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ABSTRACT 

I n t h i s experiment an a t t e m p t was made t o c o r r e c t t h e 

erroneous b e l i e f , c a l l e d t h e e x t r a m i s s i o n t h e o r y , t h a t 

something l e a ves t h e eye as p a r t o f v i s u a l p e r c e p t i o n , and 

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

t h a t something comes i n t o t h e eye. One hundred t h i r t y - t w o 

s t u d e n t s f r o m an i n t r o d u c t o r y psychology course (54 males 

and 78 females) were t e s t e d on t h e i r b e l i e f s about v i s i o n 

u s i n g a computer-graphic f o r m a t . P r i o r t o t e s t i n g , f o u r 

groups o f p a r t i c i p a n t s r e c e i v e d t r a i n i n g on t h e concept o f 

n e c e s s i t y i n terms of one event b e i n g necessary f o r t h e 

occurrence o f a n o t h e r e v e n t . Two o t h e r groups o f 

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

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

s c i e n t i f i c f a c t s of t h e process. A f i n a l group o f 

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

o n l y answered a s e r i e s o f i r r e l e v a n t q u e s t i o n s p r i o r t o 

v i s i o n t e s t i n g . R e s u l t s i n d i c a t e d t h a t a l l o f t h e groups 

gave s i m i l a r numbers o f c o r r e c t , i n t r o m i s s i o n i s t responses 

t o t h e v i s i o n t r i a l s , and t h a t males gave more c o r r e c t 

answers on average t h a n d i d females. A p o s i t i v e 



r e l a t i o n s h i p between t h e d e s c r i p t i o n o f t h e r o l e o f l i g h t 

e n t e r i n g t h e eye i n v i s i o n and t h e number o f c o r r e c t 

responses emerged f o r t h e s t u d e n t s who were r e q u i r e d t o 

w r i t e e x p l a n a t i o n s o f v i s i o n . Analyses suggest t h a t t h e 

d i f f i c u l t y many s t u d e n t s e x p e r i e n c e on t h e c o m p u t e r - g r a p h i c 

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

t h e concept o f l i g h t e n t e r i n g t h e eye o r perhaps o f l i g h t i n 

g e n e r a l . 
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CHAPTER 1 

INTRODUCTION 

That l i g h t must r e f l e c t o f f o b j e c t s i n t h e e x t e r n a l 

w o r l d and e n t e r our eyes f o r us t o sense and p e r c e i v e 

a n y t h i n g may seem s e l f - e v i d e n t t o many p e o p l e today. I n 

f a c t , t h i s p i e c e o f knowledge, r e f e r r e d t o h e r e a f t e r as t h e 

i n t r o m i s s i o n t h e o r y o f v i s i o n , became a s c i e n t i f i c c e r t a i n t y 

r e l a t i v e l y r e c e n t l y , h a v i n g o n l y been i n p l a c e s i n c e 

s c i e n t i s t s such as K e p l e r and Newton f o r m u l a t e d t h e modern 

views o f v i s i o n and l i g h t i n t h e s e v e n t e e n t h c e n t u r y 

( K a r r q v i s t & Anderson, 1986; L i n d b e r g & Steneck, 1976). 

B i o l o g i c a l d i s c o v e r i e s , such as t h e f a c t s t h a t n o t h i n g 

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

l i g h t l i n e t h e r e t i n a and a l l o w v i s i o n t o occur, were a l s o 

needed t o cement t h e i n t r o m i s s i o n t h e o r y i n t o p l a c e 

(Meyering, 1989). 

An opposing i d e a about v i s i o n , namely t h e h y p o t h e s i s 

t h a t v i s i o n i s p o s s i b l e because something such as waves o r 

r a y s leaves t h e eye and s t r i k e s t h e o b j e c t s t o be seen, i s 
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Empedocles, P l a t o and E u c l i d over two thousand y e a r s ago, 

and these ideas remained a l i v e i n Western t h o u g h t w e l l i n t o 

t h e M i d d l e Ages. 

A l t h o u g h modern s c i e n c e has r e f u t e d t h e e x t r a m i s s i o n 

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

c h i l d r e n ' s and a d o l e s c e n t s ' knowledge o f v i s i o n . P i a g e t 

(1929/1974), f o l l o w i n g an o b s e r v a t i o n by G. S t a n l e y H a l l , i s 

perhaps t h e f i r s t t o n o t e t h a t many young c h i l d r e n b e l i e v e 

t h e eyes emi t l i g h t and a i d i n v i s i o n ; more r e c e n t r e s e a r c h 

by Guesne (1984, 1985), Anderson and Smith (1986), and Repp, 

Cal l a n a n , Meier, and M i l l e r (1992) a l s o demonstrate t h a t 

many c h i l d r e n h o l d v a r i o u s m i s c o n c e p t i o n s about v i s i o n , and 

f o r some o f these c h i l d r e n one o f the m i s c o n c e p t i o n s i s t h a t 

t h e eyes emit something t o make v i s i o n p o s s i b l e . However, 

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

about i n t r o m i s s i o n and e x t r a m i s s i o n , and i n one case 

(Guesne, 1984; 1985), t h e i n v e s t i g a t o r a c t u a l l y d e n i e d t h a t 

e x t r a m i s s i o n b e l i e f s were p r e s e n t i n c h i l d r e n ' s minds. 

A more s u r p r i s i n g and p e r p l e x i n g f i n d i n g has emerged i n 

a s e r i e s o f s t u d i e s by Winer and c o l l e a g u e s ( C o t t r e l l & 

Winer, 1994; Winer, C o t t r e l l , K a r e f i l a k i & Gregg, i n p r e s s ; 

Winer, C o t t r e l l , K a r e f i l a k i & C h r o n i s t e r , 1996), who p r o v i d e 

evidence t h a t many c o l l e g e s t u d e n t s who would be expec t e d t o 

possess a b a s i c u n d e r s t a n d i n g o f v i s i o n ( i n t r o m i s s i o n i s t 

b e l i e f s ) n e v e r t h e l e s s p r o f e s s ideas about s i g h t t h a t a r e i n 

f a c t e x t r a m i s s i o n i s t . Such b e l i e f s have been f o u n d i n a 
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v a r i e t y o f t e s t i n g c o n d i t i o n s . A q u e s t i o n r e a d i l y f o l l o w s 

f r o m these d a t a : I s i t p o s s i b l e t o change these b e l i e f s , and 

i f so, how? The p r e s e n t s t u d y i s an a t t e m p t a t p r o v i d i n g an 

answer. 

Purpose and Goals 

The purpose o f t h i s t h e s i s i s t o d e t e r m i n e whether t h e 

e x t r a m i s s i o n i s t b e l i e f s many s t u d e n t s h o l d about v i s i o n can 

be changed, as t h i s i s one aspect o f s t u d e n t s ' u n d e r s t a n d i n g 

of v i s i o n which has n o t y e t been f u l l y e x p l o r e d . I w i l l 

a t t e m p t t o change i n a c c u r a t e b e l i e f s by r e q u i r i n g 

p a r t i c i p a n t s t o t h i n k about what i s a b s o l u t e l y necessary f o r 

people t o see, t h a t i s , i n t r o m i s s i o n . Two " n e c e s s i t y 

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

t h i n k i n g about events which seem t o occur s i m u l t a n e o u s l y and 

which may o r may n o t have a d i r e c t i o n a l component; i . e . one 

event must n e c e s s a r i l y occur b e f o r e t h e o t h e r event can 

occur. An a d d i t i o n a l c o n d i t i o n i s aimed a t i n d u c i n g 

s t u d e n t s t o a c t i v a t e s c i e n t i f i c schemas on v i s i o n and m i g h t 

a l s o improve performance. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Th i s r e v i e w w i l l f i r s t b r i e f l y cover t h e h i s t o r i c a l 

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

v i s i o n t o t h e c u r r e n t i n t r o m i s s i o n t h e o r y . I w i l l t h e n 

c o n s i d e r t h e l i t e r a t u r e which bears on c h i l d r e n s " and 

a d o l e s c e n t s ' b e l i e f s about v i s i o n and how t h e y m i g h t change 

from e a r l y c h i l d h o o d t o a d u l t h o o d . 

H i s t o r i c a l Overview o f V i s u a l T h e o r i e s 

The process o f v i s i o n was a much-debated t o p i c f o r 

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

v a r i o u s forms by p h i l o s o p h e r s such as Galen and Empedocles, 

was t h a t something must l e a v e t h e eye and come i n t o c o n t a c t 

w i t h o b j e c t s i n t h e e x t e r n a l w o r l d f o r a perso n t o see them 

( K a r r q v i s t & Anderson, 1983; Meyering, 1989). The G a l e n i c 

s c h o o l o f th o u g h t h e l d t h a t a substance c a l l e d "pneuma," a 

m i x t u r e o f f i r e and a i r , " f l o w s from t h e seat o f 

consciousness... t h r o u g h t h e nervus o p t i c u s ( o r o p t i c a l 

nerve) t o t h e eye" (Meyering, 19 89, p. 2 6 ) . Once l e a v i n g 

th e eye, t h e pneuma mixes w i t h t h e a i r and i l l u m i n a t e s i t i n 

much t h e same manner as s u n l i g h t , making v i s i o n p o s s i b l e . 
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Empedocles b e l i e v e d i n e x t r a m i s s i o n b u t a l s o t h o u g h t 

i n t r o m i s s i o n o f a s o r t was necessary. S p e c i f i c a l l y , he 

proposed t h a t o b j e c t s e m i t an " ' e x t e r n a l f i r e ' " ( K a r r q v i s t & 

Anderson, 1983; p. 380) which c o n t a i n s i n f o r m a t i o n about 

shape and c o l o r , and t h a t t h i s e x t e r n a l f i r e combines w i t h 

an e m i s s i o n f r o m t h e eye t o cause v i s i o n . 

An e a r l y i n t r o m i s s i o n t h e o r y , a l b e i t one whic h does n o t 

correspond t o t h e c u r r e n t s c i e n t i f i c view, was p u t f o r t h by 

Leucippus, a contemporary o f Empedocles. He h y p o t h e s i z e d 

t h a t e very o b j e c t i s s u e s f o r t h an image c a l l e d an " e i d o l a " 

w hich t r a n s m i t t e d shape and c o l o r i n f o r m a t i o n t o t h e s o u l 

v i a t h e eyes ( K a r r q v i s t & Anderson, 1983). 

Another p r o p o s a l about v i s i o n was p u t f o r t h by E u c l i d , 

who was a f i r m e x t r a m i s s i o n i s t and a p p l i e d h i s developments 

i n geometry t o t h e s t u d y o f v i s i o n . He i s a l s o i m p o r t a n t 

f o r i n t r o d u c i n g t h e concept o f t h e r a y o f l i g h t . Rays o f 

l i g h t l e a v i n g t h e eye i n s t r a i g h t , d i v e r g i n g l i n e s a r e 

r e s p o n s i b l e f o r v i s i o n , a c c o r d i n g t o E u c l i d , and t h e an g l e s 

t h e y form when t h e y c o n t a c t o b j e c t s can e x p l a i n such 

p e r c e p t u a l phenomena as p e r c e i v e d s i z e and shape (Meyering, 

1989). E u c l i d a l s o a p p l i e d h i s geometry t o r a y s o f l i g h t 

f r om n a t u r a l sources, i . e . t h e sun, b u t d i d n o t i n c l u d e sun 

r a y s i n h i s t h e o r y o f v i s i o n ( K a r r q v i s t & Anderson, 1983). 

The f i r s t f i r m l y s c i e n t i f i c i n t r o m i s s i o n t h e o r y o f 

v i s i o n was proposed by t h e Arab t h i n k e r Alhazen around t h e 

year 1000, who r e l i e d upon p h y s i o l o g i c a l knowledge about t h e 
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eye. B r i e f l y , he proposed t h a t rays o f a m a t e r i a l s o r t 

e n t e r t h e eye and convey v i s u a l i n f o r m a t i o n w i t h them. 

These r a y s must be composed o f l i g h t and are r e f l e c t e d back 

fr o m o b j e c t s which a r e s t r u c k by the r a y s f r o m some l i g h t 

source such as t h e sun. Alhazen a l s o proposed t h a t s p e c i f i c 

p o i n t s i n s i d e t h e e y e b a l l must correspond t o s p e c i f i c p o i n t s 

i n space i n t h e e x t e r i o r , t h u s a l l o w i n g t h e t r a n s m i s s i o n o f 

i n f o r m a t i o n about shape and l o c a t i o n (Meyering, 1989). 

Alhazen's work faded i n t o o b s c u r i t y i n t h e M i d d l e Ages, 

however, as t h e works o f A r i s t o t l e and o t h e r C l a s s i c a l Greek 

w r i t e r s were r e s u r r e c t e d and u p h e l d by t h i n k e r s such as 

Roger Bacon, who wished t o r e c o n c i l e C l a s s i c a l views w i t h 

those o f t h e S c h o l a s t i c s , c h u r c h - i n f l u e n c e d t h i n k e r s o f t h e 

M i d d l e Ages. I t t o o k Johannes Kepler, who developed i d e a s 

about l i g h t and o p t i c s t h a t were f r e e o f C l a s s i c a l 

i n f l u e n c e , t o d e v i s e t h e f i r s t t h e o r y o f v i s i o n which 

corresponds w i t h t h e modern s c i e n t i f i c view, w h i c h he 

proposed i n 1604. The p h i l o s o p h e r Rene Descartes r e f i n e d 

K e p l e r ' s views i n t h e e a r l y s e v e n t e e n t h c e n t u r y , d e v i s i n g a 

t h e o r y o f p e r c e p t i o n which i s g e n e r a l l y t h e c u r r e n t one--

i . e . p e r c e p t i o n i s an i n t e r p r e t a t i v e p r ocess, s e p a r a t e f r o m 

t h e pure sensory mechanism, mediated by t h e b r a i n . Thus we 

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

f o u r c e n t u r i e s o l d (Meyering, 1989). 
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The above a n a l y s i s demonstrates t h a t i n t h e h i s t o r y o f 

s c i e n c e , views about v i s i o n have g r a d u a l l y s h i f t e d f r o m 

those emphasizing e x t r a m i s s i o n t o those r e q u i r i n g 

i n t r o m i s s i o n w h i l e d e n y i n g t h a t any f o r m o f e x t r a m i s s i o n i s 

necessary. I w i l l now r e v i e w t h e p s y c h o l o g i c a l l i t e r a t u r e 

on b e l i e f s about v i s i o n . The r e v i e w w i l l demonstrate t h a t 

e x t r a m i s s i o n b e l i e f s occur i n development and t h a t a 

developmental s h i f t f r o m e x t r a m i s s i o n t o i n t r o m i s s i o n 

b e l i e f s occurs as c h i l d r e n grow o l d e r , m i r r o r i n g 

developments i n t h e h i s t o r y o f s c i e n c e . 

Research on B e l i e f s About P e r c e p t i o n 

P i a g e t , f o l l o w i n g up on an o b s e r v a t i o n by G. S t a n l e y 

H a l l , was perhaps t h e f i r s t d e v e l o p m e n t a l i s t t o document 

e x t r a m i s s i o n b e l i e f s i n c h i l d r e n . He d e s c r i b e d t h r e e cases 

i n w h i c h c h i l d r e n a s s e r t e d t h a t t h e eyes ar e a source o f 

l i g h t and h e l p us see; he a l s o n o t e d t h a t one o f h i s f e l l o w 

r e s e a r c h e r s wondered as a c h i l d why t h e gazes o f two p e o p l e 

l o o k i n g a t each o t h e r d i d n o t c o l l i d e and why one never f e l t 

t h e l o o k o f another (1929/1972). I m p l i c i t i n these b e l i e f s 

i s t h e i d e a t h a t l i g h t r a y s , waves, or something e l s e w h i c h 

l e a v e s t h e eye and s t r i k e s o b j e c t s i s r e s p o n s i b l e f o r 

s e e i n g . 

I n r e c e n t y e a r s , work on s t u d e n t s ' m i s c o n c e p t i o n s about 

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

b e l i e f s t h a t some c h i l d r e n h o l d about v i s i o n . An 

i n v e s t i g a t i o n i n t o how Swedish s t u d e n t s aged 12-15 
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u n d e r s t a n d l i g h t and i t s p r o p e r t i e s r e v e a l e d t h a t t h e y o f t e n 

d i d n o t u n d e r s t a n d t h a t l i g h t e x i s t s i n space and i s 

r e f l e c t e d o f f o b j e c t s i n t o t h e eye, making s i g h t p o s s i b l e 

( K a r r q v i s t & Anderson, 1983). K a r r q v i s t and Anderson f o u n d 

many s t u d e n t s who b e l i e v e d t h e eye t o be an a c t i v e agent i n 

s i g h t , e i t h e r sending r a y s toward an o b j e c t o r f i r s t 

r e c e i v i n g and t h e n sending out l i g h t . F urthermore, these 

b e l i e f s d i d n o t change markedly a f t e r i n s t r u c t i o n i n o p t i c s . 

K a r r q v i s t and Anderson (19 83) s p e c u l a t e t h a t common 

l i n g u i s t i c e x p r e s s i o n s , such as " c a s t i n g g l a n c e s " and 

" t h r o w i n g l o o k s , " combined w i t h a l a c k o f u n d e r s t a n d i n g o f 

l i g h t ' s p r o p e r t i e s m i g h t e x p l a i n e x t r a m i s s i o n i s t t e n d e n c i e s . 

S i m i l a r l y , Eaton, Anderson, and S m i t h (1984) d e s c r i b e d 

s e v e r a l case s t u d i e s i n which f i f t h - g r a d e s t u d e n t s d i d n o t 

change t h e i r erroneous b e l i e f s about v i s i o n even a f t e r t h e i r 

c l a s s e s had gone t h r o u g h a u n i t on l i g h t ( a l t h o u g h these 

r e s e a r c h e r s r e p o r t e d no e x t r a m i s s i o n i s t b e l i e f s i n t h e i r 

sample). These r e s e a r c h e r s proposed t h a t t h e f a i l u r e o f t h e 

i n s t r u c t i o n a l u n i t t o e r a d i c a t e t h e s t u d e n t s ' m i s c o n c e p t i o n s 

c o u l d be due t o a ( f a u l t y ) assumption on t h e p a r t o f 

t e x t b o o k w r i t e r s and t e a c h e r s , namely t h a t "everyone" knows 

t h a t l i g h t r e f l e c t s o f f o b j e c t s t o t h e eyes. The r e s i s t a n c e 

o f c h i l d r e n ' s i n t u i t i v e b e l i e f s about v i s i o n t o i n s t r u c t i o n 

i s p a r t o f t h e dilemma o f r e f o r m u l a t i n g one's i n t u i t i v e 

n o t i o n s o f n a t u r a l phenomena when t h e s c i e n t i f i c v i e w 

c o n t r a d i c t s one's own v i e w (Chinn & Brewer, 1993). 
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Working i n a s t r u c t u r a l i s t v e i n , Guesne (1984, 1985) 

found u s i n g c l i n i c a l i n t e r v i e w procedures t h a t most c h i l d r e n 

she s t u d i e d (aged 13-14 years) h e l d i n c o r r e c t b e l i e f s about 

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

w o r l d s (as opposed t o o b v i o u s l y r e f l e c t i v e s u r f a c e s l i k e 

m i r r o r s ) r e f l e c t s l i g h t t o our eyes, c a u s i n g us t o see i t . 

She f u r t h e r n o t e d t h a t a few o f her s u b j e c t s e x p l i c i t l y 

p r o f e s s e d e x t r a m i s s i o n i s t b e l i e f s about p e r c e p t i o n . 

However, she r e p o r t e d o n l y a few c h i l d r e n had such i d e a s 

( a l t h o u g h t h e l a c k o f men t i o n o f sample s i z e s and o f 

d e s c r i p t i v e s t a t i s t i c s muddies t h e meaning o f t h e t e r m 

" f e w " ) , and she c l a i m e d these c h i l d r e n s 1 b e l i e f s were 

" q u a l i t a t i v e l y " d i f f e r e n t f r o m those o f t h e a n c i e n t s (p. 26, 

1985) and t h e r e f o r e n o t e x t r a m i s s i o n i s t i n an h i s t o r i c a l 

sense. Most o f her respondents, she r e p o r t e d , e x p l a i n e d 

v i s i o n w i t h o u t r e f e r e n c e t o t r a n s m i s s i o n o f any s o r t 

o c c u r r i n g between t h e eye and t h e to-be-viewed o b j e c t 

(1985). 

Some e m p i r i c a l work does e x i s t t o document t h e 

erroneous c o n c e p t i o n s o f v i s i o n t h a t many s t u d e n t s h o l d . 

Anderson and Smith (1986) i n v e s t i g a t e d t h e n a t u r e o f t h e 

b e l i e f s t h a t f i f t h - g r a d e s t u d e n t s p r o f e s s e d about l i g h t and 

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

w hich c o u l d h e l p s t u d e n t s overcome any i n c o r r e c t t h e o r i e s 

about l i g h t and v i s i o n . They found t h a t most s t u d e n t s d i d 

not u n d e r s t a n d t h e n a t u r e o f l i g h t , n o t u n d e r s t a n d i n g t h a t 
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i t i s i n c o n s t a n t m o t i o n and can r e f l e c t o f f any o b j e c t . 

They r e p l i c a t e d t h e f i n d i n g t h a t v e r y few c h i l d r e n c l e a r l y 

u n d e r s t a n d how l i g h t makes v i s i o n p o s s i b l e and a l s o found 

some evidence o f e x t r a m i s s i o n i s t b e l i e f s . Many p a r t i c i p a n t s 

i n t h e i r sample seemed t o h o l d no c o n s i s t e n t v i e w about t h e 

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

improved s t u d e n t s ' u n d e r s t a n d i n g s o f l i g h t s i g n i f i c a n t l y , 

b u t Anderson and Smith (19 86) n o t e t h a t t h i s was an 

e x t e n s i v e u n i t e x p l a i n i n g many t h i n g s t h a t s c i e n c e t e x t b o o k s 

seem t o t a k e f o r g r a n t e d , such as t h e r o l e o f r e f l e c t e d 

l i g h t i n v i s i o n . 

U n p u blished work by Repp, C a l l a n a n , M e ier, and M i l l e r 

(1992) documents t h e b e l i e f s about v i s i o n h e l d by 

k i n d e r g a r t n e r s , second- and f o u r t h - g r a d e s t u d e n t s , and 

a d u l t s . R e s u l t s i n d i c a t e d a t r e n d i n e x p l a n a t i o n s about how 

we see: K i n d e r g a r t n e r s a t t r i b u t e d no r o l e t o r e f l e c t e d 

l i g h t , second-graders had a s l i g h t and n o n - s i g n i f i c a n t 

tendency t o e x p l a i n v i s i o n i n terms of l i g h t r e f l e c t i n g i n t o 

t h e eye and back o u t t o t h e o b j e c t , w h i l e f o u r t h - g r a d e r s 

most o f t e n e x p l a i n e d v i s i o n by s i m p l y s t a t i n g t h a t l i g h t 

i l l u m i n a t e s o b j e c t s and makes v i s i o n p o s s i b l e ; r e f l e c t e d 

l i g h t was absent f r o m t h i s t y p e o f e x p l a n a t i o n . A d u l t s 

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

F o l l o w i n g some o f t h e k i n d e r g a r t n e r s l o n g i t u d i n a l l y f o r a 

year gave a d d i t i o n a l s u p p o r t f o r t h i s t r e n d , as Repp e t a l . 

