r p o r a t e d  in t h e  d e s i g n  

o f  an a n a l o g y  p r e s e n t e d  d u r i n g  i n s t r u c t i o n .

S u o o e s t i o n s  For  F u t u r e  R e s e a r c h

The a p p l i c a b i l i t y  o f  t h i s  p a r t i c u l a r  s t u d y  t o  o t h e r  

p o p u l a t i o n s  i s  l i m i t e d  by  t h e  s p e c i f i c s  o f  t h e  v a r i a b l e s  i n v o l v e d  : 

u r b a n  a d o l e s c e n t s  in a  s c i e n c e  c l a s s r o o m  a s s e s s e d  on d e t a i l e d  

s t a t e w i d e  c u r r i c u l a  a nd  an a n a l o g y - t r a n s f e r  t a s k .  Be caus e  o f  t he
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RCT/ Sc i ence  c u r r i c u l u m  a nd  t h e  s p e c i f i c i t y  o f  t h e  k i n e t i c  

m o l e c u l a r  t h e o r y ,  g e n e r a l i z a t i o n  o f  r e s u l t s  t o  a l l  Grade  9 

s t u d e n t s  i s  u n w a r r a n t e d .  Any c o n c l u s i o n s  c o n c e r n i n g  t h e  e f f e c t s  of  

t a s k  c o n t e x t  on t h e  t r a n s f e r  o f  s c i e n c e  k nowl e dge  i s  l i m i t e d  t o  two 

f a c t o r s :  t h e  t yp e  a nd  f o r m a t  o f  t h e  b a s e  a n a l o g .

However ,  g i v e n  t h e  p a u c i t y  o f  s c i e n c e  a n a l o g  s t u d i e s  

c a r r i e d  o u t  o v e r  t ime  in t h e  n a t u r a l  e n v i r o n m e n t  o f  w h o l e - c l a s s  

l e a r n i n g ,  f u t u r e  r e s e a r c h  i s  n e e d e d  t o  r e f i n e  t h e  t r e a t m e n t  t o  

i n c r e a s e  g e n e r a l i z a t i o n .  I f  s t u d e n t  p e r f o r m a n c e  i s  c o n t e x t  

d e p e n d e n t  i t  wo u l d  be  d e s i r a b l e  t o  e xa mi ne  s t u d e n t s  w o r k i n g  on 

v a r i e d  r e a l  s c i e n c e  t a s k s  in a r e a l  e n v i r o n m e n t .  For  i n s t a n c e ,  

r e s e a r c h e r s  u s i n g  s c i e n c e  a n a l o g i e s  a l m o s t  a l w a y s  u s e  e x a mp l e s  in 

P h y s i c s  o r  m a t h e m a t i c s  a p p l i e d  t o  P h y s i c s .  The c o n c e p t s  i n v o l v e d  

a r e  "c l ean® a nd  l e n d  t h e m s e l v e s  t o  o p e r a t i o n a l i z a t i o n  in t h e  

e x p e r i m e n t a l  s e t t i n g .  R a r e l y  i s  l e a r n i n g  o r  i n s t r u c t i o n  in t he  

s c i e n c e  c l a s s - r o o m  a nd  u n d e r  d o u b l e - b l i n d  c o n d i t i o n s  s o  w e l l  

d e f i n e d  and  u n a d u l t e r a t e d .

R e s u l t s  o f  t h e  p r e s e n t  s t u d y  s u p p o r t  e f f o r t s  t o  e x t e n d  

t h e  i n v e s t i g a t i o n  t o  o t h e r  s a m p l e s  o f  s c i e n c e  s t u d e n t s  a nd  o t h e r  

s c i e n c e  t h e o r i e s  a nd  c o n c e p t s .  In  c a r r y i n g  o u t  t h e  p r o c e d u r e  on 

d i f f e r e n t  s t u d e n t  p o p u l a t i o n s  o r  w i t h  d i f f e r e n t  s c i e n c e  c o n c e p t s  

embedded in t h e  a n a l o g y ,  i t  may be p o s s i b l e  t o  i d e n t i f y  o t h e r  

s p e c i f i c  c o n t e x t s  a nd  t y p e s  o f  p r i o r  k nowl e dge  t h a t  s u p p o r t  

p o s i t i v e  s p o n t a n e o u s  a n a l o g i c a l  t r a n s f e r .

Two d i r e c t i o n s  f o r  f u t u r e  r e s e a r c h  in a n a l o g i c a l  

t r a n s f e r  a r e  s u g g e s t e d ,  e x p l o r i n g  t r a n s f e r  in t h e  c l a s s r o o m
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c o n d i t i o n  and  e x p l o r i n g  t r a n s f e r  w i t h  d i f f e r e n t  s c i e n c e  c o n c e p t s .  

T a k i n g  r e s e a r c h  o u t  o f  a one  on one e x p e r i m e n t a l  c o n d i t i o n  and 

u s i n g  a n a l o g i e s  in a r e a s  o f  s c i e n c e  l e s s  w e l l  d e f i n e d ,  b u t  no l e s s  

m a n i p u l a b l e  m i g h t  more  r e a d i l y  e x p o s e  o t h e r  i n f l u e n c i n g  c l a s s r o o m  

c o n t e x t u a l  f a c t o r s

Most  t e a c h e r s  o f  i n t r o d u c t o r y  s c i e n c e  c o u r s e s  in 

s e c o n d a r y  and  u n d e r g r a d u a t e  l e v e l s  a r e  p r a g m a t i c ,  and  w i l l  u s e  what  

wo r k s  in o r d e r  t o  i mpr ove  p o o r  s c i e n c e  p r e p a r a t i o n  o f  Ame r i c a n  

s t u d e n t s .  They  o f t e n  u s e  a n a l o g i e s  a s  t e a c h i n g  t o o l s .  T h e i r  

s t u d e n t s  may d e v i s e  them a s  a c o g n i t i v e  s t r a t e g y  a s  w e l l .  I f  

s p e c i f i c ,  n o n - s c i e n c e  c o n t e x t s ,  s uc h  a s  a p r o b l e m  f o r m a t ,  a r e  f ound  

t o  b e t t e r  i l l u m i n a t e  t h e  m a p p i n g  o f  b a s e  t o  t a r g e t  and t a p  s c i e n c e  

knowl edge  a l r e a d y  p o s s e s s e d  by t h e  l e a r n e r ,  t h e s e  c o n t e x t s  s h o u l d  

be o b s e r v e d  by t h e  s c i e n c e  t e a c h e r  when d e v i s i n g  o r  p r e s e n t i n g  an 

a n a l o g y .

