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I n t r o d u c t i o n 
In t h e l a r g e volume o f r e c e n t r e s e a r c h w h i c h a i m s t o e x p l o r e s t u d e n t 
v i e w s o f and b e l i e f s a b o u t n a t u r a l p henomena, t h e r e a r e i m p o r t a n t 
d i f f e r e n c e s a n d c o m m u n a l i t i e s . The d i f f e r e n c e s i n b a s i c p u r p o s e 
between numbers o f r e s e a r c h e r s a r e shown t o some e x t e r i t by the v a r i e t y 
of t e r m i n o l o g y w h i c h has been u s e d t o d e s c r i b e t h e s e v i e w s / b e l i e f s -
n a i v e t h e o r i e s , n a i v e s c i e n c e , a l t e r n a t i v e c o n c e p t i o n s , c h i l d r e n ' s 
s c i e n c e , a l t e r n a t i v e f r a m e w o r k s , m i s c o n c e p t i o n s , i n t u i t i v e 
p r e c o n c e p t i o n s , i n t u i t i v e s c i e n c e , a n d so on. The most s t r i k i n g 
c ommunality t o be f o u n d i n t h e w o r k i s a c o n s i s t e n t b e l i e f t h a t t h i s 
r e s e a r c h c a n and s h o u l d i n f l u e n c e t h e p r a c t i c e o f s c i e n c e e d u c a t i o n . 
How t h i s i n f l u e n c e s h o u l d a f f e c t s c i e n c e t e a c h e r s , l e a r n e r s , 
c u r r i c u l u m i s a n o t h e r a r e a o f d i f f e r e n c e , b u t b e l i e f t h a t t h e r e a r e 
p r a c t i c a l i m p l i c a t i o n s i s common. 

T h i s p a p e r c o n s i d e r s i s s u e s a s s o c i a t e d w i t h t h e i n f l u e n c e on 
s c i e n c e e d u c a t i o n o f r e s e a r c h on s t u d e n t v i e w s o f t h e w o r l d . In 
p a r t i c u l a r , we c o n s i d e r t h e i m p l i c a t i o n s o f t h i s work f o r p r e - and i n -
s e r v i c e e d u c a t i o n and f o r t h e f o s t e r i n g o f a p p r o a c h e s w h i c h s u p p o r t 
these i m p l i c a t i o n s f o r t e a c h e r e d u c a t i o n . The p a p e r a r g u e s t h e n e e d 
f o r c o n s l s t e n c y i n c o n s i d e r i n g t h e p r o m o t i o n o f c o n c e p t u a l change i o 
s t u d e n t s a n d t e a c h e r s ( a n d , i n some c i r c u m s t a n c e s , r e s e a r c h e r s ) and 
e l a b o r a t e s t h e p a r a l l e l s between the conseguences o f such c o n s i s t e n c y 
and t h e l i t e r a t u r e on e d u c a t i o n a l c h a n g e . As t h e f i r s t s t e p i n t h e 
a n a l y s i s , we c o n s i dei' i s s u e s a r i s i n g f r o m r e s e a r c h on s t u d e n t v i e w s 
and c o n c e p t u a l change. 

Student v i ews and co n c e p t u a I change 
I h e s t u d i e s o f s t u d e n t v i e w s w h i c h have become so common i n t h e l a s t 
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decade a r e c o n s i s t e n t w i t h a c o n s t r u c t i v i s t p e r s p e c t i v e on l e a r n i n g . 
In summary,' i n d i v i d u a l s g e n e r a t e t h e i r own m e a n i n g From s e n s o r y 
i n p u t s . 

T h i s g e n e r a t i o n o f i d i o s y n c r a t i c m e a n i n g i s a r g u e d e i t h e r 
i m p l i c i t l y o r e x p l i c i t l y by a number o f models o f l e a r n i n g : W i t t r o c k ' s 
g e n e r a t i v e l e a r n i n g m o d e l (e.g. W i t t r o c k , 1974; O s b o r n e & W i t t r o c k , 
1985); P i a g e t ' s p r o c e s s e s o f a s s i m i l a t i o n a n d a c c o m m o d a t i o n (e.g 
Gruber & Vonèche, 1982); Ausubel's c o n c e p t u a l i z a t i o n s o f s u b s u m p t i o n , 
l o g i c a l a n d p s y c h o l o g i c a l m e a n i n g , and a s s i m i l a t i o n (e.g. A u s u b e l & 
Robinson, 1969). I n e a c h o f t h e s e v i e w s o f l e a r n i n g , t h e l i n k i n g o f 
new c o n c e p t s , i d e a s , e x p e r i e n c e s w i t h e x i s t i n g knowledge and b e l i e f s 
i s s e e n t o be a r e g u i r e m e n t f o r u n d e r s t a n d i n g t h e new m a t e r i a l . As a 
consequence, t h e n a t u r e o f t h e meaning a t t a c h e d t o t h e new m a t e r i a l by 
the i n d i v i d u a l w i l l d e p e n d on b o t h t h e n a t u r e o f t h e i n d i v i d u a l ' s 
e x i s t i n g knowledge and b e l i e f s and t h e p a r t i c u l a r l i n k s t h e i n d i v i d u a l 
makes between e x i s t i n g and new. 

Gi v e n t h i s p o s i t i o n , i t i s no s u r p r i s e t o f i n d t h a t i n d i v i d u a l s 
i n t e r p r e t a p a r t i c u l a r e x p e r i e n c e i n d i f f e r e n t ways. One i m p o r t a n t and 
s t r i k i n g e x a m p l e o f t h i s i n v o l v e s o b s e r v a t i o n . N o t o n l y d o e s t h e 
n a t u r e o f t h e o b s e r v a t i o n made o f a s p e c i f i c p henomenon o f t e n v a r y 
a c c o r d i n g t o t h e e x i s t i n g k n o l e d g e / b e l i e f s o f t h e o b s e r v e r ( D r i v e r , 
1983; G u n s t o n e & C h a m p a g n e , i n p r e s s ) , t h e l e g i t i m a c y o f an 
o b s e r v a t i o n can be d e n i e d because o f i t s c o n f l i c t w i t h e x i s t i n g i d e a s . 
Examples o f b o t h o f t h e s e r e s p o n s e s a r e g i v e n by G u n s t o n e and W h i t e 
(1981). I n t h a t s t u d y o f u n d e r s t a n d i n g o f p h y s i c s c o n c e p t s among a 
l a r g e number o f f i r s t y e a r u n i v e r s i t y s t u d e n t s , c o n s i d e r a b l e use was 
made o f a b i c y c l e w h e e l a r r a n g e d a s a p u l l e y . A b u c k e t o f s a n d ' a n d 
b l o c k o f wood o f e g u a l w e i g h t were p l a c e d a t r e s t on t h e wheel. I n one 
c i r c u m s t a n c e , s t u d e n t s were asked t o p r e d i c t what w o u l d happen when a 
s m a l l s p o o n o f s a n d was a d d e d t o t h e b u c k e t . A f t e r p r e d i c t i o n s w e r e 
made, t h e s a n d was a d d e d and o b s e r v a t i o n s a s k e d f o r . The l a r g e 
m a j o r i t y o b s e r v e d no movement. Some p r e d i c t e d t h a t t h e b u c k e t w o u l d 
move a s m a l l d i s t a n c e down and t h e n come t o r e s t a g a i n . Of t h e s e , a 
number o b s e r v e d a s m a l l movement and a few r e p o r t e d t h a t t h e movement 
was s o s l i g h t i t c o u l d n o t be o b s e r v e d . The more e x t r e m e c a s e o f 
d e n i a l o f l e g i t i m a c y o f o b s e r v a t i o n o c c u r e d i n a n o t h e r u s e o f t h e 
wheel. A g a i n a b u c k e t o f s a n d and t h e b l o c k o f wood we r e a t r e s t a t 
the same l e v e l . The wood was p u l l e d down a b o u t h a l f a m e t r e a n d h e l d 
at t h i s new p o s i t i o n . P r e d i c t i o n s a b o u t w h a t w o u l d h a p p e n when t h e 
b l o c k was r e l e a s e d w e r e g i v e n . A b o u t h a l f t h e p r e d i c t i o n s i n v o l v e d 
movement (commonly back t o the i n i t i a l p o s i t i o n , o c c a s i o n a 1 l y f u r t h e r 
down). The o b s e r v a t i o n o f no movement on r e l e a s e was e s s e n t i a l l y 
u n i f o r m t h r o u g h o u t t h e g r o u p . H o w e v e r , when a s k e d t o r e c o n c i l e any 
d i f f e r e n c e s between p r e d i c t i o n and o b s e r v a t i o n , a s u b s t a n t i a l m a j o r i t y 
d i d so by d e n y i n g the o b s e r v a t i o n (e.g. would have moved i f t h e r e was 
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l e s s f r i c t i o n , h e l d t o o l o n g a t t h e new p o s i t i o n , d i s t o r t i o n i n t h e 
p l a s t i c b u c k e t due t o t h e w e i g h t o f sand a f f e c t e d t h e s i t u a t i o n ) . 