(1992) were a b l e t o i d e n t i f y a s h i f t f r o m t h e k i n d e r g a r t e n 
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e x p l a n a t i o n t o t h e l i g h t - r e f l e c t e d - i n - a n d - b a c k - o u t 

e x p l a n a t i o n t y p i c a l o f t h e second-graders. These 

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

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

about t h e r o l e o f l i g h t and t h e eyes i n s e e i n g t h r o u g h a 

p e r i o d o f "naive o p t i c s " (p. 2 5 ) , which may be t h e r e s u l t o f 

combining a n a i v e psychology w i t h s chool i n s t r u c t i o n . 

A common theme i n t h e above-mentioned r e s e a r c h i s t h a t 

many c h i l d r e n and a d o l e s c e n t s l a c k some v e r y b a s i c ideas 

about l i g h t : t h a t i t i s an e n t i t y which p r o p a g a t e s t h r o u g h 

space and t h a t i t r e f l e c t s o f f o b j e c t s t o t h e eyes, making 

v i s i o n p o s s i b l e . Furthermore, these n o t i o n s seem t o be 

ta k e n f o r g r a n t e d i n t y p i c a l e d u c a t i o n a l u n i t s w h i c h cover 

l i g h t and v i s i o n , meaning t h a t these u n i t s a r e n o t as 

e f f e c t i v e as t h e y c o u l d be. However, none o f t h e r e s e a r c h 

c i t e d above e x p l i c i t l y focused on a concept b a s i c t o 

u n d e r s t a n d i n g v i s i o n , i n t r o m i s s i o n . 

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

q u e s t i o n by Winer, C o t t r e l l and c o l l e a g u e s ( C o t t r e l l & 

Winer, 1994; F o u r n i e r , 1994; Winer, C o t t r e l l , K a r e f i l a k i , & 

Gregg, i n p r e s s ; Winer & C o t t r e l l , i n p r e s s ; Winer, 

C o t t r e l l , K a r e f i l a k i & C h r o n i s t e r , 1996) s u p p o r t s t h e 

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

e x t r a m i s s i o n b e l i e f s about v i s i o n , a f i n d i n g w h i c h has 

endured under v a r i o u s modes of q u e s t i o n i n g . I n p a r t i c u l a r , 

some evidence f o r a J-shaped developmental c u r v e i n 
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i n t r o m i s s i o n i s t c o n c e p t i o n s o f v i s i o n has been o b t a i n e d , 

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

which t a p e r s o f f u n t i l f i f t h grade; however, c o l l e g e 

s t u d e n t s are m o s t l y i n t r o m i s s i o n i s t s . B e l i e f s i n 

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

f i v e . C o l l e g e s t u d e n t s are g e n e r a l l y l e s s l i k e l y t o d i s p l a y 

e x t r a m i s s i o n b e l i e f s , b u t such n o t i o n s do n o t d i s a p p e a r (as 

I w i l l d i s c u s s b e l o w ) . I n a s t u d y which f o c u s e d on t h e 

b e l i e f s p r e s c h o o l e r s h o l d about p e r c e p t u a l processes, 

F o u r n i e r (1994) found t h a t these young c h i l d r e n p r o f e s s e d 

b e l i e f s about v i s i o n , a u d i t i o n and o l f a c t i o n t h a t were b o t h 

i n t r o m i s s i o n i s t and e x t r a m i s s i o n i s t , w i t h t h e r e s u l t s 

p o s s i b l y b e i n g due t o an e g o c e n t r i c , " b a l l i s t i c s " t h e o r y o f 

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

as e n t e r i n g t h e body f r o m w i t h o u t . I n o t h e r words, t h e i r 

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

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

b e l i e f s . 

C o t t r e l l and Winer (1994) found t h a t a p p r o x i m a t e l y h a l f 

o f t h e i r s i x t h - g r a d e p a r t i c i p a n t s gave e x t r a m i s s i o n 

responses t o v e r b a l q u e s t i o n s about how v i s i o n o c c u r s , w h i l e 

o n l y 9 p e r c e n t o f c o l l e g e s t u d e n t s d i d so. However, even a 

l a r g e m i n o r i t y o f c o l l e g e s t u d e n t s (24 p e r c e n t ) a d m i t t e d a 

b e l i e f i n e x t r a m i s s i o n on a p i c t o r i a l q u e s t i o n , s p e c i f i c a l l y 

t h a t something f i r s t l e a v e s t h e eye and t h e n comes back i n . 

A d d i t i o n a l l y , 12 p e r c e n t o f t h e c o l l e g e s t u d e n t s d e n i e d t h a t 
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i n t r o m i s s i o n o f any s o r t a i d s i n s e e i n g ! These r e s u l t s g i v e 

s u p p o r t t o t h e J-shaped age t r e n d i n t h e f r e q u e n c y o f 

i n t r o m i s s i o n i s t b e l i e f s . P a r t i c i p a n t s o f a l l ages agreed t o 

a l a r g e e x t e n t t h a t l o o k s can mix, a l a P i a g e t (1929/1972), 

w i t h a s u r p r i s i n g l y l a r g e p r o p o r t i o n o f c o l l e g e s t u d e n t s (40 

p e r c e n t ) a s s e n t i n g t o t h i s i d e a . 

Winer e t a l . (199 6) found t h a t t h e t y p e o f s t i m u l u s 

(luminous v e r s u s nonluminous) used i n q u e s t i o n i n g d i d n o t 

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

number o f i n t r o m i s s i o n responses i n t h i r d - and f i f t h -

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

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

responses! P o s s i b l y , t h e a u t h o r s suggest, t h e i n d u c t i o n o f 

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

and caused a r e g r e s s i o n t o more i n t u i t i v e r e s p o n d i n g . 

F u r t h e r experiments (Winer e t a l . , i n p r e s s ) germane t o 

t h i s s t u d y found t h a t p u r e l y v e r b a l q u e s t i o n s e l i c i t e d more 

c o r r e c t ( i n t r o m i s s i o n ) responses t h a n d i d a s e r i e s o f seven 

computer-graphic q u e s t i o n s , a l t h o u g h t h e e f f e c t was s m a l l . 

One experiment i n w h i c h s t u d e n t s r e c e i v e d b o t h a v e r b a l 

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

r e v e r s a l due t o mode o f p r e s e n t a t i o n , w i t h p a r t i c i p a n t s 

almost always changing t h e i r answers f r o m t h e f i r s t t r i a l t o 

th e second r e g a r d l e s s o f whether t h e y were c o r r e c t o r n o t . 

Whatever b e l i e f s p a r t i c i p a n t s d i d possess about v i s i o n 

appeared not t o be v e r y s t r o n g . 
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I n g e n e r a l , t h e n , a c l e a r developmental t r e n d appears 

t o be p r e s e n t , w i t h most c h i l d r e n e v i n c i n g some t y p e o f 

e x t r a m i s s i o n i s t i d e a about v i s i o n and many c o l l e g e - a g e d 

a d u l t s h o l d i n g t o t h e i n t r o m i s s i o n i s t v i e w . However, t h e 

c o l l e g e - a g e d p a r t i c i p a n t s have been by no means unanimous i n 

t h e i r endorsements o f i n t r o m i s s i o n , as j u s t documented. 

One i m p o r t a n t f i n d i n g , which has remained under v a r i o u s 

t e s t i n g c o n d i t i o n s , i s t h a t t h e mode o f r e p r e s e n t a t i o n used 

i n t h e q u e s t i o n about v i s i o n a f f e c t s performance: P i c t o r i a l 

r e n d i t i o n s o f what m i g h t occur d u r i n g v i s i o n t e n d t o 

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

q u e s t i o n s l e a d t o more i n t r o m i s s i o n i s t answers ( C o t t r e l l & 

Winer, 1994; Winer e t a l . , i n p r e s s ) . I n p a r t i c u l a r , t h e 

f o r c e d - c h o i c e computer g r a p h i c q u e s t i o n s used by Winer e t 

a l . ( i n p r e s s ) , w h i c h d e p i c t v a r i o u s processes t h a t c o u l d 

occur d u r i n g v i s i o n , seem q u i t e d i f f i c u l t even f o r c o l l e g e 

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

p r e s e n t a t i o n has shown t h a t r o u g h l y t w o - t h i r d s o f c o l l e g e 

s t u d e n t s endorse a t l e a s t one c h o i c e w h i c h i n c l u d e s 

e x t r a m i s s i o n on these q u e s t i o n s . 

On t h e o t h e r hand, when asked t o w r i t e an e x p l a n a t i o n 

o f how someone sees something, one s t u d y r e v e a l e d t h a t NO 

s t u d e n t e x p l i c i t l y mentioned a n y t h i n g l e a v i n g t h e eye (Winer 

& C o t t r e l l , i n p r e s s . Experiment 1 ) . However, when asked t o 

draw a r e p r e s e n t a t i o n o f how we see u s i n g arrows t o r e f e r t o 

i n p u t and o u t p u t o f something t o and f r o m t h e eye, s t u d e n t s 
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o f v a r i o u s ages, i n c l u d i n g c o l l e g e s t u d e n t s , have shown a 

tendency t o draw an arrow o r arrows l e a v i n g t h e eye and 

g o i n g t o t h e o b j e c t . Winer and C o t t r e l l ( i n p r e s s . 

Experiment 1) found i n one st u d y t h a t o n l y 5 o f 101 c o l l e g e 

s t u d e n t s drew o n l y i n w a r d - d i r e c t e d arrows! E x p l i c i t l y 

a s k i n g s t u d e n t s t o draw arrows i n d i c a t i n g i n p u t and/or 

o u t p u t from t h e eye decreased t h i s tendency, a l t h o u g h 

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

r e n d i t i o n s o f v i s i o n which i n c l u d e d e x t r a m i s s i o n (Winer & 

C o t t r e l l , i n p r e s s . Experiment 3 ) . The a u t h o r s suggest t h a t 

e x p l i c i t l y r e f e r r i n g t o i n p u t and o u t p u t b r i n g s t o mind an 

o t h e r w i s e dormant d i s t i n c t i o n between t h e outwardness o f 

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

t h e eyes t h a t i s p a r t o f t h e a c t u a l v i s u a l p r o c e s s . 

A l t o g e t h e r , these d a t a i n d i c a t e t h a t d i f f e r e n t forms o f 

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

s t u d e n t s endorse. P i c t o r i a l r e n d i t i o n s o f v i s i o n c o u l d 

p o s s i b l y induce t h i n k i n g about t h e o r i e n t a t i o n a l a s p ects o f 

v i s i o n , evidenced i n common phrases l i k e "Look a t t h i s . " 

Thus s t u d e n t s who draw o u t w a r d - d i r e c t e d arrows o r who 

endorse e x t r a m i s s i o n responses on t h e computer i t e m s m i g h t 

merely be t h i n k i n g i n terms o f o r i e n t a t i o n , i n an i n t u i t i v e 

f a s h i o n , c a u s i n g them t o g i v e e x t r a m i s s i o n i s t o r i n t r o - and 

e x t r a m i s s i o n i s t responses. Being r e q u i r e d t o w r i t e about 

v i s i o n might r e l e a s e them f r o m t h e i n f l u e n c e o f these 

t e n d e n c i e s and a l l o w them t o i n s t e a d r e l y upon t h e i r s t o r e 
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o f s c i e n t i f i c knowledge o f t h e s u b j e c t (Winer & C o t t r e l l , i n 

p r e s s ) . Of course, t h i s t h e o r y , i f a c c u r a t e , would s t i l l 

n o t e x p l a i n what se p a r a t e s these persons f r o m t h o s e who a r e 

pure i n t r o m i s s i o n i s t s , r e g a r d l e s s o f t h e m o d a l i t y o f 

r e p r e s e n t a t i o n used. 

The work o f Winer and c o l l e a g u e s i s e s p e c i a l l y r e l e v a n t 

t o t h e p r e s e n t s t u d y . For one t h i n g , t h e f i n d i n g t h a t many 

c o l l e g e s t u d e n t s , most o f whom have l e a r n e d about v i s i o n i n 

th e course o f an i n t r o d u c t o r y psychology c l a s s , n e v e r t h e l e s s 

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

i s a s t o u n d i n g . Indeed, as s e v e r a l i n f o r m a l d i s c u s s i o n s o f 

t h i s r e s e a r c h w i t h c o l l e a g u e s and acquaintances has 

i n d i c a t e d , t h i s r e s u l t f l i e s i n t h e f a c e o f a l l common sense 

t o many people. 

T h i s r e s u l t i s a l s o p r o b l e m a t i c f o r a t h e o r e t i c a l 

metaphor c u r r e n t l y p o p u l a r i n developmental p s y c h o l o g y , 

namely t h a t developments i n t h e h i s t o r y o f s c i e n c e are 

r e c a p i t u l a t e d i n t h e course o f c h i l d development, a t l e a s t 

i n Western c h i l d r e n (Carey, 1991). Such an i d e a has i t s 

r o o t s i n t h e concept o f t h e paradigm s h i f t d e v i s e d by Thomas 

Kuhn i n The S t r u c t u r e o f S c i e n t i f i c R e v o l u t i o n s (1970). 

B r i e f l y , i n Kuhn's v e r s i o n o f s c i e n t i f i c p r o g r e s s , a s e t o f 

core t h e o r e t i c a l assumptions about r e a l i t y c a l l e d a paradigm 

dominates a s c i e n t i f i c f i e l d f o r a ti m e , t h e n as more and 

more evidence accumulates which t h e paradigm cannot 

accommodate, t h e paradigm weakens. F i n a l l y , a r e l a t i v e l y 
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sudden, r a d i c a l change i n assumptions o c c u r s ( t h i s i s t h e 

paradigm s h i f t ) , so t h a t t h e f i n d i n g s w h i c h were anomalous 

t o t h e o l d paradigm are now c e n t r a l t o t h e new one. The 

h i s t o r i c a l move from ideas about e x t r a m i s s i o n , w h i c h were 

prominent f o r n e a r l y two thousand y e a r s , t o t h e modern 

i n t r o m i s s i o n t h e o r y , i s a s t e r l i n g case o f a paradigm s h i f t . 

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

p s y c h o l o g i s t s have adopted t h e Kuhnian v i e w t o e x p l a i n 

changes i n many c o g n i t i v e phenomena, i n c l u d i n g s c i e n t i f i c 

b e l i e f s . Susan Carey i s p r o b a b l y t he s t a u n c h e s t s u p p o r t e r 

of t h i s approach. Carey (1991) d e s c r i b e s changes i n 

i n t u i t i v e t h e o r i e s about s c i e n t i f i c phenomena as p a r a l l e l i n g 

changes i n t h e h i s t o r y o f sc i e n c e . She r e f e r s t o changes i n 

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

changes." A l t h o u g h she a l s o d e s c r i b e s "weak c o n c e p t u a l 

changes" which are n o t as r a d i c a l as paradigm s h i f t s , 

changes i n s c i e n t i f i c b e l i e f s a re a s s e r t e d t o be s t r o n g 

ones. C h i l d r e n b e g i n w i t h a few i n n a t e , p r i m i t i v e b e l i e f s 

about t h e w o r l d which undergo r e s t r u c t u r i n g i n development 

i n t h e same way t h a t paradigms change i n s c i e n c e ; such 

r e s t r u c t u r i n g i s a f u n c t i o n b o t h o f knowledge a c q u i s i t i o n 

and b i o l o g i c a l l y - c o n s t r a i n e d development. For example, 

r e s e a r c h i n c h i l d r e n ' s u n d e r s t a n d i n g o f b a s i c astronomy has 

shown t h a t b e l i e f s about t h e e a r t h i n space p r o g r e s s f r o m 

t h e a n c i e n t " f l a t - e a r t h " v i e w i n e a r l y c h i l d h o o d , t h r o u g h 

v a r i o u s m i s c o n c e p t i o n s which are p r o b a b l y due t o erroneous 
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a t t e m p t s a t combining phenomenological i m p r e s s i o n s w i t h 

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

a ccepted view about t h e e a r t h as a p l a n e t (Vosniadou & 

Brewer, 1992). T h i s r e s u l t and o t h e r s have c o n t r i b u t e d t o 

t h e "ontogeny r e c a p i t u l a t e s h i s t o r y o f s c i e n c e " p r o p o s a l . 

The f i n d i n g s summarized on v i s i o n , however, do n o t 

f u l l y s u p p o r t t h i s i d e a . While many c o l l e g e - a g e d a d u l t s do 

demonstrate i n t r o m i s s i o n i s t i d eas about v i s i o n , many o t h e r s 

do n o t b e l i e v e , o r a t l e a s t do n o t understand, t h e 

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

b e l i e f s these s t u d e n t s h o l d about v i s i o n , a t l e a s t w i t h 

r e g a r d t o d i r e c t i o n a l i t y , have changed v e r y l i t t l e w i t h 

development, inasmuch as t h e y e v i n c e e x t r a m i s s i o n i s t b e l i e f s 

e s s e n t i a l l y t h e same as those h e l d by young c h i l d r e n i n t h e 

C o t t r e l l and Winer (1994) s t u d i e s . 

The p r e s e n t s t u d y i s concerned w i t h t h e e x t e n t t o w h i c h 

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

f o r v i s i o n . That i s , I assume t h a t i n t h e p a s t r e s e a r c h , 

s t u d e n t s m i g h t have a f f i r m e d b e l i e f s about e x t r a m i s s i o n 

d u r i n g v i s i o n b u t might a l s o have b e l i e v e d t h a t t h i s 

phenomenon i s n o t necessary f o r v i s i o n . I n o t h e r words, 

t h e y may view e x t r a m i s s i o n as i n c i d e n t a l t o and n o t 

necessary f o r v i s i o n t o occur. Indeed l i g h t m i g h t escape 

fr o m t h e eye i f i t s h o u l d happen t o r e f l e c t o f f t h e r e t i n a 

( w i t n e s s t h e red-eye phenomenon i n f l a s h p h o t o g r a p h y ) . I f 
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s t u d e n t s v i e w e x t r a m i s s i o n as unnecessary f o r v i s i o n , t h e n 

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

i n t r o m i s s i o n responses. 

C o n d i t i o n s i n w h i c h p a r t i c i p a n t s a r e asked t o respond 

i n terms o f what i s necessary f o r v i s i o n m i g h t decrease 

e x t r a m i s s i o n f o r o t h e r reasons as w e l l . Thus, s t u d e n t s 

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

b u t when asked t o reason i n terms o f what i s necessary, t h e y 

m i g h t i n f e r t h e c o r r e c t answer. Another p o s s i b i l i t y i s t o 

assume t h a t e x t r a m i s s i o n i s t s g i v e i n c o r r e c t responses 

because t h e y a r e r e s p o n d i n g on t h e b a s i s of i n t u i t i o n o r 

f l e e t i n g i m p r e s s i o n s . A s k i n g them t o respond i n terms o f 

n e c e s s i t y may f o r c e them t o c o n s i d e r what must happen d u r i n g 

v i s i o n and c o n c e i v a b l y l e a d t o more c o r r e c t responses. 

However, i n two p i l o t s t u d i e s I have made some i n i t i a l 

e x a m i n a t i o n s o f c o n d i t i o n s o f n e c e s s i t y , and I have found, 

c o n t r a r y t o t h e assumptions o f t h i s s t udy, t h a t many c o l l e g e 

s t u d e n t s do a t l e a s t appear t o a f f i r m a b e l i e f i n t h e 

n e c e s s i t y o f e x t r a m i s s i o n f o r v i s i o n t o occur. The f i r s t 

s t u d y r e l i e d upon t h e c o m p u t e r - q u e s t i o n f o r m a t u t i l i z e d by 

Winer e t a l . ( i n p r e s s ) , i n w h i c h d i f f e r e n t r e n d i t i o n s o f 

v i s i o n are d e p i c t e d f o r 7 t r i a l s and s t u d e n t s must choose 

among them, b u t a l s o i n c l u d e d a n e c e s s i t y f a c t o r . Some 

p a r t i c i p a n t s were asked q u e s t i o n s which e x p l i c i t l y mentioned 

t h i s c o n s i d e r a t i o n ; f o r example, one q u e s t i o n r e a d " I n o r d e r 

f o r us t o see, i s i t a b s o l u t e l y necessary f o r something t o 
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come i n t o t h e eye o r t o go out o f t h e eye?" Other s t u d e n t s 

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

n e c e s s i t y , such as "When we see, does something come i n t o 

t h e eye or go out o f t h e eye?" T h i s experiment a l s o 

i n c l u d e d a w a r n i n g f a c t o r (some s t u d e n t s were warned i n 

advance t h a t we would be a s k i n g them whether something goes 

i n t o , comes o u t of o r b o t h goes i n t o and o u t o f t h e eye when 

we se e ) . These two f a c t o r s produced no e f f e c t upon s t u d e n t s ' 

s t a t e d b e l i e f s about v i s i o n , as measured by t h e number o f 

c o r r e c t , i n t r o m i s s i o n - o n l y responses. 

A second s t u d y a g a i n u t i l i z e d t h e comp u t e r - g r a p h i c 

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

f a c t o r o f c o g n i t i v e c o n f l i c t . That i s , some p a r t i c i p a n t s 

were asked t o j u s t i f y t h e i r responses t o each o f t h e 7 

t r i a l s , a procedure designed t o induce a s o r t o f 

d i s e q u i l i b r i u m by c o n f r o n t i n g t h e s t u d e n t w i t h any 

c o n t r a d i c t i o n s among h i s o r her responses. T h i s p r o c e d u r e 

c o u l d p o t e n t i a l l y a l t e r b e l i e f s about v i s i o n (see Pascual-

Leone, 1991, and Kuhn, 1993-a & b, f o r d i s c u s s i o n s o f t h e 

p o s s i b l e r o l e s o f c o g n i t i v e c o n f l i c t and r a t i o n a l argument 

i n i n c r e a s i n g u n d e r s t a n d i n g o f s c i e n c e ) . T h i s second s t u d y 

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

q u e s t i o n ( F l a v e l l , Green & F l a v e l l , 19 8 6 ) . Some 

p a r t i c i p a n t s were asked, a f t e r t h e i r responses t o each 

computer t r i a l , i f t h e r e n d i t i o n o f v i s i o n t h e y chose r e a l l y 

o ccurs o r o n l y seems t o occur. These m a n i p u l a t i o n s a l s o had 
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no e f f e c t upon p a r t i c i p a n t s ' t h e o r i e s o f v i s i o n , as measured 

by number o f i n t r o m i s s i o n - o n l y responses. However, i t i s 

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

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

s c i e n t i f i c phenomena. 