Knowing t h a t  s t u d e n t s  a r e  r e s p o n s i v e  t o  a l l  a s p e c t s  of  

t h e  t e a c h i n g  a nd  l e a r n i n g  e n v i r o n m e n t ,  t e a c h e r s  who know how b e s t  

t o  d e v e l o p  a nd  p r e s e n t  a n a l o g i e s  have  an i mme d i a t e  c o s t - e f f e c t i v e  

s t r a t e g y .  S e n s i t i z i n g  t e a c h e r s  t o  t h i s  s t r a t e g y  r e q u i r e s  mo d e s t  

t e a c h e r  t i me  a nd  t r a i n i n g .
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Appendix A

C our s e  O u t l i n e  -  K i n e t i c  M o l e c u l a r  T h e o r y  
f rom NYSED T e a c h e r  Manual  f o r  B l o c k s  A - J  1988

3 6 .  HOW MAY ONE FORM OF ENERGY BE CONVERTED INTO ANOTHER?
( O b j e c t s  p o s s e s s  d i f f e r e n t  f o r ms  o f  KE and  PE a nd  can be 
c o n v e r t e d  in e i t h e r  d i r e c t i o n .  Lab demo:  KE by v i r t u e  o f  
m o t i o n  o r  m o l e c u l a r  c o n d i t i o n  and PE by p o s i t i o n  and 
c h e m i ca l  a r r a n g e m e n t s )

3 7 .  WHAT I S  HEAT ENERGY?
( P r o p e r t i e s  o f  h e a t  e x p l a i n  what  h a p p e n s  when a c o l d  o b j e c t  
comes in c o n t a c t  w i t h  a  warm one -  KE and  PE d i f f e r e n t i a l )

38 .  WHAT ARE THE FIRST AND SECOND LAWS OF THERMODYNAMICS? 
(E c o n v e r s i o n .  No c o n v e r s i o n  100% e f f i c i e n t )

39 .  IMPLICATIONS OF THE LAWS OF THERMODYNAMICS
(E t o  m a t t e r ,  r e v e r s e .  Random m o t i o n  o f  m o l e c u l e s  = h e a t .  
Hea t  i s  a  l e s s  t 3 f o r m  o f  E and i s  t h e r e f o r e  e a s i e r  t o  
c o n v e r t  o t h e r  E f o r m s  i n t o  h e a t )

4 0 .  WHAT I S  THE KINETIC MODEL FOR MATTER?
( H e a t  can  be u n d e r s t o o d  in t e r m s  o f  KE p o s s e s s e d  by m o l e c u l e s  
o r  p a r t i c l e s  o f  m a t t e r  wh i c h  a r e  in c o n s t a n t  m o t i o n )

41 .  HOW DOES HEAT AFFECT EXPANSION OF MATERIALS?
(When o b j e c t s  a r e  wa r me d ,  g a i n  KE, t h e  p a r t i c l e s  o f  wh i ch  
t h e y  a r e  composed  move f a s t e r  and  f u r t h e r  a p a r t )

4 2 .  LAB:TO OBSERVE WHAT HAPPENS TO GASES, LIQUIDS AND SOLIDS UPON 
HEATING

4 3 .  WHAT ARE THE PHASES OF MATTER?
( M o l e c u l a r  a r r a n g e m e n t s  o f  s u b s t a n c e  t h a t  g a i n s  o r  l o s e s  KE 
when t h e r e  i s  a  p h a s e  c h a n g e  o f  g a s  t o  l i q u i d ,  o r  a l i q u i d  
t o  a s o l i d  and  t h e  r e v e r s e )

4 4 .  WHAT IS THE RELATIONSHIP BETWEEN PHASES OF MATTER AND THE 
PROPERTIES OF MATTER?
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( P h a s e s  de pe nd  upon how c l o s e  m o l e c u l e s  a r e ,  how - fas t  t h e y  move,
i . e .  t h e  m o l e c u l e s  in a s o l i d  a r e  r e l a t i v e l y  s l o w e r ,  c l o s e r  
t o g e t h e r  a nd  r e s i s t  c h a n g e  o f  p o s i t i o n  t h a n  do m o l e c u l e s  in a 
l i q u i d  o-f t h e  same s u b s t a n c e )

45 .  WHAT IS THE RELATIONSHIP BETWEEN HEAT AND PHASE CHANGE?
(When p h a s e  c h a n g e  o c c u r s ,  E i s  e i t h e r  a b s o r b e d  o r  l i b e r a t e d .  
Hea t  E can be c o n v e r t e d  i n t o  KE o f  m o t i o n  o r  PE o f  p a r t i c l e  
p o s i  t  i on)

4 6 .  LAB; WHAT HAPPENS WHEN HEAT ENERGY IS ADDED OR REMOVED FROM 
WATER?

4 7 .  HOW MAY WE SHOW PHASE CHANGES ON A GRAPH?
( G r a p h i n g  o f  f r e e z i n g / m e l t i n g  p o i n t s  a nd  b o i l i n g / c o n d e n s a t i o n  
p o i n t s  o f  a l c o h o l ,  s e a  w a t e r ,  d i s t i l l e d  w a t e r )

4 8 .  HOW IS HEAT TRANSFERRED?
( He a t  d i f f e r s  f r om t e m p e r a t u r e ;  t h e  avg  KE o f  m o l e c u l e s  in 
an o b j e c t .  Hea t  i s  m e a s u r e d  in c a l , temp in K e l v i n .  As a 
r e s u l t  o f  t e m p e r a t u r e  d i f f e r e n t i a l  be t we e n  m a t t e r ,  h e a t  f l o w s  
f rom a r e a s  o f  warm t o  c o o l  t e m p e r a t u r e s )

49 .  WHAT ARE ENDOTHERMIC AND EXOTHERMIC REACTIONS?
(When a s o l i d  l i q u i f i e s  i t s  p a r t i c l e s  have  g a i n e d  KE by 
a b s o r b i n g  h e a t  E a n d  when l i q u i d  f r e e z e s ,  i t s  E i s  r e l e a s e d )

5 0 .  WHAT ARE THE METHODS BY WHICH HEAT E CAN FLOW? 
( C o n d u c t i o n ,  r a d i a t i o n ,  c o n v e c t i o n :  demo b i m e t a l l i c  b a r ,  
g r e e n h o u s e  and c o n v e c t i o n  a p p a r a t u s  w i t h  ch i mne y )

5 1 .  LAB: HOW MAY WE INVESTIGATE HEAT TRANSFER?

