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ABSTRACT 

The original Threshold Hypothesis proposed in 1976 by Cummins as a 
reasonable explanation of the data gathered to that date on the 
cognitive consequences of learning a second language has gained 
widespread acceptance in second language teaching c i r c l e s , but has 
been the subject of considerable debate among second language 
researchers. An examination of the critiques of the hypothesis as 
well as the responses invoked by these critiques reveals that much 
of the criticism i s well-founded. Given that the Threshold 
Hypothesis proposes that "cognitive" benefits or d e f i c i t s can 
accrue through the learning of a second language, the 
conceptualization of cognition underpinning the hypothesis i s 
important in understanding i t s inadequacies. Upon examination of 
Cummins' work, i t i s concluded that cognitive processing i s 
considered by Cummins to be a discrete category of brain processing 
operating at the conceptual level. 

A fundamental premise of this thesis i s that connectionism, which 
proposes that cognition i s more appropriately described as 
operating on a sub-conceptual level, and as being intimately 
intertwined and dependent upon what have been regarded as "non-
cognitive" aspects of brain functioning such as emotion, attention, 
and sensory processing, provides a new and potentially enlightening 
perspective on cognitive issues. A critique of connectionism as a 
valid model of learning in the brain suggests that i t has 



considerable v a l i d i t y , but cannot yet describe a l l types and/or a l l 

processes involved i n learning. Nevertheless, i t i s concluded that 

a model of second language learning b u i l t upon the conjectures of 

connectionism could bring new insights into how second language 

le a r n i n g i n immersion s i t u a t i o n s a f f e c t s brain processing, and 

thereby provide clues which might explain perceived cognitive 

benefits and d e f i c i t s . 

The model developed proposes that, under immersion conditions, 

second language learners may be undergoing an a t t e n t i o n a l s h i f t i n 

information processing towards the v i s u a l system, and away from the 

auditory. I f t h i s hypothesis can be substantiated by empirical 

t e s t s , i t could explain why second language learners i n immersion 

situations are i n danger of becoming poor readers, and may provide 

f e r t i l e ground f o r the development of remedial educational 

treatments. This i s a wholly t h e o r e t i c a l study based on l i t e r a t u r e 

research. 

i i i 
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PREFACE 

When I t h i n k back t o what might have f i r s t i n i t i a t e d my i n t e r e s t i n 

t h e t o p i c o f second language l e a r n i n g and academic ach ievement , 

t h e r e a re many images t h a t come t o mind: my u p b r i n g i n g i n S c o t l a n d 

w h i c h made me " b i l i n g u a l " i n S c o t t i s h d i a l e c t (Dundonian, t o be 

exact ) and BBC E n g l i s h ; b e i n g the f i r s t i n the Whole o f my extended 

v e r y w o r k i n g - c l a s s f a m i l y t o a t t e n d u n i v e r s i t y ; e m i g r a t i n g t o 

Canada as a young woman and f i n d i n g i t d i f f i c u l t t o u n d e r s t a n d 

C a n a d i a n s and be u n d e r s t o o d by them, no t o n l y l i n g u i s t i c a l l y but 

c u l t u r a l l y ; l i v i n g and t e a c h i n g i n J a m a i c a and Egypt where t h e 

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

t h e whole f a m i l y , b o t h i n g e n e r a l h e a l t h terms and a b i l i t y t o 

f u n c t i o n w e l l m e n t a l l y ; my e x p e r i e n c e s becoming f l u e n t i n F r e n c h . 

T h e r e a r e p r o b a b l y many more r e a s o n s , but t h e s e seem t o me t o be 

t h e most i m p o r t a n t . 

I f I t r y t o r a t i o n a l i z e why I became f a s c i n a t e d w i t h how t h e b r a i n 

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

p e r i o d o f twenty y e a r s which come t o m i n d . The f i r s t came about as 

a r e s u l t o f my want ing t o in form myse l f about e d u c a t i o n a l t h e o r y i n 

g e n e r a l when my c h i l d r e n were j u s t e n t e r i n g t h e s c h o o l s y s t e m . 

Rummaging t h r o u g h the b o o k s h e l v e s i n t h e l o c a l l i b r a r y , I came 

a c r o s s a s m a l l t e x t w r i t t e n by M a r i a M o n t e s s o r i i n 1949 (and 

t r a n s l a t e d i n t o E n g l i s h i n 1955): C h i l d h o o d E d u c a t i o n . In i t I r e a d 

t h e f o l l o w i n g : 

v i i i 



a p r e j u d i c e has found i t s way i n t o the a d u l t - the n o t i o n t h a t 

the l i f e o f the c h i l d can be changed o r improved o n l y th r ough 

t e a c h i n g . T h i s p r e j u d i c e impedes the u n d e r s t a n d i n g o f the f a c t 

t h a t t h e c h i l d c o n s t r u c t s h i m s e l f , t h a ^ he has a teacher 

within h i m s e l f , and t h a t t h i s i n n e r t e a c h e r a l s o f o l l o w s a 

program and a t e c h n i q u e o f e d u c a t i o n , and t h a t we a d u l t s by 

acknowledging t h i s unknown t e a c h e r may en joy the p r i v i l e g e and 

good f o r t u n e o f becoming h i s a s s i s t a n t s and f a i t h f u l s e r v a n t s , 

by h e l p i n g him w i t h our c o o p e r a t i o n , (p . 63) 

I t was t h e n o t i o n o f t h i s " t e a c h e r w i t h i n " t h a t caught my 

i m a g i n a t i o n , a s e l f - g u i d e d t e a c h i n g mechanism i n tune w i t h the 

needs o f t h e p e r s o n i t i n h a b i t s which would i n i t i a t e whatever 

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

had r e a c h e d d e v e l o p m e n t a l l y . How would such a sys tem work? Would 

i t be e s s e n t i a l l y t h e same i n a n i m a l s and humans? What would t h i s 

t e a c h e r look l i k e ? Cou ld such a mechanism a lways be c o r r e c t ? Would 

i t o n l y be p r e s e n t i n the young, o r c o u l d i t be an o n - g o i n g p r o c e s s 

t h r o u g h o u t l i f e ? Would i t s e f f e c t i v e n e s s be l a r g e l y g e n e t i c a l l y 

de te rmined , o r would exper ience be an e f f e c t i v e i n f l u e n c e ? Through 

my r e s e a r c h i n g o f c o n n e c t i o n i s m , I now f e e l s a t i s f i e d t h a t I have 

some i n s i g h t which might h e l p i n answer ing t h e s e q u e s t i o n s . 

The second i n c i d e n t t h a t headed me i n t h e d i r e c t i o n o f b r a i n 

s t u d i e s , and i n p a r t i c u l a r towards the s tudy o f a t t e n t i o n , happened 

w h i l e I was t e a c h i n g i n C a i r o a t an i n t e r n a t i o n a l s c h o o l . The 

i x 



s c h o o l was s i t u a t e d c l o s e t o a r a i l w a y t r a c k which c r o s s e d the main 

r o a d l e a d i n g up t o i t . So e v e r y m o r n i n g , I and many o t h e r s had t o 

c r o s s t h e t r a c k s a t t h e s t a r t o f t h e d a y . T h i s one m o r n i n g , I 

n o t i c e d a young g i r l about 11 y e a r s o l d w a l k i n g towards t h e t r a c k 

some d i s t a n c e ahead o f me. She l o o k e d c o m p l e t e l y a b s o r b e d i n h e r 

t h o u g h t s , w a l k i n g s t e a d i l y towards t h e t r a c k by h e r s e l f , never 

l i f t i n g h e r head t o see where she was g o i n g . I became a l i t t l e 

anx ious about her when I heard a t r a i n , headed by an o l d - f a s h i o n e d 

steam e n g i n e , approaching the c r o s s i n g , but the d r i v e r was c l a n g i n g 

t h e b i g b e l l by h i s c a b i n and I f e l t s u r e she would t a k e n o t i c e 
i 

e v e n t u a l l y . As I watched h e r and t h e t r a i n drawing c l o s e r and 

c l o s e r I s u d d e n l y became r e a l l y a l a r m e d : she w a s n ' t r a i s i n g h e r 

head i n s p i t e o f the f a c t t h a t t h e n o i s e f rom b o t h t r a i n and b e l l 

was h o r r e n d o u s , so much so t h a t , when I y e l l e d out a warn ing as 

l o u d l y a s p o s s i b l e I c o u l d n ' t h e a r my own v o i c e - and s t i l l she 

w a l k e d on d o g g e d l y . I b e g a n , t o r u n , s i c k i n t h e knowledge t h a t I 

would never r e a c h her b e f o r e t h e t r a i n d i d ; t h e d r i v e r was l e a n i n g 

p r e c a r i o u s l y out o f h i s c a b i n waving h i s hands v i g o r o u s l y and 

c a l l i n g t o c a t c h h e r a t t e n t i o n - a l l t o no a v a i l . She s t o p p e d , 

f i n a l l y , when she had one l e g r a i s e d t o c r o s s t h e r a i l s and the 

t r a i n was about two f e e t from her l e g , jumping back j u s t , i n t ime t o 

a v o i d b e i n g r u n o v e r . When I caught up w i t h h e r a few seconds 

l a t e r , she l o o k e d q u i t e ca lm though s u r p r i s e d , and I gasped out 

" D i d n ' t you hear t h e t r a i n ? " She r e p l i e d "No. But I h e a r i t now." 
j i ! ! 

L a t e r i n s c h o o l , when I r e g a l e d the a s s i s t a n t headmis t ress w i t h the 

s t o r y she s a i d "You know, I d o n ' t know w h a t ' s wrong w i t h t h e s e 

x 



kids. Just a l i t t l e while ago, someone else walked into the side of 
i 

a train in that same area and had his leg broken". For me the 
questions abounded: How could someone not hear a noise that loud at 
one moment, and hear i t the next? How could someone not see a huge 
train just a few yards away? What kind of mechanism can "lock out" 
information so central to survival? Did l i v i n g in a country in 
which the language and culture were completely foreign have 
anything to do with a l l of this? I now feel that I have the 
beginnings of answers to these question through my study of 
attention. 

The third experience which guided my search came through teaching 
French as a foreign language in a private school to grade 7 and 8 

students here in Vancouver. Because the children had come from 
various schools within the area (the school was newly opened at the 
time), they had a l l had different instruction in French and so were 
very varied in their levels of expertise, although they had been 
streamed into the lower class in this school. One thing they did 
have in common was that they did not like French, and some of them 
actively loathed i t . Needless to say, discipline in French class 
was a problem, and the amount of learning that went on there was 
minimal. One morning at home, I happened to see a children's 
animated film called Remi on the French channel. It was a story 
told in many weekly episodes about the l i f e of a young boy of 
around 10 years old who wandered around France at the turn of the 
century as an apprentice to a travelling performer and his animals. 

xi 



The f i l m was v e r y l i v e l y , b e a u t i f u l v i s u a l l y , and accompanied by 

mov ing m u s i c , but t h e F r e n c h was o f a v e r y h i g h l e v e l , d i f f i c u l t 

enough f o r me t o understand never mind t h e s e s t u d e n t s . I v i d e o t a p e d 

i t n e v e r t h e l e s s , and showed i t t o them on t h e p r e m i s e t h a t i f they 

l i k e d i t I would tape some more f o r them, i f they d i d n ' t , then t h e y 

j u s t had t o l e t me know and t h a t would be t h a t . They l o v e d i t i n 

s p i t e o f no t b e i n g a b l e t o u n d e r s t a n d a word o f what was s a i d . We 

deve loped a p a t t e r n f o r watching the shows: I gave them an overv iew 

i n E n g l i s h o f what t h e y were g o i n g t o see w i t h o u t g i v i n g away t h e 

p l o t c o m p l e t e l y , and supplemented t h i s w i t h comments d u r i n g t h e 

v i e w i n g o f the program; we watched t h e whole h a l f hour e p i s o d e and 

then they asked me f o r the v o c a b u l a r y t h a t they would need t o w r i t e 

a few s e n t e n c e s f o r homework t e l l i n g what t h e y had s e e n . W i t h i n a 

c o u p l e o f months t h e y had no t o n l y become a s t o n i s h i n g l y keen on 

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

F r e n c h had done a quantum l e a p . As I watched t h i s p r o c e s s , w i t h 

g r e a t r e l i e f and d e l i g h t I might a d d , i t was c l e a r t o me t h a t i t 

was the emot iona l content o f the program which had i n s p i r e d i t . The 

s t o r y l i n e was f u l l o f g r e a t h a r d s h i p s , and even d e a t h s , as w e l l as 

l a u g h t e r and j o y , a l l o f which was r e f l e c t e d e m o t i o n a l l y on t h e 

f a c e s o f t h e s t u d e n t s as they watched . And once a g a i n my mind was 

caught up i n q u e s t i o n i n g : Why was i t t h a t e m o t i o n a l c o n t e n t 

i n i t i a t e d s u c h a change i n i n t e r e s t i n l e a r n i n g ? How c o u l d t h i s 

o s t e n s i b l y " n o n - c o g n i t i v e " a s p e c t o f b r a i n p r o c e s s i n g be so 

e f f e c t i v e i n p r o m o t i n g l e a r n i n g ? I now have t e n t a t i v e answers t o 

t h e s e q u e s t i o n s t o o thanks t o the i n s i g h t o f A n t o n i o Damasio . 
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Needless t o s a y , perhaps , I. have drawn a g r e a t d e a l o f s a t i s f a c t i o n 

f rom o b t a i n i n g i n s i g h t i n t o bo th t h e hugeness o f my q u e s t i o n s and 

how n e u r o s c i e n c e might p r o v i d e e n l i g h t e n i n g r e s p o n s e s t o them. 

Though t h e r e s e a r c h i n g and w r i t i n g o f t h i s d i s s e r t a t i o n has meant 

t h o u s a n d s o f h o u r s o f work, o f t e n m i n d - and e y e - w e a r y i n g , t h e r e 

have been moments o f g r e a t j o y as t h e l i g h t s went o n , i l l u m i n a t i n g 

dark c o r n e r s o f my knowledge on how t h e m i n d / b r a i n works and 

l i f t i n g my s p i r i t s w i t h the a p p r e c i a t i o n o f t h e p a r a d o x i c a l 

complex i ty y e t s i m p l i c i t y o f i t s f u n c t i o n . I t i s my hope t h a t o t h e r 

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

and u s e f u l . 

x i i i 



INTRODUCTION 

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

even w o r s e , t o g roups o f l e a r n e r s i s a m a t t e r wh ich r e q u i r e s 

c a r e f u l r e f l e c t i o n . T h i s i s e s p e c i a l l y so as t h e r e p e r c u s s i o n s o f 

such a d e s i g n a t i o n can grow out o f a l l p r o p o r t i o n t o t h e magnitude 

and v a l i d i t y o f t h e i n f o r m a t i o n a l b a s i s upon wh ich t h e judgement 

was made. I t w i l l be argued i n t h i s t h e s i s t h a t one h i g h l y 

i n f l u e n t i a l c a s e i n p o i n t i s t h e T h r e s h o l d H y p o t h e s i s o f J i m 

Cummins, f i r s t d e l i n e a t e d i n 1976, which a s s o c i a t e s c o g n i t i v e 

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

p a r t i c u l a r l y under i m m e r s i o n * 1 c o n d i t i o n s . However, h i s h y p o t h e s i s 

does n o t s t a n d a l o n e . In t h e l a s t t h r e e decades i n p a r t i c u l a r , 

hypotheses espous ing the n o t i o n t h a t g e n e r a l c o g n i t i v e b e n e f i t s and 

d e f i c i t s a c c r u e from t h e l e a r n i n g o f second languages have been 
i i 

p r o f f e r e d and c o u n t e r e d (see C a r e y , 1991a, 1991b; Cummins, 1984, 

1991; D i a z , 1985; E d e l s k y e t a l . , 1983; R e y n o l d s , 1991; R i v e r a , 

1984) . I t i s i n t e r e s t i n g t o no te w i t h r e g a r d t o t h e s e h y p o t h e s e s 

t h a t r e s u l t s o b t a i n e d i n s t u d i e s examining t h e i r v a l i d i t y d i f f e r i n 

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

t e n d i n g towards the c o g n i t i v e b e n e f i t s i d e , w h i l e Amer ican s t u d i e s 

l e a n more towards c o g n i t i v e d e f i c i t s (see C a r e y , 1987, 1991a, 

1991b) . T h i s o b s e r v a t i o n h e i g h t e n s s u s p i c i o n t h a t p o l i t i c a l 

e x p e d i e n c y may be b i a s i n g e i t h e r r e s e a r c h q u e s t i o n s o r 

1 P l e a s e n o t e : d e f i n i t i o n s f o r a l l s t a r r e d (*) words a r e 
a v a i l a b l e i n t h e g l o s s a r y . 
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i n t e r p r e t a t i o n o f the r e s u l t s o r b o t h 2 . There i s c e r t a i n l y no doubt 

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

t h e phenomena d e f i n e d as a d d i t i v e * and s u b t r a c t i v e * b i l i n g u a l i s m , 

and t h e r e f o r e s o c i a l f a c t o r s must i n c o r o l l a r y f a s h i o n be 

c o n s i d e r e d as c o n t r i b u t i n g t o the r e p u t e d c o g n i t i v e b e n e f i t s o r 

d e f i c i t s i n c u r r e d by s t u d e n t s i n b i l i n g u a l language l e a r n i n g 

s i t u a t i o n s . 

F o r second language e d u c a t o r s , t h i s c o n s t i t u t e s a d i s t u r b i n g 

conundrum. We ask o u r s e l v e s : What i s t h e r e i n t h e n a t u r e o f 

c o g n i t i o n * , o f t e n c o n s i d e r e d t o be a d i s c r e t e and c e n t r a l menta l 

c a p a c i t y , t h a t makes i t so s u s c e p t i b l e t o s o c i o l o g i c a l i n f l u e n c e s ? 

Can we n e u t r a l i s e such i n f l u e n c e s o r a t l e a s t employ them f o r the 

b e n e f i t o f our s t u d e n t s ? Is i t p o s s i b l e t o r e a c h i n t o the c o r e o f 

the l e a r n i n g exper ience and come up w i t h some i n s i g h t s which would 

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

l e a r n i n g env i ronment? Couched j u s t below t h e s u r f a c e o f t h e s e 

q u e s t i o n s , however, i s one which i s the touchstone f o r a l l o f them: 

Are at tempts t o l i n k v a r y i n g second language performance t o g e n e r a l 

c o g n i t i v e advantages o r d i s a d v a n t a g e s v a l i d ? Though t h i s may seem 

l i k e a b o l d q u e s t i o n t o some, t h e a s k i n g o f i t i s not 

u n p r e c e d e n t e d . A l l a n Reyno lds poses e s s e n t i a l l y t h e same query i n 

h i s a n a l y s i s o f t h e c o g n i t i v e consequences o f b i l i n g u a l i s m (1991, 

p . 159) . 

2 The d i f f e r e n t p o l i t i c a l c o n t e x t s i n t h e U n i t e d S t a t e s and 
Canada i s d i s c u s s e d more f u l l y i n s e c t i o n 2 . 1 . 
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The p r o b l e m appears r o o t e d i n an i n a b i l i t y t o c l e a r l y d e f i n e 

c o g n i t i o n , i t s p r o c e s s e s and i t s manner o f f u n c t i o n i n g d e s p i t e the 

f a c t t h a t i t has been the s u b j e c t o f enormous r e s e a r c h e f f o r t . The 

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

i n v o l v e d i n t h i n k i n g and l e a r n i n g as opposed t o " c o n a t i o n ( the 

a c t i o n o f t h e w i l l ) and a f f e c t ( the a c t i o n s o f t h e e m o t i o n s ) " 

( S a n f o r d , 1985, p . 1 ) , and c o g n i t i o n i t s e l f i s r a r e l y d e f i n e d i n 

l i t e r a t u r e employing the term. Indeed, on b e i n g asked how c o g n i t i o n 

was d e f i n e d i n h i s r e c e n t book S c h o o l s f o r Thought (1993) , John 

B r u e r , an eminent c o g n i t i v e p s y c h o l o g i s t i n t e r e s t e d i n a p p l y i n g 

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

w a y , " 3 and once a g a i n , no f o r m a l d e f i n i t i o n i s a v a i l a b l e i n t h e 

t e x t . But does everyone who r e a d s B r u e r ' s t e x t u n d e r s t a n d what he 

means by t h e terms " c o g n i t i o n " and " c o g n i t i v e " f u n c t i o n i n g ? Is i t 

n o t more r e a s o n a b l e t o assume t h a t everyone u n d e r s t a n d s t h e s e 

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

and i f t h i s i s s o , a r e we a l l t a l k i n g about t h e same phenomena? 

F o r anyone i n t e r e s t e d i n f i n d i n g out t h e " u s u a l " meaning o f t h e s e 

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

t e x t s i s both f r u i t f u l and s u r p r i s i n g . In many p s y c h o l o g i c a l t e x t s , 

c o g n i t i o n i s not d e f i n e d . Even The E n c y c l o p a e d i c D i c t i o n a r y o f 

P s y c h o l o g y (HarrS & Lamb, 1983) has no s e p a r a t e e n t r y f o r 

c o g n i t i o n , and r e f e r s t o i t s meaning i n a v e r y c u r s o r y manner under 

3 I p u t t h i s q u e s t i o n t o t h e a u t h o r a t t h e West C o a s t 
A t t e n t i o n c o n f e r e n c e i n Eugene, Oregon i n t h e s p r i n g o f 1993. 
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t h e r e f e r e n c e f o r " c o g n i t i v e c o m p l e x i t y " as f o l l o w s : cognitive 

complexity: R e f l e c t s a s t y l e o f t h i n k i n g ( c o g n i t i o n ) . . . (p. 91) 

In t h o s e t e x t s which do g i v e a d e f i n i t i o n , t h e range o f menta l 

phenomena which a re grouped under c o g n i t i o n i s a s t o n i s h i n g l y b r o a d , 

a f a c t wh ich i s b rought t o our a t t e n t i o n by Reber i n The Pengu in 

D i c t i o n a r y o f P s y c h o l o g y (1985): 

cognition: A b r o a d (a lmost u n s p e c i f i a b l y so) term which has 

been t r a d i t i o n a l l y used t o r e f e r t o s u c h a c t i v i t i e s as 

t h i n k i n g , c o n c e i v i n g , r e a s o n i n g , e t c . Most p s y c h o l o g i s t s have 

u s e d i t t o r e f e r t o any c l a s s o f menta l " b e h a v i o r s " ( u s i n g 

t h a t term v e r y l o o s e l y ) where t h e u n d e r l y i n g c h a r a c t e r i s t i c s 

a r e o f an a b s t r a c t n a t u r e and i n v o l v e s y m b o l i z i n g , i n s i g h t , 

expectancy , complex r u l e u s e , imagery, b e l i e f , i n t e n t i o n a l i t y , 

p r o b l e m - s o l v i n g , and so f o r t h , (p. 129) 

I t i s a l s o i n t e r e s t i n g t o no te t h a t t h e l i s t o f phenomena grouped 

under c o g n i t i o n by Anderson i n t h e C o n c i s e E n c y c l o p e d i a o f 

P s y c h o l o g y ( C o r s i n i , 1987) has l i t t l e o v e r l a p w i t h t h a t g i v e n by 

R e b e r : 

C o g n i t i o n i s a g e n e r a l term o r a " g e n e r i c term u s e d t o 

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

E r n e s t R. H i l g a r d c o g n i t i o n c o m p r i s e s a l l menta l a c t i v i t y o r 

s t a t e s i n v o l v e d i n knowing and t h e m i n d ' s f u n c t i o n i n g , and 

i n c l u d e s p e r c e p t i o n , a t t e n t i o n , memory, imagery , language 
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f u n c t i o n s , d e v e l o p m e n t a l p r o c e s s e s , p rob lem s o l v i n g , and the 

a r e a o f a r t i f i c i a l i n t e l l i g e n c e [ s i c ] . (p. 202) 

S y m b o l i z i n g , i n s i g h t , e x p e c t a n c y , . . . . as well as p e r c e p t i o n , 

a t t e n t i o n , memory, imagery, ! Armies o f n e u r o s c i e n t i s t s and 

c o g n i t i v e p s y c h o l o g i s t s , not t o ment ion a r t i f i c i a l i n t e l l i g e n c e 

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

g a i n some u n d e r s t a n d i n g o f the f i n e s t r u c t u r e o f t h e s e p r o c e s s e s , 

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

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

t h e i r knowledge o f i n f l u e n t i a l f a c t o r s ! I t seems a mi te c a v a l i e r on 

t h e p a r t o f r e s e a r c h e r s , t h e r e f o r e , t o be e m p l o y i n g terms l i k e 

" c o g n i t i v e b e n e f i t s " and " c o g n i t i v e d e f i c i t s " i n d e s c r i p t i v e and 

p r e s c r i p t i v e ways. L a b e l s o f t h i s t y p e c a n , u n f o r t u n a t e l y f o r t h e 

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

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

c o g n i t i o n , none o f t h e d e f i n i t i o n s t o d a t e c a n be w h o l e h e a r t e d l y 

en do rs e d as b e i n g b i o l o g i c a l l y w e l l - f o u n d e d . 

Where does one t u r n t o , t h e n , f o r a c o h e r e n t and i n f o r m a t i v e v iew 

o f c o g n i t i o n and i t s u n d e r l y i n g p r o c e s s e s ? My q u e s t f o r an answer 

t o t h i s q u e s t i o n l e d me t o the w r i t i n g s o f P a t r i c i a C h u r c h l a n d , a 

s e l f - s t y l e d n e u r o p h i l o s o p h e r * who q u e s t i o n s , as a r e s u l t o f h e r 

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

c o u n t l e s s r e s e a r c h e r s from many d i s c i p l i n e s whose a r e a s o f 

e x p e r t i s e o v e r l a p w i t h t h a t o f " c o g n i t i v e " r e s e a r c h e r s , whether an 
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"empirically justified d i s t i n c t i o n between t h e c o g n i t i v e and the 

n o n - c o g n i t i v e w i l l s u r v i v e , o r i f i t d o e s , whether i t w i l l c o n f i r m 

even a rough a p p r o x i m a t i o n o f our c u r r e n t hunches" ( C h u r c h l a n d , 

1986, p p . 151-152) . On t h i s v i e w , t h e n , t h e d e s i g n a t i o n s o f some 

p r o c e s s e s as c o g n i t i v e and o t h e r s as n o n - c o g n i t i v e may p r o v e 

c o m p l e t e l y g r o u n d l e s s from a b r a i n - o r i e n t a t e d p e r s p e c t i v e , j u s t as 

r e c e n t r e s e a r c h on t h e r o l e o f emot ion i n p r o c e s s e s such as 

l e a r n i n g , r e a s o n i n g , and d e c i s i o n - m a k i n g has shown c a r v i n g o f f 

" e m o t i o n a l p r o c e s s e s " f rom c o g n i t i v e ones t o be (Damasio, 1994) . 

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

manner o f f u n c t i o n i n g one must s t a r t w i t h t h e s t u d y o f some o f the 

phenomena c o n s i d e r e d fundamenta l t o i t , l e a r n i n g and memory 

( i b i d . ) . I am i n agreement w i t h h e r . My c o n t e n t i o n i s t h a t l i t t l e 

w i l l be g a i n e d by a p p r o a c h i n g t h e prob lem o f what i s g o i n g on i n 

t h e b r a i n s o f second language l e a r n e r s f rom t h e l e v e l o f g e n e r a l 

c o g n i t i v e e f f e c t s on the grounds t h a t t h e degree o f r e s o l u t i o n o f 

t h i s l e v e l i s t o o low t o be o f use as an a n a l y t i c a l t o o l . A more 

i n c i s i v e i n s t r u m e n t f o r e l u c i d a t i n g t h e i s s u e s under s t u d y can be 

found i n c o n n e c t i o n i s m * , an approach t o t h e s t u d y o f c o g n i t i o n 

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

c a p a b i l i t y o f t h e b r a i n , human as w e l l as non-human. To a p p l y a 

n e u r o b i o l o g i c a l l y based p e r s p e c t i v e on l e a r n i n g t o second language 

l e a r n i n g i s s u e s i s not so r a d i c a l a p r o p o s a l as might be s u p p o s e d : 

J a c o b s and Schumann (1992) (see a l s o J a c o b s , 1988) s u g g e s t e d 

e x a c t l y t h i s approach towards t h e s t u d y o f s e c o n d language 

a c q u i s i t i o n , and many c o n n e c t i o n i s t machine models o f language 
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l e a r n i n g have a l r e a d y been c o n s t r u c t e d . C o n n e c t i o n i s m , a f t e r a l l , 

i s i n e s s e n c e an i n f o r m a t i o n p r o c e s s i n g methodology o f t h e t y p e 

espoused by Cummins i n h i s c l a r i f i c a t i o n o f t h e n a t u r e o f language 

p r o f i c i e n c y (1984a, 1984b) , a n d , o f c o u r s e , by M c L a u g h l i n and h i s 

g r o u p ( M c L a u g h l i n , Rossman, & MacLeod, 1983) . What i s d i f f e r e n t , 

a n d , i n my o p i n i o n , s u p e r i o r about c o n n e c t i o n i s m i s t h a t i t 

p r o v i d e s a more d e t a i l e d a c c o u n t i n g o f t h e mechanisms by which the 

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

(1983) have i d e n t i f i e d as : m i s s i n g f rom Cummins' t h e o r e t i c a l 

e x p l a n a t i o n o f t h e l i t e r a t u r e , and t h e l a c k o f wh ich Cummins 

h i m s e l f appears t o r e g r e t i n one o f h i s most r e c e n t papers t o u c h i n g 

on t h e T h r e s h o l d H y p o t h e s i s (Cummins, 1991, p . 8 6 ) . My i n t e n t , 

t h e n , i s t o o f f e r an a l t e r n a t e e x p l a n a t i o n o f t h e d a t a which gave 

r i s e t o t h e f o r m u l a t i o n o f the T h r e s h o l d H y p o t h e s i s as w e l l as o f 

d a t a wh ich d i s p u t e o r s u p p o r t i t s p r e m i s e s , one wh ich i s based on 

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

And s i n c e t h e r e appears t o be consensus among second language 

r e s e a r c h e r s t h a t t h e r e i s a need f o r a t h e o r e t i c a l p e r s p e c t i v e 

wh ich w i l l shed some l i g h t on t h e i n t e r a c t i o n o f s o c i a l and 

l i n g u i s t i c v a r i a b l e s i n the d e t e r m i n a t i o n o f academic a c h ievement , 

t h e e x p l a n a t i o n o f f e r e d w i l l a t tempt t o c l a r i f y how a n o n -

l i n g u i s t i c f a c t o r such as t h e s o c i a l s t a t u s o f a language might 

"ge t i n s i d e t h e head" o f a l e a r n e r and t h e r e b y i n f l u e n c e how w e l l 

a language i s l e a r n e d . 

Methodology 
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The problem b e i n g addressed i n t h i s s tudy i s the need i d e n t i f i e d by 

c e r t a i n second language r e s e a r c h e r s f o r a more a c c e p t a b l e 

h y p o t h e s i s on t h e c o g n i t i v e consequences o f s e c o n d language 

l e a r n i n g i n immersion s i t u a t i o n s than t h e T h r e s h o l d H y p o t h e s i s 

p r o p o s e d by Cummins, and t h e g o a l o f t h e s t u d y i s t o p r o v i d e such 

an h y p o t h e s i s based on a c o n n e c t i o n i s t approach t o l e a r n i n g . 

The major q u e s t i o n s formula ted a t the b e g i n n i n g o f the s tudy a r e as 

f o l l o w s : 

1. Why d i d Cummins p r o p o s e t h e T h r e s h o l d H y p o t h e s i s ? 

2 . What a r e t h e major c r i t i c i s m s aimed a t t h e T h r e s h o l d 

H y p o t h e s i s and how v a l i d a r e t h e s e ? 

3 . What model o f c o g n i t i o n u n d e r p i n s t h e T h r e s h o l d H y p o t h e s i s 

and how adequate i s t h i s model as a r e p r e s e n t a t i o n o f how the 

b r a i n f u n c t i o n s ? 

4 . Why was a c o n n e c t i o n i s t approach t o t h e s t u d y o f t h e 

m i n d / b r a i n deve loped? 

5. What does connec t ion ism propose about l e a r n i n g and l e a r n i n g 

p r o c e s s e s i n the b r a i n , and how v a l i d a re c o n n e c t i o n i s t models 

o f c o g n i t i v e f u n c t i o n as t h e s e a r e m a n i f e s t e d i n models o f 

l e a r n i n g ? 

6. What would a c o n n e c t i o n i s t h y p o t h e s i s p r o p o s e w i t h r e s p e c t 

t o t h e c o g n i t i v e consequences o f l e a r n i n g a s e c o n d language 

under immersion s i t u a t i o n s ? 

7 . What e v i d e n c e i s t h e r e t o s u p p o r t t h i s new h y p o t h e s i s i n 
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t h e language r e s e a r c h l i t e r a t u r e ? 

8. How does t h i s new h y p o t h e s i s d e a l w i t h t h e c o n c e r n s r a i s e d 

by c r i t i c s w i t h r e s p e c t t o t h e adequacy o f t h e e x p l a n a t o r y 

power o f t h e T h r e s h o l d H y p o t h e s i s ? 

9 . What a r e t h e i m p l i c a t i o n s o f t h i s h y p o t h e s i s f o r the 

t e a c h i n g o f s tudents i n second language immersion s i t u a t i o n s ? 