G i v e n t h e e x t e n t t o w h i c h e x i s t i n g knowledge and b e l i e f s i n f l u e n c e 
t h e meaning an i n d i v i d u a l t a k e s from a s i t u a t i o n , t h e n i t i s l o g i c a l l y 
c o n s i s t e n t t o argue the c h a n g i n g o f s t u d e n t b e l i e f s i n v o l v e s some fo r m 
o f p e r s o n a l r e s t r u c t u r i n g . Many w r i t e r s have so a r g u e d , p a r t i c u l a r l y 
i n a r e a s w h e r e t h e r e i s c o n f l i c t b e t w e e n t h e e x i s t i n g 
k n o w l e d g e / b e l i e f s o f s t u d e n t s and t h e i n t e r p r e t a t i o n s o f s c i e n c e . T h i s 
v i e w o f c o n c e p t u a l change has been d e s c r i b e d i n a number o f ways. One 
o f p a r t i c u l a r i n f l u e n c e on our t h i n k i n g has been advanced by P o s n e r , 
S t r i k e , H e w s o n & G e r t z o g ( 1 9 8 2 ) , H e w s on ( 1 9 8 1 ) . They a r g u e t h a t f o r a 
s t u d e n t t o embrace a new c o n c e p t u a l i z a t i o n w h i c h i s i n c o n f l i c t w i t h 
an e x i s t i n g c o n c e p t u a l i z a t i o n , b e coming d i s s a t i s f i e d w i t h t h e e x i s t i n g 
c o n c e p t u a l i z a t i o n i s o n l y t h e f i r s t s t e p . B e y o n d t h i s , t h e new 
c o n c e p t u a l i z a t i o n must i t s e l f be i n t e l l i g i b l e , p l a u s i b l e and f r u i t f u l . 
In o u r e x p e r i e n c e , f r u i t f u l n e s s i s v e r y o f t e n b o t h t h e m o s t 
s i g n i f i c a n t a nd m ost d i f f i c u l t o f t h e s e . By f r u i t f u l n e s s , Hewson 
(1981) means t h a t t h e l e a r n e r p e r c e i v e s some a d v a n t a g e t o h i m o r her 
i n a d o p t i n g t h e new c o n c e p t u a l i z a t i o n . T h e r e i s a f u r t h e r i s s u e 
a s s o c i a t e d w i t h t h e i d e a o f f r u i t f u l n e s s w h i c h i s t o u c h e d on by 
Hewson. W h i t e (1985) has r e c e n t l y a r g u e d the c o n s i d e r a b l e s i g n i f i c a n c e 
o f c o n t e x t i n e d u c a t i o n a l r e s e a r c h . F r u i t f u l n e s s i s c o n t e x t u a l - what 
i s f r u i t f u l f o r one i s not f o r a n o t h e r ; what i s f r u i t f u l on a p h y s i c s 
exam may n o t be i n i n t e r p r e t i n g t h e w o r l d . E x a m p l e s o f t h i s a r e g i v e n 
by Gunstone, W h i t e and Fensham (1986). 

I n t e l l i g i b l e , p l a u s i b l e , f r u i t f u l h a v e b e e n i m p o r t a n t n o t i o n s i n 
t h e d e v e l o p m e n t o f our i d e a s . We can a l s o d e s c r i b e t h e s e p e r s p e c t i v e s 
on c o n c e p t u a l change i n somewhat more c o l l o q u i a l t e r m s " i f t h e change 
do e s n ' t make s e n s e t o s t u d e n t s , i t won't h a p p e n " ; " c h a n g e i s more 
l i k e l y when s t u d e n t s f e e l t h e p r o b l e m i s s i g n i f i c a n t t o them"; "change 
produces a n x i e t y i n s t u d e n t s " . T h e s e t h r e e d e s c r i p t i o n s h a v e b e e n 
d e l i b e r a t e l y chosen f o r r e a s o n s t o w h i c h we r e t u r n below. 

Teacher change and t h e use o f s t u d e n t v i e w s i n c l a s s r o o m s 
The p r e c e d i n g p e r s p e c t i v e s on c h a n g e o f b e l i e f s / c o n c e p t s e t c . i n 
s t u d e n t s have i m p o r t a n t p a r a l l e l s i n t h e c o n s i d e r a t i o n o f t h e t e a c h e r 
change a s s o c i a t e d w i t h a t t e m p t s t o u s e t h i s r e s e a r c h t o i n f l u e n c e 
c l a s s r o o m s . We s u p p o r t t h i s a s s e r t i o n v i a an a n a l y s i s o f our own work 
i n c o n c e p t u a l c h a n g e w i t h s t u d e n t s , and i n t h e u s e o f t h e s e i d e a s i n 
the e d u c a t i o n o f t e a c h e r s . T h e r e a r e Tour d i s c r e t e s t r a n d s t o t h i s 
work, a l l o f s i g n i f i c a n c e i n t h e development o f t h e i d e a s a r g u e d here. 

( i ) F o r m a 1 r e s e a r c h e x p l e r i n g c o n c e p t u a 1 c h a n g e : Our e a r l y w o r k was 
w i t h young h i g h s c h o o l s t u d e n t s (Gunstone, Champagne & K l o p f e r , 1981). 
That w o r k p o i n t e d t o . t h e d i f f i c u l t y o f a c h i e v i n g g e n u i n e c o n c e p t u a l 
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change - t h e e x c h a n g e o f an e x i s t i n g s e t o f k n o w l e d g e / b e l i e f s f o r a 
new s e t o f k n o w l e d g e / b e l i e f s . We a c h i e v e d w i t h t h o s e s t u d e n t s what 
appeared t o be an u n d e r s t a n d i n g o f a N e w t o n i a n p e r s p e c t i v e about f o r c e 
and m o t i o n , b u t t h e i r p r e - i n s t r u c t i o n a l n o n - N e w t o n i a n p e r s p e c t i v e s 
were a l s o r e t a i n e d . 

More r e c e n t r e s e a r c h h a s e x p l o r e d c o n c e p t u a l c h a n g e i n p h y s i c s 
among p r e - s e r v i c e t r a i n e e h i g h s c h o o l s c i e n c e t e a c h e r s (Champagne, 
Gunstone & K l o p f e r , 1 9 8 5 ) . I n t h a t s t u d y ( c o n d u c t e d i n 1982) t h e 
s u b j e c t s w e r e a l l g r a d u a t e s w i t h m a j o r s i n b i o l o g y o r c h e m i s t r y who 
were u n d e r t a k i n g a one y e a r t e a c h e r t r a i n i n g c o u r s e . There was s t r o n g 
e v i d e n c e o f g e n u i n e c o n c e p t u a l c h a n g e ( i . e . e x c h a n g e o f e x i s t i n g 
c o n c e p t u a l i z a t i o n s f o r new c o n c e p t u a l i z a t i o n s ) . i n t h i s c a s e . One o f 
the i m p o r t a n t d i f f e r e n c e s between t h i s c a s e and t h e p r e v i o u s r e s e a r c h 
w i t h j u n i o r h i g h s c h o o l s t u d e n t s was t h e much g r e a t e r f r u i t f u l n e s s i n 
the t a s k f o r t h e t r a i n e e t e a c h e r s . The t r a i n e e s w e r e l e s s t h a n s i x 
months a w a y f r o m t h e p o s s i b i l i t y o f t e a c h i n g t h e s e c o n c e p t s 
themselves.. Hence t h e a d v a n t a g e s t o them o f t h e i n t e l l e c t u a l s t r u g g l e 
needed t o u n d e r s t a n d what was b e i n g t a c k l e d was much g r e a t e r t h a n the 
advantages p e r c e i v e d by t h e e a r l i e r h i g h s c h o o l s t u d e n t s . 