5 2 .  FIELD TRIP TO CONSOLIDATED EDISON ENERGY CONSERVATION CENTER?
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Domain S p e c i f i c  A s s e s s m e n t :  S e c t i o n  o f  S t u d e n t  F i n a l  Exam

PART V K i n e t i c  M o l e c u l a r  T h e o r y

D i r e c t i o n s :  P l e a s e  a ns we r  a l l  o f  t h e  - f o l l o w i n g  q u e s t i o n s  b a s e d
upon t h e  i n f o r m a t i o n  g i v e n  a nd  y o u r  Knowledge  o f  s c i e n c e .  W r i t e  
t h e  l e t t e r  o f  t h e  a n s we r  you t h i n K  i s  b e s t  i n  t h e  s p a c e  p r o v i d e d .  
Take  yo u r  t i me  a nd  r e c h e c k  y o u r  a n s w e r s .  Le a ve  no b l a n k s .

3 1 .  HEAT I S  CONSIDERED TO BE A FORM O F . . .

 3 2 .  HEATING MAKES PARTICLES IN SOLIDS,  LIQUIDS,  AND GASES MOVE.. .

a .  a t  t h e  same s p e e d  b .  in c i r c l e s  c .  f a s t e r  d .  s l o w e r

 3 3 .  MATTER USUALLY EXPANDS WHEN HEATED BECAUSE ITS PARTICLES. . .

a .  g e t  l a r g e r  b .  b r e a k  up c .  g e t  s m a l l e r  d .  move a p a r t

 3 4 .  HEAT ENERGY ALWAYS MOVES FROM.. .

a .  c oo l  t o  warm p l a c e s  b .  h i g h  t o  low p l a c e s
c .  warm t o  c oo l  p l a c e s  d .  low t o  h i g h  p l a c e s

* USE THE DIAGRAM BELOW TO ANSWER THE NEXT 2 QUESTIONS <#35 & #36)  *

a .  r e g u l a t i o n  b .  c h e m i s t r y  c .  e n e r g y  d .  p o t e n t i a l  harm

O

3 5 .  WHICH OF THE ABOVE DIAGRAMS BEST REPRESENTS A SOLID?



36 .  WHICH OF THE ABOVE DIAGRAMS REPRESENTS PARTICLES WITH THE 
GREATEST KINETIC ENERGY?

37 .  AS THE TEMPERATURE OF MATTER DECREASES , THE SPEED OF THE 
MOLECULES . . .

a .  i n c r e a s e s  c .  r e m a i n s  t h e  same
b .  i s  s l o w e d  d .  i s  s p e e d e d  up

USE THE DIAGRAM TO THE RIGHT TO 
ANSWER THIS QUESTION; A BALLOON 
WAS ATTACHED TO A NARROW NECK OF 
OF A FLASK AS SHOWN. THE FLASK 
WAS THEN HEATED OVER A FLAME.

3 8 .  WHY DID THE BALLOON INFLATE?

a .  M o l e c u l e s  o-f a i r  in t h e  b a l l o o n  moved
■fur ther  a p a r t  when h e a t e d .

b .  M o l e c u l e s  in t h e  a i r  s u r r o u n d i n g  t h e
b a l l o o n  moved - f u r t h e r  a p a r t .

c .  M o l e c u l e s  in t h e  g l a s s  - f l ask
p e r m i t t e d  a i r  t o  e n t e r  t h e  b a l l o o n .

d .  Warm a i r  t a k e s  up a s  much s p a c e  a s  t h e
an i n f l a t e d  b a l l o o n  d o e s .

39 .  WHICH PHASE OF MATTER HAS A DEFINITE SHAPE AND SIZE AND ITS 
MOLECULES HAVE LITTLE MOVEMENT AND SPEED?

a .  s o l i d  b .  l i q u i d  c .  p l a s m a  d .  g a s

4 0 .  WHEN THE TEMPERATURE OF A CAR DOOR RISES FROM 28oC t o  49oC 
ITS SIZE WI L L. . .

a .  be u n a f f e c t e d  b .  d e p e n d  upon t h e  t ime  o f  t h e  y e a r
c .  i n c r e a s e  d .  be  r e d u c e d  by a f ew m i l l i m e t e r s

4 1 .  IF YOU ARE HAVING DIFFICULTY REMOVING A METAL CAP FROM A JAR,

IT MIGHT BE HELPFUL TO PLACE THE CAP UNDER HOT WATER. WHICH 
OF THE FOLLOWING STATEMENTS BEST SUPPORTS THIS ADVICE?
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a .  h e a t i n g  i n c r e a s e s  m o l e c u l a r  e n e r g y  c a u s i n g  t h e  j a r  t o  
c o n t r a c t .

b .  t h e  m e t a l  cap  w i l l  e x p a n d  b e c a u s e  t h e  m o l e c u l e s  in i t  
move a p a r t .

c .  h e a t i n g  d e c r e a s e s  m o l e c u l a r  e n e r g y  a nd  p e r m i t s  e x p a n s i o n .
d .  h o t  w a t e r  w i l l  l o o s e n  a ny  d r i e d  m a t e r i a l  u n d e r  t h e  c a p .

C c-pp gct 13 A R

9o° C  
c o p  x

2LCP C
c o p y

* THE NEXT QUESTION REFERS TO THE 
SET-UP SHOWN IN THE DIAGRAM TO 
THE RIGHT.

42 .THE WATER TEMPERATURE IN BOTH 
CUPS WILL CHANGE OVER TIME BECAUSE.

a .  I n c r e a s e d  h e a t  e n e r g y  o-f w a t e r  
m o l e c u l e s  w i l l  t r a v e l  f rom cup X t o  cup Y

b .  The h e a t  e n e r g y  in t h e  w a t e r  m o l e c u l e s  w i l l  t r a v e l  f rom 
cup Y t o  cup X.

c .  The c o o l e r  t e m p e r a t u r e  o f  cup Y w i l l  t r a v e l
d .  The m e t a l  b a r  w i l l  r e m a i n  c oo l  t o  t h e  t o u c h  

e x p e r  i m e n t .

t o  cup  X 
t h r o u g h o u t t h e

. 43 .  IN WHICH PHASE ARE THE MOLECULES OF A SUBSTANCE CLOSEST 
TOGETHER?

a .  a  g a s  b .  p l a s m a  c .  a l i q u i d  d .  a s o l i d

4 4 .  WHEN THERE I S  A PHASE CHANGE (when t h e  s t a t e  o f  m a t t e r  i s  
a l t e r e d )  ENERGY I S EI THER. . . O R . . .