T h i s p o s s i b i l i t y , t h a t p a r t i c i p a n t s are l a c k i n g an 

e x p l a n a t i o n o f what " n e c e s s i t y " a c t u a l l y means i n t h e 

c o n t e x t o f t h e study, i s a problem because p a r t i c i p a n t s may 

have d i f f e r e n t n o t i o n s o f t h e concept o f n e c e s s i t y t h a n what 

I i n t e n d . They c o u l d t h e r e f o r e r e l y upon t h e i r own 

i n t e r p r e t a t i o n s o f t h i s t e r m when r e s p o n d i n g , and t h e r e i s 

no reason t o b e l i e v e t h a t these ad hoc d e f i n i t i o n s ( i f t h e y 

are i n f a c t formed) i n v o l v e t h e r o l e o f l i g h t i n s e e i n g ; 

t h a t i s , p a r t i c i p a n t s may n o t even be t h i n k i n g i n terms o f 

" i n " and " o u t . " For example, f o r v i s u a l p e r c e p t i o n t o 

occur, s i g n a l s must n e c e s s a r i l y t r a v e l f r o m t h e o p t i c nerves 

t o t h e b r a i n , b u t l i g h t i s n ot c e n t r a l t o t h i s example o f 

n e c e s s i t y . A more b a s i c example i s t h a t f o r a person t o see 

an o b j e c t she must be l o o k i n g a t i t . T h i s t y p e o f n e c e s s i t y 

c o n t a i n s an outward o r i e n t a t i o n which a g a i n does not g i v e a 

r o l e t o l i g h t ( R e c a l l t h a t Winer and C o t t r e l l [ i n p r e s s ] 

f ound evidence f o r a d i s t i n c t i o n between o r i e n t a t i o n a l and 

s c i e n t i f i c a l l y - b a s e d i n t e r p r e t a t i o n s o f v i s i o n by some 

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

know i n advance what " n e c e s s i t y " r e f e r s t o and must somehow 

r e l y upon t h e i r own meanings, which are a p o s s i b l e source o f 
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e r r o r i n t h e d e s i g n as t h e y are beyond e x p e r i m e n t a l c o n t r o l . 

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

p e r t a i n i n g t o s c i e n t i f i c phenomena, a l o n g w i t h s i m p l e 

p r e t r i a l s designed t o cause p a r t i c i p a n t s t o t h i n k about 

n e c e s s i t y i n a way c o n s i s t e n t w i t h t h e d e f i n i t i o n , t o remove 

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

i n t r o m i s s i o n i s t r e s p o n d i n g . 

Research Questions 

The p r e s e n t study, b u i l d i n g upon t h e f i n d i n g s o f 

C o t t r e l l and Winer (1994), Winer e t a l . ( i n p r e s s ) and Winer 

e t a l . (1996), f u r t h e r e x p l o r e d c o n d i t i o n s under which 

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

r e q u i r e d t o t h i n k about t h e concept of n e c e s s i t y . I w i l l 

now p r e s e n t a b r i e f o u t l i n e o f t h e s t u d y ' s r e s e a r c h 

q u e s t i o n s : 

(1) H o l d i n g t o t h e o v e r a r c h i n g i d e a o f r e q u i r i n g 

s t u d e n t s t o c o n s i d e r v i s i o n i n terms o f what i s necessary 

f o r i t t o occur, i t w i l l e x p l o r e p o s s i b l e e f f e c t s o f 

s t r e n g t h e n i n g t h i s f a c t o r beyond t h e e x t e n t t o which i t was 

u t i l i z e d i n t h e two p i l o t s t u d i e s . W i l l p r e s e n t i n g s t u d e n t s 

w i t h an e x p l i c i t d e f i n i t i o n o f t h e t e r m "necessary" i n t h e 

c o n t e x t of t h e study, a l o n g w i t h an example and a s e r i e s o f 

p r e t e s t items designed t o induce t h i n k i n g about phenomena i n 

terms o f t h i s d e f i n i t i o n , improve performance on t h e 

computer v i s i o n t r i a l s as compared t o a c o n t r o l group whi c h 

i s n o t exposed a t a l l t o t h e concept o f n e c e s s i t y ? 
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(2) Furthermore, w i l l t h e s p e c i f i c t y p e o f p r e t e s t 

items used make a d i f f e r e n c e on t h e v i s i o n t r i a l s ? I n 

p a r t i c u l a r , w i l l p r e t e s t items r e q u i r i n g p a r t i c i p a n t s t o 

t h i n k about sensory processes o t h e r t h a n v i s i o n and 

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

on t h e v i s i o n t r i a l s t h a n p r e t e s t items about n o n b i o l o g i c a l 

processes? 

(3) A more e x p l o r a t o r y q u e s t i o n d e a l s w i t h t h e n a t u r e 

of t h e s c i e n t i f i c knowledge t h a t p a r t i c i p a n t s possess. The 

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

v i s i o n i s i m p o r t a n t because i t can be argued, s h o u l d t h e 

n e c e s s i t y c o n d i t i o n s improve performance, t h a t t h e y do so 

n o t because t h e y induce t h i n k i n g about t h e c a u s a l n e c e s s i t y 

i n phenomena such as v i s i o n ( i . e . l i g h t r e f l e c t e d f r o m 

o b j e c t s must e n t e r t h e eye) b u t because t h e y a c t i v a t e 

s c i e n t i f i c schemas t h e p a r t i c i p a n t s possess f o r v i s i o n . 

Thus, another q u e s t i o n o f t h i s s t u d y i s as f o l l o w s : can 

a c t i v a t i n g t h e s c i e n t i f i c knowledge t h a t s t u d e n t s possess 

about v i s i o n improve performance on t h e v i s i o n t r i a l s 

i n d e p e n d e n t l y o f any exposure t o t h e concept o f n e c e s s i t y i n 

terms o f v i s i o n ? T h i s r e s u l t , i f i t o c c u r r e d , would suggest 

t h a t t h e n e c e s s i t y t r a i n i n g was e f f e c t i v e o n l y because i t 

a l l o w e d s t u d e n t s t o r e c a l l t h e i r s c i e n t i f i c knowledge o f 

v i s i o n ; c r e d i t i n g such improvement t o n e c e s s i t y 

c o n s i d e r a t i o n s would n o t be w a r r a n t e d i n t h a t case. 
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CHAPTER 3 

METHODOLOGY 

P a r t i c i p a n t s 

P a r t i c i p a n t s were 132 c o l l e g e s t u d e n t s a t Ohio S t a t e 

U n i v e r s i t y , a l l o f whom were e n r o l l e d i n an i n t r o d u c t o r y 

p sychology c l a s s a t t h e t i m e o f t h e experiment and 

p a r t i c i p a t e d i n t h e s t u d y as p a r t o f a c l a s s r e q u i r e m e n t . 

P a r t i c i p a n t s c o n s i s t e d o f 54 males and 78 females (Mean age 

= 19.4 y e a r s . Range = 17-33 y e a r s ) . I t i s w o r t h n o t i n g 

t h a t , p r i o r t o t e s t i n g , a l l o f them had been exposed t o t h e 

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

had t a k e n a midterm exam which i n c l u d e d q u e s t i o n s on t h e 

t o p i c . T h i s p r i o r exposure t o t h e s t u d y o f v i s i o n c o u l d o f 

course be c o n s i d e r e d a c o n t a m i n a t i n g f a c t o r , meaning t h a t 

perhaps we are n o t s t u d y i n g "pure," i n t u i t i v e t h e o r i e s o f 

v i s i o n . However, such c o n t a m i n a t i o n i s u n l i k e l y t o have 

marked e f f e c t s on many s t u d e n t s ' b e l i e f s . P r e v i o u s 

u n p u b l i s h e d r e s e a r c h (Winer & C o t t r e l l , 1994) has shown t h a t 

s t u d e n t s who have a l r e a d y e x p e r i e n c e d t h e u n i t on v i s i o n i n 

the i n t r o d u c t o r y c l a s s a t Ohio S t a t e p e r f o r m o n l y s l i g h t l y 

b e t t e r on t h e computer v i s i o n t r i a l s ( t o be d e s c r i b e d below) 
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t h a n s t u d e n t s w i t h o u t such e d u c a t i o n . Over o n e - h a l f o f t h e 

s t u d e n t s w i t h t h e p e r t i n e n t e d u c a t i o n s t i l l endorsed a t 

l e a s t one e x t r a m i s s i o n response, and t h e mean d i f f e r e n c e i n 

pre - v e r s u s p o s t - e d u c a t i o n number o f c o r r e c t responses was 

n o t g r e a t ( 3 . 1 out o f 5 v e r s u s 4 out o f 5 ) . 

Measures 

For t h e main dependent v a r i a b l e , p a r t i c i p a n t s r e c e i v e d 

scores based on e i g h t v i s i o n t r i a l s , seven p r e s e n t e d i n t h e 

computer-graphic f o r m a t f o l l o w i n g t h a t used i n Winer e t a l . 

( i n p r e s s ) , w i t h t h e e i g h t h q u e s t i o n b e i n g p u r e l y v e r b a l . 

The computer g r a p h i c s showed faces i n p r o f i l e l o o k i n g a t 

b l o c k s , and d o t t e d l i n e s r e p r e s e n t i n g l i g h t were shown g o i n g 

i n t o , o u t o f , or b o t h i n t o and out of each f a c e ' s eyes and 

coming i n t o c o n t a c t w i t h one b l o c k . From two t o f o u r f a c e s , 

a l i g n e d v e r t i c a l l y on t h e l e f t s i d e of t h e screen, were 

shown f o r each t r i a l . Each face regarded a b l o c k s i t u a t e d 

on t h e r i g h t s i d e of t h e screen. The b l o c k s were a l s o 

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

f a c e s . Thus, each f a c e - b l o c k c o m b i n a t i o n d e p i c t e d one 

p o s s i b l e v e r s i o n o f how v i s i o n occurs, w i t h t h e s p e c i f i c 

v e r s i o n b e i n g d e t e r m i n e d by t h e d i r e c t i o n ( s ) o f f l o w o f t h e 

d o t t e d l i n e s t h a t r e p r e s e n t e d l i g h t . Over t h e seven t r i a l s , 

f i v e p o s s i b l e r e n d i t i o n s o f v i s i o n were d e p i c t e d (something 

g o i n g i n t o t h e eyes, something g o i n g o u t o f t h e eyes, 

something g o i n g i n and out of t h e eyes s i m u l t a n e o u s l y , 

something f i r s t coming i n t o t h e eyes and t h e n g o i n g back 
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o u t , and something f i r s t g o i n g out of t h e eyes and t h e n 

coming i n ) . Each t r i a l showed f r o m two t o f o u r o f these 

r e n d i t i o n s . No more t h a n f o u r c o u l d be shown because o f 

space l i m i t a t i o n s on t h e computer screen. Each t r i a l 

i n c l u d e d as answer c h o i c e s t h e c o r r e c t p rocess ( i n t r o m i s s i o n 

o n l y ) and t h e process o f e x t r a m i s s i o n o n l y ; e v e r y t r i a l t h u s 

r e q u i r e d a c h o i c e between a t l e a s t these two processes. 

These v i s i o n t r i a l s were ar r a n g e d i n a s i n g l e o r d e r o f 

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

t h e s t a r t , t o t h r e e - c h o i c e q u e s t i o n s i n t h e m i d d l e , t o a 

s i n g l e two-choice q u e s t i o n ( i n t r o m i s s i o n v s . e x t r a m i s s i o n ) 

on t h e seventh t r i a l . However, t h e e i g h t h , p u r e l y v e r b a l 

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

r e q u i r e d t h e p a r t i c i p a n t t o choose one answer f r o m 

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

d e s c r i b e d above. 

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

these t r i a l s , w i t h t h e number o f c o r r e c t responses s e r v i n g 

as t h e dependent v a r i a b l e . However, s t u d e n t s i n t h e 

n e c e s s i t y c o n d i t i o n s were g i v e n t r a i n i n g on t h e concept o f 

n e c e s s i t y b e f o r e t h e y responded t o t h e v i s i o n t r i a l s , and 

t h e q u e s t i o n s accompanying t h e v i s i o n t r i a l s i n these 

c o n d i t i o n s were worded s l i g h t l y d i f f e r e n t l y f r o m those asked 

of s t u d e n t s i n t h e n o n - n e c e s s i t y c o n d i t i o n s . I n c o n t r a s t , 

th e s t u d e n t s i n t h e s c i e n t i f i c s c h e m a - a c t i v a t i o n c o n d i t i o n s 

r e c e i v e d a w r i t i n g t a s k p r i o r t o t h e v i s i o n t r i a l s w h i c h d i d 
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not i n v o l v e n e c e s s i t y and which was desig n e d t o evoke a 

s c i e n t i f i c frame o f mind f o r v i s i o n ; t h e i r v i s i o n t r i a l s 

were a l s o worded so as t o omit any mention o f n e c e s s i t y . 

F i n a l l y , t h e c o n t r o l - c o n d i t i o n p a r t i c i p a n t s o n l y answered a 

set o f q u e s t i o n s unconnected t o t h e n o t i o n s o f n e c e s s i t y and 

s c i e n t i f i c knowledge o f v i s i o n , and t h e y r e c e i v e d t h e same 

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

w i l l now more p r e c i s e l y d e s c r i b e t h e v a r i o u s c o n d i t i o n s . 

N e c e s s i t y C o n d i t i o n s 

To e l i m i n a t e any p o s s i b l e c o n f u s i o n about t h e vague 

id e a o f n e c e s s i t y , p a r t i c i p a n t s i n t h e two n e c e s s i t y 

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

n e c e s s i t y b e f o r e r e s p o n d i n g t o t h e computer q u e s t i o n s . To 

c l a r i f y how t h e y were t o c o n c e p t u a l i z e t h i s n o t i o n , t h e y 

f i r s t heard a d e f i n i t i o n o f t h e word "necessary" framed i n 

terms o f events t h a t occur, o r seem t o occur, 

s i m u l t a n e o u s l y : 

Sometimes c e r t a i n t h i n g s t h a t happen a t t h e same 
t i m e seem t o be r e l a t e d c l o s e l y t o each o t h e r . 
T h i s may make i t seem t o us t h a t each one i s 
necessary f o r t h e o t h e r t o occur. What do I mean 
by "necessary?" "Necessary" means t h a t one t h i n g 
has t o happen b e f o r e some o t h e r t h i n g can happen. 
For example, f o r a r a d i o t o work, r a d i o waves have 
t o move t h r o u g h t h e a i r . Radio waves moving 
t h r o u g h t h e a i r a r e ABSOLUTELY NECESSARY f o r a 
r a d i o t o work. 

However, j u s t because two t h i n g s happen c l o s e 
t o g e t h e r o r a t t h e same ti m e doesn't always mean 
t h a t one i s necessary f o r t h e o t h e r . I t c o u l d be 
t h e case t h a t two t h i n g s might happen a t t h e same 
ti m e even though t h e y have n o t h i n g t o do w i t h each 
o t h e r . I n t h i s case n e i t h e r t h i n g i s necessary 
f o r t h e o t h e r t o occur. 

For example, i s i t a b s o l u t e l y necessary f o r 
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you t o have a book i n o r d e r t o read? No, i t 
i s n ' t , because you c o u l d read o t h e r t h i n g s , such 
as a magazine, newspaper, or even a s i g n a l o n g t h e 
s i d e o f t h e road. 

As noted, t h e r e were two groups o f p a r t i c i p a n t s who 

r e c e i v e d t h i s d e f i n i t i o n p r i o r t o the v i s i o n t e s t . These 

p a r t i c i p a n t s t h e n answered e i g h t t r i a l s meant t o augment 

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

These a d d i t i o n a l p r e t e s t items were i n essence a s e r i e s o f 

yes/no q u e s t i o n s about commonly-occurring processes w h i c h 

e i t h e r covary o r o n l y seem t o covary. The t a s k s o f t h e 

p a r t i c i p a n t s were t o answer each t r i a l and e x p l a i n t h e i r 

answers. There were two ty p e s o f p r e t e s t q u e s t i o n s , each 

c o r r e s p o n d i n g t o one o f t h e n e c e s s i t y groups. W i t h i n each 

t y p e , h a l f o f t h e q u e s t i o n s had c o r r e c t "yes" answers and 

h a l f , c o r r e c t "no" answers: 

(1) Relevant i t e m s : These e i g h t q u e s t i o n s were 

" r e l e v a n t " i n t h a t t h e y r e f e r r e d t o sensory o r b i o l o g i c a l 

processes. For example, one r e l e v a n t p r e t e s t i t e m asked, 

"When you b r e a t h e i s i t a b s o l u t e l y necessary f o r something 

t o come i n t o your lungs?" N o t i c e t h i s example makes 

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

person. 

(2) i r r e l e v a n t i t e m s : These e i g h t p r e t e s t i t e m s were 

termed " i r r e l e v a n t " because t h e y d i d n o t i n v o l v e b i o l o g i c a l 

o r sensory processes. One i r r e l e v a n t p r e t r i a l r e a d " I f I 

h o l d up a b a s e b a l l i n f r o n t o f you r i g h t now and l e t go, i s 

i t a b s o l u t e l y necessary t h a t i t f a l l ? " 
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A d d i t i o n a l l y , each group o f items was f u r t h e r d i v i d e d 

i n t o two t y p e s . One t y p e o f q u e s t i o n m e r e l y asked f o r a 

yes-no response, and t h e examples l i s t e d above were 

q u e s t i o n s o f t h i s t y p e . A second type o f p r e t e s t i t e m was 

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

i t e m asked whether one t h i n g would happen g i v e n t h a t 

something e l s e has happened; f o r example, " I f you have n o t 

cu t y o u r s e l f , can you f e e l p a i n ? " The second p a r t o f t h e 

i t e m t h e n asked whether t h e f i r s t s t a t e o f a f f a i r s mentioned 

i n t h e q u e s t i o n was necessary f o r t h e second; e.g. "Could 

you say t h a t i t i s NECESSARY f o r you t o c u t y o u r s e l f i n 

o r d e r f o r you t o f e e l p a i n ? " Each p a r t i c i p a n t i n t h e two 

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

f o u r o f t h e s i m p l e i t e m s and f o u r o f t h e t w o - p a r t i t e m s , o f 

e i t h e r t h e Relevant o r I r r e l e v a n t t y p e . A f t e r a p a r t i c i p a n t 

answered each i t e m , t h e e x p e r i m e n t e r r e s t a t e d t h e c o r r e c t 

answer and r e a d a b r i e f e x p l a n a t i o n o f why t h a t answer was 

c o r r e c t , c o r r e c t i n g t h e p a r t i c i p a n t i f necessary. 

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

a " s e t " t o answer yes o r no, each s e t o f p r e t r i a l s ( R e l e v a n t 

and I r r e l e v a n t ) was d i v i d e d i n t o two o r d e r s w i t h t h e c o r r e c t 

"yes" and "no" responses a r r a n g e d so t h a t no more t h a n two 

of t h e same c o r r e c t response o c c u r r e d c o n s e c u t i v e l y . W i t h i n 

each o r d e r , t h e f o u r s i m p l e yes-no items always preceded t h e 

f o u r t w o - p a r t items because i t was f e l t t h a t t h i s 

p r e s e n t a t i o n o f t h e q u e s t i o n s would l e a d p a r t i c i p a n t s t o 
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t h i n k about n e c e s s i t y i n a way t h a t c l o s e l y matched how t h e y 

were t o a p p l y t h e d e f i n i t i o n on t h e v i s i o n q u e s t i o n s . The 

complete l i s t o f p r e t r i a l s i s p r e s e n t e d i n Appendix A. 

The i n s t r u c t i o n s f o r t h e v i s i o n t e s t , and t h e n t h e 

v i s i o n q u e s t i o n s themselves, came a f t e r t h e n e c e s s i t y 

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

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

e x p e r i m e n t e r "what must happen i n o r d e r f o r us t o see." 

P a r t i c i p a n t s were f u r t h e r t o l d t h a t we wanted t o know 

whether " i t i s a b s o l u t e l y necessary f o r a n y t h i n g t o go i n t o 

t h e eye, out o f t h e eye, o r b o t h i n t o and out o f t h e eye i n 

o r d e r t o see." F i n a l l y , t h e i n s t r u c t i o n s a l s o warned t h e 

p a r t i c i p a n t s t h a t t h e y would see d e p i c t i o n s o f v i s i o n w h i c h 

showed r a y s , waves o r energy moving i n t o and o u t o f t h e 

eyes. 

For each o f t h e v i s i o n t r i a l s , f r o m two t o f o u r o f t h e 

p r e v i o u s l y - d e s c r i b e d r e n d i t i o n s o f v i s i o n were shown on t h e 

computer screen, and t h e e x p e r i m e n t e r r e a d a l o u d a q u e s t i o n . 

The q u e s t i o n r e q u i r e d t h e p a r t i c i p a n t t o choose among t h e 

v a r i o u s processes b e i n g shown, w i t h q u e s t i o n a l t e r n a t i v e s 

f o l l o w i n g t h e o r d e r o f t h e processes on-screen f r o m t o p t o 

bottom. For example, one t r i a l d e p i c t e d l i n e s f l o w i n g f r o m 

t h e b l o c k i n t o t h e eyes f o r t h e t o p r e n d i t i o n , l i n e s f l o w i n g 

f r o m t h e eyes t o t h e o b j e c t f o r t h e m i d d l e r e n d i t i o n , and 

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

b l o c k and t h e eyes f o r t h e b o t t o m r e n d i t i o n . The 
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accompanying q u e s t i o n read, " I n o r d e r f o r us t o see, i s i t 

a b s o l u t e l y necessary f o r something t o come i n t o t h e eye, go 

out o f t h e eye, o r go i n t o and out of t h e eye a t t h e same 

ti m e ? " The complete s e t o f computer t r i a l s used f o r these 

p a r t i c i p a n t s appears i n Appendix B. 

S c i e n t i f i c S c h e m a - A c t i v a t i o n C o n d i t i o n s 

Two o t h e r groups o f p a r t i c i p a n t s , h e r e a f t e r deemed t h e 

Schem a - A c t i v a t i o n groups, d i d n o t r e c e i v e t h e n e c e s s i t y 

d e f i n i t i o n , examples, o r p r e t e s t i t e m s . I n s t e a d , b e f o r e t h e 

v i s i o n t e s t , t h e y were g i v e n a s e t of seven words r e l a t e d t o 

v i s i o n , p l u s t h e word "book," and asked t o w r i t e an 

e x p l a n a t i o n o f how a person sees an o b j e c t l i k e a book. The 

i n s t r u c t i o n s here asked p a r t i c i p a n t s t o i n c l u d e a l l e i g h t 

terms i n t h e i r e x p l a n a t i o n s . The seven v i s i o n terms were 

eye. b r a i n , r e t i n a , p u p i l , o p t i c nerve, l e n s , and l i g h t . 

" L i g h t " was i n c l u d e d because much of t h e c o n f u s i o n over how 

people see appears t o be r e l a t e d t o m i s u n d e r s t a n d i n g s about 

th e r o l e o f l i g h t . 

As s t a t e d , t h e d e s i g n i n c l u d e d t h e S c h e m a - A c t i v a t i o n 

p a r t i c i p a n t s t o c o n t r o l f o r t h e p o s s i b i l i t y t h a t t h e concept 

of n e c e s s i t y might n o t be t h e a c t u a l source o f improvement 

on t h e v i s i o n t r i a l s , assuming performance improved a t a l l . 