One o f t h e s o u r c e s o f e v i d e n c e o f c o n c e p t u s a l change i n t h e t r a i n e e 
t e a c h e r s a l s o p o i n t e d t o a n o t h e r a s p e c t o f f r u i t f u l n e s s f o r them. That 
s o u r c e was t h e w r i t t e n c o m m e n t s made by t h e t r a i n e e s a t t h e e n d o f 
each i n s t r u c t i o n a l s e s s i o n c o n d u c t e d d u r i n g t h e r e s e a r c h . Comments 
such as 'some p e o p l e f i g h t h a r d not t o change p r e - c o n c e i v e d i d e a s ' and 
'the e f f o r t t o h o l d out when I'm wrong i s v e r y d r a i n i n g " (Champagne, 
Gunstone & K l o p f e r , 1985) s h o w e d t h a t an u n d e r s t a n d i n g o f t h e i r own 
l e a r n i n g was an i m p o r t a n t c o n t r i b u t i o n t o t h e c o n c e p t u a l c h a n g e 
e x p e r i e n c e d by t h e t r a i n e e s . T h i s l e d us t o s e e a n o t h e r a s p e c t o f 
f r u i t f u l n e s s f o r t h e s e peoplé. U n d e r s t a n d i n g t h e i r own l e a r n i n g had 
advantages to' t hem b e c a u s e o f t h e i r i n v o l v e m e n t i n t r y i n g t o come t o 
g r i p s w i t h t h e l e a r n i n g o f o t h e r s , i n t r y i n g t o u n d e r s t a n d c l a s s r o o m s 
and t e a c h i n g , e t c . As a c o n s e g u e n c e we h a v e c h a n g e d a s p e c t s o f o u r 
p r e - s e r v i c e t e a c h i n g o f t h e s e t r a i n e e s (see s e c t i o n i i i b e l o w ) 

( i i ) E x p l o r i n q c o n s t r u c t i v i s t p e r s p e c t i v e s i n day-by-day t e a c h i n g : In 
1984 t h e a u t h o r s t a u g h t a y e a r 7 s c i e n c e c l a s s i n a h i g h s c h o o l f o r 
the w h o l e s c h o o l y e a r . Of t h e many c o n c e x t u a l i s s u e s i n v o l v e d i n a 
complete u n d e r s t a n d i n g o f t h i s e x p e r i e n c e , two a r e paramount. F i r s t l y , 
i n t h e s t a t e o f V i c t o r i a i n d i v i d u a l s c h o o l s have t o t a l r e s p o n s i b i l i t y 
f o r c u r r i c u l u m i n y e a r s 7 t o 10 o f o u r 6 y e a r h i g h s c h o o l s . So 
complete i s t h i s r e s p o n s i b i l i t y t h a t t h e s c h o o l i t s e l f e v e n h a s t o 
make t h e i n i t i a l d e c i s i o n as t o w h e t h e r o r n o t s c i e n c e ( f o r e x a m p l e ) 
has a p l a c e i n t h e c u r r i c u l u m o f e a c h o f t h e s e y e a r s . S e c o n d l y , o u r 
arrangement w i t h t h e s c h o o l i n v o l v e d t a k i n g t h e c l a s s a s n o r m a l 
t e a c h e r s . T h a t i s we f o l l o w e d t h e y e a r 7 c u r r i c u l u m w h i c h t h e s c h o o l 
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had s t r u c t u r e d . T h i s c u r r i c u l u m i n f a c t was no more t h a n a s e t o f 
b r o a d t o p i c o u t l i n e s . G i v e n t h i s , and t h e f a c t t h a t s t u d e n t s were not 
r e q u i r e d t o h a v e a s c i e n c e t e x t b o o k , we w e r e a b l e t o e x p l o r e t h e 
r o b u s t n e s s i n r e a l c l a s s r o o m s o f a number o f our i d e a s about l e a r n i n g 
w h i l e r e m a i n i n g g u i t e f a i t h f u l t o t h e s c h o o l ' s i n t e n t i o n s and o u r 
r o l e s as 'normal t e a c h e r s * . 

Our a n a l y s e s o f t h i s e x p e r i e n c e i m m e d i a t e l y a f t e r i t s c o m p l e t i o n 
have a p p e a r e d e l s e w h e r e ( N o r t h f i e l d & G u n s t o n e , 1 9 8 5 ) . H e r e we 
c o n s i d e r a few o f t h e i s s u e s w h i c h a r o s e w h i c h had c o n s i d e r a b l e i m p a c t 
on our t h i n k i n g about t h e t r a n s l a t i o n o f c o n s t r u c t i v i s t p e r s p e c t i v e s 
i n t o day-by-day t e a c h i n g . 

One o f t h e more major d i f f i c u l t i e s we e n c o u n t e r e d i n v o l v e d an i s s u e 
whose • i m p o r t a n c e and d i f f i c u l t y we h a d p r e v i o u s l y t h o u g h t we 
u n d e r s t o o d . I n t e r m s o f t h e d e s c r i p t o r s u s e d e a r l i e r i n t h i s p a p e r , 
t h a t i s s u e was f r u i t f u l n e s s . I t became c l e a r t o us t h a t o f t e n t h e o n l y 
form o f f r u i t f u l n e s s we c o u l d p r o v i d e t o s t u d e n t s was a c h i e v e m e n t on 
t e s t s . F o r example, one o f o u r agendas a s s o c i a t e d w i t h c o n s t r u c t i v i s t 
p e r s p e c t i v e s i n v o l v e d a h e a v y e m p h a s i s on t h e o c c u r r e n c e i n t h e 
s t u d e n t s ' n o r m a l ( n o n - c l a s s r o o m ) e n v i r o n m e n t o f t h e s c i e n c e phenomena 
b e i n g c o n s i d e r e d i n t h e c l a s s r o o m . We b e l i e v e d t h a t t h e f o r m i n g o f t h e 
l i n k s b e t w e e n t h e s c i e n c e room a n d t h e o u t s i d e w o r l d was one 
s i g n i f i c a n t a s p e c t o f m o v i n g t o a n a c c e p t a n c e o f t h e s c i e n c e 
i n t e r p r e t a t i o n o f t h e phenomenon. Many s t u d e n t s d i d l i t t l e more t h a n 
t o l e r a t e t h i s as some form o f t e a c h e r i d i o s y n c r a c y . D i s c u s s i n g ways i n 
w h i ch t h i s l i n k i n g w o u l d h e l p an u n d e r s t a n d i n g was o f no v a l u e u n t i l 
we i n c l u d e d on c l a s s t e s t s g u e s t i o n s s u c h a s "What a r e t w o w a y s i n 
w h i c h (e.g. m a g n e t s ) a r e u s e d i n y o u r home?" I t s e e m s o b v i o u s t o us 
t h a t s u c h a l i m i t e d v i e w o f f r u i t f u l n e s s w i l l n o t g r e a t l y a s s i s t 
c o n c e p t u a l c h a n g e . 

A somewhat more p o s i t i v e outcome came f r o m our use o f a " t h i n k i n g 
book" w i t h s t u d e n t s . Each c l a s s member had a s e p a r a t e e x e r c i s e book i n 
w h i ch we f r e q u e n t l y a s k e d them t o w r i t e a n s w e r s t o q u e s t i o n s w h i c h we 
p r e s e n t e d as h a v i n g no c o r r e c t answer. Tasks w h i c h were m o t i v a t e d by 
our c o n s t r u c t i v i s t p e r s p e c t i v e s i n c l u d e d q u e s t i o n s s u c h a s " F o r t h e 
way you t h i n k a b o u t t h e i d e a o f ' a n i m a l * , i s t h i s ( p i c t u r e o f e.g. 
c h i l d , t r e e , worm, e t c . ) an a n i m a l ? W r i t e a s e n t e n c e e x p l a i n i n g y o u r 
answer"; "Here a r e a number o f a n s w e r s t o (some t a s k ) g i v e n by o t h e r 
s t u d e n t s . W r i t e down what y o u t h i n k a b o u t e a c h a n s w e r " ; "Why do we 
sometimes o n l y s e e h a l f t h e moon?" a n d s o on. We f o u n d t h i s t o be a 
v a l u a b l e way t o q u i c k l y g a i n i n f o r m a t i o n about the range o f i d e a s h e l d 
by s t u d e n t s i n the c l a s s . On some o c c a s i o n s t h e s e i d e a s were t h e n used 
i n c l a s s d i s c u s s . i ons. A t t h e b e g i n n i n g o f t h e y e a r we t r i e d t o make 
the u s e o f t h e t h i n k i n g book q u i t e c l e a r . T h i s we r e i n f o r c e d by 
c h o n s i n q e a r l y t a s k s w h i c h e m p h a s i z e d t h e l a c k o f a s i n g l e a n s w e r . 
However we d i d n o t go b e y o n d t h i s i n t e r m s o f any e x p l a n a t i o n o f o u r 



Gunstone & N o r t h f i e l d 65 
purpose i n u s i n g t h e t h i n k i n g book. A t t h e e n d o f t h e s c h o o l y e a r we 
asked s t u d e n t s t o w r i t e a n s w e r s t o a number o f q u e s t i o n s . One a s k e d 
f o r t h e i r p e r c e p t i o n o f why we ha'd a t h i n k i n g book. Of t h e 19 
r e s p o n d e n t s , 17 c l e a r l y i n d i c a t e d a good u n d e r s t a n d i n g o f our purpose. 
However, t h i s d o e s n o t g i v e e v i d e n c e o f t h e e x t e n t t o w h i c h t h e book 
was found f r u i t f u l by s t u d e n t s . Some h i n t o f f r u i t f u l n e s s was found i n 
the r e a s o n s g i v e n by t h e 15 who i n d i c a t e d t h a t t h e y found t h e t h i n k i n g 
book e n j o y a b l e : " h a r d t o e x p r e s s some t h i n g s t o t h e w h o l e c l a s s " ; 
" c o u l d w r i t e w h a t we t h o u g h t and s t i l l be c o r r e c t " ; " h e l p e d me 
u n d e r s t a n d " . 