As t h e i n v e s t i g a t i o n p r o g r e s s e d , i t became e v i d e n t t h a t two o t h e r 

q u e s t i o n s were h i g h l y r e l e v a n t t o t h e s t u d y : What i s t h e n a t u r e o f 

a t t e n t i o n , and how does i t f u n c t i o n ? The impor tance o f t h e s e 

q u e s t i o n s a rose out o f the importance o f a t t e n t i o n t o t h e l e a r n i n g 

p r o c e s s as i t i s d e s c r i b e d i n c o n n e c t i o n i s m , and i t i s d e a l t w i t h 

i n t h e s e c t i o n d i s c u s s i n g the v a l i d i t y o f c o n n e c t i o n i s m . 

Because i t was c l e a r f rom c r i t i c i s m s o f t h e m e t h o d o l o g i e s o f the 

s t u d i e s which made up the data base f o r the f o r m u l a t i o n o f Cummins• 

T h r e s h o l d H y p o t h e s i s t h a t a l l o f t h e e m p i r i c a l s t u d i e s on t h e 

c o g n i t i v e consequences o f b i l i n g u a l i s m were i n a d e q u a t e i n one way 

o r a n o t h e r (see s e c t i o n 1 .3 .4 and R e y n o l d s , 1991) , and s u f f e r e d 

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

methods t o t h e c o m p l e x i t y o f human c o g n i t i v e f u n c t i o n i n g , a 

d i f f e r e n t o r i e n t a t i o n t o the s tudy o f c o g n i t i v e f u n c t i o n , one which 

would be more s e n s i t i v e t o the e c o l o g y o f b r a i n f u n c t i o n , was 

s o u g h t . The n e u r o c o m p u t a t i o n a l (or c o n n e c t i o n i s t ) a p p r o a c h was 

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

b i o l o g i c a l da ta from a l l l e v e l s o f i n v e s t i g a t i o n of b r a i n f u n c t i o n , 
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and i n c o r p o r a t e s t h e n o t i o n o f the dependence o f c o g n i t i o n on 

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

g l o s s a r y ) . Due t o t h e d i f f i c u l t i e s ment ioned p r e v i o u s l y i n 

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

t o b i l i n g u a l i s m , a new e m p i r i c a l s tudy based on p a s t t h e o r i z i n g was 

t h o u g h t t o be r e d u n d a n t . B e f o r e c a r r y i n g out more e m p i r i c a l 

s t u d i e s , t h e r e f o r e , i t seemed important t o employ a d i f f e r e n t , more 

e m p i r i c a l l y v a l i d d a t a base t o d e v e l o p a new h y p o t h e s i s on t h e 

c o g n i t i v e consequences o f b i l i n g u a l i s m which would g i v e a b e t t e r 

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

consequences o f b i l i n g u a l i s m , and would i t s e l f be more r e a d i l y 

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

e m p i r i c a l and c o m p r i s e d the f o l l o w i n g s t e p s : 

1) a d e t a i l e d m e t a - a n a l y s i s o f a n a l y s e s o f Cummins' work on 

t h e c o g n i t i v e consequences o f b i l i n g u a l i s m (wi th s p e c i a l 

emphasis g i v e n t o t h e T h r e s h o l d H y p o t h e s i s ) w i t h t h e g o a l o f 

e s t a b l i s h i n g s p e c i f i c concerns as t o the v a l i d i t y o f t h i s body 

o f work. 

2) a d e t a i l e d a n a l y s i s o f c o n n e c t i o n i s m w i t h t h e g o a l o f 

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

o c c u r s i n t h e b r a i n . 

3) a s y n t h e s i s of da ta from s e v e r a l d i s c i p l i n e s on l e a r n i n g i n 

g e n e r a l , and language l e a r n i n g i n p a r t i c u l a r , c o n s i s t e n t w i t h 

a c o n n e c t i o n i s t approach t o l e a r n i n g i n t o an h y p o t h e s i s o f the 

c o g n i t i v e consequences o f second language l e a r n i n g i n 
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immersion s i t u a t i o n s . 

4) a r e i n t e r p r e t a t i o n o f s t u d i e s on t h e c o g n i t i v e a n d / o r 

academic consequences o f b i l i n g u a l i s m based on t h e new 

h y p o t h e s i s t o see i f s u p p o r t f o r i t s p r e m i s e s c o u l d be found 

i n t h e e x i s t i n g l i t e r a t u r e . 

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

t o a n s w e r i n g t h e g u i d i n g q u e s t i o n s o f t h e s t u d y d e t a i l e d above . 

H e n c e , t h e major d i s c i p l i n e s r e s e a r c h e d were: a) second language 

l e a r n i n g , e s p e c i a l l y w i th regards t o i t s c o g n i t i v e consequences; b) 

n e u r o s c i e n t i f i c da ta on b r a i n f u n c t i o n i n g e n e r a l , and l e a r n i n g i n 

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

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

In g e n e r a l , t h e s e d i s c i p l i n e s a r e r e g a r d e d as p a r a l l e l s t r a n d s o f 

knowledge r a t h e r t h a n ones which o v e r l a p i n t h e i r a r e a s o f 

e x p e r t i s e . Perhaps the most unique aspec t o f t h i s s t u d y , t h e r e f o r e , 

l i e s i n i t s attempt t o weave them t o g e t h e r i n o r d e r t o c o n s t r u c t a 
i 

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

o f second language l e a r n i n g . Other o r i g i n a l work t o be found i n 

t h i s s t u d y a r e t h e f o l l o w i n g : i ) a m e t a - a n a l y s i s o f a n a l y s e s o f 

Cummins' work on the c o g n i t i v e consequences o f b i l i n g u a l i s m ; i i ) an 

a n a l y s i s o f t h e v a l i d i t y o f c o n n e c t i o n i s m as an approach t o the 

s tudy o f l e a r n i n g ; i i i ) the development o f a work ing d e f i n i t i o n o f 

a t t e n t i o n ; i v ) s p e c u l a t i o n on how a t t e n t i o n i s r e p r e s e n t e d 

i m p l i c i t l y i n c o n n e c t i o n i s t models o f l e a r n i n g ; and v) a 
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r e i n t e r p r e t a t i o n o f t h r e e major s e t s o f d a t a on t h e c o g n i t i v e 

a n d / o r academic consequences o f b i l i n g u a l i s m , t h o s e p f Cummins, 

C o l l i e r (1987) , and D i a z (1985) . 

The c h o i c e o f d a t a and t h e d e s i g n o f t h e s t u d y were u n d o u b t e d l y 

i n f l u e n c e d by my e a r l y background i n t h e p h y s i c a l s c i e n c e s which 

a r e h e a v i l y dependent on a n a l y s i s . No o t h e r approach t o t h e s t u d y 

o f l e a r n i n g was c o n s i d e r e d . My e x p e r i e n c e s as a f o r e i g n language 

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

c u l t u r e s , however, have been i n f l u e n t i a l i n o p e n i n g my mind t o 

a c c e p t a n c e o f t h e v a l i d i t y o f s t u d i e s based on t h e methods o f 

n a t u r a l i s t i c i n q u i r y . I t i s i n t e r e s t i n g t o no te t h a t , i n k e e p i n g 

w i t h the c o n n e c t i o n i s t approach , t h e T h r e s h o l d H y p o t h e s i s p r o p o s e d 

by Cummins was a l s o born out o f t h e s c i e n t i f i c r e s e a r c h t r a d i t i o n 

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

emerge between the l a t t e r h y p o t h e s i s and t h e one d e v e l o p e d i n t h i s 

s t u d y do no t stem from d i f f e r e n c e s i n r e s e a r c h t r a d i t i o n , 

t h e r e f o r e , but f rom d i f f e r e n c e s i n c h o i c e s as t o wh ich d a t a a r e 

c o n s i d e r e d r e l e v a n t t o t h e prob lem i n v e s t i g a t e d , and i n the 

i n t e r p r e t a t i o n o f c e r t a i n language r e s e a r c h s t u d i e s . 

Because the i n t e r a c t i o n o f a t t e n t i o n and l e a r n i n g i s o f p a r t i c u l a r 

i n t e r e s t t o me, i t may appear t h a t t h e i n f l u e n c e o f a t t e n t i o n on 

l e a r n i n g has been o v e r - e m p h a s i z e d . Though I do b e l i e v e t h a t 

a t t e n t i o n i s o f the utmost impor tance t o t h e l e a r n i n g p r o c e s s , 

t h e r e i s no doubt i n my mind t h a t o ther f a c t o r s such as emot ion and 
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m o t i v a t i o n t o l e a r n a r e a l s o e x t r e m e l y i m p o r t a n t . I ndeed , i n the 

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

phenomena a r e p e r c e i v e d t o be d e t e r m i n e r s o f where a t t e n t i o n i s 

a l l o c a t e d and t h u s o f what i s l e a r n e d and how w e l l i t i s l e a r n e d . 

Though t h i s s tudy d i s c u s s e s the i m p l i c a t i o n s o f a c o n n e c t i o n i s t 

h y p o t h e s i s f o r second language t e a c h i n g , i t does no t d e a l i n any 

depth w i t h f i r s t o r second language t e a c h i n g p r a c t i c e . The p u r p o s e 

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

language t e a c h i n g i s mere ly t o i n d i c a t e how changes i n c o g n i t i v e 

s t r a t e g y brought about by immersion second language l e a r n i n g might 

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

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

the c o g n i t i v e consequences of second language l e a r n i n g i n immersion 

s i t u a t i o n s i s t h a t , because language l e a r n i n g i s a m u l t i m o d a l 

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

language l e a r n e r s i n immersion s i t u a t i o n s w i l l undergo a s h i f t i n 

i n f o r m a t i o n p r o c e s s i n g s t r a t e g y which w i l l r e s u l t i n an i n c r e a s e i n 

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

r e d u c t i o n i n a t t e n t i o n a l l o c a t i o n t o the a u d i t o r y system d u r i n g t h e 

p e r i o d o f low speech comprehension i n t h e t a r g e t l a n g u a g e . I have 

named t h i s h y p o t h e s i s the S h i f t i n I n f o r m a t i o n P r o c e s s i n g S t r a t e g y 

H y p o t h e s i s . 

Throughout t h i s d i s s e r t a t i o n , an e f f o r t has been made t o m a i n t a i n 
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c o n s i s t e n c y o f t e r m i n o l o g y . In t h e c a s e o f terms s u c h as t h e o r y , 

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

p r o v i d e d i n the g l o s s a r y . On a l e s s fo rmal l e v e l , a theory i s t a k e n 

as an e x p l a n a t i o n f o r a phenomenon. A model i s a manner o f 

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

t h e i r i n t e r r e l a t i o n s h i p s . In most i n s t a n c e s , a model i s i n t e n d e d t o 

r e p r e s e n t a momentary s t a t i c v iew o f a dynamic p r o c e s s . When 

d e a l i n g w i t h c o n n e c t i o n i s t models o f l e a r n i n g , however , a model 

o f t e n r e f e r s t o a c t u a l machine m o d e l s . I t i s hoped t h a t which 

meaning o f model i s b e i n g u s e d i s c l e a r a t a l l t i m e s . The 

u s e f u l n e s s o f t h e o r i e s and models depends i n l a r g e p a r t on t h e i r 

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

r e l a t i o n s h i p s between v a r i a b l e s . Thus h y p o t h e s e s a r e drawn f rom 

t h e o r y and s h o u l d be t e s t a b l e . E v i d e n c e wh ich s u p p o r t s any 

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

heuristic i s a l s o drawn from t h e o r y and i n v o l v e s p r e d i c t i o n s based 

on t h e o r y , bu t i s seen as l e s s s t r u c t u r e d t h a n an h y p o t h e s i s . The 

s t r i c t u r e o f t e s t a b i l i t y does no t a p p l y t o an h e u r i s t i c whose 

f u n c t i o n i s t h a t o f s t i m u l a t i n g d i s c u s s i o n on a t o p i c . The term 

paradigm i s u s e d i n i t s b r o a d e s t meaning o f " d i s c i p l i n a r y m a t r i x " 

(see Hoyningen-Huene , 1993, p . 141) ; t h a t i s t o s a y , i t r e f e r s t o 

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

community. In t h i s s e n s e , i t encompasses t h e o r y as w e l l as i t s own 

n a r r o w e r meaning o f an exemplary p rob lem s o l u t i o n . Algorithm i s 

employed s t r i c t l y i n i t s mathemat ica l s e n s e o f a method o f s o l v i n g 

a p rob lem i n v o l v i n g a f i n i t e s e r i e s o f s t e p s . An a l g o r i t h m i s 
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t h e r e f o r e based on mathemat ica l t h e o r y . 

Other terms employed i n s p e c i f i c ways t h r o u g h o u t t h i s d i s s e r t a t i o n 

a r e l i s t e d i n t h e g l o s s a r y . 

G e n e r a l p l a n o f the d i s s e r t a t i o n 

Chapter one examines Cummins' T h r e s h o l d H y p o t h e s i s , d e t a i l i n g f i r s t 

how i t came a b o u t , whether i t i s c o r r e c t l y c l a s s i f i e d a s an 

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

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

concepts beh ind the h y p o t h e s i s as w e l l as the v a r i e t y and e x t e n t o f 

the c r i t i c i s m i t has r e c e i v e d a t the hands o f o t h e r second language 

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

c r i t i c s t h a t any a l t e r n a t e theory o f second language l e a r n i n g under 

immers ion c o n d i t i o n s must t r y t o r e s o l v e . S i n c e t h e c o n c e p t o f 

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

t h i s t h e s i s , i t i s d i s c u s s e d i n some d e p t h . 

In chapter two, connec t ion ism and i t s premises a r e i n v e s t i g a t e d and 

t h e i r v a l i d i t y examined i n l i k e manner. F o l l o w i n g a h i s t o r i c a l 

p e r s p e c t i v e which s e t s the scene f o r an i n v e s t i g a t i o n o f the 

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

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

b i o l o g i c a l u n d e r p i n n i n g s , p a r t i c u l a r l y w i t h r e s p e c t t o how the 

b r a i n i s o r g a n i z e d and l e a r n s , i s g i v e n . S i n c e the a t t e n t i o n system 
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o f t h e b r a i n i s seen t o be o f impor tance t o l e a r n i n g i n t h e b r a i n 

and s i n c e i t s n a t u r e and f u n c t i o n i n g a r e no t y e t f u l l y 

c h a r a c t e r i z e d , i t s n a t u r e i s a l s o examined i n dep th i n o r d e r t o 

i d e n t i f y nodes of consensus among r e s e a r c h e r s . F i n a l l y , t h e n a t u r e 

and f u n c t i o n o f c o n n e c t i o n i s t machine models o f l e a r n i n g i s 

examined as a means o f p r o v i d i n g e m p i r i c a l suppor t f o r the v a l i d i t y 

o f the concepts upon which they were c o n s t r u c t e d , and a d i s c u s s i o n 

o f how a t t e n t i o n might be r e p r e s e n t e d i n t h e s e models o f l e a r n i n g 

i s under taken . The r a t i o n a l e f o r e n t e r i n g i n t o g r e a t d e t a i l i n the 

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

i s , f i r s t l y , t o make c l e a r the m u l t i p l i c i t y o f l e v e l s a t which any 

a s p e c t o f b r a i n f u n c t i o n i n g can be s t u d i e d and s t i l l be r e l e v a n t t o 

l e a r n i n g as i t i s unders tood by e d u c a t o r s , and s e c o n d l y , t o d e v e l o p 

an adequate c o n c e p t u a l b a s i s f o r t h e c o n s t r u c t i o n o f a 

c o n n e c t i o n i s t model o f second language l e a r n i n g i n immersion 

s i t u a t i o n s . 

Chapter three i s devo ted t o the development o f a c o n n e c t i o n i s t 

h y p o t h e s i s o f second language l e a r n i n g i n immers ion s i t u a t i o n s 

based on the premises s e t out i n c h a p t e r two. Immersion s i t u a t i o n s 

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

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

around immersion l e a r n i n g s i t u a t i o n s o f v a r i o u s s o r t s . The 

h y p o t h e s i s o f f e r e d i s founded on a g e n e r a l model o f l e a r n i n g i n the 

b r a i n , and models o f f i r s t and second language l e a r n i n g , a l l o f 

which a r e e l a b o r a t e d as a p r e l u d e t o t h e development o f the 
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h y p o t h e s i s . T h i s h y p o t h e s i s i s t h e n employed t o show how i t s 

e x p l a n a t o r y power can g i v e g r e a t e r i n s i g h t i n t o t h e d i f f e r e n t i a l 

a c a d e m i c ach ievement r e s u l t s f o r m i n o r i t y * and m a j o r i t y * group 

s e c o n d language l e a r n e r s , and f i n a l l y i t s r e l e v a n c e and 

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

The c o n c l u d i n g c h a p t e r , chapter four, r e - e x a m i n e s Cummins' 

T h r e s h o l d H y p o t h e s i s on t h e b a s i s o f t h i s c o n n e c t i o n i s t v i s i o n o f 

second language l e a r n i n g i n immersion s i t u a t i o n s w i t h the i n t e n t o f 

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

o r i g i n a l a n a l y s i s o f t h e l i t e r a t u r e on t h e T h r e s h o l d H y p o t h e s i s , 

t h e model o f c o g n i t i o n u n d e r p i n n i n g i t , " d e f i c i t " h y p o t h e s i s 

c h a r g e s , and the r e a l i t y and n a t u r e o f l i n g u i s t i c t h r e s h o l d s . 
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Chapter 1. A CRITIQUE OF CUMMINS' THRESHOLD HYPOTHESIS 

1.1 H i s t o r i c a l Perspective 

From time immemorial, the learning of a language other than the 

mother tongue of the learner has proved to be a daunting task, and, 

to t h i s day, i t remains one of the most d i f f i c u l t feats of learning 

that can be accomplished. This i s supposing, of course, that the 

language i s to be well-learned; that i s , learned such that the 

learner can use i t , not only as an e f f e c t i v e means of o r a l 

communication i n the m u l t i p l i c i t y of d i f f e r e n t communicative 

situations that one encounters within a society, but also read and 

write i t to a l e v e l adequate to achieve well academically i n an 

educational culture which employs the language as i t s primary mode 

of i n s t r u c t i o n . 

In many parts of the world where m u l t i l i n g u a l communities can be 

encountered, there i s no necessity f o r t h i s kind of in-depth 

knowledge of more than one language. In the past, p a r t i c u l a r l y i n 

c o l o n i a l times, the custom of the r u l i n g power was to impose an 

" o f f i c i a l language" as the language of i n s t r u c t i o n while other 

languages, though indigenous and therefore more commonly employed 

i n everyday l i f e , were relegated to second class status as academic 

vehicles. Such was the case i n Hong Kong, where English was decreed 

the language of instruction though Cantonese was the language most 

commonly spoken by the people. There, however, as elsewhere i n the 
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d e v e l o p i n g w o r l d , p o l i c i e s a r e r a p i d l y c h a n g i n g a n d , i n g e n e r a l , 

g r e a t e r s t a t u s i s now b e i n g a c c o r d e d t o i n d i g e n o u s l a n g u a g e s , a 

r e f l e c t i o n o f t h e upsurge o f p r i d e i n n a t i v e language and c u l t u r e 

t h a t swept t h e p l a n e t i n the s i x t i e s and s e v e n t i e s . Today , t h a t 

enthusiasm has somewhat abated w i t h t h e r e a l i z a t i o n on t h e p a r t o f 

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

t h e i n t e r n a t i o n a l languages o f power i s an a b s o l u t e n e c e s s i t y f o r 

economic s u r v i v a l i n a w o r l d t h a t i s becoming i n c r e a s i n g l y 

i n t e r d e p e n d e n t e c o n o m i c a l l y . (For r e c e n t upda tes on t h e g l o b a l 

s i t u a t i o n see C a r e y , 1993a, 1993b.) 

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

E s s e n t i a l l y , t h e c o l o n i z i n g powers d i s m i s s e d t h e languages o f the 

F i r s t N a t i o n s as b e i n g un impor tan t on a n a t i o n a l s c a l e , and 

p r o c e e d e d on the assumpt ion t h a t t h e language o f t h e c o l o n i z i n g 

n a t i o n o r , i n t h e c a s e o f Canada, n a t i o n s , would become t h e o n l y 

l e g i t i m a t e language(s ) f o r the p u r p o s e s o f c a r r y i n g out the 

c o u n t r y ' s b u s i n e s s . T h i s a t t i t u d e , which m i r r o r e d t h o s e o f the 

c o u n t r i e s i n Europe from which they h a i l e d , was f a i r l y s t a n d a r d 

t h r o u g h o u t t h e h i s t o r y o f t h e d e v e l o p e d w o r l d , and i t i s 

i n t e r e s t i n g t o note t h a t , i n many o f t h e c o u n t r i e s i n which 

" c o l o n i z i n g " languages o r i g i n a t e d , t h e r e i s no o f f i c i a l language 

p o l i c y s i n c e i t was never deemed necessary t o i n s t i t u t e one. I t was 

incumbent on immigrants t o t h e "New W o r l d " , t h e n , t o l e a r n the 

m a j o r i t y language o f t h e i r adopted c o u n t r y i n o r d e r t o be a s s u r e d 

o f a c q u i r i n g employment and g e n e r a l l y f i t t i n g i n t o t h e s o c i e t y , 
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a n d , more i m p o r t a n t s t i l l , t o ensure t h a t t h e i r c h i l d r e n were 

brought up speak ing the m a j o r i t y language. A l though i t was a c c e p t e d 

t h a t p a r e n t s might want t o t e a c h t h e i r c h i l d r e n t h e i r h e r i t a g e 

language, t h i s was not encouraged i n g e n e r a l as i t was p e r c e i v e d t o 

be a major source of p o t e n t i a l academic problems f o r the c h i l d (see 

Cummins, 1984a, c h a p . 5, f o r a comprehens ive r e v i e w o f the 

r e l a t i o n s h i p s t h a t were drawn between academic ach ievement and 

b i l i n g u a l i s m ) . The a t t i t u d e , both e d u c a t i o n a l and s o c i e t a l , towards 

speakers o f " f o r e i g n l anguages" , t h e r e f o r e , was u n a b a s h e d l y one o f 

l i n g u i s t i c and c u l t u r a l a s s i m i l a t i o n (see T a y l o r , 1991, p p . 2 - 5 ) . 

In s p i t e o f the f a c t t h a t many o f t h e immigrants came f rom n a t i o n s 

w i t h l o n g and i m p r e s s i v e h i s t o r i e s , t h e y appear t o have been 

g e n e r a l l y v iewed as " w a n t i n g " . I f n o t h i n g e l s e , t h e y were want ing 

knowledge o f the language of t h e i r new c o u n t r y , and o f i t s c u l t u r e . 

B u t t h e y a l s o tended overwhe lming ly t o be w a n t in g f i n a n c i a l l y , 

h a v i n g o f t e n emerged from t h e lower e c h e l o n s o f t h e s o c i o e c o n o m i c 

s c a l e i n t h e i r homeland, and , as a d i r e c t r e s u l t o f t h e i r low 

s o c i e t a l s t a t u s , t h e y were, u s u a l l y want ing i n e d u c a t i o n . T h i s 

s i t u a t i o n has changed i n more r e c e n t t i m e s , immigrants w i t h 

u n i v e r s i t y degrees and c o n s i d e r a b l e w e a l t h now making up a 

s i g n i f i c a n t p r o p o r t i o n o f the immigrant p o p u l a t i o n . 

The p o l i c i e s which de te rmined how immigrant c h i l d r e n , and l a t e r , 

c h i l d r e n o f language m i n o r i t y communi t i es , would be t r e a t e d w i t h i n 

t h e s c h o o l s y s t e m , however, were based on s t u d i e s c a r r i e d out i n 
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t h e f i r s t h a l f o f t h e t w e n t i e t h c e n t u r y , many o f wh ich were 

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

d e t a i l e d above o f e d u c a t o r s o f t h e t ime (see C z i k o , 1992, and 

R e y n o l d s , 1991, f o r r e c e n t r e v i e w s o f some o f t h e prob lems t h a t 

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

academic achievement o f t h e s e groups o f c h i l d r e n was c o n s i s t e n t l y 

found t o be lower than the m o n o l i n g u a l norm, a s i t u a t i o n wh ich was 

s a i d t o be the consequence of t h e i r l a c k o f knowledge o f the lingua 

communis, and even more g e n e r a l l y , o f b i l i n g u a l i s m i t s e l f . 

B i l i n g u a l i s m , i t was s a i d , c o u l d l e a d t o d i s a d v a n t a g e s i n , f o r 

example , " i n t e l l e c t u a l deve lopment" , " e d u c a t i o n a l p r o g r e s s " , and 

" p e r s o n a l development" (Cummins, 1984a, p p . 102 -103) . As Cummins 

b r i n g s ou t a d m i r a b l y , some o f t h e s e s ta tements were ext reme. He 

c i t e s J e n s e n ' s 1962 r e v i e w o f more than 200 s t u d i e s t o i l l u s t r a t e 

t h e e x t e n t t o which t h e r h e t o r i c had become o v e r b l o w n : "He [ the 

b i l i n g u a l ] may become s c h i z o p h r e n i c , f o r most b i l i n g u a l s , a c c o r d i n g 

t o C h r i s t o p h e r s e n f e e l a ' p u l l i n o p p o s i t e d i r e c t i o n s which 

t h r e a t e n s the u n i t y o f t h e i r p e r s o n a l i t y ' " ( J e n s e n , 1962, p . 136) . 

Though most o f t h e s e e a r l y s t u d i e s have s i n c e been d i s c r e d i t e d , 

they were power fu l i n t h a t they were c o n s i s t e n t w i t h t h e p e r v a s i v e 

p e r c e p t i o n o f second language l e a r n e r s i n s o c i e t y a t l a r g e , a 

p e r c e p t i o n which was based on f i r s t hand o b s e r v a t i o n . As p o i n t e d 

o u t by Carey (1991a, p p . 340-341) , even t o d a y " immigrant 

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

a c a d e m i c a l l y d i s a d v a n t a g e d w h i l e they a r e immersed i n m a s t e r i n g 
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t h e i r second l anguage , " a s t a t e o f a f f a i r s w i t h which " the average 

p e r s o n i s a l l t o o f a m i l i a r . " What was i n s i d i o u s about t h i s 

s i t u a t i o n , however, was t h a t the poor academic achievement o f t h e s e 

groups was equated w i t h poor c o g n i t i v e a b i l i t y . T h i s l e d t o an 

i n o r d i n a t e r e p r e s e n t a t i o n o f m i n o r i t y language s t u d e n t s i n 

" l e a r n i n g d i s a b l e d " c l a s s r o o m s (Cummins, 1984a, p p . 1 - 2 ) , an 

i n e q u i t y which had no t been a d e q u a t e l y a d d r e s s e d i n t h e U n i t e d 

S t a t e s as r e c e n t l y as 1983 when O r i t z and Y a t e s found H i s p a n i c 

s t u d e n t s i n Texas o v e r r e p r e s e n t e d by a f a c t o r o f 300 p e r c e n t i n 

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

Though some more r e f l e c t i v e educators c a l l e d a t t e n t i o n t o anomal ies 

i n t h i s r e l a t i o n s h i p between b i l i n g u a l i s m and low academic 

ach ievement , t o c a s e s t u d i e s o f h i g h l y s u c c e s s f u l g roups (see 

Hamers, 1991, p p . 127-128) , f o r example , o r t o t h e h i g h e r than 

normal academic achievement o f whole s u b - c u l t u r e s s u c h as t h e 

A s i a n - A m e r i c a n and A s i a n - C a n a d i a n communi t ies (see Cummins, 1984a, 

p p . 96-100) , i n democra t ic c o u n t r i e s such as Canada and t h e U n i t e d 

S t a t e s where e q u a l i t y o f o p p o r t u n i t y was a d v o c a t e d and thought t o 
i 

be a l r e a d y i n o p e r a t i o n w i t h i n t h e e d u c a t i o n s y s t e m s , t h e c a u s a l 

l i n k between d e f i c i e n c y i n language a b i l i t y and p o o r academic 

ach ievement must have seemed t h e o n l y l o g i c a l e x p l a n a t i o n . 

In s p i t e o f t h e o v e r a l l s i m i l a r i t i e s i n t h e p o l i c i e s o f t h e s e two 

c o u n t r i e s , however, t h e r e were i m p o r t a n t d i f f e r e n c e s due t o the 

f a c t t h a t Canada had been c o l o n i z e d by two n a t i o n s , the B r i t i s h and 
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t h e F r e n c h (see C a r e y , 1991a, f o r a r e c e n t update on the 

development o f governmenta l p o l i c i e s i n t h e U n i t e d S t a t e s and 

Canada) . Though E n g l i s h e v e n t u a l l y became t h e dominant language i n 

Canada i n terms o f p r o l i f e r a t i o n and p o l i t i c a l power, where the 

Francophone p o p u l a t i o n was e x t e n s i v e enough, communi t ies had 

e d u c a t i o n i n t h e i r n a t i v e tongue, F r e n c h , w i th E n g l i s h b e i n g t a u g h t 

as a second language, w h i l e the E n g l i s h speak ing community r e c e i v e d 

second language i n s t r u c t i o n i n F r e n c h . O ther l i n g u i s t i c m i n o r i t i e s 

were taught i n one o f the two o f f i c i a l l anguages l a r g e l y a c c o r d i n g 

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

a second language. To say t h i s i s , o f c o u r s e , t o p a i n t t h e p i c t u r e 

o n l y i n v e r y b road s t r o k e s . No s o c i e t y i s homogeneous enough t o 

a v o i d e x c e p t i o n s t o the g e n e r a l t r e n d s , c h i l d r e n who were f l u e n t l y 

b i l i n g u a l i n F r e n c h and E n g l i s h b e f o r e s t a r t i n g s c h o o l , f o r 

i n s t a n c e , o r c h i l d r e n who were a l l o p h o n e s . How t h e s e were d e a l t 

w i t h i s u n c l e a r , but i t seems l i k e l y t h a t t h e y were t r e a t e d 

a c c o r d i n g t o e i t h e r t h e i r p a r e n t s ' w ishes o r s o c i e t a l norms. Even 

t o d a y , the mother tongue of a c h i l d i s c o n s i d e r e d t o be t h a t f i r s t 

spoken a t home, o r worse s t i l l , t h e f i r s t l anguage o f t h e i r 

p a r e n t s , i n s p i t e o f the f a c t t h a t many of t h e s e c h i l d r e n e i t h e r do 

no t speak t h a t language a t a l l o r a r e more f l u e n t i n t h e m a j o r i t y 

l a n g u a g e o f t h e community due t o the p r e v a l e n c e o f t h e l a t t e r i n 

t h e i r environment (Bain and Yu , 1987; C a r e y , 1991a) . Carey appears 

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

c h i l d r e n . Speak ing o f t h e s i t u a t i o n o f Francophone c h i l d r e n i n 

Canada he s t a t e s : 
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[T]he [Canadian] C o n s t i t u t i o n and a r t i c l e 23 o f the C h a r t e r o f 

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

t h e s e m i n o r i t y language programs t o t h o s e f o r whom a p a r e n t ' s 

f i r s t language was F r e n c h . T h i s bases t h e s e m i n o r i t y e d u c a t i o n 

i n i t i a t i v e s not on the l i n g u i s t i c a b i l i t y o f t h e c h i l d r e n but 

on t h e i r p a r e n t s ' c h i l d h o o d language e x p e r i e n c e . In t h i s 

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

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

a s s i m i l a t i o n and c u l t u r a l e r o s i o n . (Carey , 1991a, p p . 345, 

346) 

Now as i n the p a s t , t h e r e f o r e , p o l i t i c a l i m p e r a t i v e s a r e f i r m l y i n 

c o n t r o l o f l i n g u i s t i c p o l i c y . 

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

t i m e r a r e l y l e d t o a h i g h l e v e l o f b i l i n g u a l i s m , i t was f a r more 

common t o f i n d what would now be termed "dominant" b i l i n g u a l s , 

those w i t h a h i g h e r a b i l i t y i n one language ( n o r m a l l y t h e i r f i r s t ) 

but who were r e a s o n a b l y f l u e n t i n t h e second (Lambert , 1990, p p . 

202 -203 ) , i n t h e Francophone communi t i es , p a r t i c u l a r l y o u t s i d e 

Quebec, t h a n i n t h e Anglophone c o m m u n i t i e s , even t h o s e i n s i d e 

Quebec. The r e a s o n s f o r t h i s were e v i d e n t : t h e p r e f e r e n t i a l r u l e s 

s e t up t o p r o t e c t t h e r i g h t s o f E n g l i s h s p e a k e r s i n t h e s o c i e t y , 
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and the n e c e s s i t y o f l e a r n i n g E n g l i s h f o r economic s u r v i v a l 1 . The 

E n g l i s h language community was, a f t e r a l l , f a r more numerous and 

w i d e l y - s o w n t h r o u g h o u t the p r o v i n c e s a n d , n o t s u r p r i s i n g l y 

t h e r e f o r e , had h i g h e r s t a t u s . The weight o f numbers meant l i t t l e i n 

Quebec, however, a predominant ly French speak ing p r o v i n c e , i n which 

E n g l i s h was t h e language o f power u n t i l t h e 1960s, a t wh ich t ime 

t h e r i s i n g t i d e o f t h e Quebec s o v e r e i g n t y movement began t o e x e r t 

i t s i n f l u e n c e on language p o l i c y mak ing . Once a g a i n , t h i s was, and 

s t i l l i s , a c a s e i n which p o l i t i c a l i m p e r a t i v e s dominate the 

language s c e n e . The upshot o f t h i s h i g h l y p o l i t i c a l s i t u a t i o n w i t h 

r e s p e c t t o language was t h a t Francophone e d u c a t o r s were v e r y 

f a m i l i a r w i th the academic and " c o g n i t i v e " e f f e c t s o f b i l i n g u a l i s m , 

h a v i n g had much more e x t e n s i v e e x p e r i e n c e t h a n t h e i r E n g l i s h 

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

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

l o g i c on these mat ters came from t h i s q u a r t e r (see R e y n o l d s , 1991, 

p . 147) . 