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

u n d e r s t a n d i n g o f how w e l l s t u d e n t s u n d e r s t a n d b a s i c f a c t s o f 

v i s i o n a f t e r r e c e i v i n g i n s t r u c t i o n on i t ( R e c a l l t h a t a l l 

p a r t i c i p a n t s had l e a r n e d about v i s i o n p r i o r t o t e s t i n g . ) . 
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Of course, d r a w i n g i n f e r e n c e s about s t u d e n t s ' knowledge o f 

v i s i o n based on a subsample o f a l l p o s s i b l e terms t h a t c o u l d 

have been used i s a r i s k y p r o p o s i t i o n ; u s i n g a d i f f e r e n t s e t 

of terms c o u l d produce d i f f e r e n t r e s u l t s . However, t h e 

terms i n c l u d e d were v e r y b a s i c and were s u r e l y n o t new t o 

t h e p a r t i c i p a n t s , s i n c e t h e y had been exposed t o them a l l i n 

i n t r o d u c t o r y p s y c h o l o g y and p r o b a b l y i n secondary s c h o o l 

c l a s s e s b e f o r e t h e n . S c o r i n g c r i t e r i a f o r these concepts, 

which I w i l l d i s c u s s i n t h e R e s u l t s s e c t i o n , appear i n 

Appendix C. 

The o r a l i n s t r u c t i o n s f o r t h e two groups were as 

f o l l o w s : 

I want you t o w r i t e an e x p l a n a t i o n o f what occurs 
when you see something, such as a book. I w i l l 
g i v e you a l i s t o f words r e l a t e d t o v i s i o n . W r i t e 
an e x p l a n a t i o n o f what occurs when we see, u s i n g 
a l l o f these words i n your e x p l a n a t i o n . Please 
make sure t o use ALL o f these terms. A l s o , r e l y 
on y our u n d e r s t a n d i n g o f t h e s c i e n t i f i c 
e x p l a n a t i o n o f v i s i o n as much as p o s s i b l e . I n 
o t h e r words, base your answer upon what you have 
l e a r n e d about v i s i o n i n s c h o o l , r e a d i n a t e x t b o o k 
o r e n c y c l o p e d i a , o r l e a r n e d f r o m some o t h e r 
a u t h o r i t a t i v e source. Do you have any q u e s t i o n s ? 

Once these i n s t r u c t i o n s were r e a d and any q u e s t i o n s 

answered, p a r t i c i p a n t s r e c e i v e d t h e word l i s t , w h i c h 

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

p a r t i c i p a n t responded on t h e sheet o f paper c o n t a i n i n g t h e 

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

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

f i n i s h e d b e f o r e then, and none r e q u i r e d more t i m e t o f i n i s h . 
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The d i f f e r e n c e between t h e two S c h e m a - A c t i v a t i o n groups 

appeared a f t e r each p a r t i c i p a n t had completed h i s o r her 

e x p l a n a t i o n . A t t h i s t i m e , s t u d e n t s i n one group, c a l l e d 

t h e C l a r i f i c a t i o n group ( t h e o t h e r group i s c a l l e d t h e No 

C l a r i f i c a t i o n g r o u p ) , were asked t h i s q u e s t i o n by t h e 

ex p e r i m e n t e r : 

I want you t o c l a r i f y something f o r me. What does 
your e x p l a n a t i o n mean? Does something l i k e r a y s , 
waves, o r something e l s e o n l y come i n t o t h e eye, 
o n l y go out of t h e eye, or b o t h come i n t o and go 
out o f t h e eye? 

The e x p e r i m e n t e r t h e n c i r c l e d t h e answer t h e s t u d e n t gave, 

e i t h e r i n , o u t , f i r s t i n t h e n o u t , f i r s t o u t t h e n i n , 

s i m u l t a n e o u s ( i f t h e s t u d e n t r e p l i e d t h a t something goes i n 

and o u t a t t h e same t i m e ) , o r o t h e r f o r any o t h e r response. 

The r a t i o n a l e b e h i n d t h i s c l a r i f i c a t i o n was t h a t , g i v e n t h a t 

t h e p a r t i c i p a n t had v e r b a l l y committed t o a c e r t a i n 

d i r e c t i o n a l i t y i n v o l v e d i n v i s i o n , h i s o r her answers on t h e 

computer q u e s t i o n s would s u r e l y r e f l e c t t h a t v e r b a l 

commitment. A d d i t i o n a l l y , p r e v i o u s t e s t i n g has shown t h a t 

v i r t u a l l y no respondent w r i t e s t h a t something l e a v e s t h e eye 

d u r i n g v i s i o n (Winer & C o t t r e l l , i n p r e s s ) . Having w r i t t e n 

t h a t something e n t e r s t h e eye, t h e p a r t i c i p a n t s h o u l d be 

i n c l i n e d t o answer i n a s i m i l a r manner on t h i s q u e s t i o n and 

on t h e computer t r i a l s t o appear c o n s i s t e n t . 

The i n s t r u c t i o n s f o r t h e computer v i s i o n t r i a l s , and 

th e n t h e t r i a l themselves, f o l l o w e d t h e e x p l a n a t i o n s . I n 

t h i s case, t h e i n s t r u c t i o n s were i d e n t i c a l t o those f o r t h e 
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N e c e s s i t y groups except t h a t a l l r e f e r e n c e s t o n e c e s s i t y 

were o m i t t e d . The e x p e r i m e n t e r i n f o r m e d each p a r t i c i p a n t 

t h a t we wanted t o know "how people see" and "whether 

a n y t h i n g goes i n t o t h e eye, out o f t h e eye, o r b o t h i n t o and 

out o f t h e eye when we see." As b e f o r e , these i n s t r u c t i o n s 

warned p a r t i c i p a n t s t h a t t h e y would see r e n d i t i o n s o f r a y s , 

waves o r energy moving i n t o and out o f t h e eyes. The 

computer t r i a l s p r e s e n t e d t o these p a r t i c i p a n t s were 

i d e n t i c a l t o those p r e s e n t e d t o t h e N e c e s s i t y p a r t i c i p a n t s , 

b u t t h e q u e s t i o n s accompanying them were worded t o make no 

menti o n o f n e c e s s i t y . Thus, f o r example, t h e t r i a l 

( p r e v i o u s l y d e s c r i b e d under t h e N e c e s s i t y c o n d i t i o n s e c t i o n ) 

which f o r c e d a c h o i c e among an i n t r o m i s s i o n - o n l y d e p i c t i o n , 

an e x t r a m i s s i o n - o n l y d e p i c t i o n , and a s i m u l t a n e o u s 

i n t r o m i s s i o n - e x t r a m i s s i o n d e p i c t i o n was a t t e n d e d by t h i s 

q u e s t i o n : "When we see does something come i n t o t h e eye, go 

out o f t h e eye, o r go i n t o and out of t h e eye a t t h e same 

time?" The complete l i s t o f these computer t r i a l s appears 

i n Appendix D. 

C o n t r o l Group 

A f i f t h group o f p a r t i c i p a n t s served as a c o n t r o l group 

and d i d n o t e x p e r i e n c e t h e n e c e s s i t y t r a i n i n g o r w r i t e 

e x p l a n a t i o n s o f how v i s i o n o ccurs. I n s t e a d t h e y r e c e i v e d 

e i g h t two-choice q u e s t i o n s on f a c t s n o t i n v o l v i n g any n o t i o n 

o f n e c e s s i t y o r v i s i o n , on which t h e e x p e r i m e n t e r c o r r e c t e d 

them i f t h e r e were any i n c o r r e c t responses. For example. 
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one q u e s t i o n asked "Does a h e l i o t r o p i s m mean a p l a n t grows 

toward t h e e a r t h o r sun?" Another asked, " I s t h e p o p u l a t i o n 

of t h e U n i t e d S t a t e s c l o s e r t o 300 m i l l i o n o r 200 m i l l i o n ? " 

These q u e s t i o n s were a l s o p r e s e n t e d i n a way t o p r e v e n t 

i n d u c i n g a " s e t " t o p i c k e i t h e r t h e f i r s t o r second c h o i c e ; 

t h e y were o r d e r e d so t h a t no more t h a n two i n a row had as 

c o r r e c t answers t h e f i r s t o r second c h o i c e . S t u d e n t s i n 

t h i s group r e c e i v e d t h e comput e r - q u e s t i o n i n s t r u c t i o n s and 

t h e n t h e computer t r i a l s a f t e r answering these p r e t e s t 

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

the q u e s t i o n s accompanying t h e t r i a l s were i d e n t i c a l t o 

those responded t o by t h e Schema-Activation p a r t i c i p a n t s . 

Followup Ouestions 

A f t e r r e s p o n d i n g t o t h e seven computer t r i a l s and one 

v e r b a l t r i a l , each s t u d e n t a l s o answered a few v e r b a l 

f o l l o w u p q u e s t i o n s , which were i n c l u d e d i n t h e s t u d y t o 

f u r t h e r b r i n g t o l i g h t t h e s t u d e n t s ' u n d e r s t a n d i n g s o f t h e 

v i s u a l process. Some o f t h e q u e s t i o n s asked about 

e x t r a m i s s i o n and some about i n t r o m i s s i o n , and wh i c h 

q u e s t i o n s a p a r t i c i p a n t answered depended on how she had 

responded on t h e computer t r i a l s and v e r b a l t r i a l . For 

example, i f a s t u d e n t gave a t l e a s t one answer i n v o l v i n g 

e x t r a m i s s i o n , she was asked t h e f o l l o w u p e x t r a m i s s i o n 

q u e s t i o n s . The same c o n d i t i o n a p p l i e d t o i n t r o m i s s i o n 

responses, meaning t h a t a s t u d e n t c o u l d be asked about b o t h 

processes. The main q u e s t i o n f i r s t asked whether t h e 
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s p e c i f i c process, i n t r o m i s s i o n o r e x t r a m i s s i o n , was 

necessary, and i f so, why. A l l p a r t i c i p a n t s a l s o responded 

t o a n o t h e r q u e s t i o n on an u n r e l a t e d t o p i c . 

Design and Procedure 

T h i s experiment can be d e s c r i b e d as a s i n g l e f a c t o r 

experiment w i t h f i v e l e v e l s , each i n v o l v i n g a c o n d i t i o n t h a t 

m i g h t d i f f e r e n t i a l l y i n f l u e n c e responses t o t h e computer 

v i s i o n t e s t s : (a) t h e c o n t r o l group; (b) t h e Schema-

A c t i v a t i o n No C l a r i f i c a t i o n group; (c) t h e S c h e m a - A c t i v a t i o n 

C l a r i f i c a t i o n group; (d) t h e N e c e s s i t y - R e l e v a n t group; and 

(e) t h e N e c e s s i t y - I r r e l e v a n t group. P a r t i c i p a n t s ' gender 

was a l s o i n c l u d e d as a v a r i a b l e i n analyses because p i l o t 

r e s e a r c h has shown gender t o be an i m p o r t a n t f a c t o r i n 

s u b j e c t s ' responses i n some s t u d i e s . 

The main dependent v a r i a b l e f o r t h i s s t u d y was t h e 

number o f c o r r e c t responses t o t h e seven computer t r i a l s and 

one v e r b a l t r i a l : Every c o r r e c t response r e c e i v e d a 1, 

w h i l e a l l i n c o r r e c t responses r e c e i v e d zeroes; a 

p a r t i c i p a n t ' s t o t a l score was thus t he number o f c o r r e c t 

responses. For t h e Schema-Activation groups, a d d i t i o n a l 

v a r i a b l e s were each s t u d e n t ' s scores f o r t h e i n d i v i d u a l 

v i s i o n - r e l a t e d items and a t o t a l v i s i o n t e r m s c o r e w h i c h was 

t h e sum o f a l l o f thes e . 

Students were t e s t e d i n d i v i d u a l l y . F i r s t t h e 

ex p e r i m e n t e r gave t h e a p p r o p r i a t e p r e - t e s t t a s k ( e i t h e r t h e 

c o n t r o l q u e s t i o n s , t h e n e c e s s i t y t r a i n i n g , o r t h e schema-
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a c t i v a t i o n w r i t i n g t a s k ) . I m m e d i a t e l y a f t e r w a r d t h e s t u d e n t 

r e c e i v e d t h e computer i n s t r u c t i o n s and t h e computer v i s i o n 

q u e s t i o n s . F i n a l l y , t h e e x p e r i m e n t e r asked t h e s t u d e n t t h e 

a p p r o p r i a t e f o l l o w - u p q u e s t i o n s . A l l responses (except f o r 

t h e w r i t i n g t a s k i n t h e Schema-Activation c o n d i t i o n s ) were 

r e c o r d e d by t h e e x p e r i m e n t e r on answer s h e e t s . 
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CHAPTER 4 

RESULTS 

As t h e r e s e a r c h q u e s t i o n s i n d i c a t e d , t h e major t h r u s t s 

o f t h i s s t u d y were t o a s c e r t a i n whether t h e n e c e s s i t y 

t r a i n i n g and/or t h e Schema-Activation c o n d i t i o n s c o u l d 

improve performance on t h e computer v i s i o n t r i a l s , t h a t i s , 

i n c r e a s e t h e number o f i n t r o m i s s i o n - o n l y responses. B r i e f l y 

p u t , t h e d a t a analyses w i l l e m p h a t i c a l l y show t h a t t h ese 

c o n d i t i o n s d i d n o t improve s t u d e n t s ' performance a t a l l as 

compared t o t h e c o n t r o l group and t h a t , w h i l e many s t u d e n t s 

were f i r m b e l i e v e r s i n i n t r o m i s s i o n , over o n e - h a l f o f a l l 

s t u d e n t s agreed t o e x t r a m i s s i o n on a t l e a s t one t r i a l . 

A d d i t i o n a l l y , female s t u d e n t s were somewhat more l i k e l y t o 

g i v e responses i n v o l v i n g e x t r a m i s s i o n t h a n were male 

s t u d e n t s , a f i n d i n g which accords w i t h p i l o t d a t a I have 

c o l l e c t e d . 

Analyses o f responses t o t h e f o l l o w - u p q u e s t i o n s 

i n d i c a t e d some s u r p r i s i n g r e s u l t s , showing t h a t how s t u d e n t s 

responded on these q u e s t i o n s was not c l e a r l y r e l a t e d t o how 

t h e y responded t o t h e computer q u e s t i o n s . I n g e n e r a l , t h e s e 

d a t a suggest t h a t many o f these c o l l e g e s t u d e n t s , even i f 
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t h e y respond i n an e x t r a m i s s i o n i s t f a s h i o n , a r e l e s s w i l l i n g 

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

are t h e i d e a o f i n t r o m i s s i o n . 

Regarding t h e w r i t t e n e x p l a n a t i o n s o f t h e Schema-

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

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

process as d e f i n e d i n t h i s s t u d y . Secondly, t h e summed 

score d e r i v e d f r o m s t u d e n t s ' usage of t h e seven concepts 

enumerated e a r l i e r p r o v e d t o be mo d e r a t e l y p r e d i c t i v e o f 

t h e i r performance on t h e computer v i s i o n q u e s t i o n s , 

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

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

i n t o some o f t h e same aspects o f t h e i r knowledge o f v i s i o n . 

Subsequent analyses showed t h a t o n l y one o f t h e concepts 

scored, l i g h t e n t e r i n g t h e eye, appeared t o be l a r g e l y 

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

e s p e c i a l l y l a r g e , b u t i t suggests t h a t s t u d e n t s who do n o t 

grasp t h e r o l e o f l i g h t i n s e e i n g are l i k e l y t o g i v e 

e x t r a m i s s i o n responses on t h e computer t r i a l s . 

I n a l l t h e analyses t o be r e p o r t e d , an a l p h a l e v e l o f 

.05 was used f o r t h e s t a t i s t i c a l t e s t s . 

Analyses o f E f f e c t s o f t h e E x p e r i m e n t a l C o n d i t i o n s on 

C o r r e c t I n t r o m i s s i o n Responses 

The major t h r u s t o f t h i s s t u d y was t o see whether 

n e c e s s i t y t r a i n i n g would l e a d t o an i n c r e a s e i n i n t r o m i s s i o n 

responses t o t h e computer v i s i o n t r i a l s and t h e v e r b a l 
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v i s i o n t r i a l (Research q u e s t i o n 1 ) . A d d i t i o n a l l y , I sought 

t o d e t e r m i n e whether t h e t y p e o f p r e t r i a l used i n t h e 

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

number o f i n t r o m i s s i o n responses g i v e n (Research q u e s t i o n 

2 ) . To these ends I conducted two 2 (Gender) X 7 

(E x p e r i m e n t a l c o n d i t i o n : C o n t r o l , S c h e m a - A c t i v a t i o n No-

C l a r i f i c a t i o n , S c h e ma-Activation C l a r i f i c a t i o n , N e c e s s i t y -

Relevant Order A, N e c e s s i t y - I r r e l e v a n t Order A, N e c e s s i t y -

Relevant Order B, N e c e s s i t y - I r r e l e v a n t Order B) between-

groups analyses o f v a r i a n c e . One ANOVA was pe r f o r m e d on t h e 

number o f c o r r e c t responses t o t h e seven computer t r i a l s , 

and a second ANOVA was conducted on t h e number o f c o r r e c t 

responses t o t h e seven computer t r i a l s p l u s t h e v e r b a l 

t r i a l . C o r r e c t , i n t r o m i s s i o n i s t answers were sco r e d as I s , 

w h i l e a l l o t h e r responses r e c e i v e d Os. For these a n a l y s e s , 

th e dependent v a r i a b l e (number o f i n t r o m i s s i o n i s t responses) 

c o u l d t h u s range f r o m 0-7 and 0-8, r e s p e c t i v e l y . 

The r e s u l t s o f t h e two ANOVAs were e s s e n t i a l l y 

i d e n t i c a l , a f i n d i n g which was r e p e a t e d i n a l l t h e 

subsequent analyses t o be r e p o r t e d here. T h i s i s n o t 

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

c o r r e l a t i o n o f p a r t i c i p a n t s ' scores on t h e seven computer 

t r i a l s w i t h t h e i r scores on t h e f i n a l v e r b a l t r i a l was q u i t e 

h i g h , r p b ( l 3 0 ) = .798, p < .0001. Furthermore, 

d i c h o t o m i z i n g s u b j e c t s a c c o r d i n g t o whether t h e y were 

c o r r e c t on a l l seven computer t r i a l s and c r o s s - t a b u l a t i n g 
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them a c c o r d i n g t o whether t h e y were c o r r e c t on t h e v e r b a l 

t r i a l r e v e a l e d a s t r o n g a s s o c i a t i o n between pure 

i n t r o m i s s i o n answers on t h e seven computer t r i a l s and p u r e 

i n t r o m i s s i o n on t h e v e r b a l t r i a l , p h i = .728, p < .0001. Of 

53 s t u d e n t s who were p e r f e c t on t h e seven computer t r i a l s , 

52 o f them s e l e c t e d i n t r o m i s s i o n o n l y on t h e f i n a l v e r b a l 

t r i a l . Of t h e 79 s t u d e n t s who chose a t l e a s t one response 

t h a t i n c l u d e d e x t r a m i s s i o n , 60 o f them s e l e c t e d an answer 

t h a t i n v o l v e d e x t r a m i s s i o n on t h e v e r b a l t r i a l . I n o t h e r 

words, p a r t i c i p a n t s i n g e n e r a l answered t h i s q u e s t i o n i n t h e 

same manner i n which t h e y answered the seven computer 

q u e s t i o n s : f i r m i n t r o m i s s i o n i s t s were l i k e l y t o g i v e 

i n t r o m i s s i o n - o n l y responses, w h i l e s t u d e n t s o f o t h e r 

c o n v i c t i o n s responded i n c o r r e c t l y . Consequently, I w i l l 

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

v i s i o n t r i a l s . 

The a n a l y s i s of v a r i a n c e on these scores y i e l d e d a 

s i g n i f i c a n t e f f e c t o f gender, F ( l , 118) = 11.09, p < .01, 

w i t h males (M = 5.83, SD = 2.81) g i v i n g more i n t r o m i s s i o n 

answers t h a n females (M = 4.10, SD = 2.73). The e f f e c t s o f 

e x p e r i m e n t a l c o n d i t i o n and t h e g e n d e r - b y - c o n d i t i o n 

i n t e r a c t i o n were not s i g n i f i c a n t , Fs(6, 118) = .80 and .84, 

r e s p e c t i v e l y , ps > .50. R e f i n i n g these a n a l y s e s by 

c o l l a p s i n g over t h e two o r d e r s o f n e c e s s i t y p r e t r i a l s , so 

t h a t t h e d e s i g n was t h e n a 2 x 5 (Gender x C o n d i t i o n ) one, 

d i d n o t change t h e p a t t e r n of r e s u l t s one i o t a . The main 
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e f f e c t o f gender remained s i g n i f i c a n t , F ( l , 122) = 10.53, 

p < .005. The e f f e c t o f e x p e r i m e n t a l c o n d i t i o n and t h e 

g e n d e r - b y - c o n d i t i o n i n t e r a c t i o n e f f e c t d i d n o t a c h i e v e 

s i g n i f i c a n c e i n t h i s a n a l y s i s , b o t h Fs(4, 122) < 1.25 and 

ps > .25 (Means across t h e f i v e main e x p e r i m e n t a l c o n d i t i o n s 

and p a r t i c i p a n t gender a r e r e p o r t e d i n Table 1 . ) . 

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

a c t i v a t i o n o f s c i e n t i f i c knowledge o f v i s i o n d i d n o t a f f e c t 

t h e number o f i n t r o m i s s i o n responses t h a t s u b j e c t s gave i n 

t h i s s t u d y . 

The n e c e s s i t y c o n d i t i o n s d i d n o t l e a d t o more 

i n t r o m i s s i o n responses d e s p i t e t h e f a c t t h a t t h e n e c e s s i t y 

p r e t e s t i tems themselves seemed easy f o r most p a r t i c i p a n t s . 

Of t h e 56 s t u d e n t s i n t h e n e c e s s i t y c o n d i t i o n s , t h i r t y - s e v e n 

of these p a r t i c i p a n t s (20 females and 17 males) c o r r e c t l y 

answered a l l e i g h t o f t h e p r e t e s t items w h i c h s p e c i f i c a l l y 

mentioned n e c e s s i t y , and no s t u d e n t answered fewer t h a n 5 

c o r r e c t l y . As t h e r e s t r i c t i o n o f range on t h i s measure 

would suggest, t h e c o r r e l a t i o n between i t and t h e number o f 

c o r r e c t v i s i o n t r i a l s was s l i g h t and n o n s i g n i f i c a n t , r ( 5 4 ) = 

.208, p = .12. When I examined t h e number o f c o r r e c t 

responses t o a l l 12 p r e t e s t i t e m s ( t h e e i g h t n e c e s s i t y 

q u e s t i o n s p l u s t h e f o u r q u e s t i o n s which asked whether one 

t h i n g would occur g i v e n t h a t a n o t h e r had o c c u r r e d ) , t h e same 

r e s t r i c t i o n o f range appeared (see Table 2 ) . As Table 2 

shows, no p a r t i c i p a n t had l e s s t h a n 7 c o r r e c t answers t o 
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these p r e t e s t i t e m s , and 30 s t u d e n t s (15 males and 15 

females) were c o r r e c t on a l l 12 i t e m s . The c o r r e l a t i o n 

between t h i s score and score on t h e v i s i o n t r i a l s approached 

s i g n i f i c a n c e , r ( 5 4 ) = .253, p = .06. F u r t h e r c o r r e l a t i o n a l 

a n alyses showed no a s s o c i a t i o n s among t h e number o f c o r r e c t 

p r e t e s t i t e m s , p a r t i c i p a n t s ' gender and s p e c i f i c n e c e s s i t y 

c o n d i t i o n . Thus, a l t h o u g h some evidence f o r a modest 

r e l a t i o n s h i p between success i n n e c e s s i t y t r a i n i n g and 

success on t h e v i s i o n t r i a l s appeared, most p a r t i c i p a n t s 

c o u l d grasp t h e concept o f n e c e s s i t y as I d e f i n e d i t , b u t 

t h e y d i d n o t appear t o a p p l y i t t o t h e i r responses on t h e 

v i s i o n t r i a l s . 