A few s t u d e n t s t o t a l l y r e j e c t e d o u r n o t i o n s o f t e a c h i n g and 
l e a r n i n g . One q u i t e h a p p i l y i n f o r m e d us a f t e r a b o u t s i x w e e k s o f t h e 
year t h a t s h e h a t e d s c i e n c e b e c a u s e we " t r i e d t o make h e r t h i n k " . 
Subsequent d i s c u s s i o n made i t c l e a r t h a t she w o u l d have much p r e f e r r e d 
us t o d i c t a t e n o t e s , as t h i s w o u l d have m i n i m i z e d t h e i m p a c t o f s c h o o l 
on h e r l i f e . The e x p e r i e n c e s we were s t r u c t u r i n g i n t h e c l a s s r o o m were 
b a r e l y i n t e l l i g i b l e t o h e r , and c e r t a i n l y n o t p l a u s i b l e o r f r u i t f u l . 

I n c o n s i d e r i n g our e x p e r i e n c e s i n b o t h t e a c h i n g and r e s e a r c h aimed 
at f o s t e r i n g c o n c e p t u a l change, we have a r r i v e d a t a s e t o f p o s s i b l e 
outcomes w h i c h can r e s u l t from such t e a c h i n g . These a r e shown i n t a b l e 
1. The f i v e p o s s i b l e o u t c o m e s a r e i l l u s t r a t e d w i t h e x a m p l e s t a k e n 

Table 1: P o s s i b l e outcomes o f a t e a c h i n g e p i s o d e w h i c h p r e s e n t s a new 
v i e w o f a phenomenon. 

P o s s i b l e outcomes 

The new view i s 
simply r e j e c t e d 
The new view i s 
m i s i n t e r p r e t e d to 
f i t i n w i t h , or 
even support, 
present views. 
The new view i s 
accepted, but i n 
i s o l a t i o n to 
present views. 
The new view i s 
accepted but 
leads to 
c o n f u s i o n . 
The new view i s 
accepted and 
forms a coherent 
view of the world. 

Examples f o r a t e a c h i n g e p i s o d e a i m e d a t 
developing an u n d e r s t a n d i n g o f t h e c o n c e p t of 
normal r e a c t i o n ( i n p a r t i c u l a r , the e x i s t e n c e of 
t h i s f o r c e on a book on a t a b l e ) . 
"How c o u l d a t a b l e push up on something? I t would 
j u s t f l y up i n the a i r . " 
"That's o b v i o u s . i t ' s j u s t the same as the way 
g r a v i t y pushes up on us so we won't f a l l i n t o the 
e a r t h . " 

"O.K., but why don't we f a l l t h r o u q h t h i s f l o o r 
we're s t a n d i n g on?" 

"I can see t h a t , but where does thp f o r c e come 
from? There doesn*t seem to be any way the t a b l e 
can push up." 

"There must be the same s o r t of d i s t o r t i o n i n the 
f l o o r , and t h a t ' s why we h a v e o u r c h e m i c a l 
balances on a weighing t a b l e that's not j o i n e d to 
the f l o o r . " 
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from our t e a c h i n g o f t r a i n e e t e a c h e r s . These outcomes a r e v e r y s i m i l a r 
t o t h o s e d e s c r i b e d by O s b o r n e and F r e y b e r g ( 1 9 8 5 ) . We c o n s i d e r t hem 
f u r t h e r below. 

As w e l l as a t t e m p t i n g t o a p p l y c o n s t r u c t i v i s t p e r s p e c t i v e s t o t h e 
l e a r n i n g o f s c h o o l s t u d e n t s , we h a v e a l s o b e e n c o n c e r n e d w i t h t h e i r 
a p p l i c a t i o n i n t e a c h e r e d u c a t i o n . 

( i i i ) T r a n s l a t i n g r e s e a r c h f i n d i n g s i n t o p r e - s e r v i c e t e a c h e r t r a i n i n g 
c o u r s e s : T e a c h e r t r a i n i n g w h i c h a c c o m m o d a t e s a c o n s t r u c t i v i s t 
p e r s p e c t i v e on l e a r n i n g has p r e v i o u s l y been d e s c r i b e d , f o r p r e - s e r v i c e 
c o u r s e s a t Monash U n i v e r s i t y ( N o r t h f i e l d & Gunstone, 1983) and f o r an 
i n - s e r v i c e p r o g r a m f o r U.S. m a t h e m a t i c s t e a c h e r s (Mundy, Waxman & 
C o n f r e y , 1 9 8 4 ) . I t i s i m p o r t a n t t o n o t e t h a t by a c o n s t r u c t i v i s t 
p e r s p e c t i v e we mean an approach w h i c h assumes t h e e x i s t e n c e o f i d e a s 
o f t e a c h i n g and l e a r n i n g i n t h e m i n d s o f t h e t r a i n e e s b e f o r e t h e y 
b e g i n . We do n o t mean t h e t e l l i n g o f t r a i n e e s a b o u t t h i s v i e w o f 
c h i l d r e n ' s l e a r n i n g . We i l l u s t r a t e t h i s d i s t i n c t i o n w i t h some examples 
t a k e n f r o m t h e f i r s t t w o w e e k s o f t h e 1986 one y e a r s c i e n c e t e a c h e r 
t r a i n i n g c o u r s e f o r g r a d u a t e s a t Monash U n i v e r s i t y . 

In t h e f i r s t week one o f t h e f o u r s e m i n a r g r o u p s i n t h e c o u r s e 
u n d e r t o o k a " D r a w - a - T e a c h e r " e x e r c i s e ( H a r m i n & G r e g o r y , 1974). T h i s 
commonly used t a s k r e g u i r e s i n d i v i d u a l s t o draw a p i c t u r e o f a t e a c h e r 
t e a c h i n g a c l a s s . Of t h e 18 s t u d e n t s i n t h e g r o u p , 16 d r e w a t e a c h e r 
at t h e f r o n t o f a room, p o i n t i n g a t a b l a c k b o a r d , w i t h c h i l d r e n i n 
neat r o w s . When a s k e d t o d e s c r i b e i n one w o r d w h a t t h e t e a c h e r was 
d o i n g , a l l 16 u s e d " s h o w i n g " o r " t e l l i n g " o r " d e m o n s t r a t i n g " . The 
purpose o f t h e e x e r c i s e i s t o b r i n g i n t o t h e open e x i s t i n g c o n c e p t i o n s 
o f t e a c h i n g and t h e t e a c h e r ' s r o l e . T h i s p u r p o s e a l s o u n d e r l i e s an 
e x e r c i s e i n w h i c h s t u d e n t s , among o t h e r t h i n g s , w r i t e down t h r e e 
a d j e c t i v e s t o d e s c r i b e t h e b e s t t e a c h e r t h e y r e c a l l , a n d t h r e e t o 
d e s c r i b e t h e w o r s t . T a b l e 2 shows t h e more common r e s p o n s e s f o r t h e 70 
s t u d e n t s i n t h e c o u r s e . 

Table 2: Common d e s c r i p t o r s o f " b e s t " and " w o r s t " t e a c h e r s g i v e n by 
g r a d u a t e t r a i n e e t e a c h e r s i n week 1 o f t h e i r c o u r s e . 

Best 
sympathetic, h e l p f u l , c r e a t i v e , 
honest, f u n n y , humorous, 
e n t h u s i a s t i c , patiënt, r e l a x e d , 
understanding, knowledgeable, 
f r i e n d l y , e n c o u r a g i n g , i n - c o n t r o l , 
i n t e r e s t i n g , committed, hard-working, 
c o n f i d e n t , competent, p u n c t u a l , 
prepared, o r g a n i z e d , shos r e s p e c t , 
approachable, c l e a r v o i c e , 
demanding. 