W a l l a c e Lambert was a pr ime mover i n t h e e f f o r t t o make sense o f 

the c o g n i t i v e e f f e c t s , i f any, o f b i l i n g u a l i s m . In a r e c e n t r e v i e w 

1 I t i s i n t e r e s t i n g t o note t h a t t h i s r e l a t i n g o f b i l i n g u a l i s m 
t o economic advantages has taken on an i n t r i g u i n g t w i s t . T a y l o r 
(1991) r e p o r t s t h a t , i n a r e c e n t s u r v e y , s p e a k e r s o f " h e r i t a g e 
languages" i n D e t r o i t were s t i l l o f t h e o p i n i o n t h a t " b i l i n g u a l i s m 
was a s s o c i a t e d w i t h economic advancement i n terms o f s c h o o l 
p e r f o r m a n c e and j o b o p p o r t u n i t y . T h u s , maintaining the heritage 
language [ i t a l i c s added] was l i n k e d d i r e c t l y t o b r e a d and b u t t e r 
i s s u e s , n o t o n l y t o the q u a l i t y o f s o c i a l r e l a t i o n s h i p s " ( p . 1 0 ) . 
T a y l o r notes t h a t the reasons f o r t h i s p e r c e i v e d l i n k a r e u n c l e a r , 
b u t may be r e l a t e d t o s o c i o - e c o n o m i c p r e s s u r e s b r o u g h t on by 
e x c l u s i o n f rom t h e dominant g r o u p . 
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o f t h e i s s u e s (Lambert , 1990) , he comments: ' 

We [a t M c G i l l U n i v e r s i t y ] s t a r t e d w i t h c o n c e r n s about the 

measurement o f p r o f i c i e n c y i n two l a n g u a g e s , but because our 

r e s e a r c h group compr ised ma in ly w i l d l y d i v e r g e n t t h i n k e r s , we 

c o n t i n u a l l y d r i f t e d o f f t h e p r o f i c i e n c y i s s u e t o what we saw 

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

o n e s . . . . What s u r p r i s e s me i s t h a t t h e i s s u e s p e r s i s t , even 

t h o u g h t h e r e s e a r c h approaches e v o l v e and more and more 

i n f o r m a t i o n i s a c c u m u l a t e d , (pp. 201-202) 

In 1962, a landmark paper by P e a l and Lambert q u e s t i o n e d the 

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

b i l i n g u a l i s m and i n t e l l i g e n c e , a s t u d y which "has had a p r o f o u n d 

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

e d u c a t i o n " (Reynolds, 1991, p. 146) , and l a t e r , a l o n g w i t h T u c k e r , 

Lambert e s t a b l i s h e d t h e f i r s t language immers ion programme i n the 

p u b l i c s e c t o r i n Canada, ano ther h i g h l y i n f l u e n t i a l s t u d y which 

became known as t h e S t . Lambert exper iment (Lambert and T u c k e r , 

1972) . I t was i n i t i a t e d a t the u r g i n g o f 

a g roup o f E n g l i s h - s p e a k i n g p a r e n t s i n Quebec whose common 

c o n c e r n was t h a t t h e i r c h i l d r e n become h i g h l y p r o f i c i e n t i n 

F r e n c h . . . T h e i r c o n c e r n about t h e i r c h i l d r e n ' s a b i l i t i e s i n 

F rench r e f l e c t e d the p o l i t i c a l and economic r e a l i t i e s o f t h e i r 

environment - t h a t French was b e i n g i n c r e a s i n g l y emphasized as 
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t h e language o f work, and i n d e e d , has s i n c e become l e g a l i z e d 

as the o f f i c i a l langue de travail i n Quebec. (Swain & L a p k i n , 

1982, p . 1) 

The q u e s t i o n Lambert and T u c k e r a d d r e s s e d was whether b e i n g 

b i l i n g u a l i s c o s t l y i n terms o f i n t e l l e c t u a l deve lopment . The 

answer t h e y d i s c o v e r e d was t h a t i t was n o t ; t h e v e r y s e l e c t group 

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

programme were found , a c c o r d i n g t o t h e i n s t r u m e n t s u s e d t o measure 

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

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

which t h e y d e v e l o p e d : 

A f t e r f i v e y e a r s , we a r e s a t i s f i e d t h a t t h e E x p e r i m e n t a l 

program has r e s u l t e d i n no n a t i v e language o r s u b j e c t mat te r 

( i . e . , a r i t h m e t i c ) d e f i c i t o r r e t a r d a t i o n o f any s o r t , nor i s 

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

i n the program. In f a c t , the E x p e r i m e n t a l p u p i l s appear t o be 

a b l e t o r e a d , w r i t e , speak , u n d e r s t a n d , and u s e E n g l i s h as 

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

manner v i a E n g l i s h . Dur ing the same p e r i o d o f t ime and w i t h no 

a p p a r e n t p e r s o n a l o r academic c o s t s , t h e c h i l d r e n have 

d e v e l o p e d a competence i n r e a d i n g , w r i t i n g , s p e a k i n g , and 

u n d e r s t a n d i n g F r e n c h t h a t E n g l i s h p u p i l s f o l l o w i n g a 

t r a d i t i o n a l F r e n c h - a s - a - S e c o n d - L a n g u a g e program f o r t h e same 

number o f y e a r s c o u l d never match . (Lambert & T u c k e r , 1972, 
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p.152) 

As Carey (1991a) p o i n t s o u t , r e s u l t s such as t h e s e were more than 

u n u s u a l . Indeed , i t was "a p r e c e d e n t i n e d u c a t i o n a l h i s t o r y t o 

s u g g e s t t h a t i t i s p o s s i b l e t o have an e d u c a t i o n v i a a second o r 

non-dominant language w i t h o u t e n c o u n t e r i n g a c o s t a c a d e m i c a l l y i n 

t e rms o f t h e c o n t e n t b e i n g maste red" (p. 336) . I t i s o f i n t e r e s t 

t h a t , a t t h i s t ime i n Canad ian h i s t o r y , t h e movement t o promote 

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

g o v e r n m e n t ' s c o n c e r n o v e r r i s i n g d i s s a t i s f a c t i o n w i t h r e s p e c t t o 

l i n g u i s t i c and c u l t u r a l s t a t u s w i t h i n the Francophone community was 

w e l l underway, hence the c o n c l u s i o n s o f t h e s t u d y were u n d o u b t e d l y 

" p o l i t i c a l l y c o r r e c t " f o r t h e e r a . Though c r i t i q u e s o f the 

exper iment q u e s t i o n e d t h e g e n e r a l i z a b i l i t y o f t h e f i n d i n g s o f the 

immers ion programme due t o the un ique c h a r a c t e r i s t i c s o f the 

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

economic s t a t u s o f the group, the d e d i c a t i o n o f the t e a c h i n g s t a f f , 

r e s e a r c h d e s i g n prob lems, and the s c r e e n i n g o f the language a b i l i t y 

o f the p a r t i c i p a t i n g s t u d e n t s , t o ment ion a few o f the more s e r i o u s 

o b j e c t i o n s (see MacNab, 1979) , the m i n d - s e t o f t h e language 

t e a c h i n g community had been shaken t o i t s c o r e , and r e s e a r c h i n 

both Canada and the U n i t e d S t a t e s f o c u s e d around t e s t i n g t h e scope 

o f t h e v a l i d i t y o f t h e s e r e s u l t s . Commenting on t h e impor tance o f 

L a m b e r t ' s c o n t r i b u t i o n t o the s tudy o f t h e c o g n i t i v e consequences 

o f b i l i n g u a l i s m , Reyno lds (1991) n o t e s t h a t , " s i n c e the P e a l and 

Lamber t monograph, t h e r e have been o v e r seven dozen s t u d i e s , 
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r e v i e w s , and book c h a p t e r s on t h e e f f e c t s o f b i l i n g u a l i s m on 

c o g n i t i v e f u n c t i o n i n g " (p. 147) . 

The most t e l l i n g c r i t i c i s m s o f t h e immersion language programme 

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

c l a s s e s w i t h t h o s e o f immigrant o r low s o c i o - e c o n o m i c s t a t u s 

m i n o r i t y group c h i l d r e n whose p a r e n t s spoke a h e r i t a g e language a t 

home. These c h i l d r e n , i t was a r g u e d , were immersed i n t h e second 

language a t s c h o o l and spoke t h e i r mother tongue a t home as d i d t h e 

" i m m e r s i o n " c h i l d r e n , but were commonly found t o be d e f i c i e n t i n 

l i n g u i s t i c a b i l i t y i n b o t h l a n g u a g e s , a n d , i n g e n e r a l , were not 

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

e d u c a t i o n s y s t e m 2 . S u r e l y the p r a c t i c e o f immers ion language 

e d u c a t i o n c o u l d not i n and of i t s e l f e x p l a i n bo th s e t s o f r e s u l t s ? 

In answer t o t h e s e c r i t i c i s m s , Lambert s u g g e s t e d t h a t the 

d i s c r e p a n c y might be due t o the f a c t t h a t , f o r t h e s e c h i l d r e n , t h e 

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

p r e s t i g i o u s second language (Cummins, 1984a, p . 106) . I t was 

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

f i r s t language c o u l d occur more r a p i d l y than the a c q u i s i t i o n o f t h e 

s e c o n d , an outcome which c o u l d l e a d t o a g e n e r a l d e g r a d a t i o n o f 

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

t h i s e x p l a n a t i o n , Lambert was a l l o w i n g t h a t l i n g u i s t i c 

c o n s i d e r a t i o n s c o u l d not t e l l the whole s t o r y ; a t a minimum, the 

2 I t s h o u l d be remembered, however, t h a t c e r t a i n s u b - g r o u p s 
s u c h as t h e A s i a n - C a n a d i a n and - A m e r i c a n communi t ies were an 
e x c e p t i o n t o t h i s r u l e . 
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s o c i a l s t a t u s o f t h e languages c o n c e r n e d had t o be t a k e n i n t o 

a c c o u n t as an i n t e r v e n i n g v a r i a b l e i n how w e l l t h e y were l e a r n e d . 

The p r o t e s t s o f s c e p t i c s were thus i g n o r e d o r e x p l a i n e d away as 

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

c o n s t i t u t e a p o s i t i v e f o r c e i n c h i l d r e n ' s academic development and 

c o u l d , moreover , b r i n g about s u b t l e c o g n i t i v e advantages s u c h as 

g r e a t e r c o g n i t i v e f l e x i b i l i t y began t o accumula te (see Cummins, 

1984a, p p . 105-106; Hamers, 1991, p p . 130 -131) . E v e n t u a l l y , one 

advocate o f the advantages o f b i l i n g u a l i s m "went so f a r as t o c l a i m 

t h a t p a r e n t s who d i d n ' t e n r o l t h e i r c h i l d r e n i n t h e s e new 

c o g n i t i v e l y e n r i c h i n g programs which p r o d u c e d ' c o g n i t i v e 

f l e x i b i l i t y ' s h o u l d be l i a b l e t o be c h a r g e d w i t h c h i l d n e g l e c t ! " 

( C a r e y , 1993a, p . 5) . I t was i n an e f f o r t t o r e c o n c i l e t h e s e 

oppos ing b o d i e s o f e v i d e n c e , t h e n , t h a t Cummins f i r s t p r o p o s e d the 

T h r e s h o l d H y p o t h e s i s (Cummins, 1991): 

I n i t i a l l y (Cummins, 1976) , I was c o n c e r n e d w i t h t h e apparen t 

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

appeared t o s u g g e s t c o g n i t i v e d e f i c i t s r e s u l t i n g from 

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

b i l i n g u a l i s m w i th c o g n i t i v e advan tages . Based on t h e p a t t e r n s 

o f L l [ f i r s t language] and L2 [second language] development 

m a n i f e s t e d by b i l i n g u a l s i n each o f t h e s e two t y p e s o f 

s t u d i e s , I s u g g e s t e d t h a t t h e r e may be t h r e s h o l d l e v e l s o f 

l i n g u i s t i c competence t h a t b i l i n g u a l c h i l d r e n must a t t a i n both 
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i n o r d e r t o a v o i d c o g n i t i v e d i s a d v a n t a g e s and a l l o w t h e 

p o t e n t i a l l y b e n e f i c i a l a s p e c t s o f becoming b i l i n g u a l t o 

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

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

d isadvantages and advantages was l a t e r l i n k e d t o L a m b e r t ' s . . . 

d i s t i n c t i o n between s u b t r a c t i v e and a d d i t i v e t y p e s o f 

b i l i n g u a l a c q u i s i t i o n c o n t e x t s , (p. 76) 

The T h r e s h o l d H y p o t h e s i s , t h e r e f o r e , e s s e n t i a l l y a c c e p t e d a c a u s a l 

l i n k between b i l i n g u a l i s m and c o g n i t i v e f u n c t i o n i n g and a t tempted 

t o make sense o f t h e c o n f l i c t i n g d a t a on t h e b a s i s o f t h a t 

a s s u m p t i o n , though i t was v e r y e v i d e n t f rom h i s own r e s e a r c h t h a t 

Cummins was a c u t e l y aware o f the i n t e r f e r e n c e o f s o c i o l o g i c a l 

v a r i a b l e s i n t h a t r e l a t i o n s h i p . In h i s t e x t B i l i n g u a l i s m and 

S p e c i a l E d u c a t i o n , Cummins (1984a) s t a t e s , " i t i s a f a l l a c y t o 
i 

r e g a r d p s y c h o - e d u c a t i o n a l f a c t o r s as i n any sense an e x p l a n a t i o n o f 

the [minor i ty ] s t u d e n t s ' academic problems" (p. 92 ) , but l a t e r goes 

on t o e l a b o r a t e t h a t , because p s y c h o - e d u c a t i o n a l " c h i l d p r o c e s s " 

v a r i a b l e s , which "mediate" the s o c i a l and e d u c a t i o n a l v a r i a b l e s i n 

academic ach ievement , " a r e a l s o t h o s e t h a t a r e o f most d i r e c t 

c o n c e r n t o e d u c a t o r s c o n c e r n e d w i t h assessment and pedagogy o f 

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

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

v a r i a b l e s and a l s o t o s p e c i f y more p r e c i s e l y t h e t h e o r e t i c a l 

g e n e r a l i z a t i o n s t h a t a r e r e l e v a n t t o e d u c a t i o n a l p o l i c y - m a k i n g i n 

t h i s a r e a " ( i b i d . , p . 127) . He f u r t h e r c l a r i f i e s h i s r a t i o n a l e f o r 
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p u r s u i n g t h i s p a r t i c u l a r p s y c h o - e d u c a t i o n a l p a t h as f o l l o w s : 

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

b i l i n g u a l c h i l d r e n a t t a i n i n t h e i r two languages may be an 

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

b i l i n g u a l i s m on c h i l d r e n ' s c o g n i t i v e and academic development. 

S p e c i f i c a l l y , i t has been h y p o t h e s i s e d t h a t t h e r e may be 

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

must a t t a i n i n o rder t o a v o i d c o g n i t i v e d e f i c i t s and a l l o w the 

p o t e n t i a l l y b e n e f i c i a l a s p e c t s o f becoming b i l i n g u a l t o 

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

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

i n f l u e n c e c o g n i t i v e growth a r e u n l i k e l y t o come i n t o e f f e c t 

u n t i l c h i l d r e n have a t t a i n e d a c e r t a i n minimum o r t h r e s h o l d 

l e v e l o f p r o f i c i e n c y i n t h e second l a n g u a g e . S i m i l a r l y , i f 

b i l i n g u a l c h i l d r e n a t t a i n o n l y a ve ry low l e v e l o f p r o f i c i e n c y 

i n one o r both of t h e i r languages, t h e i r l o n g - t e r m i n t e r a c t i o n 

w i t h t h e i r academic environment t h r o u g h t h e s e l a n g u a g e s , bo th 

i n terms o f i n p u t and o u t p u t , i s l i k e l y t o be i m p o v e r i s h e d . 

The form o f t h e t h r e s h o l d h y p o t h e s i s t h a t seems t o be most 

c o n s i s t e n t w i t h t h e a v a i l a b l e d a t a i s t h a t t h e r e a r e two 

t h r e s h o l d s . . . The a t t a i n m e n t o f a lower t h r e s h o l d l e v e l o f 

b i l i n g u a l p r o f i c i e n c y would be s u f f i c i e n t t o a v o i d any 

n e g a t i v e e f f e c t s ; but the a t ta inment o f a s e c o n d , h i g h e r l e v e l 

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



a c c e l e r a t e d c o g n i t i v e g rowth , ( i b i d . , p . 107) 

To t h i s h y p o t h e s i s was added a few y e a r s l a t e r t h e In te rdependence 

H y p o t h e s i s . T h i s a d d i t i o n i n c o r p o r a t e d t h e growing number o f 

s t u d i e s on b i l i n g u a l e d u c a t i o n i n both Canada and the U n i t e d S t a t e s 

which s u p p o r t e d L a m b e r t ' s c o n t e n t i o n t h a t e d u c a t i o n t h r o u g h a 

m i n o r i t y language e n t a i l e d no a d v e r s e e f f e c t s f o r t h e development 

o f t h e m a j o r i t y l a n g u a g e . E x p r e s s e d f o r m a l l y , t h e In te rdependence 

H y p o t h e s i s s t a t e s : 

To the ex ten t t h a t i n s t r u c t i o n i n Lx i s e f f e c t i v e i n promot ing 

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

o c c u r p r o v i d e d t h e r e i s adequate exposure t o Ly ( e i t h e r i n 

s c h o o l o r environment) : and adequate m o t i v a t i o n t o l e a r n L y . 

(Cummins, 1987, p . 199) 

The i m p l i c a t i o n of the Interdependence H y p o t h e s i s i s t h a t t h e r e i s 

a common u n d e r l y i n g language p r o f i c i e n c y upon wh ich b o t h t h e f i r s t 

and second languages can draw. T h i s h y p o t h e s i s , t h e n , a l o n g w i t h 

the T h r e s h o l d Hypothes is became t h e f o u n d a t i o n s f o r t h e subsequent 

t h e o r e t i c a l e d i f i c e s c o n s t r u c t e d by Cummins i n the f o l l o w i n g y e a r s . 
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1.2 An E x a m i n a t i o n o f the V a l i d i t y o f the C l a s s i f i c a t i o n o f the 

T h r e s h o l d H y p o t h e s i s as an H y p o t h e s i s 

In the T h r e s h o l d H y p o t h e s i s , i t i s proposed t h a t t h e r e i s a d i r e c t , 

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

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

b e i n g f rom t h e degree o f b i l i n g u a l i s m t o c o g n i t i v e a b i l i t y . Below 

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

expected t o exper ience n e g a t i v e c o g n i t i v e e f f e c t s when compared t o 

t h e u n i l i n g u a l norm, w h i l e above t h a t t h r e s h o l d , a p e r i o d o f 

development w i l l be en te red i n t o d u r i n g which n e i t h e r p o s i t i v e nor 

n e g a t i v e c o g n i t i v e b e n e f i t s w i l l be a c c r u e d . As t h e l e v e l o f 

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

w i l l be reached beyond which c o g n i t i v e b e n e f i t s as compared t o t h e 

u n i l i n g u a l norm w i l l b e g i n t o m a n i f e s t t h e m s e l v e s i n t h e l e a r n e r . 

In h i s d e l i n e a t i o n o f t h e h y p o t h e s i s , however , Cummins g i v e s no 

d e f i n i t i o n o f e i t h e r o f the two main v a r i a b l e s , c o g n i t i v e a b i l i t y 

and d e g r e e o f b i l i n g u a l i s m , nor does he d e f i n e t h e f e a t u r e s o f a 

t h r e s h o l d l e v e l o f b i l i n g u a l i s m . From some o f h i s s ta tements 

(Oimmins, 1984a, p . 105) , c o g n i t i v e c a p a b i l i t y can be c o n s t r u e d as 

a cong lomera te o f "academic and c o g n i t i v e s k i l l s , " " c o g n i t i v e 

f l e x i b i l i t y , " " d i v e r g e n t o r • c r e a t i v e ' t h i n k i n g a b i l i t i e s , " and 

" g e n e r a l i n t e l l e c t u a l d e v e l o p m e n t . " I t seems u n l i k e l y t h a t s u c h a 

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

a c c u r a t e l y by a s i n g l e g l o b a l c o n s t r u c t l a b e l l e d " c o g n i t i v e 
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a b i l i t y , " e s p e c i a l l y when the measures o f c o g n i t i v e v a r i a b l e s used 

i n the s t u d i e s the r e s u l t s o f which prompted Cummins t o propose h i s 

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

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

s u p p o r t t h e T h r e s h o l d h y p o t h e s i s , f o r example , Cummins (1977) 

h i m s e l f used t h e f o l l o w i n g measures: t h e Kuhlmann F i n c h 

I n t e l l i g e n c e T e s t as i n d i c a t o r s o f v e r b a l a b i l i t y and g e n e r a l 

r e a s o n i n g , t h e U t i l i t y T e s t f rom t h e F r e n c h , Eks t rom and P r i c e 

(1963) K i t o f R e f e r e n c e T e s t s f o r C o g n i t i v e F a c t o r s s c o r e d f o r 

f l u e n c y , f l e x i b i l i t y and o r i g i n a l i t y , and an a d a p t a t i o n o f W a l l a c h 

and K o g a n ' s (1965) P a t t e r n s t e s t as a measure o f n o n - v e r b a l 

i n t e l l i g e n c e . No r a t i o n a l e was p u t fo rward as t o why t h e s e 

p a r t i c u l a r s u b t e s t s were c o n s i d e r e d more a p p r o p r i a t e t h a n o t h e r s . 

Tha t Cummins appears t o be h a v i n g d i f f i c u l t y d e c i d i n g on which 

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

however, g i v e n the ve ry broad range o f phenomena grouped under t h e 

d e f i n i t i o n o f c o g n i t i o n (see I n t r o d u c t i o n ) . 

As f a r as degree o f b i l i n g u a l i s m i s c o n c e r n e d , no i n d i c a t i o n i s 

g i v e n by Cummins i n h i s e l a b o r a t i o n o f t h e h y p o t h e s i s as t o how 

t h i s s h o u l d be measured, whether i t would be dependent on v e r b a l o r 

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

a medley o f a l l o f these o f the t y p e seen i n s t a n d a r d i z e d language 

t e s t s . Even i f the l a t t e r s u g g e s t i o n were u s e d , t h e r e i s r e a s o n t o 

doubt t h a t s u c h an assessment o f f e r s an a c c u r a t e measure o f 

language p r o f i c i e n c y ( E d e l s k y e t a l . , 1983) . The measures Cummins 
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used i n h i s 1977 s t u d y , which were adapted f rom t h o s e p i o n e e r e d by 

P e a l and Lambert , were d i r e c t e d a t a s s e s s i n g t h e degree o f b a l a n c e 

shown by the s tudent but c o u l d o s t e n s i b l y be employed t o a s s e s s the 

degree o f b i l i n g u a l i s m . The r e l i a b i l i t y o f t h e s e t e s t s as a c c u r a t e 

measures o f b a l a n c e , however, can a l s o be c a l l e d i n t o q u e s t i o n 

s i n c e t h e y a r e dependent on a) a word a s s o c i a t i o n t e s t which 

appears t o compare o n l y s t o r e d l e x i c a l knowledge i n both l a n g u a g e s , 

b) a s u b j e c t i v e s e l f - r a t i n g t e s t , and c) a t e a c h e r r a t i n g o f 

b a l a n c e . A compos i te b a l a n c e s c o r e was formed by c o m b i n i n g s c o r e s 

on t h e t h r e e measures o f b a l a n c e . A l t h o u g h i t can be seen t h a t an 

a t t e m p t i s b e i n g made a t o b t a i n i n g a comprehens ive and r e l i a b l e 

measure o f degree o f b i l i n g u a l i s m , t h e n a t u r e o f t h e i n g r e d i e n t s 

t h a t make up t h e compos i te b a l a n c e s c o r e l e a v e much t o be d e s i r e d 

i n terms o f c o n c e p t u a l c l a r i t y and r e p r o d u c i b i l i t y . These 

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

l e v e l o f b i l i n g u a l i s m , which i s bo th d e f i n e d and p r o v e n by the 

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

t a u t o l o g y (see s e c t i o n 1 . 3 . 2 ) , would r e n d e r t h e T h r e s h o l d 

H y p o t h e s i s ex t reme ly d i f f i c u l t i f no t i m p o s s i b l e t o t e s t 

e m p i r i c a l l y . 

In t h i s penury o f d e f i n i t i o n o f i t s c o n s t r u c t s , t h e n , the T h r e s h o l d 

H y p o t h e s i s can be seen t o be l a c k i n g t h e c o n c e p t u a l c l a r i t y 

r e q u i r e d f o r i t t o be termed an " h y p o t h e s i s " t a k e n i n i t s s t r o n g 

s e n s e , a p r o v i s i o n a l s u p p o s i t i o n from which t o draw c o n c l u s i o n s 

t h a t a r e i n a c c o r d a n c e w i t h known f a c t s , and wh ich s e r v e as a 

36 



s t a r t i n g - p o i n t f o r f u r t h e r i n v e s t i g a t i o n by which i t may be 

d i s p r o v e d and an e n d u r i n g t h e o r y a r r i v e d a t . Cummins h i m s e l f 

appears t o have r e a c h e d t h i s c o n c l u s i o n i n r e c e n t t i m e s (Cummins, 

1991, p p . 83 and 85 ) : 

Of the t h r e e t h e o r e t i c a l c o n s t r u c t s , t he t h r e s h o l d h y p o t h e s i s 

i s c l e a r l y the most s p e c u l a t i v e and a l s o the most d i f f i c u l t t o 

t e s t i n any p r e c i s e manner. I n i t i a l l y , i t was i n t e n d e d t o 

s e r v e a heuristic [ i t a l i c s added] f u n c t i o n i n h i g h l i g h t i n g the 

p o s s i b l e r e l a t i o n s h i p s between p a t t e r n s o f b i l i n g u a l 

deve lopment and c o g n i t i v e c o n s e q u e n c e s . . . . In v iew o f the 

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

n a t u r e o f " language p r o f i c i e n c y " i t s e l f i n any p r e c i s e way 

. . . , i t i s p r o b a b l y u n r e a l i s t i c t o expect s i g n i f i c a n t p r o g r e s s 

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

t h r e s h o l d s . Thus , the p o s i t i n g o f s p e c i f i c t h r e s h o l d s must be 

r e g a r d e d , a t t h i s p o i n t , as p r i m a r i l y a heuristic [ i t a l i c s 

added] t o o r i e n t r e s e a r c h t o e x p l o r e t h e r e l a t i o n s h i p between 

a s p e c t s o f b i l i n g u a l s t u d e n t s ' emerging p r o f i c i e n c y i n two 

languages and the p o s s i b l e c o g n i t i v e i m p l i c a t i o n s o f d i f f e r e n t 

p a t t e r n s . S i n c e the nature o f t h e h y p o t h e s i z e d t h r e s h o l d s a r e 

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

[Cummins' o r D i a z ' (1985)] can be f a l s i f i e d a t t h i s l e v e l . 

In r e f e r r i n g t o t h e " h e u r i s t i c f u n c t i o n " o f t h e T h r e s h o l d 

H y p o t h e s i s , which he does i n s e v e r a l o f h i s p u b l i c a t i o n s i n c l u d i n g 
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those i n which the h y p o t h e s i s i s f i r s t p r o p o s e d , and i n c o n c l u d i n g 

t h a t i t i s " p r i m a r i l y a h e u r i s t i c , " Cummins i s a p p r o a c h i n g a more 

r e a s o n a b l e c l a s s i f i c a t i o n o f h i s " h y p o t h e s i s . " G i v e n t h a t an 

h e u r i s t i c may be d e f i n e d as an argument i n t e n d e d t o s t i m u l a t e 

i n t e r e s t as a means o f f u r t h e r i n g i n v e s t i g a t i o n , t o c l a s s i f y the 

T h r e s h o l d Hypothes is as an h e u r i s t i c would seem a p p r o p r i a t e , s i n c e 

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

i n t e r e s t w i t h i n t h e second language r e s e a r c h community, a f a c t t o 

wh ich t h e f o l l o w i n g s e c t i o n w i l l a t t e s t . 

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

s h o u l d be downgraded t o t h a t o f an h e u r i s t i c i s no t so s e r i o u s a 

m a t t e r as might be s u p p o s e d , however , s i n c e t h e p a r t i c u l a r 

c l a s s i f i c a t i o n g i v e n t o a t h e o r e t i c a l p r o p o s i t i o n i s dependent on 

t h e l e v e l o f i n q u i r y a t which f a l s i f y i n g i n f o r m a t i o n i s s o u g h t . 
i 

What might q u a l i f y as a t e s t a b l e h y p o t h e s i s a t the l e v e l o f g e n e r a l 

p s y c h o l o g i c a l i n q u i r y , f o r example, might be c o n s i d e r e d h o p e l e s s l y 

i m p r e c i s e a t the n e u r o p s y c h o l o g i c a l . T h u s , t h e o r e t i c a l 

c l a s s i f i c a t i o n i s s t r o n g l y r e l a t e d t o t h e degree o f g e n e r a l i z a t i o n 

s o u g h t . I t c o u l d be s a i d t h a t t h e degree o f g e n e r a l i z a t i o n sought 

by t h e T h r e s h o l d H y p o t h e s i s i s t o o g r e a t , and t h a t i t s l a c k o f 

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

c o n c e p t u a l i z a t i o n . That i s , i t i s too s u s c e p t i b l e t o d e c o n s t r u c t i v e 

c r i t i q u e s . In c o n s i d e r a t i o n o f t h i s d i f f i c u l t y (which dogs a l l 

t h e o r e t i c a l p r o p o s i t i o n s ) , t h e r e f o r e , t h e term " h y p o t h e s i s " w i l l 

c o n t i n u e t o be a p p l i e d t o the T h r e s h o l d H y p o t h e s i s on the 

38 



u n d e r s t a n d i n g t h a t , r a t h e r t h a n a " t e s t h y p o t h e s i s , " i t i s t o be 

c o n c e i v e d as more o f a "work ing h y p o t h e s i s , " one wh ich s e r v e s " to 

gu ide and o r g a n i z e the i n v e s t i g a t i o n , p r o v i d i n g us someth ing t o go 

on w i t h " (Kap lan , 1964, p . 8 8 ) , s i n c e t h i s term i s c l o s e r i n meaning 

t o t h a t o f an h e u r i s t i c . 
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1.3 Review of the Critiques of Cummins' Threshold Hypothesis 

1.3.1 Introduction 

As Cummins h i m s e l f has n o t e d , t h e T h r e s h o l d H y p o t h e s i s and the 

t h e o r e t i c a l c o n s t r u c t s b u i l t thereupon have been " b o t h i n f l u e n t i a l 

and c o n t r o v e r s i a l " (Cummins, 1991, p . 7 5 ) . The n a t u r a l consequence 

o f t h i s has been c r i t i c a l assessment o f t h e work f rom b o t h 

advocates and opponents . Very few o f t h e c r i t i c s have t r e a t e d o n l y 

one a s p e c t o f the o v e r a l l t h e o r y , such as the T h r e s h o l d H y p o t h e s i s , 

as a s e p a r a t e e n t i t y , p r e f e r r i n g i n s t e a d t o see a l l o f Cummins' 

work as a r e l a t e d who le , undoubted ly a v a l i d p e r s p e c t i v e . T r o i k e 

(1984, p . 44 ) , f o r example, no tes t h a t Cummins a l o n g w i t h Toukomaa 

and Skutnabb-Kangas 
i i ' 

have suggested t h a t lower and higher thresholds o f p r o f i c i e n c y 

s h o u l d be r e c o g n i z e d , w i th the lower t h r e s h o l d b e i n g m i n i m a l l y 

adequate f o r non-academic p u r p o s e s , and t h e h i g h e r t h r e s h o l d 

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

would presumably have some s i m i l a r i t y t o what Cummins . . . has 

s i n c e c a l l e d ' b a s i c i n t e r p e r s o n a l communicat ion s k i l l s ' 

(B ICS) . 

The upper t h r e s h o l d , then> appears c l o s e l y r e l a t e d t o a p o s t u l a t e d 

• " c o g n i t i v e / a c a d e m i c language p r o f i c i e n c y ' (CALP) , d i f f e r i n g from 

o t h e r a s p e c t s o f language p r o f i c i e n c y , wh ich forms t h e b a s i s f o r 

academic ach ievement" ( i b i d . , p . 4 4 ) . As a r e s u l t o f c r i t i q u e s o f 
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t h e s e c o n s t r u c t s , Cummins (1984b) s u b s e q u e n t l y p r o p o s e d t h a t 

" language p r o f i c i e n c y " can be c o n c e p t u a l i s e d a l o n g two 

" c o n t i n u u m s " . The f i r s t i s a cont inuum r e l a t i n g t o t h e range 

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

meaning. The extremes o f t h i s continuum are d e s c r i b e d i n terms 

o f " c o n t e x t - e m b e d d e d " v e r s u s " c o n t e x t - r e d u c e d " 

c o m m u n i c a t i o n . . . . The v e r t i c a l cont inuum i s i n t e n d e d t o 

address the developmental a s p e c t s of communicat ive p r o f i c i e n c y 

i n terms o f the degree of a c t i v e c o g n i t i v e i n v o l v e m e n t i n the 

t a s k o r a c t i v i t y , (pp. 12-13) 

These c o n t i n u a a r e v iewed as i n t e r s e c t i n g and a r e r e p r e s e n t e d 

g r a p h i c a l l y as a g r i d . 