a .  i n c r e a s e d ,  s t r e n g t h e n e d  b .  r e l e a s e d ,  g i v e n  o f f
c .  r e l e a s e d ,  a b s o r b e d  d .  r e d u c e d ,  d o u b l e d

4 5 .  WHEN ICE MELTS, THE ENERGY OF THE MOLECULES IN THE I C E . . .

a .  i n c r e a s e s  c .  c r y s t a l l i z e s
b .  i s  l i q u i f i e d  d .  r e m a i n s  t h e  same

4 6 .  WHEN A LIQUID EVAPORATES ( e n t e r s  t h e  g a s  p h a s e ) , T H E  ENERGY 
OF THE MOLECULES.. .

a .  d e c r e a s e s
b .  i n c r e a s e s

c . i s  r e l e a s e d
d .  r e m a i n s  t h e  same
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4 7 .  ENERGY I S RELEASED WHEN A LIQUID BECOMES . . .

a .  a s o l i d  b .  opa que  c .  a g a s  d .  a c l o u d y  m i x t u r e

4 8 .  THE ONE MOST IMPORTANT FACTOR THAT SEEMS TO DECIDE THE STATE 
OR PHASE IN WHICH MATTER WILL BE I S . . .

a .  t h e  amount  o-f s u b s t a n c e  p r e s e n t
b .  t h e  c o n t a i n e r  t h e  m a t t e r  i s  in
c .  t h e  l o c a t i o n  on e a r t h
d .  t h e  t e m p e r a t u r e  o-f t h e  s u b s t a n c e

4 9 .  IN WHICH OF THE FOLLOWING ARE THE MOLECULES FASTEST AND 
FURTHEST APART?

a .  c o c o n u t  p i e  c .  a c o c o n u t  s h a k e
b .  a  c o c o n u t  d .  c o c o n u t  per-fume

. 50 .  A STEAM BURN I S  MORE HARMFUL THAN A BURN FROM BOILING WATER. 
THIS IS TRUE BECAUSE.. .

a .  s t e a m  c o n d e n s e s  on t h e  s k i n  a t  a t e m p e r a t u r e  o-f lOOoC.
b .  s t e a m  a b s o r b s  e n e r g y  a s  i t  c o n d e n s e s  on t h e  s k i n .
c .  s t e a m  a t  98oC h a s  more  m o l e c u l a r  e n e r g y  t ha n  lOOoC w a t e r .
d .  s t e a m  r e l e a s e s  e n e r g y  a s  i t  c o n d e n s e s  on t h e  s k i n .
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Appendix C

TEST MAP FOR DOMAIN SPECIFIC EXAM <KMT) 

TAXONOMY KMT TEST QUESTIONS

LEVEL 1 2 3 4 5 6 7 8 9 10 i 1 12 13 14 15 16 17 18 19 20

KNOWLEDGE X
COMPREHENSION X X
APPLICATION
ANALYSIS
SYNTHESIS
EVALUATION

X X X
X X X X X

MAP SUMMARY

T e s t  Q S p e c i f i c a l l y  i nvo l ve s :

1.
2 .
3.
4.
5.
6 .
7.
8 .
9.
10 . 
11 . 
12 .
13.
14.
15.
16.
17.
18.
19.
2 0 .

Knowledge o-f hea t  a s  form of  energy  
knowledge of  e f f e c t  of  he a t  on s peed  and P 
Comprehension of  random mot i on ,volume and p r e s s u r e  
Knowledge and s y n t h e s i s  of d i r e c t i o n  of  he a t  f low 
Comprehension and s y n t h e s i s  of  d i agram m o l e c u l e s  in s o l i d  
Comprehension and s y n t h e s i s  of  d i agram of KE 
A n a l y s i s  of  e f f e c t  of  lowered t emp.on speed 
A p p l i c a t i o n  and e v a l u a t i o n  of  h e a t  and gas  V 
Knowledge of  phas es  of  m a t t e r
Comprehension of  e f f e c t  of  i nc .  he a t  on V of  s o l i d  
E v a l u a t i o n ,  s y n t h e s i s  of  i nc .  h e a t  in common e xpe r i e nc e  
A p p l i c a t i o n ,  s y n t h e s i s  of  c o n d u c t i v i t y  
Knowledge of  mol e c u l a r  a r r angement  in s o l i d  
Comprehension s y n t h e s i s  of  phase change 

and e v a l u a t i o n  of  phase change 
and e v a l u a t i o n  of  he a t  in gas  vs  l i q u i d  
and e v a l u a t i o n  of  h e a t  in s o l i d  vs  l i q u i d  
and e v a l u a t i o n  of  e f f e c t  of  T on wa t e r

Synt hes i  s 
S y n t h e s i s  
Syn t hes i  s 
Syn t hes i  s 
Knowledge of mol e c u l a r  s t r u c t u r e  a s  T d e c r e a s e s
A n a l y s i s  and e v a l u a t i o n  of  common e x p e r i en c e  - exo t he rmi c
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Appendix D

S t r u c t u r a l  Type Analog in a Problem Format

PART I SAMPLE
D i r e c t i o n s :  r e a d  t h i s  s a mpl e  -  i t s  p r o b l e m  and  s o l u t i o n .  

Then a n s we r  q u e s t i o n s  1 and  2 b e l o w .

On a -f ine S a t u r d a y  m o r n i n g ,  a s l e e p y  g r oup  o-f h i g h  
s c h o o l  c h e e r l e a d e r s  were  l i n e d  up on t h e  - fo o t b a l l  - f i e l d  
f o r  p r a c t i c e .  They we r e  a l i g n e d  in q u i e t  n e a t  r ows .
The m a r c h i n g  band  t he n  began  t o  p r a c t i c e  on t h e  o t h e r
s i d e  o f  t h e  f i e l d .  The s t i r r i n g  m u s i c  awakened  t he  
c h e e r l e a d e r s .  Thos e  a t  t h e  e n d s  o f  t h e  rows  wer e  t he  
f i r s t  t o  sway t o  t h e  mu s i c  a nd  s t e p  o u t  o f  f o r m a t i o n .  
Soon t h e y  s c a t t e r e d  o v e r  t h e  f i e l d .  Some v e r y  a c t i v e  
o n e s  eve n  l e a p e d  up i n t o  t h e  s t a n d s  bumping i n f o  each 
o t h e r  a nd  t h e  s e a t s  a t  r andom.  The m u s i c  e x c i t e d  them 
a nd  t h e y  l o s t  a l l  s e n s e  o f  o r d e r .  Then t h e  Dean 
r u s h e d  o n t o  t h e  f i e l d ,  demand i ng  t h a t  e v e r y o n e  g e t  
back  t o  b u s i n e s s .