Worst 
nervous, b o r i n g , arrogant 
v i n d i c t i v e , o l d , n a r r o w 
minded, i m p a t i e n t , i m p e r s o n a l , 
unapproachable, l a z y , 
monotonous, i n d e c i s i v e , 
u n i n v o l v e d , s a r c a s t i c , 
d i s p l a y s f a v o u r i t i s m , 
b e l i t t l i n g , l a c k of c o n t r o l , 
poor appearance, non-
d i r e c t i o n a l , d i s o r q a n i z e d , 
unprepared. 
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T h e l i s t i s n o t s u r p r i s i n g . H o w e v e r i t i s n o t u s e d t o f o r m a l e c t u r e 
on c h a r a c t e r i s t i c s o f g o o d t e a c h e r s . R a t h e r i t s v a l u e i s i n 
e l a b o r a t i n g t h e n a t u r e and range o f e x i s t i n g c o n c e p t u a l i z a t i o n s , as a 
f i r s t s t e p i n t h e p r o c e s s o f u n d e r s t a n d i n g a n d e v a l u a t i n g t h e s e 
c o n c e p t u a l i z a t i o n s . 

In t h e s e c o n d week o f t h e c o u r s e t r a i n e e s b e g i n a s e r i o u s 
c o n s i d e r a t i o n o f l e a r n i n g . T h i s i s done t h r o u g h h a v i n g t hem l e a r n 
s omething, and t h e n r e f l e c t on t h a t l e a r n i n g . The l e a r n i n g t a s k 
i n v o l v e s p h y s i c s , and i s an a d a p t i o n o f t h e a p p r o a c h e s u s e d i n t h e 
r e s e a r c h on c o n c e p t u a l change a l r e a d y d e s c r i b e d (Champagne, Gunstone & 
K l o p f e r , 1 9 8 5 ) . The c o n t e n t and t e a c h i n g a p p r o a c h o f t h e t w o h o u r 
s e s s i o n a r e b r o a d l y b a s e d on t h e w o r k o f M i n s t r e l l ( 1 9 8 2 ) , w i t h 
a d d i t i o n s . P a r t i c i p a n t s t h e n r e a c t i n w r i t i n g i n t e r m s o f "What have 
you l e a r n e d a b o u t y o u r own l e a r n i n g ? " ; "What h a v e y o u l e a r n e d a b o u t 
t h e l e a r n i n g o f o t h e r s ? " ; "What c o n n e c t i o n s w e r e t h e r e b e t w e e n y o u r 
l e a r n i n g o r l a c k o f l e a r n i n g a n d t h e t e a c h i n g a p p r o a c h a d o p t e d ? " . A 
b r i e f s e l e c t i o n o f t h e s e comments i s g i v e n i n t a b l e 3. 
In many ways t h i s s e l e c t i o n does not do f u l l j u s t i c e t o t h e range o f 
and i n s i g h t c o n t a i n e d i n t h e c o m m e n t s , b u t d o e s i n d i c a t e t h a t 
c o n s i d e r a b l e v a r i e t y and p e r c e p t i o n i s t o be found. Comments p o i n t t o 
u n e x p e c t e d i s s u e s , s u c h as l a n g u a g e a n d l e a r n i n g ( s e e comment A8, 
t a b l e 3 ) , p e r c e p t i o n s o f a s p e c t s o f t h e n a t u r e o f s c i e n c e ( C 8 ) , t h e 
s t r a i n f o r some i n s e e k i n g u n d e r s t a n d i n g (B6), and even an e l a b o r a t i o n 
o f an i s s u e we h a v e l o n g r e g a r d e d a s a f u n d a m e n t a l p r o b l e m f o r 
s t u d e n t s i n a t e a c h e r t r a i n i n g c o u r s e (C9). 

A w i d e r s e l e c t i o n o f c o m m e n t s t h a n i s g i v e n i n t a b l e 3 h a s b e e n 
d u p l i c a t e d a n d g i v e n b a c k t o t h e t r a i n e e s . O n l y t h e c o m p i l e r o f t h e 
s e l e c t i o n i s a w a r e o f t h e i d e n t i t y o f t h e a u t h o r o f i n d i v i d u a l 
comments. T h i s s e l e c t i o n w i l l be u s e d a s r e s o u r c e m a t e r i a l i n 
d i s c u s s i o n g r o u p s t h r o u g h t h e c o u r s e ; e.g. c o n s i d e r c o m m e n t s C l , C3, 
C4 r C5 a n d C7 i n t e r m s o f how and why s u c h d i f f e r e n c e s i n r e a c t i o n 
a r i s e . (We w o u l d add t h a t i t i s i m p o r t a n t t o be m o s t c a r e f u l w i t h 
extreme comments such as C6. C o n s i d e r a b l e m u t u a l t r u s t i s needed i n a 
group c o n t a i n i n g t h e anonymous a u t h o r o f t h i s comment b e f o r e any 
a t t e m p t t o d i s c u s s i t can be 'non-harmful' t o t h e a u t h o r ) . 

( i v ) C o n s i d e r i n g i n - s e r v i c e c o u r s e s from a c o n s t r u c t i v i s t p e r s p e c t i v e : 
Our p r e f e r r e d mode f o r i n - s e r v i c e work i n v o l v e s p a r t i c i p a n t s m e e t i n g 
w i t h us, r e t u r n i n g t o t h e i r c l a s s r o o m t o e x p l o r e i d e a s , m e e t i n g w i t h 
us a g a i n i n one o r two weeks t i m e t o d i s c u s s t h e use o f t h e i d e a s and 
to e x t e n d t h e i d e a s , r e t u r n i n g t o c l a s s r o o m , and s o on. E x p e r i e n c e s 
from t h i s a nd o t h e r f a r m s o f i n - s e r v i c e l e a d u s t o t h e o u t l i n e o f 
p o s s i b l e o u t c o m e s shown i n t a b l e 4. F o r e a c h p o s s i b l e o u t c o m e o f an 
i n - s e r v i c e e p i s o d e , e x a m p l e s a r e g i v e n . The s i m i l a r i t i e s b e t w e e n 
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T a b l e 3: S e l e c t i o n o f r e s p o n s e s f r o m t r a i n e e t e a c h e r s t o q u e s t i o n s 

about l e a r n i n g a f t e r a r e a l l e a r n i n g e x p e r i e n c e . 

A. Reactions about own l e a r n i n g : 

A l "Often hindered by previous " t r u t h s " 
A2 " D i f f i c u l t to a c c e p t a n o t h e r n o t i o n .... when I a l r e a d y have a 

n o t i o n o f my own". 
A3 "I need to q u e s t i o n phenomena more, but f i n d i f I do q u e s t i o n I 

become confused." 
A4 "... f r u s t r a t i n g , I wanted to move on w h i l e o t h e r s needed more 

time." 
A5 "I need to be c h a l l e n g e d to g r a s p an i d e a m y s e l f r a t h e r than have 

i t handed to me." 
A6 "Something that seem'ed obvious I couldn't e x p l a i n and t h i s annoyed 

me." 
A7 "I need to be assured that my o r i g i n a l , perhaps si n t p l e , ideas were 

not 'Obvious' or ' S t u p i d ' . I f t h a t a s s u r a n c e i s g i v e n , then I f e e l 
more confident i n looking at the problem more deeply." 

A8 "Necessary that I understand concepts i n every day language before 
I can even begin to introducé s c i e n t i f i c language." 

B. Reactions aabout other's l e a r n i n g : 

BI "Some piek up obscure ideas from what the teacher said." 
B2 "People o f t e n need to see something to be convinced of i t , but even 

then they may not be convinced because of t h e i r p r i o r b e l i e f s . " 
B3 "Others can l e a r n by ... h a v i n g to e x p l a i n t h i n g s . " 
B4 "Observations are dependent on past experiences." 
B5 "Influenced by those around them. Few a r e w i l l i n g t o s t a n d out i f 

they have contrary views to r e s t of c l a s s . " 
B6 "I was too w o r r i e d (or involved) about myself to look about." 

C. Reactions about teaching approach and l e a r n i n g or lack of l e a r n i n g : 

Cl " t e a r n i n g i s 'guite o f t e n ' a s s o c i a t e d w i t h the l e a r n e r a c t u a l l y 
t h i n k i n g . This i s encouraged i n such a teaching approach." 

C2 "Using p r a c t i c a l t h i n g s ( c h a i r s , books, etc.) made i t easy to see 
the problem but d i f f i c u l t to get a s o l u t i o n . " 

C3 "The teaching was almost i n t i m i d a t i n g , and caused us to always be 
defensive and not f r e e w i t h our comments. The t o p i c was a l m o s t 
c h i l d - l i k e but the l e a r n i n g and e x p l a i n i n g of the t o p i c was very 
slow." 

C4 i t c o n t r i b u t e d l a r g e l y to my u n d e r s t a n d i n g of s o m e t h i n g I'd 
already l e a r n e d . " 

C5 "Teaching approach i n v o l v i n g q u e s t i o n i n g and d i s c u s s i o n g e n e r a l l y 
c o n t r i b u t e s to l e a r n i n g but can be c o n f u s i n q when d i f f e r e n t i d e a s 
come out and you are not sure on the concepts." 