I t i s i m p o r t a n t t o r e c o g n i z e t h e i n t e r r e l a t e d n e s s o f Cummins' 

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

one wh ich w i l l f o c u s more n a r r o w l y on o n l y t h e T h r e s h o l d 

H y p o t h e s i s , b e c a u s e , as ment ioned above , many o f t h e c r i t i q u e s 

t o u c h i n g on t h e T h r e s h o l d H y p o t h e s i s d e a l w i t h t h e e n t i r e t y o f 

Cummins' p r o p o s a l s . I t i s p r e c i s e l y t h i s i n t e r r e l a t e d n e s s o f 

c o n c e p t s t h a t a l l o w s much o f t h e c r i t i c i s m aimed a t l a t e r 

c o n s t r u c t s t o be e x t r a p o l a t e d back onto t h e o r i g i n a l p r o p o s a l s 

which gave them b i r t h . Throughout t h i s rev iew; t h e r e f o r e , c r i t i c i s m 

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

w i l l be c o n s i d e r e d as r e l e v a n t t o t h e T h r e s h o l d H y p o t h e s i s . I t 
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s h o u l d a l s o be no ted t h a t , due t o the enormous amount o f r e s e a r c h 

t h a t the work has spawned, o n l y the most important c r i t i q u e s , t h o s e 

r e f e r r e d t o by Cummins h i m s e l f and those judged by the author t o be 

o f s i g n i f i c a n c e , have been s u r v e y e d h e r e . The i n t e n t , t h e n , i s t o 

g i v e comprehensive i n s i g h t i n t o t h e t y p e s o f c r i t i c i s m s i n v o k e d by 

Cummins* t h e o r e t i c a l s t a n c e on b i l i n g u a l i s m and academic 

ach ievement , but no t t o conduct an a l l - i n c l u s i v e s y n t h e s i s o f 

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

academic ach ievement . 

In g e n e r a l , t h e c r i t i c i s m s f a l l i n t o t h r e e b a s i c c a t e g o r i e s : 

c o n c e p t u a l , p h i l o s o p h i c a l , and a n a l y t i c a l c o n c e r n s . Though i t i s 

d i f f i c u l t a t t i m e s t o t e a s e t h e s e a p a r t , an a t tempt t o do so w i l l 

be made f o r t h e sake o f c l a r i t y . 

1.3.2 C o n c e p t u a l c o n c e r n s 

'• i 

I s o l a t i o n o f a p s y c h o l i n g u i s t i c f a c t o r o f language p r o f i c i e n c y from 

s o c i o l i n g u i s t i c c o n c e r n s 

When o u t l i n i n g t h e r a t i o n a l e f o r h i s "new" t h e o r e t i c a l framework 

f o r second language l e a r n i n g , Cummins (1979) noted t h a t , i n s e v e r a l 

p a p e r s 

t h e marked d i f f e r e n c e between t h e outcomes o f immersion 
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programs and "submers ion 1 ' 1 programs f o r the m i n o r i t y c h i l d has 

u s u a l l y been a t t r i b u t e d t o s o c i o - c u l t u r a l and a t t i t u d i n a l 

f a c t o r s such as soc ioeconomic s t a t u s ( S E S ) , community s u p p o r t 

f o r t h e s c h o o l program, r e l a t i v e p r e s t i g e o f L I and L 2 , 

t e a c h e r e x p e c t a t i o n s , e t c . U n l i k e e a r l i e r a t tempts t o e x p l a i n 

t h e p o o r academic achievement o f many m i n o r i t y language 

c h i l d r e n , l i t t l e impor tance has g e n e r a l l y been a t t r i b u t e d t o 

s p e c i f i c a l l y l i n g u i s t i c exp lana tory f a c t o r s . Bowen goes so f a r 

as t o argue t h a t l i n g u i s t i c f a c t o r s a r e u n i m p o r t a n t and t h a t 

" t h e c h o i c e o f language o f i n s t r u c t i o n i n our s c h o o l s i s 

l i n g u i s t i c a l l y i r r e l e v a n t " . . . 

In c o n t r a s t t o t h i s p o s i t i o n , I s h a l l p r o p o s e a t h e o r e t i c a l 

framework which a s s i g n s a c e n t r a l r o l e t o t h e interaction 

between s o c i o - c u l t u r a l , l i n g u i s t i c and s c h o o l program f a c t o r s 

i n e x p l a i n i n g t h e academic and c o g n i t i v e development o f 

b i l i n g u a l c h i l d r e n , (pp. 222-223) 

In s p i t e o f h i s avowed i n t e n t t o i n c o r p o r a t e s o c i o l o g i c a l f a c t o r s , 

Cummins has been taken t o t a s k by s e v e r a l a u t h o r s ( C a n a l e , 1984; 

Commins & Miramomtes, 1989; E d e l s k y e t a l . , 1983; Genesee , 1984; 

MacNab, 1979; M a r t i n - J o n e s & Romaine, 1986; T r o i k e , 1984; Wald , 

1984) f o r g i v i n g pr imacy i n h i s t h e o r e t i c a l c o n s t r u c t s t o t h e r o l e 

1 The term " s u b m e r s i o n " i s u s e d t o i n d i c a t e a language 
immersion program i n which t h e f i r s t language o f t h e s t u d e n t s i s 
n e i t h e r u s e d nor promoted i n the c l a s s r o o m , a s i t u a t i o n wh ich i s 
thought t o l e a d t o n e g a t i v e l i n g u i s t i c and c o g n i t i v e e f f e c t s . 
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of a p u t a t i v e 2 l i n g u i s t i c f a c t o r . The p e r s p e c t i v e o f t h e s e a u t h o r s 

i s s u c c i n c t l y p u t fo rward by Genesee (1984, p.21) who p r o t e s t s : 

Cummins s t r e s s e s t h a t the type of language p r o f i c i e n c y t h a t i s 

a s s o c i a t e d w i t h s c h o o l - r e l a t e d language u s e , i s " s o c i a l l y 

grounded and c o u l d o n l y d e v e l o p w i t h i n a m a t r i x o f human 

i n t e r a c t i o n " . However, i n subsequent d i s c u s s i o n s o f the 

r e l a t i o n s h i p between language p r o f i c i e n c y and academic 

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

Genesee goes on t o p o i n t out t h a t i f s t r e s s i s p l a c e d on c o g n i t i v e 

and l i n g u i s t i c d i m e n s i o n s o f language p r o f i c i e n c y as an impor tan t 

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

ou tcomes , i t w i l l l e a d t o c o g n i t i v e and l i n g u i s t i c t r e a t m e n t s o f 

the prob lem. What d i s t u r b s these authors about the assumpt ion o f an 

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

s u p p o r t f o r such a c o n c e p t i n t h e d a t a ( E d e l s k y e t a l . , 1983; 

MacNab, 1979) , and s e c o n d , t h e d i r e c t i o n o f t h e c a u s a l c h a i n t h a t 

i s t h e r e b y i n v o k e d ( D i a z , 1985; MacNab, 1979; M a r t i n - J o n e s & 

Romaine, 1986) , both i s s u e s which w i l l be d e a l t w i t h i n more dep th 

a t a l a t e r s tage o f the d i s c u s s i o n . M a r t i n - J o n e s and Romaine (1986, 

p. 31) see such an assumption as c o n s t i t u t i n g "a d e f i c i t t h e o r y i n 

t h e m a k i n g , " a v iew which i s "most c l e a r l y e x p r e s s e d i n Cummins' 

2 The a d j e c t i v e " p u t a t i v e " i s used h e r e t o i n d i c a t e t h a t , i n 
the minds o f many r e s e a r c h e r s , e s p e c i a l l y t h o s e i n t e r e s t e d i n 
s o c i o l o g i c a l e x p l a n a t i o n s o f t h e f a c t s , t h a t l i n g u i s t i c l i n k has 
not been p r o v e n . 
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t h r e s h o l d h y p o t h e s i s . " 

Commentary 

The b a s i c charge made here o f the i g n o r i n g o f any e x p l a n a t o r y power 

o f s o c i o l o g i c a l v a r i a b l e s i n Cummins' t h e o r e t i c a l c o n s t r u c t s , and 

i n p a r t i c u l a r , i n the T h r e s h o l d H y p o t h e s i s does seem t o be 

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

l e v e l o f b i l i n g u a l i s m and c o g n i t i v e a b i l i t y , n e i t h e r o f which 

i n c l u d e s , n o r i s i n t e n d e d t o i n c l u d e , any measure o f s o c i o l o g i c a l 

i n t e r f e r e n c e . Cummins (1984a) c h a r a c t e r i z e s them as " p s y c h o -

e d u c a t i o n a l ' c h i l d p r o c e s s ' v a r i a b l e s t h a t med ia te t h e s o c i a l and 

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

127) , and appears t o be a t t e m p t i n g q u i t e p u r p o s e l y t o winnow out 

s u c h v a r i a b l e s f rom t h e s o c i o l o g i c a l c h a f f . As MacNab (1979, p p . 

241-244) and Reynolds (1991, p p . 148-162) have shown, c o n s i d e r a b l e 

e f f o r t has been made by some r e s e a r c h e r s , e s p e c i a l l y t h o s e 

p u r p o r t i n g t o show p o s i t i v e c o r r e l a t i o n s between t h e two 

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

i s o l a t e t h e independent v a r i a b l e , degree o f b i l i n g u a l i s m , by 

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

s o c i o l o g i c a l f a c t o r s . Wi th r e s p e c t t o t h e dependent v a r i a b l e , 

c o g n i t i v e a b i l i t y , s i m i l a r c a r e has been t a k e n t o e n s u r e t h a t the 

t e s t s u s e d a r e no t b i a s e d a g a i n s t second language l e a r n e r s . Tha t 

s u c h e f f o r t s a r e i l l - f a t e d i n the v iews o f t h e s e a u t h o r s w i l l be 
I 

d i s c u s s e d l a t e r . 
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What Cummins appears to be seeking i s the i s o l a t i o n of a "brain 

processing" variable from cither mediating variables, an e f f o r t 

perhaps to f i n d an answer to the question: "What i s going on in 

there as a resul t of what i s going on out here?" I t w i l l be argued 

that, though a v a l i d and laudable quest, h i s approach to the 

problem i s lacking the resolving power to s e t t l e such a question. 

D e f i n i t i o n of constructs 

(1) Cognitive issues 

Critiques of Cummins' approach to cognition 

Cummins has been faulted by several authors on a lack of c l e a r -

mindedness with respect to what might best be termed "cognitive 

issues." Edelsky et a l . (1983, p. 7) complain that, " i n h i s claims 

f o r evidence of cognitive advantage or disadvantage," he makes use 

of t e s t s which " f a i l to illuminate the cognitive processes they 

claim to assess, focusing as they do on answers rather than 

processes," adding 

Almost none [of the tests] investigates cognitive functioning 

from a broad t h e o r e t i c a l framework of cognition. Instead, 

investigations of s t a t i c surface performances which are highly 

susceptible to variatio n s i n context substitute f o r 

investigations of such cognitive processes as memory, 

hypothesis generation, abstracting from and re-coding input, 
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There are therefore good reasons to suspect the data offered 

i n support of these hypotheses. 

MacNab (1979) also showed concern over what exactly was being 

measured as indicators of the dependent variable, "cognitive 

s k i l l s . " He determined that i n the post Peal and Lambert era, 

d i f f e r e n t instruments were being used, ones which included a 

greater degree of cognitive f l e x i b i l i t y measurements, and concluded 

that "the measures can probably be categorized in t o divergent 

thin k i n g measures and two kinds of convergent thinking measures 

(where the problem i s to f i n d the r i g h t answer) - verbal and non­

verbal" (p. 237). 

While agreeing i n general with the s p i r i t of the c r i t i q u e of 

Edelsky et a l . , Martin-Jones and Romaine (1986) focus p r i m a r i l y on 

the t i g h t l y drawn r e l a t i o n s h i p which Cummins' theories presuppose 

between language and cognitive functioning, c i t i n g h i s statement 

that "'semilingualism' 3 "cannot be used as a s t r i c t l y l i n g u i s t i c 

concept at a l l ' but r e l a t e s s p e c i f i c a l l y to cognitive 

development" (p. 28). They comment: 

Cummins appears to be equating semantic development with 

3 I t should be noted that the term "semilingualism" has been 
widely c r i t i c i z e d (see, for example, Martin-Jones and Romaine, 
1986) and i s now outdated. I t has been replaced by the less 
conceptually burdened term "subtractive b i l i n g u a l i s m " proffered by 
Lambert. 
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c o g n i t i v e development i n t h e s e d e f i n i t i o n s . The r e l a t i o n s h i p 

between language and thought p r o c e s s e s i s by no means as 

s t r a i g h t f o r w a r d as he s u g g e s t s . C o g n i t i v e c a t e g o r i e s a r e not 

the u n e q u i v o c a l p a c e - s e t t e r s f o r the a c q u i s i t i o n o f l i n g u i s t i c 

c a t e g o r i e s hoped f o r by some r e s e a r c h e r s who have done work on 

language a c q u i s i t i o n , (p. 29) 

C a n a l e (1984) c o n c u r s n o t i n g 

one must no t c o n f u s e l i n g u i s t i c demands w i t h o t h e r c o g n i t i v e 

demands made by a g i v e n t a s k : To do so may c o n t r i b u t e t o 

i n c o r r e c t c o n c l u s i o n s about the language p r o f i c i e n c y and even 

g e n e r a l c o g n i t i v e p r o f i c i e n c y of i n d i v i d u a l s ( e . g . i n the form 

o f l a b e l s such as " l i n g u i s t i c d e f i c i t " and " c o g n i t i v e 

d e f i c i t . " (p. 37) 

J u s t such a m i s l a b e l l i n g o f s t u d e n t s w i t h l i m i t e d E n g l i s h and 

S p a n i s h p r o f i c i e n c y was d i s c o v e r e d i n t h e s t u d y by Commins and 

Mi ramontes (1989) which was c r i t i c a l o f t h e c o n s t r a i n i n g o f t h e 

parameters o f s t u d e n t s ' a b i l i t i e s by t h e o r e t i c a l c o n s t r u c t s such as 

Cummins' BICS/CALP dichotomy. In an e t h n o g r a p h i c s t u d y , t h e y found 

t h a t t e a c h e r s 

had u n d e r e s t i m a t e d [ the s t u d e n t s ' ] l i n g u i s t i c and academic 

a b i l i t i e s i n both E n g l i s h and Span ish based on t h e i r c l a s s r o o m 

per formance. Seemingly , t e a c h e r s m i s t a k e a l a c k o f v o c a b u l a r y 
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and a l a c k o f v e r b a l c l a r i t y f o r t h e absence o f u n d e r l y i n g 

t h i n k i n g a b i l i t i e s . . . . A l t h o u g h s t u d e n t s may no t have 

demonst ra ted t h e s e s k i l l s [ s y n t h e s i s , a n a l y s i s , and 

e v a l u a t i o n ] i n t h i s c l a s s r o o m ' s normal a c t i v i t i e s , t h e y d i d 

show e v i d e n c e o f t h i n k i n g a t complex l e v e l s when t h e y were 

o b s e r v e d o v e r a v a r i e t y o f c o n t e x t s , ( i b i d . , p p . 465-466) 

What was l a c k i n g i n the s c h o o l c o n t e x t , a c c o r d i n g t o t h e s e a u t h o r s , 

was " the e s s e n t i a l e lement o f r e l e v a n c e t h a t c h a r a c t e r i z e d the 

s i t u a t i o n s i n which t h e s t u d e n t s d i s p l a y e d t h e i r g r e a t e s t 

competency" (p. 467) . The w o r r i e s o f C a n a l e and Commins and 

Miramomtes a re echoed by Wald (1984) who, i n e x p l a i n i n g the work o f 

Labov and Shuy, t a l k s o f "the f a l s e n e s s o f a s s o c i a t i n g n o n s t a n d a r d , 

o f t e n s t i g m a t i z e d , forms o f language w i th c o g n i t i v e d e f i c i e n c i e s i n 

t h e i r s p e a k e r s " (p . 5 7 ) . 

F i n a l l y , MacNab (1979, p. 232) " takes i s s u e w i t h the p r o p o s i t i o n o f 

Cummins (1978) t h a t c h i l d r e n who a r e exposed t o a b i l i n g u a l 

e d u c a t i o n but who do not a c h i e v e b a l a n c e may be c o g n i t i v e l y harmed 

by the e x p e r i e n c e , " a concern s h a r e d by D i a z (1985) , and one which 

r e l a t e s d i r e c t l y t o the T h r e s h o l d H y p o t h e s i s . In an exper iment 

d e s i g n e d t o t e s t t h i s p r e m i s e , D i a z found t h a t , no t o n l y was i t 

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

d i f f e r e n c e s i n soc ioeconomic v a r i a b l e s , but a l s o t h a t " the p o s i t i v e 

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

r e q u i r e d t o understand and produce a second language r a t h e r t h a n t o 
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i n c r e a s i n g l y h i g h e r l e v e l s o f b i l i n g u a l p r o f i c i e n c y " (p. 1387) . 

MacNab, on t h e o t h e r hand , a rgued t h a t a more p a r s i m o n i o u s 

e x p l a n a t i o n o f the d a t a would be t h a t b r i g h t e r c h i l d r e n l e a r n 

second languages f a s t e r and b e t t e r and t h a t , i n t h i s r e s p e c t , the 

l e a r n i n g o f a second language i s no d i f f e r e n t f rom t h e l e a r n i n g o f 

any o t h e r s u b j e c t . The r e s u l t s o f the s t u d y c o n d u c t e d by D i a z , 

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

r e l a t i o n s h i p between "degree o f b i l i n g u a l i s m " and " c o g n i t i v e 

a b i l i t y , " l e n d s u p p o r t t o the p remise o f t h e T h r e s h o l d H y p o t h e s i s 

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

and no t t h e r e v e r s e . 

Commentary 

I t seems c l e a r t h a t a t the h e a r t o f a l l t h e s e c o n c e r n s l i e s one 

b u r n i n g q u e s t i o n : How does Cummins d e f i n e c o g n i t i o n ? The answer , 

however, i s ve ry d i f f i c u l t t o p i n down, s i n c e , w h i l e he has w r i t t e n 

a g r e a t d e a l on i s s u e s r e l a t e d t o t h e q u e s t i o n , he has not 

a d d r e s s e d t h e q u e s t i o n as posed i n any o f t h e p a p e r s r e v i e w e d . 

N e v e r t h e l e s s , i n l i g h t o f t h e c r i t i q u e s l e v e l l e d a t him by the 

a u t h o r s above and t h e i n t e r e s t o f t h i s a u t h o r i n t h e t o p i c o f 

c o g n i t i o n , i t seems o n l y f a i r t o examine Cummins* own sta tements on 

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

c o n c e p t s , a comprehens ive and w e l l - f o c u s e d p i c t u r e o f h i s 

c o n c e p t u a l i z a t i o n o f t h i s impor tan t c o n s t r u c t . 

Cummins' conceptualization of cognition 
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On e x a m i n a t i o n o f s e v e r a l o f Cummins' p a p e r s , p a r t i c u l a r l y t h o s e 

d e a l i n g w i t h t h e e l a b o r a t i o n o f the T h r e s h o l d H y p o t h e s i s and h i s 

i d e a s on the na ture of language p r o f i c i e n c y , i t was n o t e d t h a t the 

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

answers t o What d e v e l o p s ? , How does i t f u n c t i o n ? , and How can i t be 

measured? , a l l q u e s t i o n s t h a t p s y c h o l o g i s t s have p u r s u e d 

a s s i d u o u s l y f o r many y e a r s . These t h r e e c a t e g o r i e s b e i n g somewhat 

i n d e p e n d e n t , t h e y w i l l i n i t i a l l y be d e a l t w i t h s e p a r a t e l y , and a 

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

o f t h e s e c t i o n . 

What d e v e l o p s ? 

( i ) C o g n i t i o n i t s e l f 

I t i s e v i d e n t f rom h i s d i s s e c t i o n o f t h e components o f language 

p r o f i c i e n c y i n t o BICS and CALP, " s u r f a c e " and "deeper" l e v e l s 

(Cummins, 1984b, p . 138) , t h a t Cummins c o n c e i v e s o f t h e v a r i o u s 

language p r o c e s s e s n e c e s s a r y t o t h e p r o f i c i e n t use o f language as 

h i e r a r c h i c a l i n n a t u r e , w i t h the "deeper" l e v e l s b e i n g more 

c o g n i t i v e l y demanding than the " s u r f a c e " l e v e l s ( e . g . p r o n u n c i a t i o n 

i s l e s s c o g n i t i v e l y demanding than grammar, which i s l e s s 

c o g n i t i v e l y demanding t h a n f u n c t i o n a l mean ing ) . I t i s e q u a l l y 

e v i d e n t by h i s j u x t a p o s i t i o n o f v a r i o u s c o g n i t i v e p r o c e s s e s i n 

p a r a l l e l t o the language p r o c e s s e s , t h a t t h e s e a r e c o n c e i v e d o f as 
i 

s e p a r a t e f rom but i n t e r a c t i v e w i t h language p r o c e s s e s , and a r e 

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

w i t h i n c r e a s i n g a b s t r a c t i o n ( e . g . comprehens ion i s seen as l e s s 
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c o g n i t i v e l y demanding than a n a l y s i s , wh ich i s l e s s demanding than 

e v a l u a t i o n ) . These c o n c l u s i o n s a r e r a t i f i e d by s t a t e m e n t s made by 

Cummins when d i s c u s s i n g t h e n a t u r e o f t h e t h r e s h o l d s i n the 

T h r e s h o l d H y p o t h e s i s (Cummins, 1979): 

Thus , i n the e a r l y grades the lower t h r e s h o l d may i n v o l v e o n l y 

a r e l a t i v e l y low l e v e l o f l i s t e n i n g comprehens ion and 

e x p r e s s i v e s k i l l s , but - as t h e c u r r i c u l u m c o n t e n t becomes 

more s y m b o l i c and r e q u i r e s more a b s t r a c t f o r m a l o p e r a t i o n a l 

t h o u g h t p r o c e s s e s - t h e c h i l d r e n ' s " s u r f a c e " L2 competence 

must be t r a n s l a t e d i n t o deeper l e v e l s o f " c o g n i t i v e 

competence" i n the l a n g u a g e , (p . 231) 

F l u e n c y i n a l a n g u a g e , t h e n , i s no g u a r a n t e e t h a t t h e speaker i s 

c a p a b l e o f s u c c e e d i n g on t e s t s which r e q u i r e "complex c o g n i t i v e 

o p e r a t i o n s t o be c a r r i e d ou t" ( i b i d . , p . 231 ) . 

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

o f c o g n i t i v e p r o c e s s e s and language p r o c e s s e s , Cummins has t a k e n 

p a i n s t o d i s t i n g u i s h " b a s i c c o g n i t i v e a b i l i t i e s " f rom c o g n i t i v e 

a b i l i t i e s r e l a t e d t o language s k i l l s and academic ach ievement : 

The f a c t t h a t , i n comparison t o m i d d l e - c l a s s c h i l d r e n , low SES 

m i n o r i t y language c h i l d r e n may be more dependent on the s c h o o l 

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

s k i l l s does not imp ly t h a t t h e s e c h i l d r e n ' s b a s i c c o g n i t i v e 
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a b i l i t i e s a re i n any sense d e f i c i e n t nor t h a t t h e i r command o f 

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

( i b i d . , p . 240) 

I t i s n o t a b l e , t h o u g h , t h a t he does p e r c e i v e o f l a n g u a g e , and i n 

p a r t i c u l a r , b i l i n g u a l i s m , as capab le o f h a v i n g a p ro found e f f e c t on 

c o g n i t i v e and academic a b i l i t i e s o v e r t h e l o n g t e r m : 

However , i n b i l i n g u a l l e a r n i n g s i t u a t i o n s where t h e c h i l d 

f a i l s t o overcome d i f f i c u l t i e s i n c o p i n g w i t h two languages 

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

e x p e r i e n c e s might have] a n e g a t i v e e f f e c t on h i s c o g n i t i v e 

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

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

p r o l o n g e d p e r i o d o f t ime a r e l i k e l y t o mean t h a t a b i l i n g u a l 

c h i l d ' s i n t e r a c t i o n w i th an i n c r e a s i n g l y s y m b o l i c env i ronment 

w i l l not o p t i m a l l y promote h i s c o g n i t i v e and academic 

p r o g r e s s . (Cummins, 1976, p . 23) 

The a m b i v a l e n c e o f Cummins' p o s i t i o n on t h e i n f l u e n c e o f language 

on c o g n i t i o n w i l l be r e t u r n e d t o a t a l a t e r s t a g e i n t h e 

d i s c u s s i o n . 

I m p l i c i t i n t h e l a s t c i t a t i o n and e x p l i c i t l y s t a t e d i n the 

T h r e s h o l d H y p o t h e s i s i s t h e n o t i o n t h a t c o g n i t i v e development can 

be a c c e l e r a t e d o r r e t a r d e d by e x p e r i e n c e i n c l u d i n g language 
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e x p e r i e n c e . By d e s c r i b i n g l e v e l o f b i l i n g u a l i s m as an " i n t e r v e n i n g 

v a r i a b l e " i n a c c o u n t i n g f o r c o g n i t i v e growth , one which i s i t s e l f 

dependent on "more fundamental s o c i a l , a t t i t u d i n a l , e d u c a t i o n a l and 

c o g n i t i v e ( e . g . language l e a r n i n g a p t i t u d e ) f a c t o r s " (Cummins, 

1976, p . 23) , Cummins appears t o be a t t e m p t i n g t o d i m i n i s h the 

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

f a c t o r s . A l t h o u g h i t would seem t h a t t h i s is ; a f i t t i n g r e f u t a t i o n 

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

language on c o g n i t i v e growth , t h i s i m p r e s s i o n t o o t u r n s ou t t o be 

c o n t e n t i o u s as w i l l be seen l a t e r i n the d i s c u s s i o n . 
• i 

i 
The rough s k e t c h o f Cummins' view of c o g n i t i o n which i s emerging t o 

t h i s p o i n t i s t h a t o f an i s o l a t e d c o r e o f a b i l i t i e s which have 

t h e i r own c o h e s i v e i n t e g r i t y ( " b a s i c c o g n i t i v e a b i l i t i e s " ) , but a 

c o r e which has e x t e n s i o n s i n t o s p e c i f i c a r e a s o f knowledge such as 

language ( c o g n i t i v e competence i n a l a n g u a g e ) . I t would a l s o appear 

f rom some o f t h e above s ta tements t h a t t h e c o g n i t i v e a b i l i t i e s 

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

r e c i p r o c a l e f f e c t on c o r e o r " b a s i c " a b i l i t i e s . G i v e n t h i s n o t i o n 

o f c o g n i t i o n as s e p a r a t e y e t i n t e g r a t e d , i t i s i n t e r e s t i n g t o 

examine j u s t what Cummins p e r c e i v e s c o g n i t i o n t o be s e p a r a t e f r o m . 

In t h e c i t a t i o n above (Cummins, 1976, p . 2 3 ) , " c o g n i t i v e ( e . g . 

l a n g u a g e l e a r n i n g a p t i t u d e ) f a c t o r s " a r e c l e a r l y s e p a r a t e from 

s o c i a l , a t t i t u d i n a l , and e d u c a t i o n a l f a c t o r s , and appear t o be 

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

(Cummins, 1979, p. 243) f a c t o r s . These c h i l d i n p u t f a c t o r s a r e seen 
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as hav ing " m o t i v a t i o n a l a s p e c t s [which] a re a l s o l i k e l y t o i n t e r a c t 

b o t h w i t h l i n g u i s t i c i n p u t v a r i a b l e s and E d u c a t i o n a l T rea tments" 

(p. 243) i n d e t e r m i n i n g the academic and c o g n i t i v e outcomes o f 

c h i l d r e n l e a r n i n g a second l a n g u a g e . I t i s e v i d e n t , t h e n , t h a t 

a c c o r d i n g t o t h i s p e r s p e c t i v e , i n the d e t e r m i n a t i o n o f academic and 

c o g n i t i v e outcomes, t h e r e a r e two t y p e s o f i n f l u e n c e s ; ones t h a t 

a re p a r t i c u l a r t o the c h i l d o r , more g e n e r a l l y , the l e a r n e r and a r e 

i n t e r n a l , and e x t e r n a l ones stemming f rom t h e env i ronment which 

i n t e r a c t w i t h t h e s e i n t e r n a l v a r i a b l e s i n s u c h a manner as t o 

a c c e l e r a t e o r r e t a r d t h e i r g rowth . However, i t i s notewor thy t h a t 

t h e f o r m e r , which a r e most c l o s e l y i d e n t i f i e d w i t h c o g n i t i v e 

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

m o t i v a t i o n towards l e a r n i n g w h i c h , i n t h e s ta tement above , was 

c o n s i d e r e d s e p a r a t e from c o g n i t i o n . A t t i t u d e s , i t would a p p e a r , 

have i n f l u e n c e from bo th w i t h o u t and w i t h i n , n o t an u n r e a s o n a b l e 

p o s i t i o n , s i n c e t h e a t t i t u d e s e x p r e s s e d i n our env i ronment a r e 

i n e v i t a b l y i n c o r p o r a t e d i n t o our t h i n k i n g i n one way o r a n o t h e r . 

In r e p l y i n g t o c r i t i c i s m s t h a t he p l a c e d t o o l i t t l e emphasis on 

s o c i a l v a r i a b l e s as d e t e r m i n a n t s o f s c h o o l s u c c e s s , Cummins 

adamantly contends t h a t t h i s i s not the c a s e : "In s h o r t , the c a u s a l 

p r i m a c y o f s o c i o p o l i t i c a l f a c t o r s i s n o t i n q u e s t i o n ; however , 

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

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

t reatment" (Cummins, 1984c, p . 72 ) . The problem i s t h a t , as Cummins 

(1979) h i m s e l f n o t e s , " [ t ] h e ' t h r e s h o l d ' and ' d e v e l o p m e n t a l 
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I 

i n t e r d e p e n d e n c e * hypotheses at tempt t o i n t e g r a t e d a t a which 

s u g g e s t s t h a t l i n g u i s t i c f a c t o r s a r e important [ i t a l i c s added] i n 

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

w i t h h i s e d u c a t i o n a l env i ronment" (p. 236 ) . J u s t why and t o what 

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

c r i t i c s a r e q u e s t i o n i n g , an i s s u e which w i l l be t a k e n up i n more 
i 

d e t a i l be low. 

One p r o b l e m t h a t r a i s e s i t s head here i s t h a t o f how r e l a t e d 

Cummins c o n s i d e r s c o g n i t i o n and academic ach ievement t o b e . 

A l t h o u g h on many o c c a s i o n s i n h i s w r i t i n g s he s e p a r a t e s t h e two 

c o n c e p t s , o f t e n , as i n h i s e l a b o r a t i o n o f t h e B ICS/CALP d i c h o t o m y , 

he appears t o lump the two t o g e t h e r as c l o s e l y t i e d c o n c e p t s . F o r 

example , i n t h e v e r y naming o f the c o n s t r u c t c o g n i t i v e / a c a d e m i c 

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

r e l a t e d n e s s . G iven t h i s b l u r r i n g o f the b o u n d a r i e s between t h e two 

c o n c e p t s , t h e n , i t i s i n t e r e s t i n g t o n o t e t h a t t h e T h r e s h o l d 

H y p o t h e s i s , an h y p o t h e s i s aimed a t e x p l a i n i n g d i f f e r e n t i a l r e s u l t s 

i n academic achievement f o r second language l e a r n e r s , p r o p o s e s a 

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

and not b i l i n g u a l i s m and academic a c h i e v e m e n t . A r e a s o n a b l e 

i n t e r p r e t a t i o n of t h i s i s would be t h a t i t i s : t h r o u g h the m e d i a t i n g 

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

e n v i r o n m e n t . But t h e d i r e c t i o n a l arrow o f t h e e f f e c t c o u l d 

o s t e n s i b l y go i n two d i r e c t i o n s : e i t h e r c o g n i t i o n has a m e d i a t i n g 

e f f e c t on language a b i l i t y as was s u g g e s t e d by MacNab (1979) , o r 
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l anguage a b i l i t y a l t e r s c o g n i t i v e p r o c e s s e s , o r perhaps b o t h . 

Whatever t h e c a s e may b e , i t i s v e r y a p p a r e n t t h a t Cummins does 

r e g a r d the two as in te rdependent . To what degree he p e r c e i v e s them 

t o be s o , and i n which d i r e c t i o n he p e r c e i v e s t h e c a u s a l arrow t o 

p o i n t w i l l be examined be low. 