P r o b l e m I f  you wer e  t he  Dean how wo u l d  you r e s t o r e  
f o r m a t i o n  q u i c k l y  and w i t h  l i t t l e  f u s s

S o l u t i o n  Ask a s t u d e n t  t o  g e t  t h e  band  t o  s t o p  p l a y i n g .
W i t h o u t  t h e  m u s i c  mos t  o f  t h e  c h e e r l e a d e r s  would 
q u i e t  down,  g a t h e r  t o g e t h e r  a nd  f o r m rows  a g a i n .  
Only  a few o f  t h e  v e r y  e x c i t e d  o n e s  in t h e  upper  
s t a n d s  wou l d  n o t  g e t  back  down t o  t h e i r  o r i g i n a l  
p o s i t i o n  on t h e  f i e l d  in t i m e .

Q1 DID YOU UNDERSTAND THE PROBLEM AND ITS SOLUTION? 
<p1ace  a  " y e s "  o r  °no"  in t h e  s p a c e  p r o v i d e d )

Q2 COULD YOU RETELL WHAT YOU JUST READ TO SOMEONE 
WITHOUT READING DIRECTLY FROM THIS SHEET?

( c h o o s e  t h e  l e t t e r  f rom t h e  c h o i c e s  be low)  
a .  w i t h  g r e a t  d i f f i c u l t y  b .  w i t h  some d i f f i c u l t y
c .  p o s s i b l y  d . e a s y  t o  do e . v e r y  e a s y  t o  do

- go  on to  next  page-
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Appendix E

S t r u c t u r a l  Type Analoo in a S t o r y  Format

PART I SAMPLE
D i r e c t i o n s  ; r e a d  t h i s  s a mpl e  s t o r y .  Then a ns we r  q u e s t i o n s  
1 a nd  2 b e l o w .

On a f i n e  S a t u r d a y  m o r n i n g ,  a s l e e p y  g r o u p  o-f h i g h  s c hoo l  
c h e e r l e a d e r s  we r e  l i n e d  up on t h e  - f o o t b a l l  - f i e l d  -for 
p r a c t i c e .  They  w e r e  a l i g n e d  in q u i e t  n e a t  r o ws .
The m a r c h i n g  ba nd  t h e n  began  t o  p r a c t i c e  on t h e  o t h e r  s i d e  
o-f t h e  f i e l d .  The  s t i r r i n g  m u s i c  a wa ke ne d  t h e  c h e e r l e a d e r s  
Thos e  a t  t h e  e n d s  o f  t h e  r ows  we r e  t h e  f i r s t  t o  sway t o  t he  
mu s i c  and  s t e p  o u t  o f  f o r m a t i o n .  Soon t h e y  s c a t t e r e d  o v e r  
t h e  f i e l d .  Some v e r y  a c t i v e  o n e s  even  l e a p e d  up i n t o  t he  
s t a d i u m  bumping i n t o  e a ch  o t h e r  a nd  t h e  s e a t s  a t  r andom.
The mus i c  e x c i t e d  them a nd  t h e y  l o s t  a l l  s e n s e  o f  o r d e r

Then t he  Dean r u s h e d  o n t o  t h e  f i e l d ,  d e ma nd i ng  t h a t  
e v e r y o n e  g e t  back  t o  b u s i n e s s .
He t r i e d  t o  r e s t o r e  t h e  c h e e r l e a d e r s '  e x a c t  f o r m a t i o n  
q u i c k l y  and  w i t h  l i t t l e  f u s s .

He a s k e d  a s t u d e n t  t o  g e t  t h e  band  t o  s t o p  p l a y i n g .
W i t h o u t  t h e  m u s i c  mos t  o f  t h e  c h e e r l e a d e r s  q u i e t e d  down,  
g a t h e r e d  t o g e t h e r  a nd  f o r me d  rows  a g a i n .  Only  a f ew o f  t he  
v e r y  e x c i t e d  o n e s  in t h e  u p p e r  s t a n d s  d i d  n o t  g e t  back down 
t o  t h e i r  o r i g i n a l  p o s i t i o n  on t h e  f i e l d  in t i m e .

Q1 DID YOU UNDERSTAND THE STORY YOU JUST READ? 
( p l a c e  a " y e s “ o r  " n o t "  in t h e  s p a c e  p r o v i d e d )

Q2 COULD YOU RETELL WHAT YOU JUST READ TO SOMEONE 
WITHOUT READING DIRECTLY FROM THIS SHEET 

( c h o o s e  t h e  l e t t e r  f r om t h e  c h o i c e s  be l ow)  
a .  w i t h  g r e a t  d i f f i c u l t y  b .  w i t h  some d i f f i c u l t y
c .  p o s s i b l y  d .  e a s y  t o  do e .  v e r y  e a s y  t o  do

- g o  on t o  n e x t  page-
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Appendix F

S u r f ac e  Type Analog in a Problem Format

PART I SAMPLE
D i r e c t i o n s :  Read t h i s  s a mp l e  -  i t s  p r o b l e m  and  s o l u t i o n .

Then a ns we r  q u e s t i o n s  1 and  2 b e l o w .

D u r i n g  an e x p e r i m e n t  in s c i e n c e  c l a s s ,  i t  was  n e c e s s a r y  t o  
c oo l  a s h a t t e r - p r o o f  b e a k e r  o f  s t e a m i n g ,  b u b b l i n g  s y r u p .  
The b e a k e r  was  p l a c e d  on a b l o c k  o f  i c e  s e t  in a p a n .  The 
t e m p e r a t u r e  o f  t h e  c o n t e n t s  o f  t h e  b e a k e r  wa s  t a k e n  e v e r y  
two m i n u t e s ,  a nd  r e c o r d e d  by t h e  s t u d e n t s  in a d a t a  t a b l e .

A s t u d e n t  s u g g e s t e d  i t  wou l d  coo l  f a s t e r  i f  t h e  b l o c k  were  
c r u s h e d  f i r s t  a nd  p a c k e d  a r o u n d  t h e  b e a k e r .  C r u s h i n g  t h e  
b l o c k  r e m i n d e d  some o f  t h e  s t u d e n t s  o f  t h e i r  work l a s t  
t e r m  on t he  t h r e e  f o r m s  o f  r o c k :  i g n e o u s ,  m e t a mo r p h i c  and  
s e d i m e n t a r y ,  a nd  t h e  h e a t  and p r e s s u r e  n e c e s s a r y  t o  a l t e r  
t h e  m o l e c u l a r  s t r u c t u r e  o f  t h e  m i n e r a l s .