C6 In the context of e x p l a i n i n g why the teaching made no c o n t r i b u t i o n 
to t h i s respondent's l e a r n i n g " ... I o n l y l i s t e n f o r the f a c t s and 
d i s r e q a r d what I hear i n between." 

C7 "Grëal way tb tëacH concepts;" 
C8 ";;;: ëxcëiiëhi way of r e l a t i n q sciëricë (l;ë; complex idëas) w i t h 

evëryday c o n c e p t s ( i . e . book, c h a i r ; ; . ; ) ; " 
C9 "Dó we thirik as students or tenchers?" 
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T a b l e 4: P o s s i b l e outcomes o f an i n - s e r v i c e t r a i n i n g g u i d e . 

P o s s i b l e outcomes Examples f o r an episode i n which M i n s t r e l l ' s 
(1982) d i s c u s s i o n b a s e d s t r a t e g i e s f o r 
t e a c h i n g t h e c o n c e p t o f n o r m a l r e a c t i o n are 
p r e s e n t e d . 

- The new s t r a t e g y i s " I t i s more efficiënt and more a c c u r a t e t o 
simply r e j e c t e d . t e i l the s t u d e n t s the e x p l a n a t i o n . " 

The new s t r a t e g y i s 
m i s i n t e r p r e t e d to f i t 
i n w i t h , or even 
s u p p o r t , an e x i s t i n g 
s t r a t e g y . 

The new s t r a t e g y i s 
accepted, but the 
teacher cannot apply 
the theory t o o t h e r 
t o p i c s . 

That's j u s t w h a t I do when I'm g e t t i n g 
s t u d e n t s t o work out t h e c o r r e c t c o n c l u s i o n 
f o r a l a b o r a t o r y experiment. There's n o t h i n g 
new i n t h a t a t a l l . " 

"That's a b e t t e r way to teach normal r e a c t i o n 
than t h e way I use. P i t y I can't t r y i t t i l l 
next year. I've j u s t taught normal r e a c t i o n . 

The new s t r a t e g y i s 
accepted, but l e a d s 
to c o n f u s i o n . 

" I t r i e d i t . and t h i s s t u d e n t s a i d 'but i s n ' t 
mass a f o r c e i n the o p p o s i t i e d i r e c t i o n * and 
I d i d n ' t know what t o do. So I've s t o p p e d 
u s i n g d i s c u s s i o n s . " 

The new s t r a t e g y i s 
accepted, and forms 
pa r t o f a coherent 
long-term p e r s o n a l 
p h i l o s o p h y o f 
t e a c h i n g . 

" I s e t t e s t p a p e r s w i t h q u e s t i o n s b a s e d on 
these i d e a s . " 

t a b l e s 1 and 4 are most s i g n i f i c a n t , and emphasize the importance of 
a d o p t i n g a c o n s i s t e n t view o f c o n c e p t u a l change w i t h both s t u d e n t s and 
teachers. T h i s s i m i l a r i t y c a n be t a k e n f u r t h e r , as shown i n t a b l e 5. 
This t a b l e adds a f u r t h e r f i v e b r o a d i s s u e t o t h e one a l r e a d y 
e l a b o r a t e d i n t a b l e s 1 and (*. 

t 
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T a b e l 5: C o n s i s t e n c y i n c o n c e p t u a l change w i t h s t u d e n t s and t e a c h e r s 

How can we e f f e c t 

... a concept s h i f t i n s t u d e n t s 

We need to i d e n t i f y , and be 
f a m i l i a r w i t h , s t u d e n t s ' 
present views. 

We need to d e s i g n c u r r i c u l a 
which b u i l d on, r a t h e r than 
i g n o r e , s t u d e n t s ' views. 

We must p r o v i d e c h a l l e n g e s 
and encouragement f o r s t u d e n t s 
to change t h e i r views, and, i n 
p a r t i c u l a r , h e l p them see reasons 
f o r changing views. 

We must be s e n s i t i v e to the 
p o s s i b l e outcomes o f a t e a c h i n g 
episode: 
- the new view i s s i m p l y 

r e j e c t e d 
- the new view i s m i s i n t e r p r e t e d 

to f i t i n w i t h , or even support, 
present views. 

- the new view i s accepted, but 
i n i s o l a t i o n from p r e s e n t 
views. 

- the new view i s accepted, but 
l e a d s to c o n f u s i o n . 

- the new view i s accepted, and 
forms a coherent view o f the 
w o r l d . 

We must support s t u d e n t s ' 
attempts to r e t h i n k t h e i r i d e a s . 

We must h e l p s t u d e n t s understand 
the ways i n which a l l the above 
a f f e c t t h e i r l e a r n i n g . 

... a s t r a t e g y s h i f t i n t e a c h e r s ? 

We need to assess t e a c h e r s ' present 
s t r e n g h t h s and f i n d out what r e a l l y 
happens i n classrooms 

The new s t r a t e g i e s we p r o p o s e 
s h o u l d u t i l i z è a n d b u i l d on 
e x i s t i n g t e a c h e r s t r e n g t h s , 
e x t e n d i n g t h e i r p r e s e n t s k i l l s 
r a t h e r than undermining them 

We must asse s s which a s p e c t s o f the 
c o n t e n t a n d f o r m a t o f a new 
s t r a t e g y w i l l be l i k e l y t o a p p e a l 
to t e a c h e r s . ( I n t e 1 1 i g i b i 1 i t y ? 
P l a u s i b i l i t y ? F r u i t f u l n e s s ? 
F e a s i b i l i t y ? ) 

We m u s t be s e n s i t i b e t o t h e 
p o s s i b l e o u t c o m e s o f an i n s e r v i c e 
t r a i n i n g e p i s o d e : 
- the new s t r a t e g y i s s i m p l y 

r e j e c t e d 
- the n e w s t r a t e g y i s 

m i s i n t e r p r e t e d to f i t i n w i t h , or 
even s u p p o r t , a n e x i s t i n g 
s t r a t e g y . 

- the new s t r a t e g y i s accepted, but 
the t e a c h e r c a n n o t a p p l y t h e 
theory to o t h e r t o p i c s . 

- the new s t r a t e g y i s accepted, but 
l e a d s to c o n f u s i o n . 

- the new s t r a t e q y i s accepted, and 
forms p'art o f a c o h e r e n t l o n g ­
term p e r s o n a l p h i l o s o p h y o f 
t e a c h i n g . 

We must spek nut l e e d - b a c k and 
p r o v i d e f o l l n w - u p n c t i v i t i e s . 

We must h e l p t e a c h e r s u n d e r s t a n d 
the ways i n w h i c h a l l t h e above 
i n f l u e n c e t h e i r p e r c e p t i o n s o f an 
i nnovat ion . 
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As w i t h s t u d e n t s , t h e i n d i v i d u a l ' s p e r c e p t i o n o f f r u i t f u l n e s s i s o f 

c r u c i a l i n f l u e n c e on a t e a c h e r b e i n g p r e p a r e d t o make f u n d a m e n t a l 
changes. We t e n d t o u n d e r e s t i m a t e t h e e n e r g y , t i m e and e m o t i o n 
r e g u i r e d from t e a c h e r s when making e d u c a t i o n a l changes. However, f o r 
t e a c h e r s , a f u r t h e r a s p e c t o f t h e i r c o n t e x t i s v i t a l , e s p e c i a l l y a t 
t h e i n - s e r v i c e l e v e l . T e a c h e r s w i l l i n e v i t a b l y ( a n d q u i t e p r o p e r l y ) 
p l a c e t h e change f o r w h i c h t h e y a r e b e i n g p r e p a r e d a g a i n s t a l l o f the 
o t h e r demands on t h e i r t i m e and t h o u g h t . I f t h e y a r e t o a c c e p t t h e 
i m p l i c a t i o n s f o r t h e i r t i m e and t h o u g h t o f t h e change, the change must 
have some p r i o r i t y f o r them. We t e r m t h i s f e a s i b i l i t y - t h a t i s , do 
the e f f o r t s i n v o l v e d i n u n d e r s t a n d i n g and t h e p o s s i b l e o u t c o m e s o f 
a d o p t i n g t h e change appear t o be f e a s i b l e t o t h e t e a c h e r ? 