( i i ) Language a s an i n f l u e n c e on c o g n i t i o n 

In t h e p a p e r i n which he d i s c u s s e s i n g r e a t e s t d e t a i l t h e 

t h e o r e t i c a l s c a f f o l d i n g f o r the T h r e s h o l d H y p o t h e s i s (Cummins, 

1976), Cummins o u t l i n e s the two major c o n t r a s t i n g p o s i t i o n s on the 

i n t e r - r e l a t i o n s h i p o f language and t h o u g h t , t h o s e o f P i a g e t and 

V y g o t s k y . W h i l e t h e P i a g e t i a n p o s i t i o n c o n s i d e r s t h a t the 

development o f c o g n i t i v e o p e r a t i o n s i s e s s e n t i a l l y independent o f 

l a n g u a g e , V y g o t s k y ' s v iew h o l d s no t o n l y t h a t t h e development o f 

l o g i c a l thought i s dependent on the i n t e r n a l i z a t i o n o f s p e e c h , but 

t h a t " the t o t a l i t y o f an i n d i v i d u a l ' s p e r s o n a l i t y i s c l o s e l y 

i n t e g r a t e d w i t h l i n g u i s t i c e x p e r i e n c e " (p. 2 8 ) . I t i s immed ia te ly 

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

c o n c e p t s o f t h e T h r e s h o l d H y p o t h e s i s , a n d , a c c o r d i n g t o Cummins, 

even t h e P i a g e t i a n p o i n t o f v iew can accommodate i t . He a rgues 

t h a t , though i n t h e v iew o f "Genevan p s y c h o l o g i s t s " " l i n g u i s t i c 

e x p e r i e n c e . . . i s c a p a b l e o f a c c e l e r a t i n g c o g n i t i v e growth o n l y t o 

a l i m i t e d ex tent" (p. 34) due t o the f a c t t h a t o p e r a t i o n a l t h i n k i n g 

d e r i v e s f rom a c t i o n not l a n g u a g e , " l anguage" i n t h e c o n t e x t o f 

t h e i r exper iments u s u a l l y r e f e r s t o " s p e c i f i c s h o r t - t e r m t r a i n i n g 
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p r o c e d u r e s " (p. 34 ) , not t o language as i t i s n o r m a l l y employed i n 

s o c i a l s i t u a t i o n s . He sees the emphasis p l a c e d by t h e s e r e s e a r c h e r s 

on the g e n e r a t i o n o f feedback d e r i v e d f rom the c h i l d ' s own a c t i o n s 

on t h e env i ronment f o r t h e p romot ion o f o p e r a t i o n a l growth as 

h o l d i n g the key t o the e f f e c t i v e n e s s o f b i l i n g u a l i s m i n c h a n n e l l i n g 

c o g n i t i v e development. B i l i n g u a l t r a i n i n g , i n h i s v iew, c o n s t i t u t e s 

a s p e c i a l c a s e o f a c t i o n on t h e env i ronment , and even o f language 

a c t i o n . Cummins contends t h a t , d u r i n g the language t r a i n i n g p e r i o d , 

t h e b i l i n g u a l i s 

c o n s t a n t l y generating d a t a , th rough h i s speech a c t i o n s on the 

env i ronment , which p r o v i d e a q u a l i t a t i v e l y d i f f e r e n t form o f 

feedback from t h a t p r o v i d e d by a u n i l i n g u a l ' s speech a c t i v i t y . 

I t i s t h e feedback from t h e s e b i l i n g u a l speech a c t i o n s which 

can ( a c c o r d i n g t o the o b j e c t i f i c a t i o n h y p o t h e s i s ) a c c e l e r a t e 

c o g n i t i v e growth , (p. 35) 
I 

i 

T h i s p o s i t i o n , he b e l i e v e s , i s " i n no way i n c o m p a t i b l e w i t h 

P i a g e t ' s . . . statement t h a t ' language does not seem t o be the motor 

o f o p e r a t i o n a l e v o l u t i o n , but r a t h e r an i n s t r u m e n t i n t h e s e r v i c e 

o f i n t e l l i g e n c e i t s e l f " (p. 35 ) . As an i n s t r u m e n t i n t h e s e r v i c e 

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

sound and meaning , t h e r e b y d i r e c t i n g t h e b i l i n g u a l c h i l d ' s 

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

o b j e c t s . . . a n d t o the c h a r a c t e r i s t i c s of h i s two languages" (p. 32 ) . 

The impor tance a c c o r d e d t o the d i r e c t i n g o f t h e c h i l d ' s a t t e n t i o n 

58 



i s o f i n t e r e s t as i t i s a p o i n t which w i l l be t a k e n up i n g r e a t 

d e t a i l i n a l a t e r c h a p t e r . F o r the moment, i t i s s u f f i c i e n t t o 

wonder why t h i s d i r e c t i n g of a t t e n t i o n t o c o n c e p t u a l and l i n g u i s t i c 
i 

c h a r a c t e r i s t i c s o f the two languages would not be e q u a l l y e f f e c t i v e 

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

t r a i n i n g . 

Commentary 
A l t h o u g h Cummins has gone t o g r e a t p a i n s t o t r y t o r e c o n c i l e 

P i a g e t ' s p o s i t i o n on c o g n i t i v e development w i t h h i s own, h i s 

arguments a r e no t t h o r o u g h l y c o n v i n c i n g . F i r s t o f a l l , t h e s p i r i t 

o f P i a g e t ' s s ta tement above would seem t o be t h a t i n t e l l i g e n c e 

(cogn i t ion ) opera tes on language r a t h e r t h a n t h e o t h e r way a r o u n d . 

I t i s c l e a r f rom Cummins' comments, however , t h a t , though he may 

agree w i t h the f i r s t p a r t o f the s t a t e m e n t , he b e l i e v e s t h e r e i s a 

r e c i p r o c i t y o f a c t i o n from language onto c o g n i t i o n wh ich i s s t r o n g 

enough t o cause c o g n i t i v e r e t a r d a t i o n o r a c c e l e r a t i o n . T h i s i s a 

f a r c r y f rom t h e Genevan p s y c h o l o g i s t s • p o s i t i o n t h a t i t i s 

"capab le o f a c c e l e r a t i n g c o g n i t i v e growth o n l y t o a l i m i t e d e x t e n t " 
i ' 

(Cummins, 1976, p . 32) , even t a k i n g i n t o c o n s i d e r a t i o n the 

p o s s i b i l i t y t h a t the d e f i n i t i o n o f language employed i s p a r t i c u l a r 

t o t h e t e s t s i t u a t i o n . S e c o n d l y , i f a b i l i n g u a l ' s speech a c t i o n s 

a r e g e n e r a t i n g data o r feedback which b r i n g about c o g n i t i v e change , 

t h i s would appear t o c o n s t i t u t e a m o t o r i c a c t i o n : a motor , a f t e r 

a l l , i s t h e i n s t r u m e n t t h a t g e n e r a t e s t h e power t o e f f e c t change . 

Fur thermore , any a c t i o n which does e f f e c t change , whether d i r e c t l y 
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o r i n d i r e c t l y , must be c l a s s i f i e d as c a u s a l t o some d e g r e e . 

T h i r d l y , i n s p i t e o f t h e f a c t t h a t he does n o t o p e n l y espouse one 

t h e o r y o f c o g n i t i v e development o v e r t h e o t h e r , Cummins does not 

d i s a s s o c i a t e h i m s e l f f rom V y g o t s k y ' s p o s i t i o n on t h e r e l a t i o n s h i p 

between language and t h o u g h t , and even c i t e s V y g o t s k y ' s arguments 

on the p o s s i b i l i t y o f b i l i n g u a l i s m a c t i n g as a power fu l t o o l i n t h e 

development o f c o g n i t i o n : 

In terms o f V y g o t s k y ' s theory o f c o g n i t i v e deve lopment , i t i s 

i n c o n c e i v a b l e t h a t b i l i n g u a l i s m s h o u l d no t a f f e c t t h e c h i l d ' s 

development ( e i t h e r p o s i t i v e l y o r n e g a t i v e l y ) s i n c e no t o n l y 

i n t e l l e c t u a l development but a l s o " c h a r a c t e r development and 

e m o t i o n a l development a l l r e f l e c t t h e d i r e c t i n f l u e n c e o f 

s p e e c h " , ( i b i d . , p . 34) 

Now, i f one c o n s i d e r s the impor tance o f speech t o t h e "more 

fundamental s o c i a l , a t t i t u d i n a l [and] e d u c a t i o n a l " v a r i a b l e s which 

Cummins c o n s i d e r s t o be c a u s a l i n r e a c h i n g t h e lower t h r e s h o l d o f 

b i l i n g u a l i s m , i t becomes apparent t h a t t h e r e i s n o t h i n g t h a t i s no t 

i n f l u e n c e d by language i n h i s m ind . 

i 
What emerges on a n a l y s i s of (Cummins' s tatements on the r e l a t i o n s h i p 

between language and thought (or c o g n i t i o n ) i s t h a t he c o n s i d e r s 

language t o be o f t h e utmost impor tance i n d e t e r m i n i n g both 

c o g n i t i v e and academic outcomes. Thus the c r i t i c s who c l a i m t h a t he 

p l a c e s too much emphasis on language i n e x p l a i n i n g academic s u c c e s s 
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appear t o be on s o l i d ground. However, as n o t e d above , language i s 

indeed a l l - p e r v a s i v e i n s o c i e t y and cannot be e f f e c t i v e l y i s o l a t e d 

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

growth as i t i s d e f i n e d and measured. Hence i t w i l l u n d o u b t e d l y 

have a s i g n i f i c a n t e f f e c t on what s t u d e n t s l e a r n . T h i s i s not t o 

say t h a t Cummins i s c o r r e c t i n h i s a p p r o a c h ; but t h e prob lem 

appears t o be f a r more complex t h a n was s u s p e c t e d . F o r t h e moment, 

s u f f i c e i t t o say t h a t a more p r o d u c t i v e avenue o f i n q u i r y might be 

t o q u e s t i o n t h e u s e f u l n e s s o f a t t e m p t i n g t o i s o l a t e a l i n g u i s t i c 

v a r i a b l e g i v e n the omnipresence of language i n the envi ronment , and 

even t o q u e s t i o n whether c o g n i t i v e p r o c e s s e s can be a c c u r a t e l y 

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

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

How does cognition function? 
In e l u c i d a t i n g the manner i n which c o g n i t i v e f u n c t i o n i n g can be 

a l t e r e d by language, Cummins d e s c r i b e s l a n g u a g e , e s p e c i a l l y i n the 

b i l i n g u a l e x p e r i e n c e , as g e n e r a t i n g d a t a ( feedback) which has the 

p o t e n t i a l f o r a c c e l e r a t i n g c o g n i t i v e g rowth . Data o r feedback i s , 

o f c o u r s e , i n f o r m a t i o n . Hence, i t would appear t h a t i t i s the 

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

accommodate which a c c e l e r a t e s c o g n i t i v e growth. That t h i s i s i n d e e d 

t h e e x p l a n a t i o n t h a t Cummins i n t e n d e d i s s u p p o r t e d by h i s l a t e r 

e l a b o r a t i o n o f the n a t u r e o f language p r o f i c i e n c y as b e i n g b e s t 

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

t a s k s v a r i e s a c c o r d i n g t o t h e p o s i t i o n s o f t h e f e a t u r e s o f a 
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l anguage t a s k on two i n t e r s e c t i n g c o n t i n u a : one s p e c i f y i n g the 

contex t -embeddedness o f the l a n g u a g e , and the o t h e r t h e i n t e n s i t y 

o f t h e c o g n i t i v e demands p l a c e d on t h e b r a i n (Cummins, 1984a, p . 

138; Cummins, 1984b, p. 12) . The c o n c e p t u a l b a s i s f o r t h e v e r t i c a l 

con t inuum s p e c i f y i n g c o g n i t i v e demands has e v i d e n t l y been taken 

from i n f o r m a t i o n p r o c e s s i n g theory which d e l i n e a t e s two b a s i c t y p e s 

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

p r o c e s s e s have been l e a r n e d by r e p e t i t i o n o f a t a s k and a r e 

comple ted v e r y q u i c k l y w i t h o u t t h e n e c e s s i t y o f a h i g h degree o f 

a t t e n t i o n , w h i l e controlled p r o c e s s e s a re not l e a r n e d r e s p o n s e s and 

t h e r e f o r e do r e q u i r e f o c u s e d a t t e n t i o n . Because o f t h i s , i t i s 

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

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

c a p a c i t y - l i m i t e d and r e q u i r e more t ime f o r t h e i r a c t i v a t i o n (see 

M c L a u g h l i n , Rossman, and Mac leod (1983) f o r more d e t a i l e d 

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

c o g n i t i v e demands o f a t a s k i s the degree o f a t t e n t i o n r e q u i r e d . As 

M c L a u g h l i n and h i s group p u t i t : 

[T]he p r e d e t e r m i n a t i o n o f r e l a t i o n s between e lements r e d u c e s 

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

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

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

p r o c e s s i n g becomes p o s s i b l e . 

In r e c e n t y e a r s r e s e a r c h e r s have i n v e s t i g a t e d t h e e f f e c t s o f 

p r a c t i c e , r e h e a r s a l , and f a m i l i a r i t y on i n f o r m a t i o n 
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p r o c e s s i n g . A p a r t i c u l a r l y impor tan t v a r i a b l e appears t o be 

the degree o f a t t e n t i o n i n v o l v e d . The more a t t e n t i o n r e q u i r e d , 

the more r e s o u r c e s are consumed and the s lower the p r o c e s s i n g . 

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

a l l o w s i n f o r m a t i o n t o be h a n d l e d more r o u t i n e l y w i t h o u t as 

much c o s t i n a t t e n t i o n a l m o n i t o r i n g as when t h e r e i s l e s s 

p r a c t i c e , r e h e a r s a l , o r f a m i l i a r i t y w i t h the m a t e r i a l , ( i b i d . , 

p . 138) 

In h i s c o n c e p t u a l i z a t i o n o f t h i s v e r t i c a l cont inuum o f language 

p r o f i c i e n c y , Cummins (1984b) has m a n i f e s t l y borrowed from 

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

The v e r t i c a l cont inuum i s i n t e n d e d t o a d d r e s s the 

developmenta l a s p e c t s o f communicative p r o f i c i e n c y i n terms o f 

t h e degree o f a c t i v e c o g n i t i v e i n v o l v e m e n t i n t h e t a s k o r 

a c t i v i t y . C o g n i t i v e involvement can be c o n c e p t u a l i z e d i n terms 

o f t h e amount o f i n f o r m a t i o n t h a t must be p r o c e s s e d 

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

o r d e r t o c a r r y out t h e a c t i v i t y . . . T h u s , t h e upper p a r t s o f 

t h e v e r t i c a l cont inuum c o n s i s t o f communicat ive t a s k s and 

a c t i v i t i e s i n which t h e l i n g u i s t i c t o o l s have become l a r g e l y 

a u t o m a t i z e d (mastered) and t h u s r e q u i r e l i t t l e a c t i v e 

c o g n i t i v e invo lvement f o r a p p r o p r i a t e p e r f o r m a n c e , (p . 13) 

I t i s i n t e r e s t i n g t o no te a t t h i s p o i n t t h a t " c o g n i t i v e demands" 
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have e s s e n t i a l l y been equated t o " a t t e n t i o n a l demands". How t h e s e 

c o n c e p t s e x p l a i n l e a r n i n g t o do a t a s k (of any k i n d i n c l u d i n g 

l a n g u a g e t a s k s ) i s q u i t e s i m p l e : i f a t a s k i s u n f a m i l i a r t o the 

l e a r n e r , i t r e q u i r e s h i g h a t t e n t i o n a l m o n i t o r i n g a n d , because o f 

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

a c c o m p l i s h e d more s l o w l y than a t a s k a t which t h e l e a r n e r i s 

p r a c t i s e d . As t h e t a s k becomes more f a m i l i a r , l e s s and l e s s 

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

a c c o m p l i s h e d more q u i c k l y and the c a p a c i t y - l i m i t e d c o g n i t i v e 

r e s o u r c e s a r e f r e e d up f o r o t h e r t a s k s . 4 T h u s , what was once 

c o g n i t i v e l y demanding i n terms of a t t e n t i o n a l c a p a c i t y becomes l e s s 

so w i t h p r a c t i c e , hence i t s p o s i t i o n on t h e v e r t i c a l cont inuum 

changes a c c o r d i n g t o the degree t o which t h e t a s k has become w e l l -

l e a r n e d o r au tomat ized . Now, s i n c e t h i s i s t r u e f o r a l l t a s k s , any 

l a n g u a g e t a s k whether s p e a k i n g o r w r i t i n g o r r e a d i n g i s more 

c o g n i t i v e l y demanding i f i t i s n o t p r a c t i s e d , a n d , as Cummins 

p o i n t s o u t , " s k i l l s t h a t have become a u t o m a t i z e d f o r n a t i v e 

s p e a k e r s o f a language may v e r y w e l l be h i g h l y c o g n i t i v e l y -

demanding f o r l e a r n e r s o f t h a t language as an L2" ( i b i d . , p . 15 ) . 

He b e l i e v e s , however, t h a t t h e r e a r e some language t a s k s t h a t have 

i n t r i n s i c c h a r a c t e r i s t i c s which make them more c o g n i t i v e l y 

demanding t h a n o t h e r s , and t h a t t a s k s which a r e b o t h c o g n i t i v e l y -

demanding and c o n t e x t - r e d u c e d a r e g e n e r a l l y more r e l a t e d t o 

4 T h e r e i s e v i d e n c e now t h a t t h e a t t e n t i o n a l sys tem i s 
d i v i d e d i n t o two d i s t i n c t anatomic systems one o f wh ich s u b s e r v e s 
t h e s l o w e r c a p a c i t y - l i m i t e d p r o c e s s i n g , and t h e o t h e r t h e f a s t 
e s s e n t i a l l y u n l i m i t e d c a p a c i t y p r o c e s s i n g ( R a i c h l e e t a l . , 1994) . 
T h i s w i l l be d i s c u s s e d i n more d e t a i l i n c h a p t e r 2. 
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academic ach ievement . C o n t e x t as d e f i n e d f o r t h e h o r i z o n t a l 

c o n t i n u u m r e f e r s t o t h e "range o f meaningful [ i t a l i c s added] 

p a r a l i n g u i s t i c and s i t u a t i o n a l c u e s " ( i b i d . , p . 12) a v a i l a b l e t o 

s u p p o r t the language t a s k . 

Commentary 
The prob lem f o r t h i s schema i s t h a t t h e c o n t e x t embedded/reduced 

c o n t i n u u m i s not f r e e o f c o g n i t i v e demands. I f we r e - e x a m i n e 

M c L a u g h l i n ' s s ta tement above , i t can be seen t h a t " the 

p r e d e t e r m i n a t i o n o f r e l a t i o n s between e lements" o f t h e i n f o r m a t i o n 

w i l l r e d u c e c o g n i t i v e demands. In o t h e r words , i f some o f the 

i n f o r m a t i o n i n a g i v e n s i t u a t i o n (or i n f o r m a t i o n p r o c e s s i n g task ) 

i s a l r e a d y r e l a t e d i n the l e a r n e r ' s b r a i n , t h a t i s , i f some o f the 

i n f o r m a t i o n i s a l r e a d y meaningful t o the l e a r n e r , and t h i s can o n l y 

come about w i t h f a m i l i a r i t y w i t h t h e i n p u t , t h e c o g n i t i v e demands 

o f t h e t a s k a r e r e d u c e d . T h u s , t o have s i m p l y a wide range o f 

p a r a l i n g u i s t i c and s i t u a t i o n a l cues which a r e no t m e a n i n g f u l would 

no t n e c e s s a r i l y be any more h e l p f u l t o a second language l e a r n e r 

t h a n t o have a narrow r a n g e . I t i s t h e m e a n i n g f u l n e s s o f t h e 

a v a i l a b l e cues which i s o f p r imary impor tance p r e c i s e l y because i t 

reduces the c o g n i t i v e l o a d , and t h i s comes about as a r e s u l t o f t h e 

r e d u c e d a t t e n t i o n a l l o a d 5 . To e x e m p l i f y t h i s p o i n t , t a k e t h e 

s i t u a t i o n o f a second language l e a r n e r who has been s c h o o l e d t o a 

h i g h academic l e v e l i n h i s n a t i v e t o n g u e . F o r s u c h a p e r s o n , the 

5 The r o l e o f meaningfulness i n c a p t u r i n g a t t e n t i o n w i l l be 
e l a b o r a t e d upon i n c h a p t e r 2 . 
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f a m i l i a r i t y w i t h t h e academic env i ronment and t h e language t a s k s 

r e q u i r e d w i t h i n i t would render the l e a r n i n g o f language r e l a t e d t o 

academic achievement i n t h e second language l e s s c o g n i t i v e l y 

demanding t h a n f o r someone w i t h o u t a c a d e m i c t r a i n i n g . S i m i l a r l y , 

u n f a m i l i a r i t y w i t h the customs o f a new c u l t u r e and hence w i t h the 

meaningfu lness of p a r a l i n g u i s t i c and s i t u a t i o n a l cues would r e n d e r 

t h e l e a r n i n g o f language t i e d t o a "contex t -embedded" s i t u a t i o n 

more c o g n i t i v e l y demanding. Note t h a t t h e s e c o n c e p t s s u p p o r t the 

t e n e t s o f the L i n g u i s t i c Interdependence H y p o t h e s i s , but c o n t r a d i c t 

t h e n o t i o n t h a t some t a s k s a r e i n t r i n s i c a l l y more c o g n i t i v e l y 

demanding than o t h e r s . To r e p e a t f o r the sake o f c l a r i t y , t h e n , 

when something i s m e a n i n g f u l , i t has a l r e a d y been l e a r n e d , and what 

has a l r e a d y been l e a r n e d demands l e s s o f t h e c a p a c i t y - l i m i t e d 

a t t e n t i o n system t h e r e b y r e d u c i n g c o g n i t i v e demands. Hence the 

n e c e s s i t y f o r m e a n i n g f u l n e s s i n the c o n t e x t i n o r d e r f o r i t t o be 

h e l p f u l r e n d e r s t h e axes as c o n c e p t u a l i z e d by Cummins o v e r l a p p i n g 

i n i n f o r m a t i o n conten t i n t h a t bo th i n c l u d e a c o g n i t i v e d i m e n s i o n , 

and c o n s e q u e n t l y t h e y a r e not o r t h o g o n a l . 

Cummins appears t o have sensed t h a t t h e axes cannot be c l e a n l y 

d i s a s s o c i a t e d from o t h e r f a c t o r s such as t h e " p e r s o n a l i t y , 

l e a r n i n g s t y l e " and " L l a n d / o r L2 p r o f i c i e n c y " (Cummins, 1984b, p p . 

14, 15) o f t h e p a r t i c u l a r language u s e r s , and he a l s o does appear 

t o have r e c o g n i z e d t h a t they cannot be c l e a n l y d i s a s s o c i a t e d from 

one ano ther . For i n s t a n c e , he answers c r i t i c s who t a k e him t o t a s k 

on t h e "vagueness and a m b i g u i t y i n the n o t i o n o f ' c o n t e x t u a l 
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s u p p o r t ' " (Cummins, 1984c, p.72) by d i s t i n g u i s h i n g between i n t e r n a l 

and e x t e r n a l c o n t e x t , by which he means r e s p e c t i v e l y c o n t e x t 

p a r t i c u l a r t o the language u s e r , and c o n t e x t which i s "more o r l e s s 

o b j e c t i v e l y s p e c i f i a b l e a l o n g the context -embedded cont inuum" 

( i b i d . , p . 7 2 ) . These i n t e r n a l c o n t e x t u a l f a c t o r s he p e r c e i v e s as 

b e i n g an i n f l u e n c e on the l o c a t i o n o f any p a r t i c u l a r t a s k on bo th 

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

e s s e n c e c o n c e d i n g t h a t t h e c o n t i n u a do o v e r l a p . However, he 

c o n c e p t u a l i z e s these i n t e r n a l ; f a c t o r s as "degree o f f a m i l i a r i t y and 

acceptance o f the t a s k / a c t i v i t y " w i t h o u t c l a r i f y i n g t h a t t h e s e a r e 

dependent on p a s t l e a r n i n g and must t h e r e f o r e be c o n s i d e r e d 

c o g n i t i v e t o some e x t e n t . T h u s , he s e e s no need t o a l t e r t h e 

framework as d e l i n e a t e d b e l i e v i n g " t h a t t h e s e [ s o c i o l i n g u i s t i c ] 
i 

f a c t o r s can be i n c o r p o r a t e d i n more d e t a i l t h a n has been the c a s e 

up t o now w i t h o u t r e l i n q u i s h i n g t h e pars imony o f two b a s i c 

d i m e n s i o n s " ( i b i d . , p . 7 3 ) . 

I t w i l l be a r g u e d , however, t h a t the e s s e n t i a l f l a w i n Cummins' 

f ramework i s embodied i n h i s e f f o r t t o i s o l a t e a " c o g n i t i v e " 

v a r i a b l e as an independent d i m e n s i o n o f language p r o f i c i e n c y . The 

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

the degree t o which l e a r n i n g i s i n t e g r a t e d i n t o e v e r y a s p e c t o f 

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

i n v o l v e d i n " c o g n i t i v e f u n c t i o n i n g " as i t has been d e f i n e d , 

c o g n i t i o n i t s e l f must de te rmine t o some e x t e n t even t h e most 

fundamental o f b r a i n p r o c e s s i n g a b i l i t i e s i n c l u d i n g t h e p e r c e p t i o n 
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o f o s t e n s i b l y o b j e c t i v e i n f o r m a t i o n . In o t h e r words , i t w i l l be 

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

" c o g n i t i v e " and o t h e r s as "not c o g n i t i v e " i s a f u t i l e and even 

m i s g u i d e d e x e r c i s e . 

How can c o g n i t i o n be measured? 

T h e r e i s no doubt t h a t Cummins b e l i e v e s t h a t p s y c h o l o g i c a l t e s t s 

p u r p o r t i n g t o measure c e r t a i n a s p e c t s o f c o g n i t i o n do j u s t t h a t . 

Not o n l y does he a c c e p t t h e r e s u l t s o f w e l l - c o n c e i v e d r e s e a r c h 

i n v o l v i n g c o g n i t i v e measures as b e i n g v a l i d i n t h e development o f 

h i s t h e o r e t i c a l c o n c e p t s , but he uses t h e s e t e s t s i n h i s own 

r e s e a r c h w i t h o u t q u e s t i o n i n g t h e i r e f f i c a c y . S e v e r a l comments 

(Cummins, 1977) a t t e s t t o h i s f a i t h i n t h e s e measures : 

Scores on Raven 's P r o g r e s s i v e M a t r i c e s (a nonverba l measure o f 

i n t e l l i g e n c e ) d i d not s i g n i f i c a n t l y p r e d i c t F r e n c h s p e a k i n g 

a b i l i t y , (p . 4) 

Cognitive measures: Two s u b t e s t s o f t h e Kuhlmann F i n c h 

I n t e l l i g e n c e T e s t des igned t o measure v e r b a l a b i l i t y ( s u b t e s t 

1) and g e n e r a l r e a s o n i n g ( s u b t e s t 4) were a d m i n i s t e r e d . The 

U t i l i t y T e s t from the F r e n c h , Ekst rom and P r i c e (1963) K i t o f 

R e f e r e n c e T e s t s f o r C o g n i t i v e F a c t o r s was a d m i n i s t e r e d as a 

measure o f v e r b a l d i v e r g e n c e , (p. 5) 

The m a t t e r - o f - f a c t s ta tement o f what t h e s e t e s t s measure i s 
•i' , 

i n d i c a t i v e o f an u n c r i t i c a l s t a n c e towards t h e v a l i d i t y o f the 
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t e s t s and even what c o u n t s as a c o g n i t i v e c h a r a c t e r i s t i c , though 

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

t h a t a r e i n c l u d e d under c o g n i t i o n . T h i s i s no t t o say t h a t Cummins 

i s u n f a i l i n g l y u n c r i t i c a l towards t e s t i n g i n g e n e r a l (see f o r 

example Cummins, 1984, c h a p s . 2 and 3 ) , bu t i n h i s c r i t i q u e s he 

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

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

t e s t i t s e l f . For i n s t a n c e , w h i l e a t one t ime d e p l o r i n g the " l a c k o f 

a p p r e c i a t i o n o f t h e l i m i t a t i o n s o f IQ t e s t s s u c h as t h e WISC-R" 

which r e f l e c t t h e "dominant m i d d l e - c l a s s c u l t u r e e x p e r i e n c e s " and 
i ! 

on which s t u d e n t s from ESL backgrounds p e r f o r m p o o r l y (Cummins, 
i 

1984a, p . 4 6 ) , a t a l a t e r t ime he appears t o a c c e p t t h e same t e s t 

as a v a l i d measure o f o v e r a l l IQ: 
1 i 

T h u s , i n s t r u c t i o n t h r o u g h a m i n o r i t y language w i l l u s u a l l y 

r e s u l t i n t r a n s f e r t o the m a j o r i t y language but t h e o p p o s i t e 

i s seldom the case because of the lower s t a t u s o f the m i n o r i t y 

l a n g u a g e . 

I t i s important t o note t h a t what i s t r a n s f e r r e d i s p r i m a r i l y 

c o n c e p t u a l knowledge r a t h e r than s p e c i f i c l i n g u i s t i c e lements . 

I t i s t h i s c o n c e p t u a l knowledge t o g e t h e r w i t h i t s l i n g u i s t i c 
'i 

m a n i f e s t a t i o n s t h a t i s b e i n g tapped by most v e r b a l academic 

measures. For example, the b e s t p r e d i c t o r o f o v e r a l l IQ on the 

W e c h s l e r I n t e l l i g e n c e S c a l e s f o r C h i l d r e n i s t h e v o c a b u l a r y 

s u b t e s t . (Cummins, 1991, p . 77) 
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An e x a m i n a t i o n o f t h e v o c a b u l a r y s u b t e s t i n q u e s t i o n , however, 

r e v e a l s t h a t the " c o n c e p t u a l knowledge" t h a t i t i s t a p p i n g i n t o can 

be more a c c u r a t e l y d e s c r i b e d as g e n e r a l knowledge which i s h i g h l y 

e x p e r i e n c e - d e p e n d e n t (not t o ment ion language-dependent ) and i s 

t h e r e f o r e not a v a l i d measure o f i n t e l l i g e n c e o r c o g n i t i v e a b i l i t y 

i f t h i s i s c o n c e i v e d o f as independent o f l i v e d e x p e r i e n c e o r 

" b a s i c " 6 . I n t e r e s t i n g l y enough, t h i s i s p r e c i s e l y t h e p o i n t which 

Cummins made p r e v i o u s l y . 

T h i s i s s u e o f what c o n s t i t u t e s good e v i d e n c e f o r c o n c l u s i o n s on 

c o g n i t i v e a b i l i t y o r language a b i l i t y w i l l be t r e a t e d from 

d i f f e r e n t p e r s p e c t i v e s under the s e c t i o n on a n a l y t i c a l c o n c e r n s . 

Summary o f Cummins' v iew on c o g n i t i o n 

I t i s c l e a r on a n a l y s i s o f Cummins' s ta tements on c o g n i t i o n t h a t , 

i n h i s o p i n i o n , c o g n i t i o n c o n s i s t s o f an i n n e r c o r e o f ( b a s i c ) 

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

s u b j e c t a r e a s such as l a n g u a g e , and t h a t t h e r e s u l t o f t h i s 

a p p l i c a t i o n w i l l be changes i n the c o g n i t i v e a b i l i t i e s t h e m s e l v e s , 

6 S a t t l e r (1982) n o t e s : "The V o c a b u l a r y s u b t e s t , a t e s t o f 
word knowledge, may i n v o l v e a v a r i e t y o f c o g n i t i v e f u n c t i o n s o r 
f e a t u r e s - i n c l u d i n g l e a r n i n g a b i l i t y , fund o f i n f o r m a t i o n , 
r i c h n e s s o f i d e a s , memory, c o n c e p t f o r m a t i o n , and language 
development - that may be closely related to the child's 
experiences and educational environment [ i t a l i c s added]" (p. 175) . 
In s p i t e o f t h i s , he c o n c l u d e s t h a t t h e s u b t e s t " l i k e l y r e f l e c t s 
t h e i r [ the c h i l d r e n ' s ] a b i l i t y t o l e a r n and t o accumula te 
i n f o r m a t i o n , " " p r o v i d e s an e x c e l l e n t e s t i m a t e o f i n t e l l e c t u a l 
c a p a c i t y , " and " i s v a l u a b l e i n d e r i v i n g an index o f the e x a m i n e e ' s 
g e n e r a l menta l c a p a c i t y " ( i b i d . ) . Hence Cummins i s m e r e l y e c h o i n g 
the a c c e p t e d o p i n i o n o f p s y c h o l o g i c a l assessment e x p e r t s . 
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changes which w i l l r e f l e c t the p a r t i c u l a r l e a r n i n g t a s k s 

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

i n n a t u r e , w i t h t a s k s which r e q u i r e t h e p r o c e s s i n g o f u n f a m i l i a r 

i n f o r m a t i o n b e i n g more c o g n i t i v e l y demanding t h a n t h o s e which 

p r o c e s s f a m i l i a r i n f o r m a t i o n . A l though Cummins d i d not c l a r i f y t h i s 

p o i n t w i t h r e s p e c t t o the r o l e o f c o g n i t i o n , i t i s e v i d e n t f rom t h e 

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

t h e r e i s a l a r g e range o f m e a n i n g f u l t a s k - r e l a t e d ( e . g . 

p a r a l i n g u i s t i c ) and s i t u a t i o n a l cues w i l l be l e s s c o g n i t i v e l y 

demanding t h a n t h o s e s u p p o r t e d by o n l y a s m a l l range o f c u e s . 