To a s c e r t a i n e x a c t l y where t h e d i s t r i b u t i o n s o f v i s i o n -

t r i a l scores f o r males and females d i f f e r e d ( a s i d e f r o m 

means), some f o l l o w - u p analyses were conducted which 

compared these d i s t r i b u t i o n s (These d i s t r i b u t i o n s a r e 

p r e s e n t e d i n Table 3 ) . When t h e s t u d e n t s were d i c h o t o m i z e d 

a c c o r d i n g t o whether t h e y were pure i n t r o m i s s i o n i s t s ( a l l 

i n t r o m i s s i o n v e r s u s a t l e a s t one response i n v o l v i n g 

e x t r a m i s s i o n ) , males were pure i n t r o m i s s i o n i s t s 56% o f t h e 

ti m e (30/54) w h i l e 28% (22/78) o f females f e l l i n t o t h i s 

c a t e g o r y . The d i f f e r e n c e i n p r o p o r t i o n s o f pure 

i n t r o m i s s i o n i s t s t u d e n t s was s i g n i f i c a n t , c h i - s q u a r e ( 1 , N = 

132) = 9.98, p < .005. A l s o , 65% o f males (35/54) were 

c o r r e c t on t h e f i n a l v e r b a l t r i a l v e r s u s 46% o f females 

(36/78), a d i f f e r e n c e t h a t was s t a t i s t i c a l l y s i g n i f i c a n t , 
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Male Female 

Ctondit i o n M M 
1.1 

n 
XI 

C o n t r o l 5.70 10 3.53 15 
S chema-Ac t i v a t i o n / 

No C l a r i f i c a t i o n 
6.00 11 4 . 67 15 

Sc h e m a - A c t i v a t i o n / 
C l a r i f i c a t i o n 

5.89 9 5.19 16 

N e c e s s i t y / R e l e v a n t 5.36 11 3 .08 13 

N e c e s s i t y / i r r e l e v a n t 6.38 13 4 . 68 19 

Note. N e c e s s i t y c o n d i t i o n s are c o l l a p s e d a c r o s s o r d e r . 

Table 1: Mean Number o f I n t r o m i s s i o n Responses as a F u n c t i o n 
o f Gender and E x p e r i m e n t a l C o n d i t i o n . 
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Number o f C o r r e c t Responses 

C o n d i t i o n 7 8 9 10 11 12 

N e c e s s i t y / R e l e v a n t 

Male 1 0 0 0 3 7 

Female 0 0 1 3 3 6 

N e c e s s i t y / I r r e l e v a n t 

Male 0 0 0 1 4 8 

Female 0 0 3 3 4 9 

Table 2: Number o f C o r r e c t Responses t o t h e 12 N e c e s s i t y 
T r a i n i n g T r i a l s by N e c e s s i t y C o n d i t i o n ( C o l l a p s e d Across 
Order) and Gender. 
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c h i - s q u a r e ( 1 , N = 132) = 4.47, g < .05. Thus we see t h a t 

female s t u d e n t s were more l i k e l y t o endorse a t l e a s t one 

e x t r a m i s s i o n response, and f o r a l l e i g h t t r i a l s , a 

s u r p r i s i n g 6 1 % o f s t u d e n t s (80 o f 132) endorsed a t l e a s t one 

response i n v o l v i n g e x t r a m i s s i o n . 

I t was n o t p o s s i b l e t o compare t h e d i s t r i b u t i o n s o f 

males and females c a t e g o r i z e d by how many o f each gender 

o b t a i n e d a g i v e n score ( i . e . how many males and females gave 

0 i n t r o m i s s i o n - o n l y responses, how many males and females 

gave 1 such response, e t c . ) because i n s p e c t i o n o f these 

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

t a b l e had expected f r e q u e n c i e s l e s s t h a n f i v e , making t h e 

c h i - s q u a r e g o o d n e s s - o f - f i t t e s t an i n a p p r o p r i a t e s t a t i s t i c 

t o use. However, i n s p e c t i o n o f Table 3 makes i t r e a d i l y 

apparent where t h e d i f f e r e n c e l i e s ; a h i g h e r p r o p o r t i o n o f 

females t h a n males f e l l i n t h e lower h a l f o f scores ( f r o m 0-

4 c o r r e c t answers). The median number o f c o r r e c t 

responses over a l l e i g h t t r i a l s was 4, and t h e p r o p o r t i o n o f 

males' scores above t h e median was s i g n i f i c a n t l y g r e a t e r 

t h a n t h e p r o p o r t i o n o f females' scores above t h e median, 

c h i - s q u a r e ( 1 , N = 132) = 11.02, p < .001. 67% (36/54) o f 

males' scores f e l l above t h e median, w h i l e 37% (29/78) o f 

females' scores were i n t h i s c a t e g o r y . A n other way o f 

s a y i n g t h i s f i n d i n g i s t h a t o n l y 65 p a r t i c i p a n t s were 

c o r r e c t more t h a n t h e y were wrong on t h e v i s i o n t r i a l s . 
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Number of Corre c t (Intromission-only) Responses 

Gender 0 1 2 3 4 5 6 7 8 

Male 2 4 5 3 4 0 3 3 30 

Female 4 6 17 11 11 2 3 2 22 

Table 3: D i s t r i b u t i o n s of Number of Corre c t Responses to 
V i s i o n T r i a l s C l a s s i f i e d by P a r t i c i p a n t Gender. 
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Analyses o f Follow-up Questions and Comparisons o f Responses 

t o Them w i t h Responses t o V i s i o n T r i a l s 

The above analyses i l l u s t r a t e d t h e f a i l u r e o f t h e 

c o n d i t i o n s o f n e c e s s i t y and o f s c h e m a - a c t i v a t i o n t o i n c r e a s e 

the number o f i n t r o m i s s i o n responses on t h e e i g h t v i s i o n 

t r i a l s . I n l i g h t o f these r e s u l t s , I n e x t t u r n e d t o 

analyses o f t h e responses p a r t i c i p a n t s gave t o t h e v e r b a l 

q u e s t i o n s which f o l l o w e d t h e computer t r i a l s and v e r b a l 

t r i a l . R e c a l l t h a t these q u e s t i o n s asked whether t h e 

proces s ( e s ) t h a t p a r t i c i p a n t s had endorsed on t h e v i s i o n 

t r i a l s were r e a l l y necessary f o r v i s i o n t o occur, and t h a t 

which q u e s t i o n s a p a r t i c i p a n t was asked depended on t h e 

answers t h a t she had j u s t made t o the v i s i o n q u e s t i o n s . 

Thus a s t u d e n t who gave a l l i n t r o m i s s i o n - o n l y responses 

would o n l y be asked t h e i n t r o m i s s i o n q u e s t i o n , w h i l e a 

s t u d e n t who endorsed a t l e a s t one response i n v o l v i n g b o t h 

i n t r o m i s s i o n and e x t r a m i s s i o n i n some f o r m would be asked 

about b o t h . These q u e s t i o n s were designed t o probe t h e 

n a t u r e o f p a r t i c i p a n t s ' b e l i e f s about v i s i o n . 

The f i r s t a n a l y s i s focused on answers t o t h e q u e s t i o n 

a s k i n g about t h e n e c e s s i t y o f i n t r o m i s s i o n i n s e e i n g , w h i c h 

was asked o f t h e 129 p a r t i c i p a n t s who gave a t l e a s t one 

response i n v o l v i n g i n t r o m i s s i o n . For these a n a l y s e s a "yes" 

answer was coded as a 1 and a "no" answer as a 0. 

D i s p l a y i n g near p e r f e c t agreement, 123 o f these s t u d e n t s , o r 

95%, a f f i r m e d t h e n e c e s s i t y o f i n t r o m i s s i o n i n s e e i n g (see 
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Table 4 ) . As Table 4 shows, t h e p r o p o r t i o n s o f p a r t i c i p a n t s 

a f f i r m i n g i n t r o m i s s i o n across a l l e x p e r i m e n t a l c o n d i t i o n s 

were a t o r near u n i t y , so t h a t a s t a t i s t i c a l t e s t comparing 

these p r o p o r t i o n s would n o t be m e a n i n g f u l . The p r o p o r t i o n s 

of males and females answering "yes" t o t h i s q u e s t i o n a r e o f 

course q u i t e h i g h (96% and 95%, r e s p e c t i v e l y ; see Table 4 ) , 

so t h a t a s t a t i s t i c a l comparison o f these d a t a would a l s o be 

extraneous. A d d i t i o n a l l y , t h e p o i n t - b i s e r i a l c o r r e l a t i o n 

between answers t o t h i s q u e s t i o n and score on t h e e i g h t 

t r i a l s was s l i g h t and n o n - s i g n i f i c a n t , r p b ( 1 2 7 ) = .10, p = 

.26. I n a n u t s h e l l , almost a l l s t u d e n t s a f f i r m e d t h e 

n e c e s s i t y o f something coming i n t o the eyes d u r i n g v i s i o n 

r e g a r d l e s s o f t h e number o f i n t r o m i s s i o n answers t h e y 

endorsed on t h e computer t r i a l s . Thus even s t u d e n t s who 

m i g h t have g i v e n o n l y one o r two responses i n v o l v i n g 

i n t r o m i s s i o n t o t h e computer q u e s t i o n s were n e v e r t h e l e s s 

v e r y l i k e l y t o agree v e r b a l l y t h a t something must e n t e r t h e 

eyes f o r us t o see. 

Responses t o t h e q u e s t i o n a s k i n g about t h e n e c e s s i t y o f 

e x t r a m i s s i o n d u r i n g v i s i o n were more e v e n l y d i s t r i b u t e d . As 

w i t h t h e p r e v i o u s q u e s t i o n , a "yes" was coded as a 1 and a 

"no" as a 0. f o r use i n a n a l y s e s . S e v e n t y - e i g h t s t u d e n t s , 

59% o f p a r t i c i p a n t s , answered t h i s q u e s t i o n (see Table 5 ) . 

Due t o e r r o r s i n a d m i n i s t r a t i o n , two s t u d e n t s who a f f i r m e d 

e x t r a m i s s i o n a t some p o i n t i n t h e v i s i o n t r i a l s d i d n o t 

r e c e i v e t h i s q u e s t i o n . Across t h e v a r i o u s e x p e r i m e n t a l 
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Response 

C o n d i t i o n n Necessary Not necessary 

C o n t r o l 25 

S c h e m a - A c t i v a t i o n / 25 
No C l a r i f i c a t i o n 

S c h e m a - A c t i v a t i o n / 24 
C l a r i f i c a t i o n 

N e c e s s i t y - R e l e v a n t / 14 
Order A 

N e c e s s i t y - R e l e v a n t / 10 
Order B 

N e c e s s i t y - I r r e l e v a n t / 15 
Order A 

N e c e s s i t y - I r r e l e v a n t / 16 
Order B 

24 ( 1 4 ; 1 0 ) * 1 (1;0) 

23 (14;9) 2 (0;2) 

23 (15;8) 

14 (7;7) 

10 (6;4) 

15 (8;7) 

14 (8;6) 

1 (1;0) 

2 (2;0) 

Note. T h i s q u e s t i o n was g i v e n o n l y t o s t u d e n t s who gave a t 
l e a s t one response i n v o l v i n g i n t r o m i s s i o n on t h e v i s i o n 
t r i a l s , hence 129 p a r t i c i p a n t s answered t h i s q u e s t i o n . 
* (females; males) 

Table 4: Responses t o t h e N e c e s s i t y - o f - I n t r o m i s s i o n Follow-
up Q u e s t i o n by E x p e r i m e n t a l C o n d i t i o n . 
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c o n d i t i o n s , t h e percentages o f s t u d e n t s a f f i r m i n g t h e 

n e c e s s i t y o f e x t r a m i s s i o n ranged from 43 t o 68 p e r c e n t (see 

Table 5 ) ; however, a preponderance o f expected f r e q u e n c i e s 

below 5 made a c h i - s q u a r e a n a l y s i s u n f e a s i b l e . When 

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

q u e s t i o n and whether o r n o t t h e y were i n an e x p e r i m e n t a l 

c o n d i t i o n i n v o l v i n g n e c e s s i t y , t h e a s s o c i a t i o n between t h e 

two was v i r t u a l l y n o n e x i s t e n t , p h i = .024, p = .83. Thus, 

e x p e r i m e n t a l c o n d i t i o n seems n o t t o have i n f l u e n c e d answers 

t o t h i s q u e s t i o n . A c h i - s q u a r e a n a l y s i s o f answers t o t h i s 

q u e s t i o n c r o s s - t a b u l a t e d by gender a l s o d i d n o t show a 

d i f f e r e n c e i n t h e p r o p o r t i o n s o f males and females a g r e e i n g 

t o t h i s q u e s t i o n , c h i - s q u a r e { 1 , N = 78) = 2.45, p = .12. 

Seven o f 24 males (29%) and 26 o f 54 females (48%) agreed t o 

th e n e c e s s i t y o f e x t r a m i s s i o n , meaning t h a t 33 s u b j e c t s (42% 

of t hose asked) answered t h i s q u e s t i o n a f f i r m a t i v e l y . 

When I compared answers t o t h i s q u e s t i o n t o 

p a r t i c i p a n t s ' scores on t h e v i s i o n t r i a l s , however, an 

i n t e r e s t i n g r e l a t i o n s h i p emerged. The p o i n t - b i s e r i a l 

c o r r e l a t i o n between answers t o t h i s q u e s t i o n and v i s i o n 

t r i a l score was s i g n i f i c a n t , r p b ( 7 6 ) = -0.411, p < .0005. 

T h i s f i n d i n g i n d i c a t e s t h a t t h e tendency t o g i v e 

i n t r o m i s s i o n - o n l y responses t o t h e v i s i o n t r i a l s i s 

mo d e r a t e l y n e g a t i v e l y c o r r e l a t e d w i t h t h e tendency t o agree 

t o t h e n e c e s s i t y o f e x t r a m i s s i o n i n a v e r b a l f o r m a t . 
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Response 

C o n d i t i o n n Necessary Not necessary 

C o n t r o l 19 6 ( 6 ; 0 ) * 13 (7;6) 

S c h e m a - A c t i v a t i o n / 14 6 (4;2) 8 (7;1) 
No C l a r i f i c a t i o n 

S c h e m a - A c t i v a t i o n / 13 7 (7;0) 6 (2;4) 
C l a r i f i c a t i o n 

N e c e s s i t y - R e l e v a n t / 7 4 ( 3 ; l ) 3 (1;2) 
Order A 

N e c e s s i t y - R e l e v a n t / 7 3 (1;2) 4 (4;0) 
Order B 

N e c e s s i t y - I r r e l e v a n t / 9 4 (4;0) 5 (3; 2) 
Order A 

N e c e s s i t y - I r r e l e v a n t / 9 3 ( l ; 2 ) 6 (4; 2) 
Order B 

Note. Only p a r t i c i p a n t s who gave a t l e a s t one response 
i n v o l v i n g e x t r a m i s s i o n t o t h e v i s i o n t r i a l s were asked t h i s 
q u e s t i o n . Two such p a r t i c i p a n t s d i d n o t r e c e i v e t h i s 
q u e s t i o n because o f p r o c e d u r a l e r r o r s , hence n = 78. 
* (females; males) 

Table 5: Responses t o t h e N e c e s s i t y - o f - E x t r a m i s s i o n F o l l o w -
up Q u e s t i o n by E x p e r i m e n t a l C o n d i t i o n . 
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O v e r a l l , s t u d e n t s were more r e l u c t a n t t o s t a t e t h a t 

e x t r a m i s s i o n i s necessary i n v i s i o n t h a n t h e y were t o s t a t e 

t h a t i n t r o m i s s i o n i s necessary. 

The g e n e r a l i m p r e s s i o n t o be g a i n e d f r o m analyses o f 

these f o l l o w - u p q u e s t i o n s i s t h a t many p a r t i c i p a n t s d i d n o t 

answer them i n t h e same way t h a t t h e y responded t o t h e 

v i s i o n t r i a l s . D e s p i t e t h e wide range i n performance on 

those t r i a l s , t h e v e r b a l agreement t h a t i n t r o m i s s i o n i s 

necessary was almost unanimous. P o s s i b l y , e x t r a m i s s i o n i s t 

s t u d e n t s d i d b e l i e v e , a t some l e v e l , t h a t something must 

e n t e r t h e eyes f o r us t o see, b u t some aspect o f t h e v i s i o n 

t r i a l s weakened t h i s b e l i e f f o r some o f them. L i k e w i s e , 

p a r t i c i p a n t s i n g e n e r a l were l e s s l i k e l y t o agree v e r b a l l y 

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

a t l e a s t one response whic h i n c l u d e d e x t r a m i s s i o n on t h e 

v i s i o n t r i a l s . These d a t a suggest t h a t d i f f e r e n t m o d a l i t i e s 

of q u e s t i o n i n g i n f l u e n c e d these s t u d e n t s ' b e l i e f s , as has 

o c c u r r e d i n o t h e r r e s e a r c h (Winer & C o t t r e l l , i n p r e s s ) . 

Analyses o f W r i t t e n E x p l a n a t i o n s o f V i s i o n i n Schema-

A c t i v a t i o n C o n d i t i o n s 

The l a s t s e t of anal y s e s , more e x p l o r a t o r y i n n a t u r e , 

focused upon t h e d e s c r i p t i o n s o f t h e v i s u a l p rocess t h a t t h e 

two Schema-Activation groups o f p a r t i c i p a n t s w r o t e . 

I n s p e c t i o n o f these d a t a c o u l d be e s p e c i a l l y e n l i g h t e n i n g 

because t h e v i s i o n t r i a l s and f o l l o w u p q u e s t i o n s were 

concerned w i t h e s t a b l i s h i n g t h e b e l i e f s o f t h e p a r t i c i p a n t s 
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r e g a r d i n g t h e d i r e c t i o n a l i t y i n v o l v e d i n v i s i o n . However, 

mere l y i d e n t i f y i n g s t u d e n t s as i n t r o m i s s i o n i s t o r 

e x t r a m i s s i o n i s t does n o t p r o v i d e any p o s s i b l e e x p l a n a t i o n 

f o r why t h e y p r o f e s s t h e b e l i e f s t h a t t h e y do; i n 

p a r t i c u l a r , what s o r t o f m i s c o n c e p t i o n s do t h e 

e x t r a m i s s i o n i s t s h o l d , and a r e t h e s t u d e n t s who answer a l l 

th e computer q u e s t i o n s i n s t r i c t i n t r o m i s s i o n i s t f a s h i o n 

r e s p o n d i n g on t h e b a s i s o f i n f o r m e d b e l i e f s about v i s i o n , o r 

do t h e y a l s o h o l d some p o o r l y - d e v e l o p e d c o n c e p t i o n s o f 

v i s i o n ? Analyses o f t h e w r i t t e n responses, i t was hoped, 

would p r o v i d e some a t l e a s t p r e l i m i n a r y answers t o these 

q u e s t i o n s . I n p r e s e n t i n g these a n a l y s e s , I w i l l f i r s t 

d e s c r i b e t h e method used t o score t h e w r i t t e n e x p l a n a t i o n s . 

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

q u e s t i o n g i v e n t o t h e Schema-Activation C l a r i f i c a t i o n 

p a r t i c i p a n t s , and whether t h i s q u e s t i o n d i s t i n g u i s h e d them 

f r o m t h e Schema-Activation No C l a r i f i c a t i o n p a r t i c i p a n t s . I 

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

e x p l a n a t i o n s themselves o f b o t h groups. 

S c o r i n g o f Schema-Activation W r i t t e n E x p l a n a t i o n s 

To a c h i e v e t h e g o a l o f measuring t h e S c h e m a - A c t i v a t i o n 

s t u d e n t s ' u n d e r s t a n d i n g o f v i s i o n , as w e l l as t o a l l o w 

comparison o f t h e adequacy o f t h e i r w r i t t e n e x p l a n a t i o n s 

w i t h t h e i r performances on t h e computer t r i a l s , I d e v i s e d a 

cod i n g system w i t h which t o score t h e i r e x p l a n a t i o n s . I n 

t h i s c o d i n g procedure, I r a t e d t h e accuracy w i t h w h i c h e v e r y 
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p a r t i c i p a n t used t h e each o f f o l l o w i n g terms and concepts: 

(a) b r a i n ; (b) r e t i n a ; (c) o p t i c nerve; (d) l e n s ; (e) t h e 

passage o f l i g h t i n t o t h e eye; ( f ) t h e r e f l e c t i o n o f l i g h t 

o f f t h e o b j e c t t o t h e eye; and (g) p u p i l . The t e r m "eye" 

was dropped f r o m analyses because i t i s n o t c l e a r what 

p r e c i s e l y would c o n s t i t u t e a c o r r e c t use o f t h a t term, s i n c e 

the v a r i o u s p a r t s o f t h e eye were somewhat redundant w i t h 

i t . The b r a i n , r e t i n a , o p t i c nerve, l e n s and p u p i l a re a l l 

b a s i c v o c a b u l a r y words i n t h e s e c t i o n d e v o t e d t o v i s i o n i n 

the i n t r o d u c t o r y psychology c l a s s a t Ohio S t a t e and are 

presumably r e l a t i v e l y s i m p l e concepts t o gr a s p i n terms o f 

t h e i r f u n c t i o n s . The r o l e o f l i g h t i n v i s i o n , however, i s 

not r e a l l y focused on i n t h e t e x t b o o k , p o s s i b l y because t h e 

f a c t s o f i n t r o m i s s i o n and r e f l e c t i o n o f l i g h t f r o m o b j e c t s 

t o t h e eye are t a k e n f o r g r a n t e d . A l s o , t h e r e s e a r c h on 

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

younger c h i l d r e n and some a d o l e s c e n t s do n o t u n d e r s t a n d t h i s 

e n t i t y . 

i n g e n e r a l , usage o f each o f t h e seven i t e m s above was 

assessed i n t h e s t u d e n t s ' answers and r a t e d a l o n g a t h r e e -

p o i n t s c a l e : 

1. A 1 was g i v e n i f t h e concept was n o t mentioned a t 

a l l , o r t h e o n l y mention o f t h e concept was c l e a r l y 

i n c o r r e c t . 

2. A 2 was g i v e n i f t h e concept was used i n a manner 

which i n d i c a t e d i n c o m p l e t e u n d e r s t a n d i n g (e.g. i f o n l y a 
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p a r t i a l account o f some it e m ' s f u n c t i o n appeared i n t h e 

answer), i f t h e concept's use was ambiguous, o r i f t h e 

concept's c o r r e c t f u n c t i o n was g i v e n b u t was accompanied by-

i n c o r r e c t i n f o r m a t i o n about t h e concept. 