They  p a c k e d  t h e  i c e c h i p s  a r o u n d  t h e  b e a k e r .  By t h e  t i me  
t h e  s y r u p  had  c o o l e d ,  t h e r e  was  s t i l l  some i c e  and  m e l t  
s u r r o u n d i n g  t h e  b e a k e r .

P r o b l e m I f  you w e r e  w r i t i n g  up t h i s  p a r t  o f  t h e  e x p e r i m e n t  
how wou l d  you e x p l a i n  wha t  had  o c c u r r e d  in t h e  b e a k e r ?

S o l u t i o n  The t eam w r o t e  t h a t  f a s t  c o o l i n g  was  p o s s i b l e  when 
mos t  o f  t h e  b e a k e r  was  in c o n t a c t  w i t h  t h e  i c e .  
c r u s h i n g  t h e  b l o c k  and  p a c k i n g  t h e  c h i p s  a r o u n d  t h e  
h o t  b e a k e r ,  t h e  s u g a r  had  s t o p p e d  b u b b l i n g  a nd  was  
r e a d y  f o r  t h e  w e i g h i n g  p a r t  o f  t h e  e x p e r i m e n t .

Q1 DID YOU UNDERSTAND THE PROBLEM AND ITS SOLUTION? 
( p l a c e  a " y e s 0 o r  " n o 0 in t h e  s p a c e  p r o v i d e d )

Q2 COULD YOU RETELL WHAT YOU JUST READ TO SOMEONE 
WITHOUT READING DIRECTLY FROM THIS SHEET?
( c h o o s e  t h e  l e t t e r  f rom t h e  c h o i c e s  be low)

a .  w i t h  g r e a t  d i f f i c u l t y  b .  w i t h  some d i f f i c u l t y
c .  p o s s i b l y  d .  e a s y  t o  do e .  v e r y  e a s y  t o  do

- g o  on t o  n e x t  page
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Appendix G

S u r f a c e  Type Ana log  in a S t o r y  Format

PART I SAMPLE
D i r e c t i o n s  : Read t h i s  s a mp l e  s t o r y .  Then a n s we r  q u e s t i o n s  

1 a nd  2 b e l o w .

D u r i n g  an e x p e r i m e n t  in s c i e n c e  c l a s s ,  i t s  was  n e c e s s a r y  t o  
c o o l  a s h a t t e r - p r o o f  b e a k e r  o f  s t e a m i n g ,  b u b b l i n g  s u g a r .
The b e a k e r  was  p l a c e d  on a  b l o c k  o f  i c e  s e t  in a p a n .  The 
t e m p e r a t u r e  o f  t h e  c o n t e n t s  o f  t h e  b e a k e r  was  t a k e n  e v e r y  
two m i n u t e s ,  a nd  r e c o r d e d  by t h e  s t u d e n t s  in a d a t a  t a b l e .

A s t u d e n t  s u g g e s t e d  i t  wo u l d  cool  f a s t e r  i f  t h e  b l o c k  we r e  
f i r s t  c r u s h e d  a nd  p a c k e d  a r o u n d  t h e  b e a k e r .
C r u s h i n g  t h e  b l o c k  r e m i n d e d  some o f  t h e  s t u d e n t s  o f  t h e i r  
work l a s t  t e r m on t h e  t h r e e  f o r m s  o f  r o c k  : i g n e o u s ,  
m e t a m o r p h i c  a n d  s e d i m e n t a r y ,  a nd  t h e  h e a t  a nd  p r e s s u r e  
n e c e s s a r y  t o  a l t e r  t h e  m o l e c u l a r  s t r u c t u r e  o f  t h e  m i n e r a l s .

They  p a c k e d  t h e  i c e c h i p s  a r o u n d  t h e  b e a k e r .  By t h e  t i me  
t h e  s y r u p  ha d  c o o l e d ,  t h e r e  was  s t i l l  some i c e  a nd  m e l t  
s u r r o u n d i n g  t h e  b e a k e r .

In o r d e r  t o  c o m p l e t e  t h i s  p a r t  o f  t h e  e x p e r i m e n t ,  t h e  l a b  
t eam w r o t e  up w h a t  had  o c c u r r e d  in t h e  b e a k e r .  The t eam 
w r o t e  t h a t  f a s t  c o o l i n g  was  p o s s i b l e  when mos t  o f  t h e  b e a k e r  
was  in c o n t a c t  w i t h  i c e .  By c r u s h i n g  t h e  b l o c k  a nd  p a c k i n g  
t h e  c h i p s  a r o u n d  t h e  h o t  b e a k e r ,  t h e  s u g a r  had  s t o p p e d  
b u b b l i n g  and  wa s  r e a d y  f o r  t h e  w e i g h i n g  p a r t  o f  t h e  
e x p e r  i m e n t .

01 DID YOU UNDERSTAND THE STORY YOU JUST READ?
( p l a c e  a  ay e s “ o r  “n o 8 in t h e  s p a c e  p r o v i d e d )

Q2 COULD YOU RETELL WHAT YOU JUST READ TO SOMEONE 
WITHOUT READING DIRECTLY FROM THIS SHEET?
( c h o o s e  t h e  l e t t e r  f r om t h e  c h o i c e s  be l ow
a .  w i t h  g r e a t  d i f f i c u l t y  b .  w i t h  some d i f f i c u l t y
c .  p o s s i b l y  d .  e a s y  t o  do e .  v e r y  e a s y  t o  do

-go  on t o  n e x t  p a g e -
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APPENDIX H

DIRECTIONS TO TEACHERS ADMINISTERING SCIENCE QUESTIONNAIRE

Dear

P l e a s e  r e a d  t h e  - f o l l o w i n g  d i r e c t i o n s  t o  t h e  c l a s s  be- fore  
a d m i n i s t e r i n g  t h e  q u e s t i o n n a i r e :

1.  T h i s  q u e s t i o n n a i r e  a nd  y ou r  a n s w e r s  w i l l  h e l p  
t h e  s c i e n c e  d e p a r t m e n t  p r e p a r e  -for n e x t  y e a r ' s  
■freshmen s c i e n c e  c o u r s e .

2 .  T h e r e  i s  no l i m i t  t o  t h e  t i me  you may ha ve  t o  
a n s w e r .