C o g n i t i v e l y demanding t a s k s a r e i n g e n e r a l equated w i t h t a s k s 

r e q u i r i n g h i g h a t t e n t i o n . In terms o f i t s a b i l i t y t o e f f e c t change 

on c o g n i t i o n , language i s c o n s i d e r e d t o be extremely e f f e c t i v e , and 

b i l i n g u a l i s m even more so due t o the p u t a t i v e a b i l i t y o f b i l i n g u a l 

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

feedback da ta f o r c o g n i t i o n t o a c t upon. C o g n i t i v e f a c t o r s a r e seen 
i 

as s e p a r a t e f rom s o c i a l , p o l i t i c a l , a t t i t u d i n a l and e d u c a t i o n a l 

f a c t o r s bu t as c a p a b l e o f b e i n g i n f l u e n c e d by them t h r o u g h the 

m e d i a t i n g e f f e c t o f l a n g u a g e . S i n c e i t can a l s o be i n f l u e n c e d by 

i n t e r n a l f a c t o r s , termed " c h i l d i n p u t " f a c t o r s , c o g n i t i o n may be 

s a i d t o o p e r a t e by p r o c e s s i n g d a t a f rom t h e e n v i r o n m e n t , bo th 

i n t e r n a l and e x t e r n a l . As f a r as measurement o f c o g n i t i v e a b i l i t i e s 

i s concerned , Cummins shows a g e n e r a l acceptance o f the v a l i d i t y o f 

f a m i l i a r t e s t s o f c o g n i t i v e a b i l i t y , and a l s o appears t o c o n s i d e r 

t h a t c o g n i t i v e growth i s m i r r o r e d by academic a c h i e v e m e n t . 

• I 
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T h i s p o r t r a i t o f c o g n i t i o n w i l l , b e compared i n a l a t e r c h a p t e r w i t h 

what can be g l e a n e d about the u n d e r l y i n g p r o c e s s e s o f c o g n i t i o n , 

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

c o n n e c t i o n i s m and n e u r o s c i e n t i f i c d i s c o v e r y on t h e i n n e r work ings 

o f t h e b r a i n . 

(2) T h r e s h o l d s , l i n g u i s t i c competence and degree o f b i l i n g u a l i s m 

The c o n c e p t o f a threshold level of linguistic competence has 

always been i l l - d e f i n e d as Cummins h i m s e l f r e a d i l y a d m i t s . In t h e 

o r i g i n a l p r e s e n t a t i o n o f the i d e a he i n q u i r e s i n t o i t s p o t e n t i a l 

n a t u r e i n t h e s e words: 

What a r e t h e c h a r a c t e r i s t i c s o f t h i s t h r e s h o l d l e v e l o f 

b i l i n g u a l competence? In the f i r s t p l a c e t h e t h r e s h o l d cannot 

be d e f i n e d i n a b s o l u t e t e r m s ; r a t h e r , i t i s l i k e l y t o v a r y 

both w i th the amount o f t ime t h a t i s spent through L2 and w i t h 

t h e t y p e o f c o g n i t i v e o p e r a t i o n s t h a t must be e x p r e s s e d 

through L 2 . . . . The t h r e s h o l d i s a l s o l i k e l y t o v a r y a c c o r d i n g 

t o the type o f c o g n i t i v e o p e r a t i o n s a p p r o p r i a t e f o r a c h i l d ' s 

s t a g e o f c o g n i t i v e deve lopment . (Cummins, 1976, p . 24) 

A c c o r d i n g t o t h i s d e s c r i p t i o n , t h e n , t h e l i n g u i s t i c t h r e s h o l d 

depends on b o t h i n t e r n a l (s tage o f c o g n i t i v e development) and 

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

o f c o g n i t i v e development o f a l e a r n e r i s i t s e l f dependent t o a 

l a r g e e x t e n t on p a s t e x p e r i e n c e as w e l l as i n d i v i d u a l a b i l i t y and 
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must t h e r e f o r e be d i s t i n c t f o r each i n d i v i d u a l a t any age . In 

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

change f rom l e a r n i n g s i t u a t i o n t o l e a r n i n g s i t u a t i o n . By Cummins' 

own d e f i n i n g m u s i n g s , t h e r e f o r e , t h e t h r e s h o l d l e v e l o f b i l i n g u a l 

competence must be c o n s i d e r e d i n t r i n s i c a l l y u n s p e c i f i a b l e on any 

p r e c i s e b a s i s , a c o n c l u s i o n which Cummins h i m s e l f appears t o have 

r e a c h e d i n r e c e n t t i m e s (see s e c t i o n 1 . 2 ) . F u r t h e r m o r e , g i v e n t h e 

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

a b i l i t y by t h e T h r e s h o l d H y p o t h e s i s , a d e c i s i o n as t o whether o r 

n o t a c h i l d has r e a c h e d the t h r e s h o l d l e v e l o f linguistic 

competence i n the second language would have t o be made on a 

r e a d i n g o f whether o r no t the c h i l d c o u l d p e r f o r m a d e q u a t e l y the 

cognitive t a s k s t h a t were b e i n g demanded o f him o r h e r . Hence , the 

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

c o g n i t i v e t a s k s , which may o r may no t be language r e l a t e d , 

c o n s i d e r e d a p p r o p r i a t e t o t h e c h i l d ' s s t a g e o f c o g n i t i v e 

development and e d u c a t i o n a l c i r c u m s t a n c e s 7 . And when one c o n s i d e r s 

t h a t what e x p l a i n s the c h i l d ' s a b i l i t y t o p e r f o r m t h e s e t a s k s i s 

t h a t she has a t t a i n e d the t h r e s h o l d l e v e l o f b i l i n g u a l competence, 

i t can be seen t h a t the argument i s c i r c u l a r and t h e c o n s t r u c t i s 

a t a u t o l o g y . E d e l s k y e t a l . (1983) have l e v e l l e d t h e same t y p e o f 

c r i t i c i s m a t Cummins' CALP c o n s t r u c t . M o r e o v e r , t h e c o n c e p t o f a 

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

whatsoever i n t o what has happened i n the b r a i n o f t h e c h i l d t o 

7 These a r e p o i n t s which w i l l be expanded upon i n c h a p t e r 3, 
but see a l s o Hawson ( i n p r e s s - a ) . 
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promote t h e r e q u i r e d l e a r n i n g and i s t h e r e f o r e o f l i t t l e v a l u e i n 

d i r e c t i n g e d u c a t i o n a l e f f o r t s w h i c h , g i v e n Cummins' i n t e r e s t i n 

academic ach ievement , i s presumably t h e u l t i m a t e aim o f h i s 

h y p o t h e s i s . 

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

o f b i l i n g u a l competence, one t h a t has been r a i s e d by M a r t i n - J o n e s 

and Romaine and was a l l u d e d t o by Cummins h i m s e l f (1991, p . 8 5 ) , i s 

t h e c o n c e p t u a l i z a t i o n o f language proficiency (or l i n g u i s t i c 

competence) which i t p r o m o t e s . A c c o r d i n g t o M a r t i n - J o n e s and 

Romaine (1986), the very i d e a o f " l e v e l s o f l i n g u i s t i c competence" 

a t t r a c t s q u a n t i t a t i v e d e s c r i p t o r s o f the same type as those b o r n o f 

a " c o n t a i n e r metaphor" o f l i n g u i s t i c competence: 

The l i t e r a t u r e on " s e m i l i n g u a l i s m " abounds w i t h terms such as 

" f u l l competence , " " t h r e s h o l d l e v e l , " " a d d i t i v e " and 

" s u b t r a c t i v e b i l i n g u a l i s m " . . . . T h u s , i t seems t h a t l i n g u i s t i c 

competence has so f a r been c o n c e p t u a l i z e d i n terms o f an 

i m p l i c i t " c o n t a i n e r " metaphor: a c o n t a i n e r which can be e i t h e r 

" f u l l " o r " p a r t i a l l y f u l l . " Terms such as " s e m i l i n g u a l i s m " 

a r e , i n our v i e w , m i s l e a d i n g because t h e y i m p l i c i t l y f o s t e r 

t h e b e l i e f t h a t t h e r e i s such a t h i n g as an i d e a l , f u l l y 

competent m o n o l i n g u a l o r b i l i n g u a l s p e a k e r who has a f u l l o r 

comple te v e r s i o n o f a l a n g u a g e , (p . 32) 

T h a t Cummins' t h e o r i e s do t e n d t o a t t r a c t " c o n t a i n e r metaphor" 
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t e r m i n o l o g y can be seen i n a s tudy by C o l l i e r (1987) which was 

d e s i g n e d t o f o l l o w up on Cummins' r e s e a r c h (as w e l l as t h a t o f 

o t h e r r e s e a r c h e r s ) on the s i g n i f i c a n c e o f t h e B ICS/CALP d ichotomy 

o f language p r o f i c i e n c y . C o l l i e r no t o n l y u s e s t h e term " f u l l 

p r o f i c i e n c y " but even d e s c r i b e s i t s n a t u r e : 

Second language i s a c q u i r e d t o v a r y i n g d e g r e e s o f p r o f i c i e n c y 

depend ing on t h e c o n t e x t i n which t h e a c q u i r e r needs t o use 

i t . Immigrants o f s c h o o l age who must a c q u i r e a second 

language i n the c o n t e x t o f s c h o o l i n g need t o d e v e l o p full 

[ i t a l i c s added] p r o f i c i e n c y i n a l l language domains ( i n c l u d i n g 

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

i n f l e c t i o n a l morphology , s y n t a x , v o c a b u l a r y , d i s c o u r s e , 

p r a g m a t i c s , and p a r a l i n g u i s t i c s ) and a l l language s k i l l s 

( l i s t e n i n g , s p e a k i n g , r e a d i n g , w r i t i n g , and m e t a l i n g u i s t i c 

knowledge o f t h e language) f o r use i n a l l c o n t e n t a r e a s 

( language a r t s , mathemat ics, s c i e n c e and s o c i a l s t u d i e s ) . (p. 

618) 

Whi le d e s c r i p t i o n s of t h i s type can be u s e f u l i n demonst ra t ing j u s t 

how complex a prob lem the s c h o o l age immigrant i s f a c e d w i t h , t h e 

word " f u l l " i s redundant , s i n c e the p r o f i c i e n c y needed i s p r e c i s e l y 

t h a t demanded by t h e t a s k s t h e m s e l v e s , a n d may be n e i t h e r f u l l nor 
i 

even adequate t o t h e demands o f o t h e r t a s k s , as f o r example , the 

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

t e r m i n o l o g y . The p o i n t be ing made by c r i t i c s l i k e Mart i n - J o n e s and 
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Romaine i s t h a t no one i s f u l l y competent i n a language i n t h a t 

p r e c i s e knowledge o f a l l h i g h l y s p e c i f i c codes w i t h i n a t a r g e t 

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

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

metaphor 

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

been p r i m a r i l y c o n c e r n e d w i t h t h e i d e a l i z e d competence o f 

m o n o l i n g u a l s p e a k e r s i n t h e speech communi t ies o f wes te rn 

Europe and the U n i t e d S t a t e s ; communities wh ich , on the whole, 

have a h i g h degree o f s t a b i l i t y , autonomy, and h i s t o r i c i t y , 

and p o s s e s s h i g h l y c o d i f i e d s t a n d a r d l a n g u a g e s . ( M a r t i n - J o n e s 

and Romaine, 1986, p.33) 

They argue t h a t i n many s o c i o - c u l t u r a l s e t t i n g s "mixed c o d e s " 

d e f i n e d by the s p e c i f i c c i rcumstances o f the s e t t i n g emerge, though 
i, 

t h e s e a re o f t e n s t i g m a t i z e d by t h e m a j o r i t y language g r o u p s . G i v e n 

the demographic i n s t a b i l i t y o f some o f t h e o l d e s t a b l i s h e d n a t i o n s 

i n Europe t o d a y , i t w i l l be i n t e r e s t i n g t o o b s e r v e how t h e n o t i o n 

o f f u l l p r o f i c i e n c y i n a language w i l l e v o l v e . T h u s , a c c o r d i n g t o 

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

l i n g u i s t i c competence o u t s i d e o f t h e s p e c i f i c c o n t e x t i n wh ich t h e 

l anguage i s t o be used i s m i s g u i d e d , and may promote a n e g a t i v e 

assessment o f the r e a l a b i l i t i e s , c o g n i t i v e and l i n g u i s t i c , o f 

c e r t a i n s o c i o e c o n o m i c g r o u p s . N o t i c e t h a t t h i s argument i s 

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

76 



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

p r o f i c i e n c y and how c o g n i t i o n was b e i n g c o n c e p t u a l i z e d . 

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

o f b i l i n g u a l i s m and the c o n t a i n e r metaphor i s t h a t o f how t o 

c o n c e p t u a l i z e t h e degree of bilingualism o f a l e a r n e r . MacNab 

(1979) n o t e s t h a t many o f t h e s t u d i e s i n wh ich b i l i n g u a l i s m was 

a s s o c i a t e d w i t h p o s i t i v e c o g n i t i v e and academic r e s u l t s used 

" b a l a n c e d b i l i n g u a l s " and " u n i l i n g u a l s " whose degree o f 

b i l i n g u a l i s m o r u n i l i n g u a l i s m was de te rmined a c c o r d i n g t o t h e 

c r i t e r i a e s t a b l i s h e d by P e a l and Lambert i n 1962. Cummins adapted 

i 
some o f t h e s e c r i t e r i a i n s e v e r a l s t u d i e s . MacNab q u e s t i o n s , no t 

o n l y t h e v a l i d i t y o f t h e c r i t e r i a , but a l s o some o f t h e b a s i c 

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

procedures b i a s e d the sample s e l e c t i o n "towards b r i g h t e r b i l i n g u a l s 

and d u l l e r u n i l i n g u a l s " . As he n o t e s : 

T h e r e i s c e r t a i n l y r e a s o n t o t h i n k t h a t t h e ' b a l a n c e * 

c r i t e r i o n has a l t e r e d the sample i n some fundamenta l way on 

t h e b a s i s o f numbers a l o n e . . . . where t h e e a r l i e r [ n e g a t i v e ] 

s t u d i e s tended t o take whole s c h o o l s o r c l a s s e s , t h e language 

ba lance c r i t e r i a used by P e a l and Lambert d e f i n e d over h a l f o f 

the o therwise e l i g i b l e t e n - y e a r - o l d s as n e i t h e r b i l i n g u a l nor 
u n i l i n g u a l . (MacNab, 1979, p p . 238-239) 

! • • 

Whereas A n i s f e l d ( fo rmer ly Peal ) and Lambert (1969) argue t h a t " the 
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ba lance measure would i n no way p e n a l i z e t h e c h i l d who was s low i n 

two l a n g u a g e s : he had o n l y t o be e q u a l l y s low" (p. 125) , MacNab 

(1979) conc ludes t h a t "the assumption t h a t a s lower c h i l d w i l l t e n d 

t o l e a r n two languages e q u a l l y , r a t h e r t h a n e m p h a s i z i n g one t o 

l e a r n w e l l , i s d o u b t f u l . I t c e r t a i n l y s h o u l d be e x p l o r e d r a t h e r 

t h a n assumed" (p. 241) . I t seems s t r a n g e t h a t P e a l and Lambert 

s h o u l d o b j e c t t o c r i t i c i s m on t h i s p o i n t when t h e y t h e m s e l v e s 

commented on t h e p o s s i b i l i t y o f t h e sample b e i n g u n i n t e n t i o n a l l y 

b i a s e d i n t h e i r own s tudy (see R e y n o l d s , 1991, p p . 157 -158) , and 

s t r a n g e r s t i l l t h a t r e s e a r c h e r s l i k e Cummins would have c o n t i n u e d 

t o use the c r i t e r i a developed knowing o f t h e p o t e n t i a l f o r b i a s i n 

t h e sample . T h i s i s a l l the more t r u e when c o n s i d e r a t i o n i s g i v e n 

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

s e v e r e l y l i m i t s t h e g e n e r a l i z a b i l i t y o f t h e r e s u l t s ( R e y n o l d s , 

1991, p. 155) . Perhaps a t the t ime , as Carey (1993a) has i n d i c a t e d , 

i n Canada a t l e a s t , the p o l i t i c a l wind encourag ing p o s i t i v e r e s u l t s 

was so s t r o n g t h a t i t swept c o n c e r n s about a p p l i c a b i l i t y a s i d e . 

M a r t i n - J o n e s and Romaine (1986) o b j e c t t o t h e n o t i o n o f b a l a n c e d 

b i l i n g u a l i s m on d i f f e r e n t g r o u n d s ; they no te t h a t , as d e f i n e d by 

P e a l and Lamber t , the b a l a n c e d b i l i n g u a l can 1 be d e s c r i b e d as "one 

who has e q u a l , though not n e c e s s a r i l y f u l l knowledge o f two 

l a n g u a g e s " (p . 32) . Thus even p e o p l e who have a low l e v e l o f 

competence i n bo th languages can p o t e n t i a l l y be b a l a n c e d 

b i U n g u a l s . M a r t i n - J o n e s and Romaine c o n t e n d , however , t h a t i n 

p r a c t i c a l t e r m s , " the n o t i o n o f b a l a n c e d b i l i n g u a l i s m 
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h a s . . . f u n c t i o n e d as an i m p l i c i t synonym f o r ' g o o d ' o r ' c o m p l e t e ' 

b i l i n g u a l i s m and has been used as a y a r d s t i c k a g a i n s t which o t h e r 

k i n d s o f b i l i n g u a l i s m have been measured and s t i g m a t i z e d as 

' i n a d e q u a t e ' a n d / o r ' u n d e r d e v e l o p e d ' " (p . 3 3 ) . I t i s t h e v a l u e 

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

r a t h e r t h a n t h e term i t s e l f , as w e l l as t h e r e l i a n c e o f the 

d e t e r m i n i n g o f such s t a t e s on assessment p r o c e d u r e s a t a t ime when 

t h e r e i s no g e n e r a l agreement about " the ' n o r m a l ' c o u r s e o f 

development among m o n o l i n g u a l , l e t a l o n e b i l i n g u a l c h i l d r e n " (p. 

34) . The b a s i s f o r the o b j e c t i o n o f M a r t i n - J o n e s and Romaine, t h e n , 

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

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

b i l i n g u a l s w i t h n e g a t i v e c o g n i t i v e and academic r e s u l t s , 
j 1 

a s s o c i a t i o n s w h i c h , as MacNab and R e y n o l d s have p o i n t e d o u t , r e s t 

on t r e a c h e r o u s ground. In h i s profound and d e t a i l e d a n a l y s i s o f the 

r e s e a r c h on t h e c o g n i t i v e consequences o f b i l i n g u a l i s m , Reyno lds 

(1991) c o n c l u d e s : 

Due t o the p r e v a l e n c e o f d e s i g n prob lems and o t h e r l o g i c a l 

d i f f i c u l t i e s I have d e s c r i b e d , the c e n t r a l q u e s t i o n we s h o u l d 

be a s k i n g o u r s e l v e s i s not whether t h e t h e s i s t h a t 

b i l i n g u a l i t y a f f e c t s c o g n i t i v e per fo rmance i s t r u e o r whether 

t h e r e v e r s e i s t r u e , but whether there is a relationship at 

all [ i t a l i c s a d d e d ] , (p . 159) 

G i v e n t h e degree o f u n c e r t a i n t y i n a l l a r e a s o f t h i s f i e l d o f 
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s t u d y , t h i s i s a q u e s t i o n which demands s e r i o u s i n q u i r y . 

1.3.3 P h i l o s o p h i c a l c o n c e r n s 

The T h r e s h o l d H y p o t h e s i s as a d e f i c i t h y p o t h e s i s 8 

[T ]he assumpt ion o f an i n t e r v e n i n g v a r i a b l e such as the 

c h i l d ' s s o - c a l l e d " c o n c e p t u a l l i n g u i s t i c knowledge" (or l a c k 

o f i t ) i n e x p l a i n i n g the outcome o f e d u c a t i o n a l programmes f o r 

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

T h i s d e f i c i t view i s , as we see i t , most c l e a r l y e x p r e s s e d i n 

Cummins' " t h r e s h o l d h y p o t h e s i s . " ( M a r t i n - J o n e s & Romaine, 

1986, p . 31) 

The o p i n i o n o f M a r t i n - J o n e s and Romaine e x p r e s s e d above i s s h a r e d 

by s e v e r a l o t h e r s , most n o t a b l y E d e l s k y e t a l . (1983) , Cana le 

(1984), Wald (1984), and Commins and Miramontes (1989) . What t h e s e 

au thors a r e p r o t e s t i n g i s the d e s i g n a t i o n o f m i n o r i t y s t u d e n t s (or 

any student ) as b e i n g d e f i c i e n t c o g n i t i v e l y i f no t a b l e t o a c h i e v e 

a d e q u a t e l y on t e s t s a d m i n i s t e r e d i n an academic e n v i r o n m e n t . They 

p e r c e i v e a d e s i g n a t i o n founded on such a b a s i s as r e f l e c t i n g 

u n c r i t i c a l a c c e p t a n c e o f the s o c i e t a l s t a t u s quo , w i t h i n academic 

c i r c l e s and w i t h o u t , w i t h r e s p e c t t o whose knowledge i s v a l u e d . 

T h i s i s a p o s i t i o n w i t h which E d e l s k y e t a l . (1983) t a k e g r e a t 

8 A l though i t i s e v i d e n t t h a t t h e term " t h e o r y " s h o u l d n o t be 
a p p l i e d t o the T h r e s h o l d H y p o t h e s i s , much o f the d i s c u s s i o n around 
d e f i c i t charges a g a i n s t the l a t t e r has employed t h e word " t h e o r y " . 
For the sake of accuracy and s i m p l i c i t y , t h e r e f o r e , t h i s d i s c u s s i o n 
has been r e c o r d e d as i t o c c u r r e d i n the l i t e r a t u r e . 
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umbrage: 

U n d e r l y i n g bo th Cummins' and S w a i n ' s a t tempts t o a c c o u n t f o r 

d i f f e r e n t i a l s c h o o l s u c c e s s among second language l e a r n e r s i s 

the premise t h a t the predominant c u r r e n t d e f i n i t i o n o f s u c c e s s 

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

a c c e p t a b l e , r e a s o n a b l e , e t c . ; t h a t what i s , s h o u l d be . They do 

not q u e s t i o n the u s u a l d e f i n i t i o n of r e a d i n g as the a b i l i t y t o 

per form w e l l on a r e a d i n g achievement t e s t , t h e d e f i n i t i o n o f 

w r i t i n g as t h e a b i l i t y t o do w o r k - s h e e t - t y p e e x e r c i s e s on 

mechanics , v o c a b u l a r y , synonyms, a n a l o g i e s , e t c . ; d e f i n i t i o n s 

t h a t equate l i t e r a c y w i t h per formance i n d i s c r e t e , o t h e r w i s e 

p u r p o s e l e s s t a s k s i n t e n d e d as p r a c t i c e f o r some o t h e r t ime 

when the " r e a l event" o c c u r s . T h i s u n q u e s t i o n i n g acceptance o f 

c u r r e n t s c h o o l d e f i n i t i o n s and c u r r e n t s c h o o l c u r r i c u l a i s the 

f l aw t h a t we b e l i e v e l eads t o a l l the r e s t o f t h e e r r o r s , (p. 

4) 

What i s s u g g e s t e d by t h e s e a u t h o r s i s t h a t g i v e n " r e a l e v e n t " 

t a s k s , t h e s e s t u d e n t s might p e r f o r m much b e t t e r t h a n t h e y do on 

t e s t s . T h i s view i s suppor ted by the work o f Commins and Miramontes 
i 

(1989), a s tudy of " f o u r H i s p a n i c b i l i n g u a l s tuden ts whose language 

dominance was not c l e a r l y d e f i n e d and whose academic achievement 

was p e r c e i v e d by t e a c h e r s t o be l i m i t e d by t h e i r language a b i l i t i e s 

i n b o t h E n g l i s h and S p a n i s h " (p. 448) . O b s e r v i n g t h e s e s t u d e n t s 

o v e r a v a r i e t y o f c o n t e x t s bo th i n s i d e and o u t s i d e t h e c l a s s r o o m , 
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they conc luded t h a t the t e a c h e r s had u n d e r e s t i m a t e d t h e l i n g u i s t i c 

and academic a b i l i t i e s o f the s t u d e n t s based on t h e i r c l a s s r o o m 

p e r f o r m a n c e , and t h a t what was l a c k i n g i n t h e s c h o o l c o n t e x t f o r 

them was " the e s s e n t i a l element o f r e l e v a n c e " (p. 467) . R e l e v a n c e , 

except perhaps as i t i s r e f l e c t e d i n the d e s i r e t o p e r f o r m w e l l t o 

p l e a s e o t h e r s and s a t i s f y the demands o f t h e academic s y s t e m , i s 

p r e c i s e l y what i s l a c k i n g i n f o r m a l t e s t s i t u a t i o n s . U n l e s s the 

s t u d e n t "buys i n t o " the s y s t e m , t h e r e i s l i t t l e i f any m o t i v a t i o n 

t o do w e l l on t e s t s . T h u s , a b i l i t y t o do w e l l on t e s t s o f 

i n t e l l i g e n c e o r " c o g n i t i v e " measures has been termed " t e s t -
Li ; 

wiseness" by E d e l s k y e t a l . (1983) , ; and d e f i n e d as "an a b i l i t y t h a t 

i n c o r p o r a t e s a d e s i r e t o do w e l l on a r t i f i c i a l (as opposed t o r e a l -

wor ld ) t e s t s " (p. 4) . In a s i m i l a r v e i n , C a n a l e speaks o f the 

impor tance o f " s o c i a l i s a t i o n and a c c u l t u r a t i o n " t o per fo rmance on 

a g i v e n language t e s t , and comments: "In t h i s l i g h t , t e s t r e s u l t s 

may be b e t t e r v iewed as created r a t h e r t h a n s i m p l y o b s e r v e d o r 

found" ( C a n a l e , 1984, p . 38 ) . 

U n d e r p i n n i n g a l l o f t h e s e p r o t e s t a t i o n s , t h e n , i s t h e n o t i o n t h a t 

what i s b e i n g l a b e l l e d a d e f i c i e n c y i n a b i l i t y i s s i m p l y an 

i n a b i l i t y , o r even a l a c k o f d e s i r e , t o p e r f o r m as e x p e c t e d on 

s t a n d a r d i z e d t e s t s . T h i s " d e f i c i e n c y " i s d e t e r m i n e d a c c o r d i n g t o 

t h e s t a n d a r d s o f t h e s t a t u s q u o , and may o r may no t r e f l e c t some 

u n d e r l y i n g c o g n i t i v e d e f i c i t . In o ther words, what i s b e i n g i m p l i e d 

i s t h a t terms such as " c o g n i t i v e d e f i c i t " and " c o g n i t i v e 

d i s a d v a n t a g e " a r e b e i n g d e f i n e d by t h e demands o f t h e s o c i e t y as 
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w e l l as those of the t a s k , demands which i n c o r p o r a t e t h e n e c e s s i t y 

f o r a p o s i t i v e a t t i t u d e towards t h e s u c c e s s f u l accompl ishment o f 

t h e t a s k . I t i s i m p l i e d by t h e a u t h o r s above t h a t t h i s i s a t b e s t 

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

w h i c h r e l a t e c o g n i t i v e b e n e f i t s t o t h e academic per formance o f 

l e a r n e r s . 

F o r h i s p a r t , i n an a r t i c l e w r i t t e n j o i n t l y w i t h M e r r i l l Swain , 

Cummins s t r o n g l y de fends h i s t h e o r e t i c a l c o n s t r u c t s a g a i n s t 

" d e f i c i t t h e o r y " a l l e g a t i o n s (Cummins and Swa in , 1983) : 
: i 

Our c o n t e n t i o n i s t h a t t h e t h e o r e t i c a l d i s t i n c t i o n s we have 
i . • i 

made do not c o n s t i t u t e a d e f i c i t p o s i t i o n ; on t h e c o n t r a r y , 

t h e y have l e d d i r e c t l y t o an i n c r e a s e d awareness on t h e p a r t 
i 

of many Nor th American educators o f t h e ways i n which c u r r e n t 

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

e d u c a t i o n a l d e f i c i t s i n m i n o r i t y s t u d e n t s , (p . 23) 

In an e f f o r t t o u n d e r s t a n d how h i s t h e o r e t i c a l c o n s t r u c t s c o u l d 

have been read i n t h i s l i g h t , he c r i t i c i s e s E d e l s k y e t a l . f o r no t 

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

comments: 1 

In the absence o f any a n a l y s i s o f t h i s i s s u e , we must conc lude 

t h a t t h e y base t h e i r d e f i c i t a l l e g a t i o n on t h e f a c t t h a t we 

v i e w a t t r i b u t e s o f m i n o r i t y c h i l d r e n (and all c h i l d r e n ) as 

83 



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

o f an o v e r a l l c a u s a l model i n v o l v i n g s o c i o p o l i t i c a l , 

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

i n t h i s a r e a o f which we a r e aware ( i n c l u d i n g t h o s e endorsed 

by E d e l s k y e t a l . ) i n v o k e s i m i l a r c a u s a l m o d e l s , e i t h e r 

i m p l i c i t l y o r e x p l i c i t l y . . . ( i b i d . , p . 26) 

Commentary 

Though Cummins' r e f u t a t i o n o f t h e " d e f i c i t t h e o r y " c h a r g e s l a i d 

b e f o r e him i s l e n g t h y , i n d e p t h , a n d , on many c o u n t s , h i g h l y 

p e r s u a s i v e , t h e r e are some d a n g l i n g i s s u e s which s t i l l b r e e d cause 

f o r c o n c e r n . F i r s t o f a l l , i t i s i n t e r e s t i n g t o no te t h a t , i n t h e 

f i r s t c i t a t i o n above, he has i n t e r p r e t e d the " d e f i c i t " charge t o be 

t h a t o f an " e d u c a t i o n a l d e f i c i t " r a t h e r t h a n a " c o g n i t i v e d e f i c i t " 

which E d e l s k y e t a l . s u g g e s t h i s T h r e s h o l d H y p o t h e s i s i m p l i e s 

( E d e l s k y e t a l . , 1983, p . 2 ) , o r even a " c o n c e p t u a l l i n g u i s t i c 

d e f i c i t " as r e f e r r e d t o by M a r t i n - J o n e s and Romaine. T h i s c o n f u s i o n 

of e d u c a t i o n , language, and c o g n i t i o n i s y e t another example o f the 

compounding o f t h e c o n c e p t s o f academic ach ievement , l i n g u i s t i c 

a b i l i t y , and c o g n i t i v e a b i l i t y d i s c u s s e d p r e v i o u s l y , and one which 

o n l y s e r v e s t o c l o a k the i s s u e s . S e c o n d l y , i n t h e T h r e s h o l d 

H y p o t h e s i s , Cummins t a l k s o f s t u d e n t s s u f f e r i n g " c o g n i t i v e 

d i s a d v a n t a g e s " and b e n e f i t t i n g f rom " c o g n i t i v e a d v a n t a g e s " a t 

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

d i s c u s s i o n o f the c h a r g e s , however , he a v o i d s t h e terms 
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"advantages" and "disadvantages," p r e f e r r i n g instead to r e f e r to 

learner "attributes" and "individual differences." In doing so, he 

appears to be acknowledging that the l a t t e r are more neutral than 

the former which carry i m p l i c i t l y the notion of a judgement, or at 

least a reference base against which performances can be compared. 

The very use of the terms "advantage" and "disadvantage" i n the 

elaboration of the theoretical constructs, therefore, would appear 

to support the contentions of Cummins' c r i t i c s with respect to a 

d e f i c i t p o s i t i o n charge. Evidently, what he perceives as being of 

value are indeed the academic c r i t e r i a set by the status quo, since 

i t i s against such c r i t e r i a that the performances of the students 

are judged. Thirdly, the modifier "cognitive" i n "cognitive 

disadvantage or advantage" i s not neutral i n value as i t i s used i n 

education. Since cognition i s considered to be a facet of brain 

functioning which nurtures thinking and i t s underlying processes 

(as opposed to emotion, v o l i t i o n , and motoric functioning) i t i s 

es p e c i a l l y revered by educators. Hence, to say that someone i s 

c o g n i t i v e l y disadvantaged i s to pronounce that he or she i s i n a 

state of double jeopardy educationally, and conversely, to be 

cog n i t i v e l y advantaged i s to be doubly blessed. That t h i s view of 

cognition i s i n need of r e v i s i o n , w i l l be broached i n chapters 2 

and 4. 

In conclusion, then, i t appears that, i n s p i t e of protestations to 

the contrary, there i s some j u s t i f i c a t i o n f o r the " d e f i c i t theory 

i n the making" charges l e v e l l e d at Cummins' Threshold Hypothesis. 
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That i t was never h i s i n t e n t t o c r e a t e a d e f i c i t h y p o t h e s i s i s v e r y 

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

a p p l i c a t i o n s of Cummins' t h e o r e t i c a l c o n s t r u c t s have had b e n e f i c i a l 

e f f e c t s f o r many m i n o r i t y group l e a r n e r s . 

R e s e a r c h t r a d i t i o n and c h o i c e o f d a t a 

I t i s n o t a b l e t h a t the s t u d i e s upon which t h e T h r e s h o l d H y p o t h e s i s 

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

o f s c i e n t i f i c i n q u i r y i n t h a t they are e m p i r i c a l i n na ture w i t h the 

dependent v a r i a b l e be ing a performance s c o r e on a s t a n d a r d i s e d t e s t 

o f some s o r t , academic o r p s y c h o l o g i c a l . As has been n o t e d above , 

t h i s dependence on t e s t s has drawn f i r e f rom c r i t i c s who v iew the 

t e s t s i t u a t i o n as s p e c i f i c t o s c h o o l c u l t u r e . On t h i s v iew, a b i l i t y 

t o p e r f o r m w e l l on t e s t s i s seen as a l e a r n e d r e s p o n s e , which 

n e c e s s i t a t e s both a l e a r n i n g p e r i o d and m o t i v a t i o n towards l e a r n i n g 

t o do w e l l on t e s t s . In s h o r t , good per formance on t e s t s i s due t o 

some unknown ex tent on the degree o f a c c u l t u r a t i o n o f t h e s t u d e n t . 