3. A 3 was g i v e n f o r a c l e a r l y c o r r e c t and complete use 

of t h e concept which d i d n o t i n c l u d e any i n c o r r e c t 

s t a t e m e n t s . The complete l i s t o f s c o r i n g c r i t e r i a f o r each 

concept may be found i n Appendix C. Each p a r t i c i p a n t ' s 

scores f o r t h e seven items were summed t o c r e a t e a t o t a l 

v i s i o n - t e r m score; t h u s , a s t u d e n t ' s score c o u l d range f r o m 

7 t o 21. 

A d d i t i o n a l l y , I scored e v e r y e x p l a n a t i o n f o r t h e 

presence o f any e x t r a m i s s i o n i n responses, i n terms o f 

something l e a v i n g t h e eye as p a r t o f v i s i o n . 

A l l o f t h e w r i t t e n responses were p h o t o c o p i e d , and t h e 

p r e s e n t a u t h o r and a second t r a i n e d r a t e r ( b o t h o f whom were 

b l i n d t o p a r t i c i p a n t s ' sex and c o n d i t i o n ) , s c o r e d e v e r y 

response. For t h e i n d i v i d u a l i t e m s , i n t e r r a t e r Pearson 

c o r r e l a t i o n s ranged f r o m .841 t o .679, showing f a i r l y 

adequate r e l i a b i l i t y . For t h e t o t a l v i s i o n - t e r m scores 

based on a l l seven i t e m s , t h e i n t e r r a t e r Pearson c o r r e l a t i o n 

was .867. The two scores f o r each i t e m were t h e n added t o 

c r e a t e a s i n g l e s e t o f scores f o r use i n a n a l y s e s ; t h u s t h e 

f i n a l t o t a l v i s i o n - t e r m score c o u l d range f r o m 14-42. 

Cronbach's a l p h a f o r t h e summed scores was .72. 
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Analyses o f I n d i v i d u a l I t e m Scores and T o t a l V i s i o n -

Term Scores 

R e c a l l t h a t t h e d i f f e r e n c e between t h e two Schema-

A c t i v a t i o n groups i s t h a t members o f t h e C l a r i f i c a t i o n group 

had t o c l a r i f y v e r b a l l y t h e i r e x p l a n a t i o n s i n terms o f 

d i r e c t i o n a l i t y , i . e . whether t h e y w r o t e t h a t a n y t h i n g 

e n t e r e d t h e eye d u r i n g v i s i o n , l e f t t h e eye, o r b o t h . Of 

the 25 s t u d e n t s i n t h i s c o n d i t i o n , 18 s t a t e d t h a t something 

e n t e r s t h e eye, 5 s t a t e d t h a t something f i r s t e n t e r s t h e eye 

and t h e n goes back o u t , and 2 s t a t e d t h a t something 

s i m u l t a n e o u s l y goes i n t o and out o f t h e eye. These s t u d e n t s 

thus had a p r o p e n s i t y t o be pure i n t r o m i s s i o n i s t s ( o r a t 

l e a s t t o c l a i m t o be suc h ) . The 7 s t u d e n t s who v e r b a l l y 

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

some i n c o n s i s t e n c y , however. I n t h e i r w r i t t e n e x p l a n a t i o n s , 

none o f them d e s c r i b e d , a c c o r d i n g t o my s c o r i n g c r i t e r i a , 

t h a t something l e a v e s t h e eye d u r i n g v i s i o n (As we s h a l l 

see, none o f t h e Schema-Activation s u b j e c t s d i d . ) , y e t t h e y 

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

e x t r a m i s s i o n . I n s p e c t i o n o f these s t u d e n t s ' e x p l a n a t i o n s 

d i d n o t i l l u m i n a t e t hese p e r p l e x i n g v e r b a l responses because 

n o t h i n g t h a t c o u l d be c o n s t r u e d as e x t r a m i s s i o n was 

mentioned i n any o f them. One p o s s i b l e e x p l a n a t i o n f o r t h i s 

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

i n t e r f e r e d w i t h o r shaped t h e i r memories o f what t h e y had 

w r i t t e n , a l t h o u g h t h e c l a r i f i c a t i o n q u e s t i o n asked them t o 
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respond i n terms o f what t h e i r e x p l a n a t i o n s meant, n o t what 

t h e y had a c t u a l l y w r i t t e n . T e n t a t i v e evidence f o r t h i s 

p r o p o s a l i s t h e f i n d i n g t h a t t h e c o r r e l a t i o n between answers 

t o t h e c l a r i f i c a t i o n q u e s t i o n ( d i c h o t o m i z e d as i n t r o m i s s i o n -

o n l y v e r s u s a l l o t h e r s ) and v i s i o n t r i a l s c o re was 

s i g n i f i c a n t , r p b ( 2 3 ) = .402, p = .046. Thus th e s e s t u d e n t s , 

who w r o t e d e s c r i p t i o n s o f v i s i o n which d i d n o t i n v o l v e 

e x t r a m i s s i o n and t h e n s t a t e d t h a t t h e i r d e s c r i p t i o n s DID 

i n v o l v e t h i s process, might not have h e l d any f i r m 

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

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

as a tendency t o p i c k e x t r a m i s s i o n responses on t h e v i s i o n 

t r i a l s . Another p o s s i b i l i t y , which c o u l d a l s o produce t h i s 

r e s u l t , i s t h a t these s t u d e n t s b e l i e v e d b o t h i n i n t r o m i s s i o n 

and i n e x t r a m i s s i o n , so t h a t t h e i r a f f i r m a t i o n s o f 

e x t r a m i s s i o n on t h e c l a r i f i c a t i o n q u e s t i o n were n o t 

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

Analyses o f t h e w r i t t e n e x p l a n a t i o n s o f v i s i o n f i r s t 

f o cused on whether any s t u d e n t w r o t e an e x p l a n a t i o n 

i m p l i c a t i n g e x t r a m i s s i o n . T h i s t e c h n i q u e i s a rough, 

p r e l i m i n a r y i n d i c a t o r o f t h e s t u d e n t s ' u n d e r s t a n d i n g s o f how 

we see. I n agreement w i t h e x p e c t a t i o n s based on p a s t 

r e s e a r c h , n o t one o f these s t u d e n t s w r o t e t h a t something 

leaves t h e eye a t any p o i n t d u r i n g v i s i o n . T h i s i s s t i l l a 

remarkable f i n d i n g i n l i g h t o f t h e p r o p o r t i o n o f 

e x t r a m i s s i o n responses chosen on t h e v i s i o n t r i a l s . Only 
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one d e s c r i p t i o n , s t a t i n g t h a t t h e b r a i n processes sensory-

i n p u t and t h e n sends t h e processed i n f o r m a t i o n back t o t h e 

l e n s t o cause v i s i o n , mentioned an e x t r a m i s s i o n - l i k e i d e a . 

T h i s m i s c o n c e p t i o n i s i n t e r e s t i n g i n i t s own r i g h t , b u t 

because o n l y one s t u d e n t mentioned i t , no s i g i f i c a n c e s h o u l d 

be a t t r i b u t e d t o i t . 

The t o t a l v i s i o n - t e r m scores, which were c r e a t e d by 

summing t h e r a t i n g s o f scores on t h e seven i n d i v i d u a l i t e m s , 

proved t o be w i d e l y v a r y i n g . The mean f o r t h i s score was 

29.10 (SD = 6.33), w i t h a range e x t e n d i n g f r o m 18-40. A 

t w o - t a i l e d t t e s t comparing t h e mean scores f o r males and 

females was s i g n i f i c a n t , w i t h males (M = 31.45, SD = 7.21) 

o b t a i n i n g h i g h e r scores on average t h a n females (M = 27.58, 

SD = 5.39), t ( 4 9 ) = 2.19, p = .03. Note t h a t t h e mean 

scores were f a r f r o m p e r f e c t . 

I a l s o conducted a 2 (Gender) x 7 ( V i s i o n concept) 

ANOVA on p a r t i c i p a n t s ' scores f o r t h e i n d i v i d u a l v i s i o n 

concepts, w i t h r e p e a t e d measures on t h e V i s i o n - c o n c e p t 

f a c t o r . T h i s a n a l y s i s r e v e a l e d a s i g n i f i c a n t main e f f e c t 

f o r gender, F ( l , 49) = 4 . 8 0 , p < .05; a s i g n i f i c a n t main 

e f f e c t f o r v i s i o n concept, F(6, 294) = 10.08, p < .0001; and 

a n o n - s i g n i f i c a n t g e n d e r - b y - v i s i o n concept i n t e r a c t i o n , F(6, 

294) = .31, p = .93. I n s p e c t i o n o f t h e gender e f f e c t showed 

t h a t males (M = 4.49) o b t a i n e d h i g h e r average scores across 

t h e seven concepts t h a n females (M = 3.94). A n a l y s i s o f t h e 

means f o r t h e seven v i s i o n concepts r e v e a l e d s e v e r a l 

59 



d i f f e r e n c e s among them. These means a r e p r e s e n t e d i n 

descending o r d e r i n Table 6. Since t h i s a n a l y s i s was 

e x p l o r a t o r y and o b v i o u s l y post-hoc, t h e p o s s i b i l i t y o f 

c a p i t a l i z i n g on chance looms l a r g e . However, even i f t h e 

per-comparison a l p h a - l e v e l i s c o n s e r v a t i v e l y a d j u s t e d by 

d i v i d i n g t h e f a m i l y w i s e a l p h a - l e v e l (.05) by t h e number o f 

p a i r w i s e comparisons ( 2 1 ) , g i v i n g a per-comparison 

s i g n i f i c a n c e l e v e l o f .0024, s e v e r a l d i f f e r e n c e s remain. 

A l l a d j a c e n t p a i r s o f means are n o t s i g n i f i c a n t l y d i f f e r e n t 

f r om one ano t h e r . The mean score on o p t i c nerve p r o v e d t o 

be s i g n i f i c a n t l y h i g h e r t h a n a l l o t h e r means except f o r t h a t 

o f l i g h t e n t e r i n g . L i g h t e n t e r i n g mean score , i n t u r n , d i d 

not d i f f e r f r o m t h e means f o r p u p i l and b r a i n b u t was 

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

r e f l e c t i n g , and r e t i n a . F i n a l l y , t h e mean f o r p u p i l 

e q u a l l e d t h e mean f o r l e n s b u t was s i g n i f i c a n t l y h i g h e r t h a n 

the mean score f o r r e t i n a . These d i f f e r e n c e s a r e 

i n t e r e s t i n g because t h e y i m p l y t h a t some v i s i o n 

concepts are e a s i e r t o l e a r n t h a n o t h e r s , b u t because o f t h e 

post-hoc n a t u r e o f t h e a n a l y s i s and t h e l a c k o f any t h e o r y 

t o e x p l a i n these d i f f e r e n c e s , t h e y w i l l n o t be c o n s i d e r e d 

here. 

Having o b t a i n e d t h e t o t a l v i s i o n - t e r m s c o r e s , I p u t 

them t o use. One way o f as s e s s i n g t h e coherence o f t h e 

Schema-Activation s t u d e n t s ' b e l i e f s i s t o see whether these 

scores t h e y o b t a i n on t h e w r i t t e n responses a r e a t a l l 
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Concept M 

Optic nerve 5.19 

L i g h t e n t e r i n g the eye 4 . 71 

P u p i l 4.31 

B r a i n 4.16 

Lens 3 .90 

L i g h t r e f l e c t i n g o f f object 3.75 

Retina 3 .47 

Note. N = 51. 

Table 6: Means f o r the Seven V i s i o n Concepts Scored i n 
Schema-Activation P a r t i c i p a n t s ' Written Explanations of 
V i s i o n . 
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p r e d i c t i v e o f t h e i r scores on t h e v i s i o n t r i a l s . I f such i s 

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

t h e i r i d eas about v i s i o n would be t h e i r u n d e r s t a n d i n g o f t h e 

v i s u a l process, as I d e f i n e d i t : i t c o u l d be t h e case t h a t a 

h i g h number o f c o r r e c t , i n t r o m i s s i o n responses i s a s s o c i a t e d 

w i t h h i g h degree o f knowledge about t h e b a s i c p h y s i o l o g i c a l 

f a c t s o f v i s i o n . 

To t e s t t h i s i d e a I c o n s t r u c t e d a r e g r e s s i o n e q u a t i o n 

u s i n g s t u d e n t s ' t o t a l v i s i o n - t e r m scores as t h e p r e d i c t o r 

v a r i a b l e . The dependent v a r i a b l e was t h e number o f c o r r e c t 

responses on t h e e i g h t v i s i o n t r i a l s . The Pearson 

c o r r e l a t i o n between t o t a l v i s i o n - t e r m s c ore and v i s i o n t r i a l 

s core was .411 ( r 2 = .169), showing t h a t t o t a l v i s i o n - t e r m 

scores were m o d e r a t e l y p r e d i c t i v e o f s c ores on t hese v i s i o n 

t r i a l s . The r e g r e s s i o n model was s i g n i f i c a n t , F ( l , 49) = 

9.99, p < .005, w i t h t h e a d j u s t e d R2 e q u a l l i n g .152. Thus 

the v a r i a n c e i n t o t a l v i s i o n - t e r m scores accounted f o r 

a p p r o x i m a t e l y 15% o f t h e v a r i a n c e i n t h e e i g h t v i s i o n t r i a l 

s c ores. A l t h o u g h t h i s c o r r e l a t i o n i s r a t h e r modest, i t i s 

s u r p r i s i n g i n l i g h t o f t h e f a c t t h a t none o f t h e w r i t t e n 

e x p l a n a t i o n s made r e f e r e n c e t o emanations o f any s o r t f r o m 

t h e eyes. 

I a t t e m p t e d t o improve t h i s model by c r e a t i n g a s e t o f 

dummy v a r i a b l e s , one f o r s u b j e c t gender (males coded as 1, 

females as 0 ) , one f o r e x p e r i m e n t a l c o n d i t i o n (No 

C l a r i f i c a t i o n coded as 1 and C l a r i f i c a t i o n coded as 0 ) , and 
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one f o r t h e g e n d e r - b y - c o n d i t i o n i n t e r a c t i o n , and i n c l u d i n g 

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

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

of v i s i o n t r i a l score on a l l p r e d i c t o r s y i e l d e d almost 

i d e n t i c a l r e s u l t s : R2 = .200, F(4, 46) = 2.87, p < .05 ( t h e 

a d j u s t e d R2 = .13 0 f o r t h i s model, which i s t o be expe c t e d 

s i n c e n o n - s i g n i f i c a n t p r e d i c t o r s were added t o t h e 

e q u a t i o n ) . As w i t h t h e p r e v i o u s a n a l y s i s , t o t a l v i s i o n - t e r m 

score u n i q u e l y e x p l a i n e d a s i g n i f i c a n t amount o f v a r i a n c e i n 

t h e dependent v a r i a b l e , t ( 4 6 ) = 3.08, p < .005, s r 2 = .165. 

For t h e o t h e r p r e d i c t o r s , a l l t s <= 1.25, ps > .20, 

d e m o n s t r a t i n g t h a t none o f them u n i q u e l y e x p l a i n e d any 

v a r i a n c e i n v i s i o n t r i a l s c ore. ( I per f o r m e d f u r t h e r 

r e g r e s s i o n s i n which t o t a l v i s i o n - t e r m score was added 

h i e r a r c h i c a l l y t o t h e model a l r e a d y c o n t a i n i n g a l l o t h e r 

p r e d i c t o r s , and t h e p a t t e r n o f r e s u l t s was t h e same. The 

model c o n t a i n i n g o n l y t h e s e t o f dummy v a r i a b l e s was 

i n s i g n i f i c a n t , and t h e a d d i t i o n o f t o t a l v i s i o n - t e r m score 

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

v a r i a n c e and a l l o w e d t h e model t o achieve s i g n i f i c a n c e . ) 

The r e s u l t s o f these analyses g i v e s u p p o r t t o t h e 

h y p o t h e s i s t h a t s t u d e n t s ' u n d e r s t a n d i n g o f t h e b a s i c f a c t s 

about v i s i o n , as demonstrated i n t h e i r w r i t t e n e x p l a n a t i o n s , 

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

t h e y g i v e on t h e v i s i o n t r i a l s themselves. The p r e d i c t i o n 

i s f a r f r o m p e r f e c t , however, as t h e s i z e s o f t h e 

63 



c o r r e l a t i o n i n d i c a t e s . C l e a r l y t h e scores a s s i g n e d t o 

s t u d e n t s ' w r i t t e n e x p l a n a t i o n s o f v i s i o n do n o t e x p l a i n a l l 

or even most o f t h e v a r i a n c e i n t h e i r scores on t h e v i s i o n 

t r i a l s and hence do n o t e x p l a i n why some s t u d e n t s a r e more 

i n t r o m i s s i o n i s t t h a n o t h e r s . Many sources a r e p o s s i b l e f o r 

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

w r i t t e n e x p l a n a t i o n s w h i c h were n o t scored, c o g n i t i v e 

a b i l i t i e s and/or s t y l e s o f t h e s t u d e n t s w h i c h a f f e c t 

performance on t h e computer t r i a l s , and p o s s i b l y g e n e r a l 

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

e x p e r i m e n t a l procedure. 

Having examined how adequate an e x p l a n a t i o n t h e t o t a l 

v i s i o n - t e r m scores were i n p r e d i c t i n g scores on t h e v i s i o n 

t r i a l s , I t h e n t u r n e d t o t h e c o r r e l a t i o n s o f t h e summed 

scores f o r each i n d i v i d u a l i t e m w i t h scores on t h e v i s i o n 

t r i a l s . Of t h e seven v i s i o n terms, o n l y one was 

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

concept l i g h t e n t e r i n g t h e eye. which y i e l d e d a p o s i t i v e 

c o r r e l a t i o n o f r ( 4 9 ) = .488, p < .0005. The c o r r e l a t i o n s 

between v i s i o n t r i a l s core and t h e r e m a i n i n g s i x terms 

ranged from .134 t o .274, a l l ps > .05, a l t h o u g h t h e 

c o r r e l a t i o n between t h i s score and the t e r m o p t i c nerve 

approached s i g n i f i c a n c e , r ( 4 9 ) = .274, p = .051. The 

complete s e t o f c o r r e l a t i o n s i s p r e s e n t e d i n Table 7. 
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Term C o r r e l a t i o n with V i s i o n T r i a l Score 

B r a i n .236 

Retina .210 

Optic nerve .275 

Lens .230 

Li g h t e n t e r i n g the eye .488* 

Li g h t r e f l e c t i n g o f f ob j e c t .135 

Pup i l .229 

Note. N = 51. 
*P < .0005 

Table 7: C o r r e l a t i o n s Between Each of the Seven V i s i o n Terms 
and V i s i o n T r i a l Score. 
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These c o r r e l a t i o n s i n d i c a t e d t h a t scores on l i g h t 

e n t e r i n g m i g h t be j u s t as adequate a p r e d i c t o r as t o t a l 

v i s i o n - t e r m score. A l s o , t h e c o r r e l a t i o n between l i g h t 

e n t e r i n g score and t h e summed score d e r i v e d f r o m t h e o t h e r 

s i x terms was h i g h , r ( 4 9 ) = .637, p < .0001; t h i s suggests 

t h a t t h e o t h e r s i x i t e m s , o r l i g h t e n t e r i n g , m i g h t be 

extraneous t o t h e p r e d i c t i o n o f v i s i o n - t r i a l s c o r e . 

A n a l y s i s o f l i g h t e n t e r i n g scores r e v e a l e d t h a t t h e mean 

score was 4.65 (SD = 1.28) and t h e range was 2-6, 

encompassing a l l p o s s i b l e v a l u e s f o r t h e scor e . A two-

t a i l e d t t e s t p erformed upon t h e group means f o r males and 

females approached s i g n i f i c a n c e , t ( 4 9 ) = 1.82, p = .07, w i t h 

males (M = 5.05, SD = 1.32) o b t a i n i n g s l i g h t l y h i g h e r scores 

t h a n females (M = 4.39, SD = 1.23). To t e s t t h e above-

mentioned p o s s i b i l i t y , t h a t o n l y o f the two scores was a 

necessary p r e d i c t o r , a r e g r e s s i o n e q u a t i o n was c o n s t r u c t e d 

f o r t h e dependent v a r i a b l e o f v i s i o n - t r i a l s c o re u s i n g l i g h t 

e n t e r i n g score and t h e summed score o f t h e o t h e r s i x terms 

as p r e d i c t o r s . 

For these r e g r e s s i o n a n a l y s e s , t h e r e s u l t s may be 

summarized as f o l l o w s : The r e g r e s s i o n e q u a t i o n c o n t a i n i n g 

o n l y t h e s i x - t e r m score d i d account f o r a s i g n i f i c a n t 

p r o p o r t i o n o f v a r i a n c e i n t h e v i s i o n - t r i a l s c o r e s , R2 = .133 

(adj u s t e d - R 2 = .115), F ( l , 49) = 7.49, p < .01 . When 

scores f o r l i g h t e n t e r i n g were added as a s e p a r a t e 

p r e d i c t o r , however, t h e p i c t u r e changed. The a d d i t i o n o f 
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l i g h t e n t e r i n g y i e l d e d an R2 = .243, F(2, 48) = 7.69, p < 

.005 ( a d j u s t e d R2 = .211), b u t s i x - t e r m v i s i o n score was no 

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

squared s e m i p a r t i a l c o r r e l a t i o n was .005, and t h e t e s t f o r 

t h e r e g r e s s i o n w e i g h t y i e l d e d t ( 4 8 ) = .55, p = .58. Only 

l i g h t e n t e r i n g score was a s i g n i f i c a n t p r e d i c t o r , t ( 4 8 ) = 

2.64, p < .05, s r 2 = .110. Repeating these a n a l y s e s by 

s w i t c h i n g t h e o r d e r o f e n t r y o f t h e p r e d i c t o r s i n t o t h e 

e q u a t i o n produced e s s e n t i a l l y t h e same r e s u l t s . The model 

c o n t a i n i n g j u s t l i g h t e n t e r i n g as a p r e d i c t o r was 

s i g n i f i c a n t , R2. = .238 (adjusted-R 2. = .222), F ( l , 49) = 

15.30, p < .0005. Adding t h e s i x - t e r m v i s i o n s core t o t h i s 

model d i d n o t produce any s i g n i f i c a n t i n c r e m e n t i n t h e 

p r o p o r t i o n o f e x p l a i n e d v a r i a n c e i n v i s i o n - t r i a l s c o r e s . 

These r e s u l t s t h u s s u p p o r t t h e i d e a t h a t t o t a l v i s i o n -

t e r m score i s a moderate p r e d i c t o r o f scores on t h e v i s i o n 

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

l i g h t e n t e r i n g . I n Cohen and Cohen's (19 83) t e r m i n o l o g y , 

t h e r e l a t i o n s h i p between t o t a l v i s i o n - t e r m s core and v i s i o n 

t r i a l score appears t o be a s p u r i o u s one: when l i g h t 

e n t e r i n g score and t h e s i x - t e r m score a r e used t o p r e d i c t 

v i s i o n t r i a l s core, t h e o n l y unique source o f v a r i a n c e i s 

l i g h t e n t e r i n g score, almost a l l o f t h e r e s t o f t h e 

e x p l a i n e d v a r i a n c e b e i n g due t o t h e c o m b i n a t i o n o f t h e two. 