3 .  Your  a n s w e r s  w i l l  in no way a-f-fect  y ou r  s c i e n c e  
g r a d e  in t h i s  c l a s s

4 .  Your  a n s w e r s  w i l l  be mos t  he l p - f u l  i-f you do n o t  
r u s h  t h r o u g h  t h e  q u e s t i o n s .

5 .  loi i  may u s e  a pen o r  p e n c i l .

6 .  I-f you do n o t  w i s h  t o  p a r t i c i p a t e  you w i l l  be 
g i v e n  a s c i e n c e  a r t i c l e  t o  r e a d .

7 .  T h e r e  i s  p l e n t y  o-f t i me  t o  r e a d  a nd  a n s we r  t h e  
q u e s t i o n s  a nd  t o  c h e c k  o v e r  y o u r  a n s w e r s

8 .  Th o s e  who w i s h  t o  r e a d  a s c i e n c e  a r t i c l e  i n s t e a d ,  
p l e a s e  r a i s e  yo u r  h a n d s  a nd  I ' l l  p l a c e  an a r t i c l e  
on y o u r  d e s k .

9 .  Thank you -for y o u r  c o o p e r a t i o n . You may b e g i n  now.
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Appendi  x

T a r o e t  P r o b l e m Q u e s t i o n s

PART I I  D i r e c t i o n s :
Read t h e  - f o l l o w i n g  p a s s a g e .  Use i t  and  y ou r  knowl e dge  o f  
s c i e n c e  t o  a n s we r  a l l  t h e  q u e s t i o n s  t h a t  f o l l o w .

In a l a b  l e s s o n  a t  s c h o o l ,  one s t e p  in an e x p e r i m e n t  r e q u i r e d  
s t u d e n t s  t o  h e a t  an open b e a k e r  c o n t a i n i n g  a  l a r g e  b l o c k  
i c e .  The t e m p e r a t u r e  o f  t h e  c o n t e n t s  o f  t h e  b e a k e r  was  t ak e n  
e v e r y  two m i n u t e s ,  a nd  r e c o r d e d  by t h e  s t u d e n t s  in a d a t a  
t a b l e .

Whi l e  h e a t i n g ,  t h e  i c e  b l o c k  l o s t  i t s  e d g e s  and  a s ma l l  pu d d l e  
o f  w a t e r  f o r me d  in t h e  b e a k e r  a r o u n d  t h e  i c e .  As t h e  b l o c k  
grew s m a l l e r ,  some o f  t h e  w a t e r  b u b b l e d  a nd  t u r n e d  t o  s t e a m .  
The s t u d e n t s  i m m e d i a t e l y  r emoved  t h e  b e a k e r  f rom t h e  h e a t  
s o u r c e .  The b u b b l i n g  s t o p p e d  a nd  t h e  r e m a i n i n g  c o n t e n t s  o f  
o f  t h e  b e a k e r  we r e  c o o l e d  r a p i d l y  in a f r e e z e r .

By t h e  t i me  t h e  s t u d e n t s  we r e  r e a d y  f o r  t h e  w e i g h i n g  p r o c e d u r e  
i ce  had  r e f o r m e d  i n s i d e  t h e  b e a k e r .
B e f o r e  t h e  n e x t  p a r t  o f  t h e  e x p e r i m e n t  t h e  s c i e n c e  t e a c h e r  
r e q u i r e d  t h e  s t u d e n t s  t o  w r i t e  up t h e i r  o b s e r v a t i o n s  f o r  f u l l  
l a b  c r e d i t  by a n s w e r i n g  t h e  f o l l o w i n g  q u e s t i o n s :

Q 1 ACCORDING TO THE INFORMATION GIVEN, THE THREE PHASES 
INVOLVED WERE. . .

a .  i g n e o u s ,  m e t a m o r p h i c  a nd  s e d i m e n t a r y
b .  s i m i l a r  t o  t h e  p h a s e s  o f  t h e  moon
c .  s o l i d ,  l i q u i d  a nd  g a s
d .  m o l e c u l e s  o f  d i f f e r e n t  a t o m i c  number s

Q 2 WHAT HAPPENED TO THE MOLECULES OF ICE AS THEY WERE
HEATED? ACCORDING TO KINETICS THE MOLECULES.. .

a .  we r e  c l e a r l y  v i s i b l e  t h r o u g h  t h e  g l a s s  b e a k e r
b .  ha d  s p a c e  in wh i c h  t o  m e l t  a nd  r e d u c e  p r e s s u r e
c .  became m i s s h a p e n
d .  a b s o r b e d  h e a t

Q 3 HOW WOULD YOU COMPARE THE NUMBER OF MOLECULES IN THE
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BEAKER BEFORE AND AFTER HEATING? THERE WERE. . .

a .  t h e  same number  o-f m o l e c u l e s  be-fore  and  a - f t e r
b .  -fewer m o l e c u l e s  in t h e  b e a k e r  a f t e r  h e a t i n g
c .  une ve n  a mo u n t s  o f  m o l e c u l e s  in t h e  i ce  c r y s t a l s
d .  h e a v i e r  m o l e c u l e s  a f t e r  h e a t i n g

Q 4 WHAT HAPPENED TO THE MOLECULES AS THE ICE MELTED? THE 
MOLECULES.. .

a .  c h a n g e d  f rom s o l i d  m o l e c u l e s  t o  l i q u i d  o r  g a s  
m o l e c u l e s

b .  g a i n e d  e n e r g y ,  c o l l i d e d  and  moved a p a r t
c .  f o r me d  a  s t e a m y  c l o u d  o v e r  t h e  b e a k e r
d .  c o o l e d  o f f  l i k e  b u b b l i n g  s u g a r  c r y s t a l s  coo l  o f f  

in a b e a k e r

Q 5 WHICH OF THE FOLLOWING DIAGRAMS SHOWS WHAT THE MOLECULES 
WERE DOING JUST AS THE BEAKER WAS REMOVED FROM THE HEAT?