In a more g e n e r a l v e i n , E d e l s k y e t a l . (1983) a r e c r i t i c a l o f the 

dependence on da ta r e p r e s e n t i n g t h e p h i l o s o p h i c a l p e r s p e c t i v e o f a 

s i n g l e r e s e a r c h t r a d i t i o n : "Research i n t h i s t r a d i t i o n a t tempts t o 

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

n o t i o n f o r a n a l y s i s . I t thus r i s k s m i s r e p r e s e n t i n g human e x i s t e n c e , 

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

someth ing s i m p l i f i e d , s t a t i c , and n o n - i n t e r a c t i v e " (p . 5 ) . 

T h i s compla in t i s echoed by M a r t i n - J o n e s and Romaine (1986, p . 29) 

i 
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who note t h a t " [ l ]anguage s k i l l s cannot be n e a t l y compar tmenta l i zed 

i n the way t h a t Cummins s u g g e s t s , " and t h a t the assumpt ion " t h a t i t 

i s p o s s i b l e t o separa te a n a l y t i c a l l y d i f f e r e n t a s p e c t s o f language 

competence w i t h o u t r e f e r e n c e t o the c o n t e x t o f usage" i s h i g h l y 

q u e s t i o n a b l e . These a u t h o r s , a l o n g w i t h o t h e r s (Commins and 

Miramomtes, 1989) are i n favour o f a more n a t u r a l i s t i c approach t o 

r e s e a r c h i n second language l e a r n i n g , so t h a t t h e i n t e r a c t i v e 

n a t u r e o f language l e a r n i n g can be documented. 

P a r a d o x i c a l l y , s t a n d a r d i z e d t e s t r e s u l t s have a l s o been c r i t i c i s e d 

by t h e s e a u t h o r s f o r f a i l i n g t o be a n a l y t i c a l enough i n 

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

d i f f e r e n c e s w i t h i n l a r g e r group d e s i g n a t i o n s . As E d e l s k y e t a l . 

(1983) a rgue , i t i s averaged data which " r a r e l y a n a l y s e s the ranges 

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

among d i f f e r e n t g r o u p s , making i t appear t h a t an e n t i r e group i s 

d i f f e r e n t from another e n t i r e group" (p. 6) . F o r t h i s r e a s o n a l s o , 

t h e n , n a t u r a l i s t i c i n q u i r y i s v iewed as t h e more i n f o r m a t i v e 

r e s e a r c h o p t i o n by t h e s e a u t h o r s . 

In r e s p o n s e t o t h e s e c r i t i q u e s , Cummins and Swain (1983, p . 28) 

have noted t h a t " a u t h e n t i c r e a d i n g measurement p r o c e d u r e s " s u c h as 

miscue a n a l y s i s and c l o z e t e s t s do r e l a t e s t r o n g l y t o s t a n d a r d i z e d 

r e a d i n g t e s t s c o r e s , and t h a t many o f the t e s t s they have d e v e l o p e d 

r e q u i r e s t u d e n t s t o r e a d " r e a l l i f e " t e x t s l i k e " p r i n t e d s t o r i e s , 

newspaper a r t i c l e s , p o e t r y , r e c i p e s , magazine c l i p p i n g s " and so o n . 
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Cummins a l s o p o i n t s out t h a t t h e r e s u l t s o f t h e s e t e s t s and 

s t a n d a r d i z e d r e a d i n g t e s t s are c o n s i s t e n t . Though Cummins does not 

e n d o r s e t h e w i d e s p r e a d use o f s t a n d a r d i z e d t e s t s f o r e i t h e r 

m i n o r i t y o r m a j o r i t y s t u d e n t s , he does b e l i e v e t h a t t h e y can 

p r o v i d e u s e f u l i n f o r m a t i o n under c e r t a i n c i r c u m s t a n c e s , and 

c o n s i d e r s u n i v e r s a l condemnat ion o f them " s i m p l i s t i c and 

u n s u p p o r t e d " ( i b i d . , p . 29 ) . "A more c o n s t r u c t i v e s t r a t e g y " , he 

con tends , "would be t o document f o r p r a c t i t i o n e r s the ways i n which 

t h e i r [ E d e l s k y e t a l . ' s ] ' c u r r e n t assessment p r a c t i c e s a r e 

p r e j u d i c i a l f o r some groups o f s t u d e n t s , i . e . t h e c o n d i t i o n s under 

which t e s t s a r e nonsense" ( i b i d . ) . 

Commentary 

In s p i t e o f t h e v a l i d i t y o f Cummins' arguments on t h e p a r t i c u l a r 

p o i n t s he has chosen t o a d d r e s s , t h e r e a r e two i s s u e s which he 

appears t o have o v e r l o o k e d . F i r s t , a t e s t s i t u a t i o n i s a t e s t 

s i t u a t i o n whether the t e s t be a s t a n d a r d i z e d r e a d i n g t e s t o r a 

c l o z e t e s t ; t o p e r f o r m w e l l on any t e s t , a s t u d e n t must be 

knowledgeable o f the g e n e r a l meaningfu lness o f a t e s t s i t u a t i o n and 

i t s l a r g e r r a m i f i c a t i o n s . T h i s i s , i n p a r t , what i s meant by 

" a c c u l t u r a t i o n " t o the s c h o o l system o r , as E d e l s k y e t a l . term i t , 

" t e s t - w i s e n e s s " . Thus c h a n g i n g t h e n a t u r e o f an i t em on a t e s t 

wou ld no t n e c e s s a r i l y l e a d t o a changed r e s u l t . S e c o n d , even 

document ing t h e ways i n which t e s t s a r e p r e j u d i c i a l t o c e r t a i n 

g r o u p s , o r subgroups, o f s tuden ts would no t e x p l a i n why i n d i v i d u a l 

s t u d e n t s do w e l l o r b a d l y w h i l e t h e i r c o n f r e r e s do n o t . Hence, 
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a l t h o u g h s t a n d a r d i z e d t e s t s may p r o y i d e u s e f u l i n f o r m a t i o n w i t h a 

" b r o a d s t r o k e s " v a l i d i t y w i t h i n t h e c o n s t r a i n t s o f t h e t e s t 

pa ramete rs ( d i c t a t e d by t h e a c t u a l t e s t i t e m s ) , t h e y cannot probe 

the p r e c i s e na ture o f how an i n d i v i d u a l l e a r n s a language. However, 

g i v e n the number o f v a r i a b l e s i n t e r a c t i n g i n s u c h a s i t u a t i o n , any 

a t tempt a t e l u c i d a t i n g t h i s p r o c e s s would appear t o be doomed t o 

f a i l u r e . N e v e r t h e l e s s , e thnograph ic s t u d i e s o f the type c a r r i e d out 

by Comrains and Miramontes (1989) can serve as checks on i n f o r m a t i o n 

o b t a i n e d through s t a n d a r d i z e d t e s t r e s u l t s and p r e v e n t r e s e a r c h e r s 

f rom making the k i n d o f sweeping c o n c l u s i o n s wh ich have t o o o f t e n 

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

The major p o i n t b e i n g made by c r i t i c s o f s t a n d a r d i z e d t e s t i n g i s 

t h a t i t i s p r o v i d e s " top-down" i n f o r m a t i o n wh ich i s shaped t o a 
I 

h i g h d e g r e e by t h e p h i l o s o p h i c a l b i a s e s o f t h e r e s e a r c h e r s , and 

t h a t "bot tom-up" c o n s i d e r a t i o n s must be t a k e n i n t o a c c o u n t t o 

c o u n t e r a c t t h e s e b i a s e s , e s p e c i a l l y where human b e i n g s a r e the 
i 

s u b j e c t s i n q u e s t i o n . T h i s i s an i s s u e which w i l l be r e t u r n e d t o i n 

a l a t e r c h a p t e r . 

1.3.4 A n a l y t i c a l c o n c e r n s 

M e t h o d o l o g i c a l i n a d e q u a c i e s o f the s t u d i e s used 

In a coherent c r i t i q u e of the m e t h o d o l o g i c a l problems w i t h bo th the 

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

b i l i n g u a l i s m , and t h o s e p u r p o r t i n g t o show c o g n i t i v e a d v a n t a g e s , 
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MacNab (1979) a r r i v e s a t the c o n c l u s i o n t h a t t h e r e i s no s o l i d 
i 

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

a n a l y s i s o f t h e d a t a by Reyno lds (1991) a g r e e s . Both o f t h e s e 

au thors f a u l t r e s e a r c h e r s on the inadequacy o f the r e s e a r c h d e s i g n s 

employed, n o t i n g t h a t many o f bo th t h e p r e - and p o s t - P e a l and 

Lambert s t u d y e r a were ex post facto d e s i g n s which a r e " r e p l e t e 

w i t h t h r e a t s t o i n t e r n a l and e x t e r n a l v a l i d i t y " (Reynolds, 1991, p . 

148) . Reynolds d i s c u s s e s a v a r i e t y o f t h e r e s e a r c h d e s i g n s used up 

u n t i l the t ime o f p u b l i c a t i o n (1991) and found t h e v a l i d i t y o f a l l 

o f them, b o t h p r e - e x p e r i m e n t a l and q u a s i - e x p e r i m e n t a l , t o be 

compromised i n some way. MacNab (1979) n o t e s t h a t a s s o c i a t i o n a l 

s t u d i e s do no t war rant a d i r e c t i o n a l arrow o f c a u s a l i t y t o be 

drawn, and R e y n o l d s ' (1991) a n a l y s i s o f i s s u e s r e l a t e d t o d e s i g n 

and the independent v a r i a b l e s , which i n c l u d e s more r e c e n t s t u d i e s , 

ends on t h i s sombre t o n e : 

The r e s e a r c h p r i o r t o 1962 has r e p e a t e d l y been c r i t i c i z e d as 

m e t h o d o l o g i c a l l y inadequa te and I f e a r we a r e notomuch [ s i c ] 

b e t t e r o f f t o d a y ; even s o p h i s t i c a t e d t e c h n i q u e s l i k e 

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

n o t compensate f o r i n h e r e n t l y t r o u b l e p rone d e s i g n s . In 

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

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

and t h e dangers o f s e l e c t i o n a r t i f a c t s and e f f e c t s o c c u r r i n g 

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

problems and o ther l o g i c a l d i f f i c u l t i e s I have d e s c r i b e d , the 
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c e n t r a l q u e s t i o n we shou ld be a s k i n g o u r s e l v e s i s n o t whether 

the t h e s i s t h a t b i l i n g u a l i t y a f f e c t s c o g n i t i v e per fo rmance i s 

t r u e o r whether t h e r e v e r s e i s t r u e , bu t whether t h e r e i s a 

r e l a t i o n s h i p a t a l l . . . . we f i n d t h e s i t u a t i o n i s no t much 

b e t t e r when dependent v a r i a b l e s a r e examined, (p. 159) 

Commentary 

G i v e n t h i s i n d i c t m e n t o f t h e r e s e a r c h upon wh ich t h e T h r e s h o l d 

H y p o t h e s i s was f o u n d e d , i t would appear t h a t t h i s h y p o t h e s i s has 

emerged from a p o o l o f t a i n t e d r e s e a r c h , e s p e c i a l l y s i n c e i t was i n 

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

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

on t h e c o g n i t i v e consequences o f b i l i n g u a l i s m , Cummins a c c e p t e d 

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

and l e v e l o f b i l i n g u a l i s m , which b o t h o f t h e above a u t h o r s have 

q u e s t i o n e d , a n d , though c r i t i c a l o f some o f t h e r e s u l t s r e p o r t e d , 

sought mere ly t o make sense out o f t h e p a t t e r n t h e y p r e s e n t e d . I f , 

as R e y n o l d s s u g g e s t s , however , t h e r e i s r e a s o n t o q u e s t i o n t h e 

e x i s t e n c e o f such a r e l a t i o n s h i p , t h e r a t i o n a l e f o r h i s 

a r g u m e n t a t i o n c o l l a p s e s . I t s h o u l d be n o t e d , n e v e r t h e l e s s , t h a t , 

u s i n g a " w i t h i n group" d e s i g n , D i a z (1985) i n v e s t i g a t e d the 

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

and c o g n i t i v e a b i l i t y and came out i n agreement w i t h Cummins: t h a t 

i s , h i s r e s u l t s suppor ted Cummins' assumpt ion t h a t b i l i n g u a l i s m i s 

c a u s a l i n i t s e f f e c t on c o g n i t i v e a b i l i t y . Hakuta (1987) 

c o r r o b o r a t e d the r e s u l t s o b t a i n e d by D i a z u s i n g a s i m i l a r 
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l o n g i t u d i n a l d e s i g n t o a s s e s s c a u s a l i t y . These a u t h o r s , t h e n , agree 

w i t h Cummins w i t h r e s p e c t t o bo th the e x i s t e n c e o f a r e l a t i o n s h i p 

between t h e s e two v a r i a b l e s , and the d i r e c t i o n o f the c a u s a l a r row. 

I t w i l l be argued i n a l a t e r c h a p t e r , however , t h a t b o t h t h e s e 

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

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

v i s i o n o f second language l e a r n i n g which g i v e s a c l e a r e r v iew o f 

t h e p a r t i c u l a r systems i n the b r a i n t h a t may be i n v o l v e d i n any 

c h a n g e s i n i n f o r m a t i o n p r o c e s s i n g b rought about by t h e immersion 

second language l e a r n i n g s e t t i n g . A l s o , as R e y n o l d s (1991, p . 152) 

p o i n t s o u t , even t h e more s o p h i s t i c a t e d d e s i g n s o f t h e s e 

e x p e r i m e n t s have i n b u i l t h a z a r d s t o v a l i d i t y . In c h a p t e r 3, 

t h e r e f o r e , t h e q u e s t i o n o f the n a t u r e o f t h e r e l a t i o n s h i p between 

l e v e l o f b i l i n g u a l i s m and c o g n i t i v e f u n c t i o n i n g w i l l be probed more 

deep ly t o c l a r i f y j u s t how c o g n i t i o n i s b e i n g c o n c e p t u a l i z e d by the 

b i l i n g u a l r e s e a r c h community. 
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1 .4 Summary o f Chapte r One 

Research w i t h r e s p e c t t o the c o g n i t i v e consequences o f b i l i n g u a l i s m 

has y i e l d e d v e r y c o n f l i c t i n g r e s u l t s . I t has been p r o p o s e d by some 

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

r e s e a r c h was c a r r i e d out c o l o u r e d the outcome o f t h e r e s e a r c h 

i t s e l f . In p o l i t i c a l c l i m a t e s o f a s s i m i l a t i o n , most s t u d i e s 

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

c o n s e q u e n c e s . The P e a l and Lambert s t u d y i n 1962 i n which a 
i 

- p o s i t i v e c o r r e l a t i o n between b i l i n g u a l i s m and c o g n i t i v e a b i l i t y was 
i 

found marked the b e g i n n i n g of a new e r a d u r i n g wh ich , i n c r e a s i n g l y , 

p o s i t i v e c o r r e l a t i o n s were b e i n g f o u n d . P r o p o n e n t s o f t h e two 

oppos ing p o s i t i o n s were i n cons tan t c o n f l i c t and extreme s ta tements 

were made by both s i d e s . E v e n t u a l l y , s o c i a l f a c t o r s were r e c o g n i z e d 

as a l s o b e i n g i n f l u e n t i a l i n d e t e r m i n i n g c o g n i t i v e and l i n g u i s t i c 

outcomes. 

Cummins a t tempted t o make sense out o f t h e c o n f l i c t i n g d a t a by 

p r o p o s i n g i n the T h r e s h o l d Hypothes is t h a t t h e r e may be a t h r e s h o l d 

l e v e l o f b i l i n g u a l a b i l i t y t h a t must be a t t a i n e d by a l e a r n e r i n 

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

t h r e s h o l d beyond which p o s i t i v e c o g n i t i v e e f f e c t s a s s o c i a t e d w i t h 

b i l i n g u a l i s m would b e g i n t o m a n i f e s t t h e m s e l v e s . To t h i s 

h y p o t h e s i s , Cummins l a t e r added t h e In te rdependence H y p o t h e s i s 

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

p r o f i c i e n c y upon which a l l l anguages , f i r s t o r second can draw, and 
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that because of this, learning a second language need not detract 
from ling u i s t i c a b i l i t y in the f i r s t language. It was determined, 
that, due to a chronic lack of definition of terms, the Threshold 
Hypothesis i s more appropriately classified as an heuristic than as 
a test hypothesis. 

The Threshold Hypothesis has been a source of controversy since i t s 
introduction. Criticisms of i t have been launched on conceptual, 
philosophical, and analytical grounds, and a c r i t i c a l assessment of 
these critiques was undertaken in this chapter. Conceptual concerns 
can be gathered under two main headings: the d i f f i c u l t y in 
isolating a psycholinguistic factor of language proficiency from 
sociolinguistic concerns, and problems involving definition of 
constructs. Of major import among the latter are what has been 
termed "cognitive issues." Several authors have been highly 
c r i t i c a l of Cummins' conceptualization of cognition, and, because 
of this, an in depth examination of Cummins' own statements 
relating to cognition and cognitive issues was undertaken. It was 
discovered that Cummins views cognition as consisting of a core of 
"basic" cognitive a b i l i t i e s that are distinct from cognitive 
a b i l i t i e s accrued through learning in the various subject areas, 
but are capable of being affected by such learning. Essentially a 
proponent of Vygotsky's theoretical position on language and 
cognition, Cummins sees language as a particularly powerful 
influence on cognitive a b i l i t y , and second language learning as 
having a unique capacity to affect cognitive development as a 
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r e s u l t o f i t s b e i n g a b l e t o generate a q u a l i t a t i v e l y d i f f e r e n t k i n d 

o f feedback f o r the l e a r n e r . C r i t i c i s m s of the d e f i n i t i o n s , o r l a c k 

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

competence, and degree o f b i l i n g u a l i s m were a l s o p r o b e d and found 

t o be j u s t i f i e d . 

i 
P h i l o s o p h i c a l c o n c e r n s c l u s t e r e d around c l a i m s t h a t t h e T h r e s h o l d 

H y p o t h e s i s i s a d e f i c i t h y p o t h e s i s which c a s t s s e c o n d language 
i 

l e a r n e r s a t the lower end o f the degree o f b i l i n g u a l i s m s c a l e i n a 

n e g a t i v e l i g h t , and c o m p l a i n t s t h a t t h e r e i s a b i a s i n Cummins* 

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

s c i e n t i f i c r e s e a r c h t r a d i t i o n ! over n a t u r a l i s t i c i n q u i r y . The use o f 

t h e r e s u l t s o f s t a n d a r d i z e d t e s t s and averaged d a t a was 

p a r t i c u l a r l y c r i t i c i z e d . Support was found f o r b o t h t h e s e c h a r g e s . 

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

m e t h o d o l o g i c a l i n a d e q u a c i e s o f t h e s t u d i e s upon which Cummins 

c o n s t r u c t e d t h e T h r e s h o l d H y p o t h e s i s . P a s t and r e c e n t r e v i e w s o f 

t h e m e t h o d o l o g i e s employed i n r e s e a r c h i n t o t h e c o g n i t i v e 

consequences o f b i l i n g u a l i s m h i g h l i g h t e d prob lems o f i n t e r n a l and 

e x t e r n a l v a l i d i t y i n even the most c a r e f u l l y c r a f t e d d e s i g n s . As a 

r e s u l t , whether t h e r e i s a r e l a t i o n s h i p a t a l l between b i l i n g u a l i s m 

and c o g n i t i v e a b i l i t y has been c a l l e d i n t o q u e s t i o n by R e y n o l d s . 
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Chapte r 2. A CRITIQUE OF CONNECTIONISM 

2.1 H i s t o r i c a l P e r s p e c t i v e 

U n d e r s t a n d i n g t h e mind may no t be as i n t r i c a t e as our v a n i t y 

hoped o r our i n t e l l e c t f e a r e d . 

R o d o l f o L l i n a s , 1986 

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

p r e o c c u p i e d humankind, and o p i n i o n s on t h i s t o p i c have a lways been 

c o n t e n t i o u s . As f a r back as the f i f t h and f o u r t h c e n t u r i e s B . C . , 

Greek p h i l o s o p h e r s debated the i s s u e s and took t h e i r s t a n d s : P l a t o 

p o s t u l a t e d t h a t the w o r l d c o u l d be d i v i d e d i n t o two, t h e w o r l d o f 

s e n s i b i l i a ( the p h y s i c a l wor ld) and t h e w o r l d o f i n t e l l i g i b i l i a 

( the n o n - p h y s i c a l w o r l d ) , and t h a t Knowledge o f R e a l i t y was t o be 

f o u n d o n l y i n t h e n o n - p h y s i c a l w o r l d , t h e p r o p e r sphere o f 
i ; 

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

D e m o c r i t u s , on t h e o t h e r hand , c l a i m e d t h a t t h e w o r l d was made up 

o f fundamenta l p a r t i c l e s c a l l e d atoms which l i n k e d t o g e t h e r i n 

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

t h a t s i n c e humans were mere ly h i g h l y complex c o m b i n a t i o n s o f the 

fundamenta l p a r t i c l e s , human minds were f u n d a m e n t a l l y m a t e r i a l , 

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

t h e i r o r g a n i z a t i o n . Thus Democr i tus e x p r e s s e d what has come t o be 

known as t h e materialist v iew o f the mind , w h i l e P l a t o adhered t o 

a dualist p e r s p e c t i v e , and , though volumes upon volumes o f t e x t s 
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have been w r i t t e n s i n c e t h e i r day , contemporary u p h e a v a l s i n 
i 

p h i l o s o p h i c a l t h i n k i n g s t i l l f o l l o w r o u g h l y t h e same f a u l t l i n e s . 

The problem o f the nature o f c o n s c i o u s i n t e l l i g e n c e o r the mind has 

been termed t h e ontological p rob lem o r t h e "mind-body" p r o b l e m , 

w h i c h , a c c o r d i n g t o P a u l C h u r c h l a n d , a t tempts t o d e a l w i t h 

q u e s t i o n s o f t h e t y p e : 

What i s the r e a l n a t u r e o f menta l s tat .es and p r o c e s s e s ? In 

what medium do t h e y t ake p l a c e , and how a r e t h e y r e l a t e d t o 
' i ' 

t h e p h y s i c a l wor ld? W i l l my c o n s c i o u s n e s s s u r v i v e t h e 

d i s i n t e g r a t i o n o f my p h y s i c a l body? Or w i l l i t d i s a p p e a r 

f o r e v e r as my b r a i n ceases t o f u n c t i o n ? Is i t p o s s i b l e t h a t a 

p u r e l y p h y s i c a l system such as a computer c o u l d be c o n s t r u c t e d 

so as t o e n j o y r e a l c o n s c i o u s i n t e l l i g e n c e ? Where do minds 

come from? What a r e they? ( C h u r c h l a n d , 1984, p . 7 ) . 

Rumina t ions on t h e s e q u e s t i o n s have l e d no t o n l y t o the b a s i c 

d u a l i s t and m a t e r i a l i s t 1 d i v i s i o n s i n p h i l o s o p h i c a l t h i n k i n g , but 

t o s p l i n t e r i n g o f o p i n i o n s w i t h i n t h e s e two camps. D u a l i s m , f o r 

example , has s p l i t i n t o " s u b s t a n c e d u a l i s m " , which c o n s i d e r s the 

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

body ( the o p i n i o n o f P l a t o and l a t e r D e s c a r t e s ) , and " p r o p e r t y 

d u a l i s m " , i n wh ich , though the substance o f the mind i s conceded t o 

1 Sometimes r e f e r r e d t o as " m o n i s t , " as m a t e r i a l i s m i s 
sometimes r e f e r r e d t o as "monism." 
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be t h e b r a i n , the mind i t s e l f i s thought t o have s p e c i a l n o n -

p h y s i c a l p r o p e r t i e s possessed by no o t h e r p h y s i c a l o b j e c t , as w e l l 

as i n t o s e v e r a l d i f f e r e n t f l a v o u r s w i t h i n t h e s e two s u b d i v i s i o n s 

(see C h u r c h l a n d , 1984, c h a p . 2 ) . M a t e r i a l i s m has a l s o spawned a 

number o f d i f f e r e n t l i n e s o f t h i n k i n g . " P h i l o s o p h i c a l 

b e h a v i o u r i s m " , f o r example, c l a i m s t h a t any s ta tement about a 

menta l s t a t e can be r e p h r a s e d without loss of meaning i n t o a 

s ta tement about t h e b e h a v i o u r t h a t would r e s u l t i n a p a r t i c u l a r 

o b s e r v a b l e c i r c u m s t a n c e . "Reduct ive m a t e r i a l i s m " , commonly r e f e r r e d 

t o as the " i d e n t i t y t h e o r y " o r the " i d e n t i t y p rob lem" , on the o t h e r 

h a n d , p o s t u l a t e s t h a t menta l s t a t e s a r e i d e n t i c a l t o p h y s i c a l 

s t a t e s o f the b r a i n o r c e n t r a l nervous system and f o r e s e e s t h a t , as 

man 1 s knowledge o f the work ings o f t h e b r a i n grows, everyday 

t h e o r i e s about mental f u n c t i o n i n g w i l l be reduced t o t h e o r i e s about 

b r a i n f u n c t i o n i n much t h e same way as c l a s s i c a l mechanics 

(Newtonian mechanics) was .succeeded by E i n s t e i n ' s t h e o r y o f 

r e l a t i v i t y . As t h e p o p u l a r i t y o f b e h a v i o u r i s m waned, i t was 

supp lan ted by " f u n c t i o n a l i s m " , the c e n t r a l premise o f which i s " the 

t h e s i s t h a t menta l s t a t e s a r e d e f i n e d i n terms o f t h e i r a b s t r a c t 

c a u s a l r o l e s w i t h i n the wider i n f o r m a t i o n - p r o c e s s i n g system" (P. S . 

C h u r c h l a n d , 1986, p . 351) , t h a t i s , a g i v e n menta l s t a t e i s 

c o n s i d e r e d t o have " a b s t r a c t c a u s a l r e l a t i o n s t o e n v i r o n m e n t a l 

i n p u t , t o o t h e r i n t e r n a l s t a t e s , and t o o u t p u t " ( i b i d . ) . The h e i r 

t o a b a t t e r e d and b r u i s e d i d e n t i t y t h e o r y was " e l i m i n a t i v e 

m a t e r i a l i s m " which s i d e - s t e p p e d t h e p i t f a l l t h a t t r i p p e d i t s 

p r e c u r s o r , t h e demand f o r a neat o n e - t o - o n e match-up between what 
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has been c o i n e d " f o l k p s y c h o l o g y " , our common sense u n d e r s t a n d i n g 

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

c r i t i c s t h a t no such match-up would be f o r t h c o m i n g . The r a t i o n a l e 

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

no t t h a t o f d e t r a c t o r s o f the i d e n t i t y t h e o r y , t h a t a " g r e a t 

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

t h e r e q u i r e d f u n c t i o n a l o r g a n i z a t i o n " (P. M. C h u r c h l a n d , 1984, 

p . 4 3 ) . S u c c e s s f u l r e d u c t i o n between t h e n e u r o s c i e n t i f i c 

u n d e r s t a n d i n g o f the m i n d / b r a i n and f o l k p s y c h o l o g y w i l l not o c c u r , 

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

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

i n c l u d i n g our mental s t a t e s a re r a d i c a l l y m i s g u i d e d . So t h e debate 
i 

has r a g e d and s t i l l r a g e s o n . (See S e a r l e , 1992, f o r a r e c e n t u p ­

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

A t f i r s t g l a n c e , i t i s h a r d t o u n d e r s t a n d why t h e r e i s so much 

d i s s e n s i o n among p h i l o s o p h e r s on t h i s q u e s t i o n o f how mind and body 

a r e l i n k e d . On c l o s e r i n s p e c t i o n , however , i t becomes e v i d e n t t h a t 

the o n t o l o g i c a l problem i s not d i s c r e t e : t h e i s s u e s s u r r o u n d i n g i t 
i • 

o v e r l a p onto t e r r i t o r i e s c o v e r e d by s e m a n t i c s , e p i s t e m o l o g y , and 

methodology. The semantical problem speaks t o q u e r i e s as t o how our 

common-sense v o c a b u l a r y o f p s y c h o l o g i c a l f u n c t i o n i n g g e t s i t s 

meaning. In essence i t i n s i s t s t h a t i f we a r e t o a t tempt t o f i n d a 

work ing r e l a t i o n s h i p between the mind and the body , we must f i r s t 

have a c l e a r i d e a o f how i t i s t h a t the mind forms t h e c o n c e p t s 
i 

l i n k e d t o t h e words i n q u e s t i o n . In o t h e r t e r m s , t h e s e m a n t i c a l 
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p r o b l e m a s k s how i t i s t h a t words come t o be m e a n i n g f u l , and how 

meaning becomes w o r d f u l . The epistemological p r o b l e m , on the o t h e r 

hand, d i r e c t s i t s a t t e n t i o n t o the q u e s t i o n o f how human b e i n g s can 

a c q u i r e knowledge o f t h e i n n e r work ings o f c o n s c i o u s , i n t e l l i g e n t 

minds, t h e i r own and those o f o t h e r s . T h u s , t h e f i r s t p a r t o f t h i s 

p r o b l e m d e a l s w i t h c o n c e r n s about self-consciousness: How i s i t 

t h a t a person comes t o have "an immediate and p r i v i l e g e d knowledge 

o f [ h i s o r her] own s e n s a t i o n s , e m o t i o n s , b e l i e f s , d e s i r e s , and so 

f o r t h ? How i s t h i s p o s s i b l e ? And j u s t how t r u s t w o r t h y i s t h a t 

knowledge?" (P. M. C h u r c h l a n d , 1984, p . 67 ) . The second p a r t o f t h e 

e p i s t e m o l o g i c a l p rob lem examines how we know t h a t someth ing o t h e r 

t h a n o u r s e l v e s (an a l i e n b e i n g , a computer , o r even a comatose 

human) i s o r i s not a c o n s c i o u s b e i n g , p o s s e s s i n g t h o u g h t s and 

f e e l i n g s : What a r e t h e s t a n d a r d s we use o r s h o u l d use? How do we 

judge? T h i s i s t h e prob lem o f other minds. C r u c i a l l y i m p o r t a n t t o 

t h e s o l u t i o n o f a l l o f t h e above prob lems i s t h e methodological 

problem which addresses the i s s u e o f what a r e the b e s t i n t e l l e c t u a l 
•I 

methods t o employ i n a s c i e n c e o f mind, a t o p i c upon which t h e r e i s 

l i t t l e agreement , though a l l p a r t i e s do agree on t h e n e c e s s i t y o f 

p u r s u i n g i n v e s t i g a t i o n s i n t o how the mind works. Approaches t o d a t e 

have v a r i e d from idealism, i n which t h e fundamenta l s t u f f o f 

e x i s t e n c e i s c o n s i d e r e d t o be mind , no t m a t t e r , t o phenomenology 

whose a d v o c a t e s a r e o f the o p i n i o n t h a t t h e methods t h a t g u i d e 

s c i e n c e cannot l e a d t o a t r u e u n d e r s t a n d i n g o f t h e n a t u r e o f mind 

s i n c e " the w o r l d - o f - o u r - e x p e r i e n c e i s i n l a r g e measure a 

c o n s t r u c t e d w o r l d " (P. M. C h u r c h l a n d , 1984, p . 8 5 ) , t o 
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methodological behaviourism which at tempts t o r e c o n s t r u c t a s c i e n c e 

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

h y p o t h e t i c o - d e d u c t i v e methods o f t h e p h y s i c a l s c i e n c e s s u c h as 
i 

c h e m i s t r y and p h y s i c s , on t o : t h e cognitive/computational approach 

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

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

i n f o r m a t i o n - b e a r i n g i n t e r n a l s t a t e s i n i n t e l l i g e n t c r e a t u r e s which 

i n t e r a c t c o l l e c t i v e l y t o form t h e mind ( t h i s i s t h e s o - c a l l e d 

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

t h e "bot tom-up" p e r s p e c t i v e o f methodological materialism whose 
j . . • 

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

t h e nervous s y s t e m , and t h a t , c o n s e q u e n t l y , t h e b e s t manner i n 

w h i c h t o g a i n a c c e s s t o the n a t u r e o f c o g n i t i v e a c t i v i t y i s t o 

i n v e s t i g a t e the f u n c t i o n i n g o f t h e nervous system i t s e l f , t h a t i s 

t o s a y , t o s tudy the b e h a v i o u r o f i t s m i c r o s c o p i c 2 e l e m e n t s , t h e i r 

c o n n e c t i o n s and i n t e r a c t i o n s , and t h e i r development o v e r t ime as 

w e l l as t h e i r c o n t r o l o v e r b e h a v i o u r . 