The p e r s p e c t i v e s o u t l i n e d i n t a b l e s 4 and 5 a r e o f c o u r s e t o t a l l y 
c o n c o m i t a n t w i t h c u r r e n t v i e w s o f t h e c h a r a c t e r i s t i c s o f ' e d u c a t i o n a l 
i n n o v a t i o n and c h a n g e - e d u c a t i o n a l c h a n g e i s a l o n g t e r m p r o c e s s 
r e g u i r i n g t i m e and s u p p o r t f o r p a r t i c i p a n t s as t h e y d e v e l o p p e r s o n a l 
meaning f o r t h e i d e a s ( F u l l a n , 1 9 8 2 ) . T h i s l i t e r a t u r e h a s b e e n a most 
s i g n i f i c a n t i n f l u e n c e on t h e development o f t h e i d e a s we have advanced 
above. So s t r o n g i s t h e c o n s i s t e n c y b e t w e e n t h e s e v i e w s f r o m t h e 
c h a n g e / i n n o v a t i o n work and our arguments about c o n c e p t u a l change t h a t 
the t h r e e c o l l o q u i a l d e s c r i p t i o n s o f s t u d e n t c o n c e p t u a l change g i v e n 
e a r l i e r i n t h e paper a r e d i r e c t p a r a p h r a s e s o f common s t a t e m e n t s about 
e d u c a t i o n a l c h a n g e . S t a t e d a s t h e y a p p e a r i n t h e i n n o v a t i o n / c h a n g e 
l i t e r a t u r e , t h e y a r e ' i f t h e change doesn't make sense t o t e a c h e r s , i t 
won't happen'; 'change i s more l i k e l y when t e a c h e r s f e e l t h e p r o b l e m 
i s s i g n i f i c a n t t o t h e m ' ; 'change p r o d u c e s a n x i e t y i n t e a c h e r s * . I n 
each c a s e , o n l y one change has been made from t h e s t a t e m e n t s e a r l i e r 
i n t h e p a p e r - ' t e a c h e r ' r e p l a c e s ' s t u d e n t ' . A l t h o u g h t h e s e 
p e r c e p t i v e s a r e w i d e l y a c c e p t e d i n t h e l i t e r a t u r e , i t i s u n f o r t u n a t e l y 
t r u e t h a t t hey a r e o f t e n n e g l e c t e d i n p r a c t i c e . 

A s u b s t a n t i a l V i c t o r i a n h i g h s c h o o l i n i t i a t e d p r o j e c t , w i t h 
a s s i s t a n c e f r o m s t a f f a t Monash U n i v e r s i t y , i l l u s t r a t e s a number o f 
t h e s e p o i n t s . I n t h a t p r o j e c t , t e a c h e r s f r o m a number o f d i s c i p l i n e 
a r e a s a r e a l l a t t e m p t i n g t o adopt c o n s t r u c t i v i s t p e r s p e c t i v e s a n d ' t o 
make t h e d e v e l o p m e n t o f m e t a c o g n i t i o n i n t h e i r s t u d e n t s a p r i m e 
o b j e c t i v e ( M i t c h e l l & B a i r d , 1 9 8 5 ) . As t h e p r o j e c t d e v e l o p e d , t h e 
i s s u e o f f e a s i b i l i t y became o f o v e r r i d i n g i m p o r t a n c e t o the t e a c h e r s . 
They'soon had t o f a c e the l o n g - t e r m commitment r e q u i r e d t o u n d e r s t a n d 
the l e a r n i n g i s s u e s i n v o l v e d and t o e x p l o r e t e a c h i n g i m p l i c a t i o n s , and 
to t h e n c o n s i d e r t h e i m p o r t a n c e o f t h e p r o j e c t t o them i n t e r m s o f the 
o t h e r demands o f t h e i r p r o f e s s i o n a l l i f e . One i n t r i g u i n g o u t c o m e o f 
t h i s p r o c e s s w a s t h e e x t e n t t o w h i c h t h e i n n o v a t i o n / c h a n g e 
p e r s p e c t i v e s d e s c r i b e d a b o v e became o b v i o u s t o t h e t e a c h e r s ( B a i r d & 
M i t c h e l l , i n p r e s s ) . 
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A p a r t f r o m t h i s s i n g l e s c h o o l p r o j e c t , an i n c r e a s i n g number o f 

t e a c h e r s a r e making t h e s e same b r o a d c o m m i t m e n t s and f i n d i n g t i m e to 
p a r t i c i p a t e i n n e t w o r k s . T h e s e t e a c h e r s w i l l a d d t o t h e g r o w i n g 
knowledge o f t e a c h i n g / l e a r n i n g a p p r o a c h e s , b u t i t w i l l a l w a y s be 
n e c e s s a r y f o r t e a c h e r s t o d e v e l o p a p e r s o n a l meaning f o r t h e l e a r n i n g 
i d e a s u n d e r p i n n i n g t h e s e a pproaches. 

R e s e a r c h e r s and c o n c e p t u a l change 
The c o n s i s t e n c y we a r g u e a b o v e c a n p r o f i t a b l y be t a k e n one s t e p 
f u r t h e r . The c u r r e n t w a v e o f r e s e a r c h o n s t u d e n t s ' p e r s o n a l 
u n d e r s t a n d i n g s o f t h e w o r l d i s n o t t h e f i r s t s u c h wave. V e r y s i m i l a r 
r e s e a r c h was u n d e r t a k e n i n t h e 1930's and e a r l y 1940's i n b o t h Europe 
and N o r t h A m e r i c a (see Oakes, 1947, f o r a r e v i e w ) . There a r e a number 
o f p o s s i b l e e x p l a n a t i o n s f o r t h e f a i l u r e o f t h i s e a r l i e r wave o f 
r e s e a r c h t o i n f l u e n c e s c h o o l s c i e n c e , o r e v e n s u r v i v e as a c c e p t a b l e 
r e s e a r c h . One can be d e r i v e d from c o n s i d e r a t i o n s o f c o n d i t i o n s needed 
f o r c o n c e p t u a l c h a n g e . F o r e x a m p l e , t h e n a t u r e and o r i g i n o f t h e 
s c h o o l s c i e n c e c u r r i c u l u m i n t h e 1930's was s u c h t h a t t h e i s s u e s 
a d d r e s s e d by t h i s r e s e a r c h d i d n o t i n f o r m p r o b l e m s o'f i m p o r t a n c e t o 
s c i e n c e t e a c h e r s , c u r r i c u l u m w r i t e r s . e t c . Nor d i d t h e r e s e a r c h i n f o r m 
problems o f i m p o r t a n c e t o more g e n e r a l p e r s p e c t i v e s on l e a r n i n g 
r e s e a r c h a t t h e t i m e . T h a t i s , n e i t h e r s c i e n c e t e a c h e r s n o r 
e d u c a t i o n a l p s y c h o l o g i s t s f e i t any ' o w n e r s h i p * o f t h e p r o b l e m s 
c o n s i d e r e d by t h e r e s e a r c h . Our p r e s e n t r e s e a r c h s h o w s t h i s t o be no 
l o n g e r u n i v e r s a l l y t r u e . Much more s i g n i f i c a n t however i s t h e p r e s e n t 
u n d e r s t a n d i n g o f t h e n a t u r e o f e d u c a t i o n a l c h a n g e and c o n d i t i o n s 
l i k e l y t o f o s t e r s u c h c h a n g e . The p r e s e n t wave o f r e s e a r c h i s t a k i n g 
p l a c e i n a c o n t e x t o f c o n s i d e r a b l e harmony bet w e e n i d e a s o f l e a r n i n g 
and i d e a s o f t e a c h e r development. I t i s p o s s i b l e t o d i r e c t l y h a r n e s s 
t h i s harmony i n our a p p r o a c h e s t o d i s s e m i n a t i o n o f work on c o g n i t i v e 
s t r u c t u r e a n d c o n c e p t u a l c h a n g e . S u c h a h a r n e s s i n g o f f e r s o u r most 
p r o m i s i n g p o s s i b i 1 i t i e s f o r h a v i n g t h i s r e s e a r c h on l e a r n i n g a f f e c t 
p r a c t i c e . 