When l i g h t e n t e r i n g i s used by i t s e l f , i t p r e d i c t s v i s i o n 
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t r i a l s core w i t h s i m i l a r accuracy, and t h e a d d i t i o n o f t h e 

s i x - t e r m score t o t h i s e q u a t i o n does n o t improve t h e 

p r e d i c t i o n a t a l l . 

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

m e a n i n g f u l , i t s h o u l d be remembered t h a t t h e a n a l y s e s 

p e r f o r m e d were a d m i t t e d l y d a t a - d r i v e n and r e q u i r e c r o s s -

v a l i d a t i o n . U n t i l t h a t t i m e , no g r e a t w e i g h t s h o u l d be 

g i v e n t o these r e s u l t s . However, t h e f i n d i n g would be o f 

g r e a t i n t e r e s t i f r e p l i c a t e d because a major p o i n t o f t h e 

r e s e a r c h program o f Winer and h i s c o l l e a g u e s i s t h a t many 

s t u d e n t s do n o t d i f f e r e n t i a t e between t h e outward, 

o r i e n t a t i o n a l aspect o f v i s i o n ( " l o o k i n g a t " something) and 

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

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

s t u d e n t s who d i d not d e s c r i b e , o r d i d n o t d e s c r i b e w e l l , 

l i g h t e n t e r i n g t h e eye d u r i n g v i s i o n . 
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CHAPTER 5 

DISCUSSION 

The main purpose o f t h i s experiment was t o d e t e r m i n e 

whether t h e well-documented d i f f i c u l t i e s t h a t many c o l l e g e 

s t u d e n t s show on b a s i c q u e s t i o n s about v i s i o n c o u l d be 

c o r r e c t e d , so t h a t s t u d e n t s would respond i n t h e 

s c i e n t i f i c a l l y c o r r e c t i n t r o m i s s i o n i s t f a s h i o n . To t h i s 

end, I gave some s t u d e n t s a b r i e f t r a i n i n g s e s s i o n on 

n e c e s s i t y , w h i l e o t h e r s were r e q u i r e d t o w r i t e an 

e x p l a n a t i o n o f v i s i o n based on t h e i r s c i e n t i f i c knowledge i n 

hopes o f i m p r o v i n g t h e i r performance. I n t h e d i s c u s s i o n t o 

f o l l o w , I w i l l f i r s t summarize t h e r e s u l t s o f t h i s s t u d y and 

at t e m p t t o i n t e g r a t e them w i t h p r e v i o u s r e s e a r c h . I w i l l 

t h e n comment upon some p o s s i b l e i m p l i c a t i o n s o f these 

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

paradigm and f o r s c i e n c e e d u c a t i o n . L a s t l y , I w i l l r e t u r n 

t o a t r o u b l i n g problem, t h a t o f how t o r e l i a b l y 

d i f f e r e n t i a t e b e l i e v e r s i n i n t r o m i s s i o n f r o m those who 

endorse e x t r a m i s s i o n o r some c o m b i n a t i o n o f b o t h , and 

c o n s i d e r some p o s s i b l e s o l u t i o n s . 
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The r e s u l t s o f t h e analyses a l l o w me t o shed some l i g h t 

on t h e n a t u r e and coherence o f t h e s t u d e n t s ' b e l i e f s about 

v i s i o n . However, some aspects o f s t u d e n t s ' b e l i e f s a r e 

s t i l l vague. I n examining t h e r e s u l t s o f t h i s s t udy, I w i l l 

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

The f i r s t two r e s e a r c h q u e s t i o n s d e a l t w i t h t h e concept 

o f n e c e s s i t y ; I p o s t u l a t e d t h a t c o l l e g e s t u d e n t s who f a i l e d 

i n p r e v i o u s s t u d i e s on t h e computer-graphic v i s i o n t r i a l s 

m i g h t be d o i n g so because t h e y a r e n o t e x p l i c i t l y t h i n k i n g 

about what must occur f o r us t o see. Perhaps, I 

h y p o t h e s i z e d , t h e y m i g h t b e l i e v e t h a t something l e a v e s t h e 

eye d u r i n g v i s i o n b u t i s i n c i d e n t a l t o t h e process. 

A l t e r n a t i v e l y , perhaps s t u d e n t s t e n d t o respond i n t u i t i v e l y 

t o these t r i a l s because t h e y are re n d e r e d i n a c o m p e l l i n g 

v i s u a l f o r m a t , and s t u d e n t s are r e a l l y n o t c o n s i d e r i n g what 

must happen i n v i s i o n b u t o n l y g i v i n g " o f f t h e c u f f " 

answers. The r e s u l t s o f t h e d a t a a n a l y s e s , however, g i v e no 

su p p o r t t o e i t h e r o f these hypotheses. N e c e s s i t y t r a i n i n g 

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

c o r r e c t i n t r o m i s s i o n responses, and t h e t y p e o f p r e t e s t 

t r i a l used i n t h i s t r a i n i n g a l s o had no e f f e c t . The 

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

g i v i n g a t l e a s t one response which i n c l u d e d e x t r a m i s s i o n on 

these t r i a l s a r e c o n s i s t e n t w i t h those observed i n p i l o t 

70 



r e s e a r c h . However, t h e y are somewhat h i g h e r t h a n those 

observed by Winer e t a l . ( i n p r e s s ) , who d i d n o t i n c l u d e a 

c o n d i t i o n a s k i n g about n e c e s s i t y . 

Responses t o t h e two f o l l o w - u p q u e s t i o n s d i d n o t 

p r o v i d e a reason f o r t h e f a i l u r e t o f i n d an e f f e c t , s i n c e 

v i r t u a l l y a l l s t u d e n t s who gave a t l e a s t one answer 

i n v o l v i n g i n t r o m i s s i o n agreed t h a t something needs t o come 

i n t o t h e eye f o r us t o see. T h i s consensus f a v o r i n g 

i n t r o m i s s i o n which appeared i n t h e v e r b a l f o r m a t was c l e a r l y 

n o t r e f l e c t e d i n v i s i o n t r i a l s cores. On t h e o t h e r hand, 

w h i l e almost h a l f o f those asked d i d agree t h a t some f o r m o f 

e x t r a m i s s i o n i s necessary f o r v i s i o n , s t u d e n t s were i n 

g e n e r a l more r e l u c t a n t t o su p p o r t t h i s i d e a , and a f f i r m a t i v e 

answers t o t h i s q u e s t i o n were somewhat n e g a t i v e l y a s s o c i a t e d 

w i t h success on t h e v i s i o n t r i a l s . A p p a r e n t l y t h e v e r b a l 

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

t o a moderate degree, those who b e l i e v e d i n t h e n e c e s s i t y o f 

such an occurrence f r o m those who r e a l l y d i d n o t , b u t t h e 

i n t r o m i s s i o n q u e s t i o n d i d n o t d i f f e r e n t i a t e among s u b j e c t s . 

I f v i r t u a l l y a l l s u b j e c t s agreed t h a t i n t r o m i s s i o n must 

occur, why wasn't t h i s b e l i e f r e f l e c t e d on t h e v i s i o n 

t r i a l s , e s p e c i a l l y i n t h e N e c e s s i t y c o n d i t i o n s w h i c h 

r e q u i r e d s t u d e n t s t o c o n s i d e r t h i s concept? 

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 e n e c e s s i t y 

t r a i n i n g abound, and none o f them i s d e f i n i t i v e a t t h i s 

p o i n t . I t i s p o s s i b l e t h a t t h e d i s t i n c t i o n I wanted 
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s t u d e n t s t o make, i n v o l v i n g t h e n e c e s s i t y o f one p h y s i c a l 

event p r e c e d i n g a n o t h e r f o r t h a t second event t o occur, was 

j u s t t o o s u b t l e . A f t e r a l l , t h e f i n d i n g t h a t l i g h t must 

r e f l e c t o f f o b j e c t s and e n t e r t h e eyes f o r us t o see i s an 

e m p i r i c a l d i s c o v e r y and n o t a l o g i c a l n e c e s s i t y . An 

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

t h a t n o t a l l s t u d e n t s i n these c o n d i t i o n s knew t h e r e l e v a n t 

f a c t s about v i s i o n . However, s i n c e t h e y d i d n o t p r o v i d e a 

p r e t e s t measure o f t h e i r v i s u a l knowledge, u n l i k e t h e 

S c h e m a - A c t i v a t i o n s t u d e n t s , t h e r e i s no way t o know whether 

these p a r t i c i p a n t s knew t h e r e l e v a n t f a c t s . 

A s i d e f r o m m i s s i n g o r i n c o r r e c t knowledge, t h e r e a r e 

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

t r a i n i n g . Perhaps t h e e n t i r e procedure, i n w h i c h s t u d e n t s 

had t o answer a s e r i e s o f s e e m i n g l y - s t r a n g e p r e t e s t i t e m s 

and t h e n respond t o t h e v i s i o n q u e s t i o n s , was c o n f u s i n g . 

Conceivably, t h e t r a i n i n g may have h i n d e r e d some s t u d e n t s 

i n s t e a d o f c o r r e c t i n g any e x t r a m i s s i o n i s t t e n d e n c i e s , so 

t h a t t h e y gave more responses i n v o l v i n g e x t r a m i s s i o n i n s t e a d 

o f fewer. The f a c t t h a t t h e p r e t e s t t r i a l s were v e r b a l and 

t h e a c t u a l t e s t q u e s t i o n s on v i s i o n were v i s u a l m i g h t have 

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

shown t h a t m o d a l i t y o f r e p r e s e n t a t i o n can a f f e c t response 

t e n d e n c i e s ( C o t t r e l l & Winer, 1994; Winer e t a l . , i n p r e s s ) . 
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A p a r t f r o m t h e n a t u r e o f t h e t r a i n i n g p r o c e d u r e , t h e 

n a t u r e o f t h e v i s i o n q u e s t i o n s themselves deserves comment. 

Each p a r t i c i p a n t i n t h i s experiment answered e s s e n t i a l l y t h e 

same q u e s t i o n e i g h t t i m e s , t h e o n l y v a r i a t i o n s b e i n g those 

i n t h e answer c h o i c e s , and she r e c e i v e d no feedback a f t e r 

any o f her responses. Those s t u d e n t s who were s u g g e s t i b l e 

o r unsure o f themselves might have been l e d t o respond i n 

ways i n c o n s i s t e n t w i t h t h e i r b e l i e f s s i m p l y because o f t h e 

demand c h a r a c t e r i s t i c s o f t h e procedure. Indeed, s e v e r a l o f 

the u n dergraduate e x p e r i m e n t e r s who a i d e d i n t h e s t u d y 

commented t h a t t h e y f e l t t h a t t h e r e p e t i t i o n i n h e r e n t i n t h e 

procedure seemed t o cause some o f t h e p a r t i c i p a n t s t o change 

t h e i r answers. 

Asi d e f r o m number o f i n t r o m i s s i o n i s t responses, a n o t h e r 

r e s u l t w o r t h some comment i s t h e f i n d i n g t h a t s t u d e n t s were 

rema r k a b l y c o n s i s t e n t i n t h e i r responses t o t h e one v e r b a l 

t r i a l and seven computer t r i a l s . I n g e n e r a l , p u r e 

i n t r o m i s s i o n i s t s on t h e computer t r i a l s remained so on t h e 

v e r b a l t r i a l , w h i l e s t u d e n t s who had i m p l i c a t e d e x t r a m i s s i o n 

a t some p o i n t i n t h e computer procedure were v e r y l i k e l y t o 

do so a g a i n on t h e v e r b a l q u e s t i o n . As n o t e d , some s t u d i e s 

have found t h a t t h e t y p e o f r e p r e s e n t a t i o n used i n 

q u e s t i o n i n g a f f e c t s responses ( C o t t r e l l & Winer, 1994; Winer 

e t a l . , i n p r e s s ) ; however, u n p u b l i s h e d r e s e a r c h u s i n g 

w i t h i n - s u b j e c t s d e signs and d i f f e r e n t m o d a l i t i e s o f 

q u e s t i o n i n g have f a i l e d t o e l i c i t m o d a l i t y e f f e c t s . I n t h e 
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case o f t h i s s t udy, i t i s p o s s i b l e t h a t t h e a c t o f 

re s p o n d i n g t o seven r e p e t i t i v e computer t r i a l s i n d u c e d i n 

s t u d e n t s a s e t t o respond i n whatever f a s h i o n t h e y had 

chosen, so t h a t t h e s e t det e r m i n e d answers t o t h e v e r b a l 

t r i a l . 

The o t h e r e x p e r i m e n t a l m a n i p u l a t i o n i n t h i s s t udy, t h e 

focus o f t h e t h i r d r e s e a r c h q u e s t i o n , was t h e i n c l u s i o n o f 

the S c h e m a - A c t i v a t i o n c o n d i t i o n s . I h y p o t h e s i z e d t h a t 

r e q u i r i n g s t u d e n t s t o w r i t e an e x p l a n a t i o n o f v i s i o n , based 

on what was s c i e n t i f i c f a c t t o t h e b e s t o f t h e i r knowledge, 

c o u l d a c t i v a t e t h e knowledge t h e y had l e a r n e d about v i s i o n 

and t h u s l e a d t o more i n t r o m i s s i o n - o n l y responses on t h e 

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

of n e c e s s i t y . T h i s was n o t t h e case, however. These 

s t u d e n t s were no more i n t r o m i s s i o n i s t on average t h a n any o f 

the o t h e r s t u d e n t s i n t h e study, d e m o n s t r a t i n g a f a i l u r e o f 

these c o n d i t i o n s . A l s o , r e q u i r i n g some o f t h e s t u d e n t s t o 

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

d i r e c t i o n a l i t y o f some s o r t a l s o d i d n o t l e a d t o more 

i n t r o m i s s i o n , on average, on t h e computer t r i a l s , a l t h o u g h a 

pure i n t r o m i s s i o n response on t h e c l a r i f i c a t i o n q u e s t i o n was 

p o s i t i v e l y c o r r e l a t e d w i t h t h e number o f such responses on 

the v i s i o n t r i a l s . An obvious p o s s i b i l i t y f o r t h e f a i l u r e 

o f t h e Schema-Activation c o n d i t i o n s t o i n c r e a s e i n t r o m i s s i o n 

responses i s t h a t some s t u d e n t s might n o t have l e a r n e d t h e 

r e l e v a n t i n f o r m a t i o n i n t h e f i r s t p l a c e . A second p o s s i b l e 
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e x p l a n a t i o n i s t h e same as one proposed f o r t h e Necessity-

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

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

have been a s t u m b l i n g b l o c k . 

Analyses o f these p a r t i c i p a n t s ' e x p l a n a t i o n s proved t o 

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

above. P r e l i m i n a r y a n a l y s e s showed t h a t a s t u d e n t ' s t o t a l 

score on these e x p l a n a t i o n s was a moderate p r e d i c t o r o f 

success on t h e v i s i o n t r i a l s , s u g g e s t i n g t h a t g e n e r a l 

knowledge o f what occurs d u r i n g v i s i o n m i g h t be a f a c t o r 

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

t r i a l s . However, as l a t e r analyses showed, t h i s c o r r e l a t i o n 

was a s p u r i o u s one, b e i n g i n f a c t l a r g e l y due t o t h e 

p a r t i c i p a n t ' s score on t h e concept l i g h t e n t e r i n g t h e eye. 

R e s u l t s o f t h e r e g r e s s i o n analyses showed t h a t t h i s score 

p r e d i c t e d t h e number o f c o r r e c t v i s i o n t r i a l responses w i t h 

a p p r o x i m a t e l y t h e same accuracy as d i d t h e s i x - t e r m score 

and t h a t when b o t h v a r i a b l e s were used as p r e d i c t o r s , o n l y 

t h e score on t h e s i n g l e i t e m u n i q u e l y e x p l a i n e d v a r i a n c e i n 

the v i s i o n - t r i a l s c o r e . Thus, f o r these s t u d e n t s , t h e 

f a c t o r i n t h e i r w r i t t e n e x p l a n a t i o n s which was most 

p r e d i c t i v e ( a l b e i t t o a l i m i t e d e x t e n t ) o f v i s i o n t r i a l 

s core was how ad e q u a t e l y t h e y d e s c r i b e d t h i s s t e p i n t h e 

process o f v i s i o n . 
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The c o r r e l a t i o n between l i g h t e n t e r i n g score and 

v i s i o n - t r i a l score i s a moderate one, l e a v i n g much v a r i a n c e 

i n t h e l a t t e r score u n e x p l a i n e d , b u t t h i s r e s u l t 

n e v e r t h e l e s s s u p p o r t s t h e c o n t e n t i o n o f Winer and h i s 

c o l l e a g u e s : Many c o l l e g e - a g e a d u l t s , d e s p i t e p r e v i o u s 

e d u c a t i o n on t h e t o p i c , do n o t un d e r s t a n d t h a t l i g h t must 

e n t e r t h e eyes f o r us t o see. That none o f these s t u d e n t s 

w r o t e t h a t a n y t h i n g must l e a v e t h e eye i s a f a c t a l l t h e 

more remarkable i n l i g h t o f t h i s f i n d i n g . T h i s l a c k o f 

e x t r a m i s s i o n shown i n t h e w r i t i n g t a s k does a c c o r d w i t h 

p r e v i o u s r e s e a r c h (Winer & C o t t r e l l , i n p r e s s ) . I t i s 

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

c o r r e l a t i o n i s one which occurs across two d i f f e r e n t 

m o d a l i t i e s o f q u e s t i o n i n g , one v e r b a l ( t h e w r i t i n g t a s k ) and 

one p i c t o r i a l . Thus t h e r e i s evidence f o r t h e c l a i m t h a t 

some c o l l e g e s t u d e n t s possess b e l i e f systems about v i s i o n 

w hich l a c k t h e n o t i o n o f l i g h t e n t e r i n g t h e eye. 

T h i s t e n t a t i v e c o n c l u s i o n meshes w i t h t h e l i t e r a t u r e on 

u n d e r s t a n d i n g o f v i s i o n and l i g h t i n g e n e r a l . Of course, 

t h i s agreement must be q u a l i f i e d by n o t i n g t h a t most o f t h i s 

r e s e a r c h has focused on c h i l d r e n and a d o l e s c e n t s , n o t 

c o l l e g e s t u d e n t s . N e v e r t h e l e s s , some p a r a l l e l s appear. 

K a r r q v i s t and Anderson's (1983) s t u d y o f Swedish s t u d e n t s 

aged 12-15 r e v e a l e d t h e presence o f e x t r a m i s s i o n b e l i e f s i n 

many o f them, w i t h t h e m i s c o n c e p t i o n r e m a i n i n g i n p l a c e 

a f t e r i n s t r u c t i o n on t h e t o p i c o f v i s i o n . R e q u i r i n g 
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s t u d e n t s t o r e c a l l what t h e y had l e a r n e d a l s o d i d n o t l e a d 

t o more i n t r o m i s s i o n responses i n t h i s s t u d y , s u g g e s t i n g 

t h a t t h e i n s t r u c t i o n t h e y r e c e i v e d was in a d e q u a t e . 

L i k e w i s e , Guesne's (1984, 1985) r e s e a r c h w i t h French 

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

i n a t l e a s t a m i n o r i t y o f these p a r t i c i p a n t s . F i n a l l y , t h e 

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

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

s t u d e n t s has been n o t e d by o t h e r s (Anderson & Smith, 19 86; 

Eaton, Anderson & Smith, 19 84). A l t h o u g h none o f th e s e 

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

t h e r e s u l t s o f t h i s and o t h e r s t u d i e s g i v e me reason t o 

b e l i e v e t h a t v i s i o n - and l i g h t - r e l a t e d e d u c a t i o n a t t h e 

c o l l e g e l e v e l i s a l s o n o t a d d r e s s i n g e x t r a m i s s i o n i s t 

n o t i o n s . 

Other r e s e a r c h on v i s i o n (which d i d n o t e x p l i c i t l y 

f o r c e a c h o i c e between d i f f e r e n t r e n d i t i o n s o f v i s i o n ) has 

found t h a t c o l l e g e - a g e d a d u l t s h o l d b e l i e f s t h a t a r e l o o s e l y 

a l i g n e d w i t h t h e s c i e n t i f i c e x p l a n a t i o n (Repp e t a l . , 1992). 

On t h e o t h e r hand, these a u t h o r s a l s o found t h a t , f o r t h e i r 

a d u l t p a r t i c i p a n t s , performance on a drawing t a s k was 

s i g n i f i c a n t l y h i g h e r when t h e ex p e r i m e n t e r prompted t h e 

s t u d e n t s t o c o n s i d e r l i g h t ("Show how t h e l i g h t h e l p s K e r m i t 

see Gumby.") t h a n when no p r o m p t i n g o c c u r r e d (Repp e t a l . , 

1992, Experiment 1 ) . T h i s e f f e c t o f m o d a l i t y o f 

r e p r e s e n t a t i o n accords w i t h t h e f i n d i n g s o f Winer and 
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C o t t r e l l ( i n p r e s s ) , who found t h a t c u i n g s t u d e n t s by 

m e n t i o n i n g i n p u t and o u t p u t l e d t o more i n t r o m i s s i o n 

drawings t h a n when such cues were n o t g i v e n . T h i s r e s u l t 

r e p o r t e d by Repp e t a l . may th u s be an o t h e r m a n i f e s t a t i o n o f 

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

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

e x t r a m i s s i o n a l o n g w i t h i n t r o m i s s i o n . 

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

the p a r a l l e l drawn by many d e v e l o p m e n t a l i s t s between 

ontogeny and advances i n sc i e n c e . I n p a r t i c u l a r , t h e 

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

developments i n t h e h i s t o r y o f knowledge about v i s i o n a r e 

r e c a p i t u l a t e d i n t h e course o f human development. A l t h o u g h 

c o l l e g e - a g e d a d u l t s were t h e o n l y age group i n v o l v e d i n t h i s 

s t udy, t h e f i n d i n g t h a t 67 p a r t i c i p a n t s (51%) missed a t 

l e a s t h a l f (4 o r more) o f t h e v i s i o n t r i a l s c e r t a i n l y does 

no t s u s t a i n t h e i d e a t h a t persons o f t h i s age have developed 

f i r m , i n t r o m i s s i o n i s t n o t i o n s o f v i s i o n . A l s o , t h e u t t e r 

l a c k o f any mention o f e x t r a m i s s i o n i n t h e w r i t t e n 

e x p l a n a t i o n s o f t h e Schema-Activation s u b j e c t s , when 

combined w i t h t h e v i s i o n t r i a l d a t a , s u p p o r t t h e Winer-

C o t t r e l l c o n t e n t i o n t h a t b e l i e f s , a t l e a s t f o r some 

s t u d e n t s , v a r y as a f u n c t i o n o f fo r m o f r e p r e s e n t a t i o n . 

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

e n t e r s t h e eyes, as expressed i n w r i t i n g , i s seemingly 

a s s o c i a t e d w i t h a tendency t o endorse i n t r o m i s s i o n and 
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e x t r a m i s s i o n when g i v e n g r a p h i c d e p i c t i o n s o f what m i g h t 

happen d u r i n g v i s i o n . T h i s dependence o f s c i e n t i f i c b e l i e f s 

upon m o d a l i t y o f r e p r e s e n t a t i o n has not been addressed i n 

o t h e r r e s e a r c h on s c i e n t i f i c m i s c o n c e p t i o n s , t o t h i s 

a u t h o r 1 s knowledge. 