Q6 WHICH STATEMENT BEST SUMMARIZES YOUR UNDERSTANDING OF 
THIS PART OF THE EXPERIMENT?

a .  b l o c k s  o f  c r y s t a l l i z e d  i c e  a r e  n o t  p e r m a n e n t  a nd  can 
e a s i l y  m e l t .

b .  s t u d e n t s  m u s t  e x e r c i s e  c a r e  when h a n d l i n g  h o t  b e a k e r s  
and  t h e r m o m e t e r s .

c .  i f  w a t e r  m o l e c u l e s  l o s e  enough e n e r g y ,  f r e e z i n g  o c c u r s  
a nd  i f  t h e y  g a i n  enough  e n e r g y ,  e v a p o r a t i o n  o c c u r s .

d .  m o l e c u l e s  o f  i c e  a r e  made up o f  s u b s t a n c e s  t h a t  a r e  
d i f f e r e n t  f rom m o l e c u l e s  o f  m a t t e r  in v a p o r  o r  w a t e r .
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Appendix J

G e n e r a l  Domain Competency  t e s t  ( R C T / S c i e n c e )
Re l i  a b i 1 i t y  R e p o r t

a s  p e r  w r i t t e n  c o r r e s p o n d e n c e  w i t h  S.UI. M i l l e r ,  D i v i s i o n  
o f  E d u c a t i o n a l  T e s t i n g ,  NYSED, A l b a n y ,  12234 .

■ T h i s  t e s t  was  f i r s t  a d m i n i s t e r e d  in J u n e  1988 .  I t  was  
d e s i g n e d  t o  m e a s u r e  t h e  c o r e  p r o c e s s  s k i l l s  and  
c o n t e n t  u n d e r s t a n d i n g s  t a k e n  f rom 10 b l o c k s  o f  t h e  
[New York S t a t e !  s c i e n c e  s y l l a b u s  7 - 9 .  The J une  
1989 e x a m i n a t i o n  was  f i e l d  t e s t e d  t h e  p r e v i o u s  y e a r  
w i t h  a S t a t e w i d e  s e l e c t e d  s a mp l e  o f  975  s t u d e n t s .
The K u d e r - R i c h a r d s o n  r e l i a b i l i t y  was  . 8 5 .  Becaus e  
t h e  t e s t  i s  c r i t e r i o n  r e f e r e n c e d  a nd  i s  d i r e c t l y  
r e l a t e d  t o  t h e  S t a t e  c o u r s e  o f  s t u d y ,  we do n o t  
o b t a i n  i n t e r n a l  c o n s i s t e n c y  c o e f f i c i e n t s  f o r  
g r a d e  l e v e l / a g e . . .  A l l  q u e s t i o n s  a r e  a d m i n i s t e r e d  
a s  p r e t e s t s  in a  r e p r e s e n t a t i v e  s amp l e  o f  
f r e s h m e n  s c i e n c e  c l a s s e s .  A f t e r  i t e m a n a l y s i s ,  
q u e s t i o n s  a r e  a s s e m b l e d  i n t o  t e s t s  a nd  r e v i e w e d  
by t h r e e  a d d i t i o n a l  c o m m i t t e e s .  B e c a u s e  we 
d e v e l o p  t h r e e  c o m p l e t e l y  new t e s t s  e a c h  y e a r ,  
o n l y  KR e s t i m a t e s  of  r e l i a b i l i t y  a r e  p a r t  o f  
t h e s e  p o s t - t e s t s  a n a l y s e s . . .



Appendix  K

S t r u c t u r a l  A n a l o g  and  T a r o e t  P r o b l e m  P a r a l l e l s

A n a l o q _______________________ T a r o e t  P r ob l e m______________________ Que s t  ion

c h e e r l e a d e r s m o l e c u l e s a l l
• f i e l d c o n t a i n e r a l l
s t a n d s o u t e r m o s t  e l e c t r o n  l e v e l s 1 . 3 , 4 , 5
mus i c h e a t  e n e r g y a l l
h e a r  mus i c a b s o r b  e n e r g y 2 , 4
s t o p  m u s i c remove h e a t  e n e r g y 6
in f o r m a t i o n s o l  i d  < i c e ) 1
a c t i v e  c h e e r l e a d e r s i n c r e a s e d  m o l e c u l a r  movement 3 , 4
■field - format ion  l o s t m e l t  i ng 1 , 2 , 6
r e s t o r e  - format ion ■freez i ng 6
s t i r r i n g  mus i c i n c r e a s e d  h e a t 2 , 3
c h e e r l e a d e r s  l e a v e  - f i e l d e v a p o r a t  i on 1 , 2 , 4 , 5
v e r y  a c t i v e  c h e e r l e a d e r s

s t i l l  in s t a n d s m o l e c u l e s  e s c a p e  -from b e a k e r 1 , 3 , 4 , 5

Not e
The - f a c t o r s  l i s t e d  -for t h e  a n a l o g  a r e  c o n s i d e r e d  
s t r u c t u r a l  in t h a t  t h e y  b e a r  e s s e n t i a l  r e l a t i o n s h i p s  
t o  t h e  k i n e t i c  m o l e c u l a r  t h e o r y  and  t h e  t a r g e t  p r o b l e m .  
They  can  a s s i s t  in c o r r e c t l y  a n s w e r i n g  t h e  q u e s t i o n s  
1 i s t e d .



Appendix L

S u r f a c e  Analoci s  a nd  T a r g e t  P r o b l e m P a r a l l e l s

Anal  o q T a r g e t  P r ob l e m Qu e s t  i on

Exper  intent  
S c i e n c e  C l a s s  
Heat  i ng 
Coo l i  ng 
Beaker
T e m p e r a t u r e  t a k e n  
R e c o r d i n g  Da t a  
Two m i n u t e  i n t e r v a l s  
I c e
P r e p a r a t i o n  f o r  We i g h i n g  
C r u s h i n g  i c e / r o c k  
Rock P h a s e s  
Lab wr i t e  up 
B u b b l i n g  Suga r

E x p e r i m e n t  6 , 5
Lab L e s s o n  6
H e a t i n g  2 , 3 , 5
Coo l i  ng 4 , 6
B e a k e r  2 , 3 , 5
T e m p e r a t u r e  Ta ke n  -----
R e c o r d i n g  D a t a  -----
Two m i n u t e  i n t e r v a l s  -----
I c e  2 , 3 , 4
P r e p a r a t i o n  f o r  W e i g h i n g  -----
C r u s h i n g  i c e  -----
Rock p h a s e s  1
Lab wr  i t e  up -----
B u b b l i n g  4 , 5

Not e
The f a c t o r s  l i s t e d  f o r  t h e  a n a l o g  a r e  i s o m o r p h i c  
in s y n t a x  t o  t h e  t a r g e t  p r o b l e m  o r  q u e s t i o n s .

They  b e a r  no r e l a t i o n s h i p s  in common w i t h  t h e  p r o b l e m  
t h a t  a r e  i n t e g r a l  f o r  s o l u t i o n .
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