C o n c l u s i o n 
Our w o r k w i t h s t u d e n t s and t e a c h e r s ( a t b o t h p r e - s e r v i c e and i n -
s e r v i c e l e v e l s ) h a s u n d c r l i n e d f u n d a m e n t a l s i m i l a r i t i e s i n t h e 
r e q u i r e m e n t s f o r a c h i e v i n g c o n c e p t u a l c h a n g e i n b o t h g r o u p s . F o r 
s t u d e n t s t h e p r o b l e m i s one o f r e c o n s i d e r i n g p e r s i s t e n t e x i s t i n g v i e w s 
i n the l i g h t o f p e r c e i v e d f r u i t f u l n e s s o f s c i e n c e v i e w s , f o r t e a c h e r s 
i t i s a m a t t e r o f r e c o n s i d e r i n g e x i s t i n g i d e a s about 1 e a r n i n g / p u r p o s e s 
o f e d u c a t i o n and so on. and f a c i l i t a t i n g t e a c h i n g / l e a r n i n g approaches 
c o m p a t i b l e w i t h deve1 o p i n g i d e a s o f l e a r n i n g . I h e r e i s a g r e a t 
congruence between t h e s e p e r s p e c t i v e s d e r i v e d from c o n c e p t u a l change 
r e s e a r c h and p e r s p e c t i v e s d e r i v e d from r e s e a r c h on t h e a c c e p t a n c e of 
e d u c a t i o n a l c h a n g e . 
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and l e a r n i n g . Our c u r r e n t u n d e r s t a n d i n g s o f l e a r n i n g l e a d t o a 
r e j e c t i o n o f such a t e a c h i n g p e r s p e c t i v e , i f u n d e r s t a n d i n g and use by 
s t u d e n t s o f w h a t we t e a c h i s i m p o r t a n t . F o r t h e same r e a s o n s a t o p -
down v i e w o f p r e - and i n - s e r v i c e e d u c a t i o n i s i n a p p r o p r i a t e i f o u r 
purpose i s t o c h a n g e t h e n a t u r e o f c l a s s r o o m n p r a c t i c e . T h i s l a t t e r 
p o i n t i s w e l l , i f a n e c d o t i c a l l y , i l l u s t r a t e d by an exchange e a r l y i n 
1986 b e t w e e n one o f us a n d one o f o u r t r a i n e e s c i e n c e t e a c h e r s . The 
t r a i n e e a s s e r t e d t h a t s h e was u n c o n v i n c e d a b o u t t h e p e r s i s t e n c e o f 
s t u d e n t s ' p r e - i n s t r u c t i o n a l v i e w s , a n d t h a t ' i f I , as a t e a c h e r , t e i l 
s t u d e n t s s o m e t h i n g t h e n t h e y w i l l b e l i e v e i t b e c a u s e I am t h e 
t e a c h e r * . The r e s p o n s e from t h e i n s t r u c t o r was 'I am t h e t e a c h e r h e r e , 
and I a s s e r t y o u a r e w r o n g * . The c o n f u s i o n t h i s g e n e r a t e d i n t h e 
t r a i n e e t y p i f i e s t h e c o n f u s i o n c r e a t e d by a s s e r t i n g t o t e a c h e r s t h a t 
s t u d e n t s g e n e r a t e t h e i r own u n d e r s t a n d i n g s . 

F i n a l l y we n o t e t h a t , f o r a c o n s i d e r a b l e t i m e , t e a c h e r s have 
e x p r e s s e d g r e a t i n t e r e s t i n t h e s t u d e n t s ' v i e w / c o n c e p t u a l c h a n g e 
r e s e a r c h . However, conseguent t e a c h e r change has been f a r l e s s common. 
The c o n s i s t e n c y needed i n a p p r o a c h i n g c o n c e p t u a l change a t any l e v e l , 
as a r g u e d i n t h i s paper, i s a c r u c i a l e l e m e n t i n t h e encouragement and 
s u p p o r t o f t e a c h e r s p u t t i n g i d e a s i n t o p r a c t i c e . 

R e f e r e n c e s 
A u s u b e l , D.P. & R o b i n s o n F.G. School learning: An introduction to 

educational psgchology, New York: H o l t , R i n e h a r t & W i n s t o n , 1969. 
B a i r d , J.R. & M i t c h e l l , I . J . Improving the qualitg of school learning 

and teaching: The PEEL project, ( a v a i l a b l e f r o m L a v e r t o n H i g h 
S c h o o l , B l a d i n S t . , L a v e r t o n , V i c t o r i a , 3028, A u s t r a l i a ) ( i n 
p r e s s ) . 

Champagne, A.B., G u n s t o n e , R.F. & K l o p f e r , L.E. E f f e c t i n g c h a n g e s i n 
c o g n i t i v e s t r u c t u r e s among p h y s i c s s t u d e n t s . I n : L.H.T.West & 
A . L . P i n e s ( E d s . ) . Cognitive structure and conceptual' change, 
Academie P r e s s , 1985. 

D r i v e r , R. The pupil as scientist?, M i l t o n K e y n e s : Open U n i v e r s i t y 
P r e s s , 1983. 

F u l l a n , M. The meaning of educational change, New Y o r k : T e a c h e r s ' 
C o l l e g e P r e s s , 1982. 

Gruber, H.E. & V o n e c h e , J . J . ( E d s . ) . The essential Piaget, t o n d o n : 
R o u t l e d g e & Kegan P a u l , 1982. 

Gunstone, R.F. & Champagne, A.B. P r o m o t i n g c o n c e p t u a l c h a n g e i n t h e 
l a b o r a t o r y . I n : E . H e g a r t y - H a z a l (Ed.). The science curriculum and 
the science laboratory, tondon: Croom Helm ( i n p r e s s ) . 

Gunstone, R.F., Champagne, A.B. & K l o p f e r , L.E. I n s t r u c t i o n f o r 
u n d e r s t a n d i n g : A c a s e s t u d y , Australian Science Teachers Journal, 
27(3), 2 7 - 3 2 , 1981. 



74 Conceptual change 
Gunstone, R.F. & W h i t e , R.T. U n d e r s t a n d i n g o f g r a v i t y , Science 

Education, 65, 2 9 1 - 2 9 9 , 1981. 
Gunstone, R.F., W h i t e , R.T. & F e n s h a m , P.J. Developments in stgle and 

purpose of research on the learning of science. Paper g i v e n a t t h e 
a n n u a l m e e t i n g o f t h e N a t i o n a l A s s o c i a t i o n f o r R e s e a r c h i n S c i e n c e 
T e a c h i n g , San F r a n c i s c o , a p r i l , 1986. 

Harmin,M. & G r e g o r y , T. Teaching is , C h i c a g o : S c i e n c e R e s e a r c h 
A s s o c i a t e s , 1974. 

Hewson, P.W. A c o n c e p t u a l c h a n g e a p p r o a c h t o l e a r n i n g s c i e n c e , 
European Journal of Science Education, 3, 383-396, 1981. 

M i n s t r e l l , J . E x p l a n i n g t h e 'at r e s t ' c o n d i t i o n o f an o b j e c t , The 
Phgsics Teacher, 20, 10-14, 1982. 

M i t c h e l l , I . J . & B a i r d , J.R. A s c h o o l - b a s e d , m u l t i - f a c u l t y a c t i o n 
r e s e a r c h p r o j e c t t o encourage m e t a c o g n i t i v e b e h a v i o u r , Research in 
Science Education, 15, 37-42. 

Mundy, J.F., Waxman, B.L. & C o n f r e y , J . A constructivist/cognitive 
processes perspective for mathematics teacher education. P a p e r 
g i v e n a t t h e m e e t i n g o f t h e A m e r i c a n E d u c a t i o n a l R e s e a r c h 
A s s o c i a t i o n , New O r l e a n s : a p r i l , 1984. 

N o r t h f i e l d , J.R. & G u n s t o n e , R.F. R e s e a r c h on a l t e r n a t i v e f r a m e w o r k s : 
I m p l i c a t i o n s f o r s c i e n c e t e a c h e r e d u c a t o r s , Research in science 
education, 13, 7 1 - 7 7 , 1983. 

N o r t h f i e l d , J.R. & G u n s t o n e , R.F. U n d e r s t a n d i n g l e a r n i n g a t t h e 
c l a s s r o o m l e v e l , Research in Science Education, 15, 18-27. 

Oakes, M.E. Children's explanations of natural phenomena, New York:-
T e a c h e r s ' C o l l e g e , C o l u m b i a U n i v e r s i t y , 1947. 

Osborne, R. & F r e y b e r g , P. ( E d s . ) . Learning in science: The 
implications of children's science, A u c k l a n d : Heinemann, 1985. 

Osborne, R. & W i t t r o c k , M. The g e n e r a t i v e l e a r n i n g m o d e l and i t s 
i m p l i c a t i o n s f o r s c i e n c e e d u c a t i o n , Studies in Science Education, 
12, 5 9 - 8 7 , 1985. 

Po s n e r , G.J., S t r i k e , K.A., Hewson, P.W. & G e r t z o g , W.A. A c c o m m o d a t i o n 
o f a s c i e n t i f i c c o n c e p t i o n : Toward a t h e o r y o f c o n c e p t u a l change, 
Science Education, 66, 211-227, 1982. 

W h i t e , R.T. The i m p o r t a n c e o f c o n t e x t i n e d u c a t i o n a l r e s e a r c h , 
Research in Science Education, 15, 92-102, 1985. 

W i t t r o c k , M.C. L e a r n i n g a s a g e n e r a t i v e p r o c e s s , Educational 
Psgchologist, 11, 87-95, 1974. 