Another i s s u e t o which t h e p r e s e n t s t u d y p e r t a i n s i s 

th e manner i n which s c i e n c e concepts a r e t a u g h t . Many 

sci e n c e c l a s s e s , e s p e c i a l l y i n secondary s c h o o l s , l i k e t o 

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

phenomena, and o f t e n r e l y upon a n a l o g i e s w i t h more f a m i l i a r 

e vents i n e x p l a i n i n g t hese e v e n t s . My s t u d y and o t h e r 

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

t e c h n i q u e s may have f l a w s f o r t h i s t o p i c . 

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

o f v i s i o n t e n d t o a c t i v a t e i n t u i t i v e b e l i e f s w h i c h f u s e 

o r i e n t a t i o n w i t h s c i e n t i f i c knowledge, t h e n these t e c h n i q u e s 

may n o t be d e s i r a b l e f o r t e a c h i n g t h e s u b j e c t . Of course, 

no d i r e c t evidence e x i s t s t o s u p p o r t t h i s i d e a , b u t t h e f a c t 

remains t h a t t h e m i s c o n c e p t i o n s t h a t s t u d e n t s i n t h i s and 

o t h e r s t u d i e s have shown p e r s i s t i n t h e f a c e o f i n s t r u c t i o n 

on t h e t o p i c . 

Furthermore, d r a w i n g a n a l o g i e s between a s c i e n t i f i c 

process and a more f a m i l i a r i d e a ( f o r example, comparing t h e 

r e f l e c t i o n o f l i g h t r a y s t o a b a l l bouncing o f f a w a l l ) may 

i n h i b i t a t h o r o u g h u n d e r s t a n d i n g of t h e a c t u a l process 

because o f o v e r r e l i a n c e on t h e analogy. T h i s p r o p o s a l has 
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appeared b e f o r e , i n a s l i g h t l y d i f f e r e n t form, as a p u t a t i v e 

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

l e a r n i n g b a s i c p h y s i c s concepts such as heat, f o r c e , 

e l e c t r i c i t y and l i g h t ( C h i, 1992). The core o f t h i s 

p r o p o s a l i s t h a t many s t u d e n t s possess n a i v e i n t u i t i o n s 

about p h y s i c s e n t i t i e s which a t t r i b u t e t o these e n t i t i e s 

p r o p e r t i e s o f p h y s i c a l m a t t e r , a l t h o u g h these concepts a r e 

o n t o l o g i c a l l y d i s t i n c t f r o m m a t t e r . T h i s d i s t i n c t i o n means 

t h a t these e n t i t i e s cannot p o s s i b l y possess any a t t r i b u t e s 

o f m a t t e r (such as s i z e o r shape). 

For example, commonly h e l d m i s c o n c e p t i o n s about f o r c e 

are t h a t a f o r c e r e s i d e s w i t h i n an o b j e c t and t h a t f o r c e s 

can be t r a n s f e r r e d f r o m one o b j e c t t o an o t h e r , much as w a t e r 

can be poured f r o m one g l a s s t o another. However, t h e 

p h y s i c i s t ' s v i e w o f a f o r c e i s t h a t i t i s what Chi (1992) 

c a l l s a " c o n s t r a i n t - b a s e d event:" i t e x i s t s o n l y as a 

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

e n t i t i e s and does n o t r e s i d e w i t h i n any one o f them. Chi 

(1992) a s s e r t s t h a t t h e t y p i c a l p h y s i c s c u r r i c u l u m does n o t 

address these i n t u i t i v e c o n c e p t i o n s , and many s t u d e n t s 

t h e r e f o r e f a i l t o grasp t h e concepts. A s u c c e s s f u l program 

would have t o c o n f r o n t t h e m i s c o n c e p t i o n s and, i f n o t 

r e p l a c e them, a t l e a s t add t o them a s e p a r a t e s e t o f 

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

n o t i o n o f c o n s t r a i n t - b a s e d e v e n t s . Drawing a n a l o g i e s 

between t h e concept t o be l e a r n e d and a f a m i l i a r event 
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i n v o l v i n g p h y s i c a l o b j e c t s i s n o t l i k e l y t o a c c o m p l i s h t h i s 

g o a l (an h y p o t h e s i s w h i c h was n o t d i s c o n f i r m e d by t h e 

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

I n t h e case o f v i s i o n , some s t u d e n t s m i g h t n o t g r a s p 

t h e r o l e o f l i g h t because t h e y do n o t r e a l l y u n d e r s t a n d 

l i g h t as an e n t i t y ; t h e y may ta k e t h e analogy o f a bou n c i n g 

b a l l l i t e r a l l y and c o n f l a t e i t w i t h what t h e y a r e t a u g h t , 

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

example, t h e " b a l l " r e p r e s e n t i n g l i g h t m i g h t be i n t e r p r e t e d 

as b e i n g "thrown" f r o m t h e eyes t o t h e o b j e c t , o r as 

bouncing o f f an o b j e c t , t o t h e eyes, back t o t h e e x t e r n a l 

w o r l d . T h i s i d e a i s o n l y s p e c u l a t i o n a t t h i s p o i n t , b u t one 

sh o u l d n o t e a s i l y d i s m i s s i t g i v e n t h e p r e s e n t s t u d y ' s d a t a . 

One aspect o f t h i s s t u d y which i s d i f f i c u l t t o 

accommodate i n a t h e o r y o f u n d e r s t a n d i n g o f v i s i o n i s t h e 

sex d i f f e r e n c e observed. On t h e v i s i o n t r i a l s , males gave 

on average more pure i n t r o m i s s i o n answers t h a n females, and 

a h i g h e r p r o p o r t i o n o f females t h a n males p i c k e d a t l e a s t 

one answer which i n c l u d e d an e x t r a m i s s i o n component. I n t h e 

two p i l o t s t u d i e s I conducted, t h i s d i f f e r e n c e a l s o appeared 

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

t o e x p l a i n , and no t h e o r y r e a d i l y lends i t s e l f t o j u s t i f y i n g 

why males s h o u l d be more i n t r o m i s s i o n i s t t h a n females. T h i s 

d i f f e r e n c e a l s o appeared on t h e w r i t t e n e x p l a n a t i o n s c o r e s 

i n t h e Schema-Activation c o n d i t i o n s , w i t h males a c h i e v i n g 

h i g h e r t o t a l v i s i o n - t e r m scores t h a n females, and y e t a g a i n 
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on answers t o t h e v e r b a l v i s i o n t r i a l . P r e v i o u s r e s e a r c h 

u s i n g t h e computer-animation paradigm has n o t r e v e a l e d any 

sex d i f f e r e n c e s (Winer e t a l . , i n p r e s s ) , a l t h o u g h t h o s e 

s t u d i e s d i d n o t r e q u i r e s u b j e c t s t o c o n s i d e r n e c e s s i t y o r 

ask them t o w r i t e about v i s i o n . Males have been found t o be 

more i n t r o m i s s i o n i s t i n some drawing s t u d i e s , however (Winer 

& C o t t r e l l , i n p r e s s ) . An i n t e r p r e t i o n w h i c h c o u l d r e s o l v e 

the p r e s e n t study's somewhat p e c u l i a r f i n d i n g s w i t h p r e v i o u s 

r e s e a r c h w i l l n o t be a t t e m p t e d here, as no sex d i f f e r e n c e s 

have been c o n s i s t e n t across s t u d i e s . 

The o v e r r i d i n g q u e s t i o n , one which has n o t been 

s a t i s f a c t o r i l y answered, i s , what causes someone t o endorse 

b o t h i n t r o m i s s i o n and e x t r a m i s s i o n b e l i e f s about v i s i o n ? 

One t e n t a t i v e p r o p o s a l was mentioned e a r l i e r , t h a t perhaps 

some people's b e l i e f s do n o t i n c o r p o r a t e t h e n o t i o n o f l i g h t 

e n t e r i n g t h e eye, so t h a t when t h e y are c o n f r o n t e d w i t h 

c o m p e l l i n g p i c t o r i a l r e n d i t i o n s o f the process ( o r asked t o 

draw them), t h e y confuse t h e l o o k i n g - o u t w a r d o r i e n t a t i o n 

w i t h what t h e y have l e a r n e d i n s c h o o l . However, t h e 

evidence f o r t h i s t h e o r y i s n o t a t a l l c o n c l u s i v e , s i n c e 

many s t u d e n t s i n t h i s s t u d y and i n p r e v i o u s s t u d i e s do n o t 

show t h e expected p a t t e r n o f response. For example, i n t h i s 

s t u dy, a number o f s t u d e n t s w r o t e r a t h e r i n c o h e r e n t 

e x p l a n a t i o n s o f v i s i o n y e t were c o r r e c t on t h e computer 

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

i n t r o m i s s i o n i s t s f r o m those who show b o t h b e l i e f s a t 

d i f f e r e n t t i m es are s t i l l i n doubt. Of course, s c i e n t i f i c 

knowledge seems t o be i m p o r t a n t here. However, o t h e r 

i n f l u e n c e s n o t r e l a t e d t o v i s i o n are a l s o l i k e l y t o be 

d e t e r m i n a n t s o f t h e i n t r o m i s s i o n - e x t r a m i s s i o n d i s t i n c t i o n . 

For example, g e n e r a l IQ c o u l d be an i n f l u e n t i a l v a r i a b l e . 

The d i f f e r e n t r e s u l t s produced by d i f f e r e n t ways o f 

r e p r e s e n t i n g t h e problem suggest t h a t some c o g n i t i v e - s t y l e 

v a r i a b l e s ( f o r example field-dependence/independence) may 

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

whose b e l i e f s seem t o f l u c t u a t e . C o g n i t i v e s t y l e c o u l d be 

i n f l u e n t i a l i f t h e W i n e r - C o t t r e l l h y p o t h e s i s i s t r u e , t h a t 

a s k i n g about v i s i o n w i t h g r a p h i c means causes a f u s i o n o f 

s u b j e c t i v e o r i e n t a t i o n w i t h s c i e n t i f i c knowledge. A l l o f 

these p o s s i b l e i n f l u e n c e s , a l o n g w i t h any changes t h e y 

undergo d u r i n g t h e course o f development, a r e w o r t h y o f 

i n v e s t i g a t i o n i n f u r t h e r r e s e a r c h on b e l i e f s about v i s i o n . 
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APPENDIX A 

PRETRIALS FOR PARTICIPANTS I N 

THE NECESSITY CONDITIONS 

Relevant N e c e s s i t y P r e t r i a l s 

P r e t r i a l s w i t h C o r r e c t "Yes" Responses 

1. I s i t a b s o l u t e l y necessary f o r a message t o g e t sent 

t o y our b r a i n i n o r d e r f o r you t o hear? 

2. I s i t a b s o l u t e l y necessary f o r something t o come 

i n t o y our l u n g s i n o r d e r f o r you t o br e a t h e ? 

3. I f something i s n o t t o u c h i n g your tongue, can you 

t a s t e i t [no]? Could you say t h a t i t i s necessary 

f o r something t o t o u c h your tongue i n o r d e r f o r you 

t o t a s t e i t ? 

4. I f your h e a r t stopped pumping, would b l o o d f l o w 

t h r o u g h your v e i n s [no]? Could you say t h a t i t i s 

necessary f o r your h e a r t t o pump i n o r d e r f o r b l o o d 

t o f l o w t h r o u g h your v e i n s ? 

P r e t r i a l s w i t h C o r r e c t "No" Responses 

1. I s i t a b s o l u t e l y necessary f o r something t o go o u t 

of your nose i n o r d e r f o r you t o sme l l ? 

2. I s i t a b s o l u t e l y necessary f o r you t o move yo u r hand 

f o r you t o t o u c h something? 
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3. I f you have n o t c u t y o u r s e l f , can you f e e l p a i n 

[ y e s ] ? Could you say t h a t i t i s necessary f o r you 

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

4. I f something i s n o t v e r y b i g , can i t be heavy [ y e s ] ? 

Could you say t h a t i t i s necessary f o r something t o 

be b i g i n o r d e r f o r i t t o be heavy? 

I r r e l e v a n t N e c e s s i t y P r e t r i a l s 

P r e t r i a l s w i t h C o r r e c t "Yes" Responses 

1. I f I h o l d up a b a s e b a l l i n f r o n t o f you r i g h t now 

and l e t go, i s i t a b s o l u t e l y necessary t h a t i t f a l l ? 

2. I f I thro w a l a r g e r o c k i n t o a s t i l l , q u i e t pond o f 

water, i s i t a b s o l u t e l y necessary t h a t t h e r e be 

waves o r r i p p l e s on t h e pond's s u r f a c e ? 

3. I f I d e p r i v e a p l a n t c o m p l e t e l y o f water and l i g h t , 

w i l l t h a t p l a n t grow [no]? Could you say t h a t i t i s 

necessary f o r a p l a n t t o have some l i g h t and w a t e r 

i n o r d e r t o grow? 

4. I f t h e r e were no e l e c t r i c i t y , f r o m b a t t e r i e s o r some 

o t h e r source, would TV's work [no]? Could you say 

t h a t i t i s necessary t o have e l e c t r i c i t y f o r TV's t o 

work? 

P r e t r i a l s w i t h C o r r e c t "No" Responses 

1. I s i t a b s o l u t e l y necessary f o r you t o l a u g h f o r you 

t o be happy? 

2. I s i t a b s o l u t e l y necessary f o r i t t o r a i n f o r i t t o 

be cloudy? 
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I f someone i s not an adult, can t h a t person be smart 

[yes]? Could you say t h a t i t i s nece s s a r y to be an 

adult i n order to be smart? 

I f you are not i n s i d e a moving car, can you s t i l l 

t r a v e l q u i c k l y [yes]? Could you say t h a t i t i s 

necessary to be i n s i d e a moving c a r i n order t o 

t r a v e l q u i c k l y ? 
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APPENDIX B 

VISION TRIALS FOR PARTICIPANTS 
IN THE NECESSITY CONDITIONS 

Necessty.Rad 

Testers: There are 8 trials. Use 7 for the number of repetitions. 
Trial 1. Enter on computer numbers 1;2;5;4 
Point to the images 

In order for us to see, is it absolutely necessary for something to come into the 
eye, go out of the eye, go in and out of the eye at the same time, or first go out 
the eye and then come back in? 

A: Incoming 
B: Outgoing 
C: Simultaneous 
D. First Out, then In 

Trial 2. Enter on computer numbers 1;2;5;3 
Point to the images 
In order for us to see, is it absolutely necessary for something to come into the 
eye, go out of the eye, go in and out of the eye at the same time, or first come 
into the eye and then go back out? 

A: Incoming 
B: Outgoing 
C: Simultaneous 
D: First In, then Out 

Trial 3. Enter on computer numbers 1;2;5 
Point to the images 
In order for us to see, is it absolutely necessary for something to come into the 
eye, go out of the eye, or go in and out of the eye at the same time? 

A: Incoming 
B: Outgoing 
C: Simultaneous 
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Trial 4. Enter on computer numbers 1;2;3;4 
Point to the images 
In order for us to see, is it absolutely necessary for something to come into the 
eye, go out of the eye, first come into the eye and then go back out, or first go 
out of the eye and then come back in? 

A: Incoming 
B: Outgoing 
C: First in then out 
D: First out then in 

Trial 5. Enter on computer numbers 1;2;4 
Point to the images 
In order for us to see, is it absolutely necessary for something to come into the 
eye, go out of the eye, or first go out of the eye and then come back in? 

A: Incoming 
B: Outgoing 
C: First out then in 

Trial 6. Enter on computer numbers 1;2;3 
Point to the images 
In order for us to see, is it absolutely necessary for something to come into the 
eye, go out of the eye, or first come into the eye and then go back out? 

A: Incoming 
B: Outgoing 
C: First in then out 

Trial 7. Enter on computer numbers 1;2 
Point to the images 

In order for us to see, is it absolutely necessary for something to come 
into the eye or go out of the eye? 

A: Incoming 
B: Outgoing 

Trial 8. Now we are not going to show you anything on the computer. In order 
for us to see, is it absolutely necessary for something to: 

A: Come into the eye 
B: Go out of the eye 
C . First come in and then go out 
D. First go out and then come in 
E . Come in and go out at the same time 
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APPENDIX C 

SCORING CRITERIA FOR WRITTEN EXPLANATIONS 

IN SCHEMA-ACTIVATION CONDITIONS 

B r a i n 

3: B r a i n ' s f u n c t i o n as pro c e s s o r , i n t e r p r e t e r , o r 

o r g a n i z e r o f i n f o r m a t i o n i s mentioned, and no 

i n c o r r e c t f u n c t i o n i s mentioned 

2: B r a i n ' s f u n c t i o n i s mentioned, b u t i n c o r r e c t 

i n f o r m a t i o n i s a l s o mentioned 

1: No ment i o n o f b r a i n ' s r o l e i s mentioned, o r only-

m e ntion i s i n c o r r e c t 

R e t i n a 

3: C o r r e c t f u n c t i o n i s mentioned, i . e . t h a t v i s u a l 

image o r l i g h t i s i n v e r t e d , c a s t o r fo c u s e d on t h i s 

s p o t ; c o u l d a l s o d e s c r i b e concept o f p h o t o r e c e p t o r s 

no i n c o r r e c t f u n c t i o n i s d e s c r i b e d 

2: E i t h e r o n l y mentions p a r t o f t h e f u n c t i o n (e.g. 

" r e t i n a h e l p s d e t e r m i n e c o l o r s t h a t you s e e " ) , o r 

mentions c o r r e c t f u n c t i o n a l o n g w i t h i n c o r r e c t 

i n f o r m a t i o n 

1: No mention o f f u n c t i o n , o r o n l y d e s c r i p t i o n g i v e n i 

i n c o r r e c t 
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3. O p t i c Nerve 

3: D e s c r i b e s c o r r e c t f u n c t i o n , t h a t o p t i c n erve 

t r a n s m i t s a message or s i g n a l f r o m t h e eye t o t h e 

b r a i n , and g i v e s no i n c o r r e c t d e s c r i p t i o n ; 

m e n t i o n i n g b l i n d spot a c c e p t a b l e as l o n g as above 

f u n c t i o n a l s o mentioned 

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

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

i n c o r r e c t i n f o r m a t i o n 

1: No m ention o f f u n c t i o n o r o n l y f u n c t i o n d e s c r i b e d i s 

i n c o r r e c t 

4. Lens 

3: D e s c r i b e s c o r r e c t f u n c t i o n , i . e . t h a t l i g h t passes 

t h r o u g h i t and i s focused, and mentions no i n c o r r e c t 

i n f o r m a t i o n 

2: Only mentions l i g h t p a s s i n g t h r o u g h l e n s w i t h o u t t h e 

concept o f f o c u s i n g , o r mentions c o r r e c t f u n c t i o n 

a l o n g w i t h i n c o r r e c t i n f o r m a t i o n 

1: E i t h e r g i v e s no f u n c t i o n or o n l y f u n c t i o n d e s c r i b e d 

i s i n c o r r e c t 

5. L i g h t e n t e r i n g t h e eye 

3: Concept i s e x p l i c i t l y mentioned somewhere i n 

e x p l a n a t i o n , and no i n c o r r e c t i n f o r m a t i o n 

accompanies i t 

2: Concept i s o n l y i m p l i c i t i n e x p l a n a t i o n (e.g. " l i g h t 

waves are sent t o t h e r e t i n a and up t o t h e b r a i n " ) , 
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o r concept i s mentioned b u t so i s i n c o r r e c t 

i n f o r m a t i o n (e.g. " l i g h t e n t e r s eye t h r o u g h t h e 

r e t i n a " ) 

1: Concept i s n o t mentioned a t a l l 

6. L i g h t r e f l e c t s o f f o b j e c t 

3: E x p l i c i t m e n t i o n o f l i g h t waves o r r a y s h i t t i n g t h e 

o b j e c t (book) and bouncing i n t o t h e eye 

2: Process o f r e f l e c t i o n n o t s t a t e d b u t n e c e s s i t y o f 

l i g h t i s i m p l i c i t (e.g. "what I see depends upon how 

much l i g h t t h e r e i s " ) , so t h a t whether s u b j e c t knows 

concept i s ambiguous 

1: Concept i s n o t mentioned a t a l l 

7. P u p i l 

3: C o r r e c t f u n c t i o n i s s t a t e d , t h a t p u p i l a l l o w s l i g h t 

i n t o t h e eye, and no i n c o r r e c t i n f o r m a t i o n i s 

mentioned; c o u l d m e n t i o n p u p i l changing i n s i z e 

a c c o r d i n g t o l i g h t i n t e n s i t y as l o n g as above 

f u n c t i o n a l s o mentioned 

2: De s c r i b e s o n l y p u p i l changing i n s i z e w i t h l i g h t 

i n t e n s i t y b u t does mention t h a t p u p i l a l l o w s l i g h t 

i n t o eye, o r g i v e s i n c o r r e c t i n f o r m a t i o n a l o n g w i t h 

c o r r e c t f u n c t i o n 

1: No f u n c t i o n g i v e n , o r o n l y d e s c r i p t i o n i s wrong 
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APPENDIX D 

VISION TRIALS FOR PARTICIPANTS I N CONTROL 

AND SCHEMA-ACTIVATION CONDITIONS 

Nonecess.Rad 

Testers: There are 8 trials. Use 7 for the number of repetitions. 
Trial 1. Enter on computer numbers 1;2;5;4 
Point to the images 

When we see does something come into the eye, go out of the eye, go in and out 
of the eye at the same time, or first go out of the eye and then come back in? 

A: Incoming 
B: Outgoing 
C: Simultaneous 
D. First Out, then In 

Trial 2. Enter on computer numbers 1;2;5;3 
Point to the images 

When we see does something come into the eye, go out of the eye, go in and out of 
the eye at the same time, or first come into the eye and then go back out? 

A: Incoming 
B: Outgoing 
C: Simultaneous 
D: First In, then Out 

Trial 3. Enter on computer numbers 1;2;5 
Point to the images 
When we see does something come into the eye, go out of the eye, or go in and out 
of the eye at the same time? 

A: Incoming 
B: Outgoing 
C: Simultaneous 
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Trial 4. Enter on computer numbers 1;2;3;4 
Point lo the images 
When we see does something come into the eye, go out of the eye, first come into the 
eye and then go back out, or first go out of the eye and then come back in? 

A: Incoming 
B: Outgoing 
C: First in then out 
D. First out then in 

Trial 5. Enter on computer numbers 1;2;4 
Point to the images 
When we see does something come into the eye, go out of the eye, or first go out of 
the eye and then come back in? 

A: Incoming 
B: Outgoing 
C: First out then in 

Trial 6. Enter on computer numbers 1;2;3 
Point to the images 
When we see does something come into the eye, go out of the eye, or first come into 
the eye and then go back out? 

A: Incoming 
B: Outgoing 
C: First in then out 

Trial 7. Enter on computer numbers 1;2 
Point to the images 
When we see does something come into the eye or go out of the eye? 

A: Incoming 
B: Outgoing 

Trial 8. Now we are not going to show you anything on the computer. But tell me, 
when we see does something: 

A: Come into the eye 
B: Go out of the eye 
C : First come in and then go out 
D: First go out and then come in 
E : Come in and go out at the same time 
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