E v i d e n t l y , t h e n , t h e r e i s good r e a s o n f o r t h e l a c k o f c o n c e r t e d 

o p i n i o n on the nature o f the r e l a t i o n s h i p between t h e mind and t h e 

2 With t o d a y ' s t e c h n o l o g i c a l e x p e r t i s e , t h e degree o f " m i c r o " 
i n v e s t i g a t i o n t h a t can be a t t a i n e d i s a s t o n i s h i n g . T e c h n i q u e s have 
been d e v e l o p e d which have e l u c i d a t e d the f u n c t i o n i n g o f s i n g l e 
m a c r o - m o l e c u l e s s u c h as i o n c h a n n e l s , as w e l l a s i o n s t h e m s e l v e s 
w i t h i n the c e l l s , a l l o f which has added an i n c r e d i b l e r i c h n e s s and 
depth t o e a r l i e r d i s c o v e r i e s o f nervous system f u n c t i o n u s i n g l e s s 
p o w e r f u l i n v e s t i g a t o r y t o o l s . Hence , i t c o u l d be s a i d t h a t w i t h i n 
the d e s i g n a t i o n o f " m i c r o s c o p i c " as a l e v e l o f i n v e s t i g a t i o n , t h e r e 
i s now a m u l t i p l i c i t y o f l e v e l s o f i n v e s t i g a t i o n . In o t h e r wor ds , 
one p e r s o n ' s m i c r o i s ano ther p e r s o n ' s macro . 
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body! I n c l u s i o n o f these a s s o c i a t e d problems i n t o the sphere o f the 

o n t o l o g i c a l p rob lem b r i n g s about a quantum i n c r e a s e i n the 

complex i ty o f the i s s u e s . However, j u s t as t h e o n t o l o g i c a l prob lem 
• i 

; I 

cannot be c l e a n l y s e p a r a t e d from t h e - s e m a n t i c a l , e p i s t e m o l o g i c a l , 

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

problems a re not c a t e g o r i c a l l y d i s c r e t e . T h i s i s p a r t i c u l a r l y c l e a r 

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

advocated: Is i t not more p r o p e r , f o r example , t o c o n s i d e r some o f 

t o d a y ' s a r t i f i c i a l i n t e l l i g e n c e models i n which a g r e a t d e a l o f the 
i 

s t r u c t u r a l d e t a i l i s based on the f i n e - g r a i n e d s t r u c t u r e o f the 
, • ? ! ! • ' ! ! • , I 

. . I, | : I , , 

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

as o f t h e i n f o r m a t i o n p r o c e s s i n g approach? 

The a r b i t r a r i n e s s o f many o f t h e l i n e s drawn between the 

m e t h o d o l o g i c a l approaches o u t l i n e d gave b i r t h t o a more s y n t h e t i c 

a p p r o a c h , which came i n t o prominence i n t h e l a t e 1970s and e a r l y 

1980s, c a l l e d connectionism, but a l s o e n t i t l e d " p a r a l l e l 

d i s t r i b u t e d p r o c e s s i n g " 3 (see Rumelhart & M c C l e l l a n d , 1986, V o l . I, 

c h a p . 2 ) . C l a r k (1989) says t h a t c o n n e c t i o n i s m i s 

f\ • - 1 

an a t tempt t o p r o v i d e s l i g h t l y more b i o l o g i c a l l y r e a l i s t i c 

mode ls o f m ind . Such m o d e l s , though h a r d l y a c c u r a t e 

b i o l o g i c a l l y , a r e a t l e a s t inspired by t h e s t r u c t u r e o f t h e 

b r a i n . Moreover , they a re t a i l o r e d . . . t o e v o l u t i o n a r i l y b a s i c 

3 However, i n r e c e n t t imes i ! these i terms have come t o r e p r e s e n t 
d i f f e r e n t s u b - d i v i s i o n s w i t h i n the d i s c i p l i n e . T h i s i s d i s c u s s e d a t 
the end o f t h i s s e c t i o n . 
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p r o b l e m - s o l v i n g needs, l i k e p e r c e p t u a l p a t t e r n c o m p l e t i o n . . . . 

[and a l though] [b]oth our deeper e x p l a n a t o r y u n d e r s t a n d i n g o f 

c o g n i t i o n and on some o c c a s i o n s our a c t u a l p r o c e s s i n g 

s t r a t e g i e s may w e l l demand the use o f h i g h e r l e v e l , s y m b o l i c , 

n e o c l a s s i c a l d e s c r i p t i o n s . . . ' . c o n n e c t i o n i s t models o f f e r 

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

p r o p e r t i e s t h a t seem t o be q u i t e e s s e n t i a l t o what we c o n s i d e r 

i n t e l l i g e n t t h o u g h t , (p. 8 3 ) . 

S i n c e the t h e o r e t i c a l models o f mind deve loped by c o n n e c t i o n i s m a r e 

i n s t a n t i a t e d i n computer m o d e l s , c o n n e c t i o n i s m r e a c h e s i n t o a t 

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

i n t e l l i g e n c e , and c o g n i t i v e p s y c h o l o g y , and e x i s t s a t the i n t e r f a c e 

o f a l l t h r e e (and b e y o n d ) . 
j 

The r e l a t i o n s h i p s w i t h i n t h i s t r i a d can be d e s c r i b e d i n s imp le 

terms as f o l l o w s : c o g n i t i v e p s y c h o l o g y deepens our 

u n d e r s t a n d i n g o f the b e h a v i o u r a l phenomena t o be e x p l a i n e d ; 

computa t iona l n e u r o s c i e n c e s t u d i e s how t h e n e u r o n s , t h e b a s i c 

u n i t s o f t h e b r a i n , when g i v e n a s e n s o r y i n p u t p a t t e r n , 

i n t e g r a t e the i n f o r m a t i o n and compute an o u t p u t which 

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

i n f o r m a t i o n o b t a i n e d from n e u r o s c i e n t i f i c s t u d i e s t o b u i l d 

" b i o l o g i c a l l y v a l i d " models o f b r a i n systems ( e . g . t h e v i s u a l 

system) t o see i f b e h a v i o u r a l t e n d e n c i e s o b s e r v e d i n humans 

(and o t h e r an imals ) can be r e p r o d u c e d . When t h e y a r e 
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r e p r o d u c e d s u c c e s s f u l l y , i t can be c o n c l u d e d t h a t t h e model 

must mimic t o some degree the c o n n e c t i v i t y o f t h a t same system 

i n the b r a i n i t s e l f and hence knowledge o f the modus operandum 

o f t h a t system has been g a i n e d 4 . (Hawson, i n p r e s s - b ) . 

T h i s dependency on e m p i r i c a l r e s e a r c h i n t h e s c i e n c e s , as w e l l as 

t h e c o n c e p t u a l i z a t i o n o f t h e mind as t h e p r o d u c t o f e l e m e n t a l 

b i o l o g i c a l p r o c e s s e s , t h e n , p l a c e s connec t ion ism v e r y f i r m l y i n t h e 
i ; 

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

D e m o c r i t u s . 

The p r e m i s e s o f c o n n e c t i o n i s m have, ! o f c o u r s e , been s u b j e c t t o 

c r i t i c a l rev iew, not o n l y from d u a l i s t s , but a l s o from m a t e r i a l i s t s 

o f the n o n - c o n n e c t i o n i s t p e r s u a s i o n , as w e l l as by some who, w h i l e 

persuaded o f the v a l u e o f c o n n e c t i o n i s m , f e e l t h a t c l a i m s as t o i t s 

e x p l a n a t o r y power may have been o v e r b l o w n . (For example , see 

S m o l e n s k y , 1988; C l a r k , 1989.) One f a m i l i a r g e n e r a l c r i t i c i s m o f 

c o n n e c t i o n i s t t h i n k i n g i s t h a t i t i s t o o " r e d u c t i o n i s t " : many 

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

t h a t menta l s t a t e s w i l l be r e d u c i b l e ! t o b r a i n s t a t e s as knowledge 

4 The degree of mimicry t h a t i s ach ieved between c o n n e c t i o n i s t 
models and a c t u a l b r a i n systems, however, i s an i s s u e t h a t s t i r s up 
c o n s i d e r a b l e d e b a t e . I t i s contended by e x p e r i m e n t e r s t h a t t h e 
m a c r o s c o p i c b e h a v i o u r o f a system may be r e p r o d u c e d t h r o u g h 
j u d i c i o u s ad jus tments t o model parameters (commonly c a l l e d 
" tweak ing") w i t h o u t m i m i c k i n g t o any s i g n i f i c a n t degree t h e 
u n d e r l y i n g p r o c e s s e s i n the b r a i n . C h u r c h l a n d and Se jnowsk i (1992, 
p p . 1 3 0 - 1 3 7 ) , on the o t h e r hand , argue t h a t a model n e t t h a t i s 
h i g h l y c o n s t r a i n e d by b i o l o g i c a l d a t a can a c h i e v e a h i g h degree o f 
o v e r l a p w i t h r e a l n e u r a l n e t s i n terms o f "parameter s p a c e " . T h i s 
p rob lem w i l l be d i s c u s s e d i n more d e t a i l l a t e r ( i n t h i s c h a p t e r . 
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of b r a i n f u n c t i o n i n g i n c r e a s e s . I t !has been p o i n t e d out by P a t r i c i a 

C h u r c h l a n d (1986, p . 2 7 8 ) , however, t h a t t h e terms " r e d u c t i o n i s m " 

and " r e d u c t i o n i s t " a re not used c o n s i s t e n t l y i n the l i t e r a t u r e , and 

a r e o f t e n employed as e p i t h e t s o f abuse o r i n s u l t . To be l a b e l l e d 

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

C h u r c h l a n d ' s o p i n i o n , and so as t o c o n s t r u c t an a c c u r a t e f raming o f 

t h e sense i n which c o n n e c t i o n i s m i s r e d u c t i o n i s t , she has t r e a t e d 

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

N e u r o p h i l o s o p h y ( C h u r c h l a n d , 1986, c h a p . 7 ) . , Her p o i n t o f v iew i s 

e x p r e s s e d s u c c i n c t l y be low: 

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

i s f i r s t and foremost a r e l a t i o n between t h e o r i e s . Most 

s i m p l y , one t h e o r y , the reduced theory T R , s tands i n a c e r t a i n 

r e l a t i o n . . . t o another more b a s i c t h e o r y T B . S ta tements t h a t 

a phenomenon P R reduces t o another phenomenon P B a re d e r i v a t i v e 

upon t h e more b a s i c c l a i m t h a t t h e theory t h a t c h a r a c t e r i z e s 

the f i r s t reduces t o the theory t h a t c h a r a c t e r i z e s the s e c o n d , 

(p.278) 

• i 

Thus statements c l a i m i n g t h a t a c e r t a i n phenomenon has been r e d u c e d 

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

u n d e r l y i n g t h e f i r s t phenomenon has been r e d u c e d t o t h e t h e o r y 

u n d e r l y i n g t h e second phenomenon: 

F o r example , t h e c l a i m t h a t l i g h t has been r e d u c e d t o 
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e l e c t r o m a g n e t i c r a d i a t i o n means (a) t h a t t h e t h e o r y o f o p t i c s 

has been r e d u c e d t o t h e t h e o r y o f e l e c t r o m a g n e t i c r a d i a t i o n 

and (b) t h a t t h e t h e o r y o f o p t i c s i s r e d u c e d i n such a way 

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

r a d i a t i o n , (p.279) 

What i s important i n t h i s e l u c i d a t i o n o f the i s s u e s i s the emphasis 

t h a t i t p l a c e s on the requ i rement t h a t , f o r a s u c c e s s f u l 

i n t e r t h e o r e t i c r e d u c t i o n t o t a k e p l a c e , both t h e o r i e s must be 

" c o r r e c t " 5 , a t l e a s t as f a r as c u r r e n t knowledge g o e s : s h o u l d 

e i t h e r one be even p a r t l y e r roneous , whether due t o f a l s e l o g i c , an 

incomple te i n f o r m a t i o n b a s e , o r o t h e r such i n a d e q u a c i e s , c o m p l e t e l y 

s u c c e s s f u l r e d u c t i o n cannot be expec ted . Indeed, r e d u c t i o n s between 
, j 

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

t h e r e b y c r e a t i n g an ana logue o f the o r i g i n a l . In c a s e s o f extreme 

wrongmindedness, complete e l i m i n a t i o n o f the r e d u c e d t h e o r y may be 

mandated. 

How much o f , o r how c l o s e l y , the o l d t h e o r y i s m i r r o r e d i n the 

a n a l o g u e v a r i e s from case : t o c a s e and i s a f u n c t i o n o f how 

much c o r r e c t i o n the o l d theory r e q u i r e s . Most o f the t h e o r y o f 
i ' 

o p t i c s c o u l d be p r e s e r v e d , o n l y some o f c l a s s i c a l 
. i . . • 

the rmodynamics , and a lmost n o t h i n g o f t h e c a l o r i c t h e o r y o f 

5 I t i s r e c o g n i z e d t h a t the c o r r e c t n e s s o f any t h e o r y i s never 
a b s o l u t e as i t i s a f u n c t i o n o f the d a t a chosen t o form t h e b a s i s 
of the t h e o r y , and t h i s may be d e f i c i e n t i n many ways, o u t - o f - d a t e , 
i l l - c h o s e n , i n s u f f i c i e n t , i m p r e c i s e and so o n . 
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hea t and t e m p e r a t u r e , (p.283) 

S i n c e one o f t h e major b e n e f i t s o f i n t e r t h e o r e t i c r e d u c t i o n i s 

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

r e s p o n d i n g t o c r i t i c s o f c o n n e c t i o n i s m . I m p l i c i t i n many o f the 

c r i t i c i s m s is t h e assumpt ion t h a t any new t h e o r y o f menta l s t a t e s 

must be a b l e t o e x p l a i n the. c o n c e p t u a l i z a t i o n s o f menta l s t a t e s 

w h i c h have emerged from d i f f e r e n t t h e o r e t i c a l p e r s p e c t i v e s . I f , 

however, the theory t o be reduced r e q u i r e s s u b s t a n t i a l c o r r e c t i o n , 

no smooth r e d u c t i o n w i l l , nor s h o u l d b e , f o r t h c o m i n g , and t h e g o a l 

o f e x p l a n a t o r y u n i f i c a t i o n w i l l not be a t t a i n e d . In such a c a s e , 

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

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

t h e o r y . A f a r more s a t i s f a c t o r y s i t u a t i o n a r i s e s i f t h e o r i e s a t 

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

i n one a r e a t o i n f o r m and i n i t i a t e m o d i f i c a t i o n i n t h e o t h e r , t h e 

u l t i m a t e g o a l b e i n g t o c o n s t r u c t a grand u n i f y i n g t h e o r y o f the 

t o p i c under i n v e s t i g a t i o n . H a p p i l y , c o - e v o l u t i o n o f t h e o r i e s has 

a l r e a d y o c c u r r e d i n , f o r example, the f i e l d s o f t r a n s m i s s i o n and 

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

r e s e a r c h on memory c a r r i e d out i n the f i e l d s o f n e u r o b i o l o g y , 

n e u r o l o g y , and psycho logy (see P. S. C h u r c h l a n d , 1986, p . 285) . F o r 

such c o - e v o l u t i o n t o d e v e l o p , however, t h e r e must be an openness on 

t h e p a r t o f t h e o r i s t s (as w e l l as e x p e r i m e n t a l i s t s , p h i l o s o p h e r s , 

l i n g u i s t s , e t c . ) t o the p o s s i b i l i t y o f e r r o r w i t h i n the p r e m i s e s o f 

t h e i r espoused t h e o r y , h e n c e , i t i s a rgued by c o n n e c t i o n i s t s , f o r 
! 
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r e s e a r c h e r s i n t o the n a t u r e o f mind to i n s i s t t h a t our i n t u i t i v e 

u n d e r s t a n d i n g o f mental s t a t e s and p r o c e s s e s cannot be i n e r r o r i s 
' ! ! ' • ' ' ! 

t o beg t h e v e r y q u e s t i o n b e i n g examined. (See a l s o S e a r l e , 1992, 
; i 

pp.144-149 f o r a d i s c u s s i o n o f t h i s p o i n t . ) F u r t h e r m o r e , i n h e r e n t 

i n the t r i a d i c r e l a t i o n s h i p of t h e d i s c i p l i n e s which form t h e r o o t 

t h e o r i e s o f c o n n e c t i o n i s m , the main g o a l o f which i s t o a r r i v e a t 

a " u n i f i e d s c i e n c e o f the m i n d / b r a i n " (P. S . C h u r c h l a n d , 1986, see 

s u b t i t l e o f t e x t ) , i s t h e p o t e n t i a l f o r t h e emergence o f such a 

u n i f y i n g t h e o r y through c o - e v o l u t i o n of t h e o r e t i c a l p r o g r e s s i n the 

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

p s y c h o l o g y . N e v e r t h e l e s s , c o n n e c t i o n i s t s a r e o f t e n t o be found i n 

the e l i m i n a t i v e m a t e r i a l i s t p h i l o s o p h i c a l camp ( f o r example S t i c h , 

1988; P . M. C h u r c h l a n d , 1989, p p . ; 125-127) w h i c h , i t may be 

remembered, f a v o u r s the e l i m i n a t i o n o f e r r o n e o u s t h e o r i e s r a t h e r 
I 

' t 

than t h e i r r e d u c t i o n . For these p h i l o s o p h e r s , f o l k p s y c h o l o g y , "our 

commonsense c o n c e p t u a l framework f o r mental phenomena" ( C h u r c h l a n d , 

P. M . , 1989, p . 2 ) , i s mere ly a rough and r e a d y , s u b j e c t i v e , and 

c u l t u r a l l y s p e c i f i c theory of mental p r o c e s s e s , which may be p roven 

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

on t h i s s t a n c e , t h e n , t h a t c o n n e c t i o n i s t s a r e o f t e n t a k e n t o t a s k 

(see f o r example S e a r l e , 1992, chap.j 1 ) . 

One o f t h e most prominent c r i t i c s o f the e l i m i n a t i v e m a t e r i a l i s t 

s t a n c e o f c o n n e c t i o n i s m i s J o h n S e a r l e . He has a rgued ( S e a r l e , 

1992) t h a t e l i m i n a t i o n o f f o l k p s y c h o l o g y t h r o u g h i n t e r t h e o r e t i c 

r e d u c t i o n i s i m p l a u s i b l e because 
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[ f ] o l k p s y c h o l o g y i n c l u d e s such c l a i m s as t h a t p e o p l e 

sometimes d r i n k because they are , t h i r s t y and e a t because t h e y 

a r e h u n g r y ; t h a t they have d e s i r e s and b e l i e f s , t h a t some o f 

t h e s e b e l i e f s a r e t r u e , o r a t l e a s t f a l s e ; t h a t some b e l i e f s 

a r e b e t t e r s u p p o r t e d than o t h e r s ; t h a t p e o p l e sometimes do 

something because they want t o do i t ; t h a t they sometimes have 

p a i n s ; and t h a t t h e s e aire o f t e n ; u n p l e a s a n t . And so - more o r 

l e s s i n d e f i n i t e l y - o n . . . . I f the theory g o e s , the t h e o r e t i c a l 

e n t i t i e s go w i t h i t : t o demonst ra te t h e f a l s e h o o d o f f o l k 

psycho logy would be t o remove any j u s t i f i c a t i o n f o r a c c e p t i n g 

t h e e x i s t e n c e o f the f o l k p s y c h o l o g i c a l e n t i t i e s , (p . 6 ) . 

As a l l o f the c l a i m s d e t a i l e d above a r e s u r f a c e phenomena o f 

c o n s c i o u s i n t e l l i g e n c e i n humans, S e a r l e i s a l s o m a i n t a i n i n g i n h i s 

l i n e o f a rgumenta t ion t h a t c o n s c i o u s n e s s w i l l n o t be r e d u c i b l e t o 

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

c o n s c i o u s n e s s i s i n c o n s e q u e n t i a l , o r a t l e a s t "has no deep 

consequences" (p. 118), because i t " i s a t r i v i a l consequence o f the 

pragmat ics o f our d e f i n i t i o n a l p r a c t i c e s " ( p . 1 2 2 ) . T a k i n g t h e c a s e 

o f the " r e d u c t i o n " o f the phenomenon o f hea t t o t h e k i n e t i c energy 

o f m o l e c u l a r m o t i o n , S e a r l e a rgues t h a t i n such i n t e r t h e o r e t i c 

r e d u c t i o n s the s u r f a c e or s u b j e c t i v e appearances o f t h e phenomenon 
i 

a r e e x p l a i n e d as b e i n g caused by t h e b e h a v i o u r o f some u n d e r l y i n g 
i 

m i c r o s t r u c t u r e . When t h i s e x p l a n a t i o n i s a c c e p t e d as p l a u s i b l e , 
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[wje then redefine heat . . . i n terms o f t h e u n d e r l y i n g c a u s e s 

o f b o t h t h e s u b j e c t i v e e x p e r i e n c e s and o t h e r s u r f a c e 

phenomena. And i n the r e d e f i n i t i o n we e l i m i n a t e any r e f e r e n c e 

t o the s u b j e c t i v e appearances and o ther s u r f a c e e f f e c t s of the 

u n d e r l y i n g c a u s e s . " R e a l " heat i s now d e f i n e d i n terms o f t h e 

k i n e t i c energy of the m o l e c u l a r movements, and t h e s u b j e c t i v e 

f e e l o f hea t t h a t we ge t when we t o u c h a h o t o b j e c t i s now 

t r e a t e d as j u s t a s u b j e c t i v e appearance caused by h e a t , as an 

e f f e c t o f h e a t . I t i s no l o n g e r p a r t o f r e a l h e a t . (p . 119) . 

As S e a r l e e x p l a i n s , however , t h i s does no t e l i m i n a t e t h e a c t u a l 

e x p e r i e n c e o f hea t as a v a l i d phenomenon. In t h e c a s e o f 

c o n s c i o u s n e s s , the f o r m u l a o u t l i n e d above o f c a r v i n g o f f the 

s u b j e c t i v e exper ience of the phenomenon from i t s " r e a l i t y " does no t 

work and cannot work a c c o r d i n g t o S e a r l e f o r the s imp le reason t h a t 

where c o n s c i o u s n e s s i s c o n c e r n e d t h e r e a l i t y is t h e " a p p e a r a n c e " : 

C o n s c i o u s n e s s f a i l s t o be r e d u c i b l e , no t because o f some 
i 

myste r ious f e a t u r e , but s imply because by d e f i n i t i o n i t f a l l s 

o u t s i d e t h e p a t t e r n o f r e d u c t i o n t h a t we have chosen t o use 

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

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

But u n l i k e s o l i d i t y , c o n s c i o u s n e s s cannot be r e d e f i n e d i n 

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

f e a t u r e s t h e n t r e a t e d as mere e f f e c t s o f r e a l c o n s c i o u s n e s s , 

w i t h o u t l o s i n g t h e p o i n t o f h a v i n g t h e c o n c e p t o f 
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c o n s c i o u s n e s s i n t h e f i r s t p l a c e , (p. 123) 

S h o u l d t h e s e s t a n d a r d p a t t e r n s o f r e d u c t i o n change as a r e s u l t o f 

a major i n t e l l e c t u a l r e v o l u t i o n , however, S e a r l e can e n v i s a g e the 

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

coming a b o u t . F i n a l l y and u n e x p e c t e d l y , however , i n musing on 

v a r i o u s approaches t o r e p r e s e n t i n g the p r o c e s s i n g o f i n f o r m a t i o n by 

t h e b r a i n , S e a r l e a r r i v e s a t a d e f e n s e o f c o n n e c t i o n i s m : 

Among t h e i r o t h e r m e r i t s , a t l e a s t some c o n n e c t i o n i s t models 

show how a system might c o n v e r t a m e a n i n g f u l i n p u t i n t o a 

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

o r o ther s o r t s o f meaningfu l phenomena i n between. T h i s i s not 

t o s a y t h a t e x i s t i n g c o n n e c t i o n i s t models a r e c o r r e c t -

perhaps they are a l l wrong. But i t i s t o say t h a t they a re not 

a l l o b v i o u s l y f a l s e o r i n c o h e r e n t i n t h e way t h a t the 

t r a d i t i o n a l c o g n i t i v i s t models t h a t v i o l a t e t h e c o n n e c t i o n 

p r i n c i p l e a r e . (p. 246) 

The s u b j e c t o f t h e d i f f e r e n c e between " t r a d i t i o n a l c o g n i t i v i s t 

m o d e l s " and c o n n e c t i o n i s t models h i g h l i g h t e d by S e a r l e i s an 

i m p o r t a n t one which has been e x p l o r e d i n f i n e d e t a i l by P a u l 

Smolensky. 

In a landmark paper which s t i r r e d up enormous c o n t r o v e r s y (see 

Smolensky, 1988, pp . 23 -74) , Smolensky, who i s h i m s e l f a r e s e a r c h e r 
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and advocate of the c o n n e c t i o n i s t approach t o m o d e l l i n g c o g n i t i o n , 

examined connec t ion ism w i th a view t o a t tempt ing t o " a r t i c u l a t e the 

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

and t h e r e l a t i o n s presumed t o l i n k i t w i t h t h e o t h e r t h e o r e t i c a l 

frameworks o f c o g n i t i v e s c i e n c e " (Smolensky, 1988, p . 2 ) . He l a b e l s 

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

t h e PTC a p p r o a c h : t h e P r o p e r Treatment o f C o n n e c t i o n i s m . Though a 

b e l i e v e r i n c o n n e c t i o n i s m , h i s b e l i e f s about c o n n e c t i o n i s t models 

a re not u n c r i t i c a l l y weighted towards the p o s i t i v e . In f a c t , i n t h e 

i n t r o d u c t o r y p a s s a g e s o f h i s famous paper he l a y s out an a lmost 

equa l number o f p o s i t i v e and n e g a t i v e assessments o f c o n n e c t i o n i s t 

m o d e l l i n g i n an even-handed and c o n t r a d i c t o r y f a s h i o n . F o r 

i n s t a n c e , Smolensky (1988, p p . 2-3) r e p o r t s t h a t , among o t h e r 

t h i n g s , he b e l i e v e s . 

i 

(1) a . I t i s f a r from c l e a r whether c o n n e c t i o n i s t models have 

adequate c o m p u t a t i o n a l power t o p e r f o r m h i g h - l e v e l c o g n i t i v e 

taslCS • • • * 
i 

(1) c . I t i s f a r f rom c lear ! t h a t c o n n e c t i o n i s t models can 

c o n t r i b u t e t o the s t u d y o f human c o m p e t e n c e . . , . 

w h i l e a t t h e same t ime b e l i e v i n g . 

(1) g . I t i s v e r y l i k e l y t h a t c o n n e c t i o n i s t models w i l l t u r n 

out t o o f f e r c o n t r i b u t i o n s t o the m o d e l l i n g of human c o g n i t i v e 
I 
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per fo rmance on h i g h e r l e v e l t a s k s t h a t a r e a t l e a s t as 

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

(1) i . I t i s l i k e l y t h a t c o n n e c t i o n i s t models w i l l o f f e r the 

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

mind /body p r o b l e m . 

One o f S m o l e n s k y ' s major i n t e r e s t s i n c a r r y i n g out t h i s d e t a i l e d 

a n a l y t i c a l i n v e s t i g a t i o n o f c o n n e c t i o n i s m was t o e s t a b l i s h the 

" l e v e l o f a n a l y s i s " a t which c o n n e c t i o n i s t models o f c o g n i t i o n 
. ; i 

o p e r a t e . In h i s o p i n i o n , t h i s i s n e i t h e r a t t h e n e u r a l l e v e l , as 

has been p r o p o s e d by many, nor a t t h e " s y m b o l i c " l e v e l adopted by 

t r a d i t i o n a l c o g n i t i v e models o f c o g n i t i o n , bu t a t a s o - c a l l e d 

• • ! i 
" s u b s y m b o l i c " l e v e l somewhere between t h e two. D e f i n i n g the 

t r a d i t i o n a l approach t o c o g n i t i v e m o d e l l i n g as t h e symbolic 

paradigm ( d e t a i l s o f which w i l l be d i s c u s s e d below) , he goes on t o 

e x p l a i n t h a t i n t h e PTC approach t o c o n n e c t i o n i s m t h e c o r r e c t 

p e r s p e c t i v e t o adopt i s t h a t o f the subsymbolic paradigm wh ich " i s 

i n t e n d e d t o s u g g e s t c o g n i t i v e d e s c r i p t i o n s b u i l t up o f e n t i t i e s 

t h a t cor respond t o constituents o f the symbols used i n the s y m b o l i c 

p a r a d i g m ; t h e s e f i n e - g r a i n e d c o n s t i t u e n t s c o u l d be c a l l e d 
j j 

sub symbols, and t h e y a r e t h e a c t i v i t i e s o f i n d i v i d u a l p r o c e s s i n g 
I ; 

u n i t s i n c o n n e c t i o n i s t networks" ( p . ' 3 ) . As Smolensky p o i n t s o u t , 

t h e models emanat ing from bo th the s y m b o l i c and s u b s y m b o l i c 

parad igms can be a n a l y z e d a t v a r i o u s l e v e l s , bu t he s u g g e s t s t h a t 

the p r e f e r r e d l e v e l o f a n a l y s i s f o r models o f the s y m b o l i c parad igm 
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i s t h e conceptual l e v e l , w h i l e t h a t o f t h e subsyi r ibol ic i s the 

subconceptual. S i n c e the l e v e l o f a n a l y s i s adopted " g r e a t l y 

c o n s t r a i n s the f o r m a l i s m f o r a n a l y s i s " (p . 3 ) , and s i n c e 

" [ p ] r o b a b l y the most s t r i k i n g f e a t u r e o f the c o n n e c t i o n i s t approach 

i s the change i n formal ism r e l a t i v e t o t h e s y m b o l i c a p p r o a c h " (pp. 

3 - 4 ) , Smolensky goes t o g r e a t l e n g t h s t o e l a b o r a t e how work ing a t 

the subsymbol ic l e v e l a l t e r s f o r m u l a t i o n s o f c o g n i t i v e pe r fo rmance . 

He n o t e s t h a t : 

S i n c e the b i r t h o f c o g n i t i v e s c i e n c e , language has p r o v i d e d 

t h e dominant t h e o r e t i c a l mode l . Formal c o g n i t i v e models have 

taken t h e i r s t r u c t u r e from the syntax o f fo rmal languages , and 

t h e i r conten t from the semant ics o f n a t u r a l language. The mind 

has been taken t o be a machine f o r fo rma l symbol m a n i p u l a t i o n , 

and the symbols manipulated! have assumed e s s e n t i a l l y t h e same 
i 

s e m a n t i c s as words o f E n g l i s h , (p. 4) 

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

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

c o n n e c t i o n i s t models , however, i s a dynamical system i n wh ich " the 

s t a t e o f t h e system i s a n u m e r i c a l v e c t o r e v o l v i n g i n t ime 

a c c o r d i n g t o d i f f e r e n t i a l e v o l u t i o n e q u a t i o n s " (p . 6 ) . A t any 

moment i n such a s y s t e m , the s t a t e v e c t o r (which d e t e r m i n e s t h e 

b e h a v i o u r a l output ) i s r e p r e s e n t e d as a p a t t e r n o f a c t i v i t y 

s c a t t e r e d over a wide d i s t r i b u t i o n iof u n i t s , each o f which computes 

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

s y s t e m . T h u s , the meaning • o f a u n i t ' s a c t i v i t y v a l u e i n a 

c o n n e c t i o n i s t model cannot be l i k e n e d t o an e lement o f a n a t u r a l 

l a n g u a g e , such as a word, as i n a t r a d i t i o n a l c o g n i t i v e mode l : 

because many u n i t s a re a c t i v e i n the r e p r e s e n t a t i o n o f any c o n c e p t , 

t h e u n i t s t h e m s e l v e s do no t have c o n c e p t u a l s e m a n t i c s , but 

s u b c o n c e p t u a l . In o ther words, t h e a c t i v i t y v a l u e o f a u n i t has no 

r e c o g n i z a b l e meaning t o u s , a p o i n t which r e f e r s back t o S e a r l e ' s 

argument above which c a s t s doubt on t h e n o t i o n o f t h e e x i s t e n c e o f 

" m e a n i n g f u l phenomena", o r " u n i v e r s a l grammars" o f v a r i o u s k i n d s , 
I ' i 

which i n t e r c e d e c a u s a l l y between m e a n i n g f u l i n p u t and m e a n i n g f u l 
i 

o u t p u t . H igher l e v e l or "hard" b e h a v i o u r s such as " r u l e f o l l o w i n g " 

i n a language a r e b e t t e r d e s c r i b e d , a c c o r d i n g t o t h i s v i e w , as 

emergent p r o p e r t i e s of an i n h e r e n t l y " s o f t " system i n which no such 

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

unders tand the c a u s a l f a c t o r s f o r h i g h , c o n c e p t u a l - l e v e l b e h a v i o u r 

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

s h i f t " which i s no t n e c e s s a r y i n t r a d i t i o n a l models i n v o l v i n g t h e 

symbol ic paradigm, one which moves the semant ics o f the d e s c r i p t i o n 

away from l a n g u a g e , and i n t o t h e r e a l m o f m a t h e m a t i c s . 

As was ment ioned above , though the l e v e l a t which c o n n e c t i o n i s t 

models f u n c t i o n i s lower than the s y m b o l i c l e v e l , i t i s s t i l l 

h i g h e r than the n e u r a l l e v e l d e s p i t e the f a c t t h a t much of what has 

been l e a r n e d about b r a i n p r o c e s s i n g has been i n c o r p o r a t e d i n t o 

model d e s i g n s . T h i s l a c k of " n e u r a l r e a l i s m " has been a n o t h e r 
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source of criticism of connectionist models. There i s no doubt, 
however, that the functioning of connectionist models i s much 

i 

closer to the neural level than that of symbolic models, and some 
connectionist models which are designed specifically to test 
theories of brain functioning of more fundamental a b i l i t i e s such as 
visual functioning come very close to being "neural models". 
According to Smolensky, neural models of cognitive behaviour are 
not yet feasible, not for want of data on the brain, but for want 
of the right kind of data: 

Our information about the nervous system tends to describe i t s 
structure, not i t s dynamic behavior. Subsymbolic systems are 
dynamical systems with certain kinds of differential equations 
governing their dynamics. If we knew which dynamical variables 
in the neural system for some cognitive task were the c r i t i c a l 
ones for performing that task, and what the "equations of 

• j 

motion" were for those variables, we could use that 
i 

information to build neurally f a i t h f u l cognitive models. But 
generally what we know are endless static properties of how 
the hardware i s arranged, (p. 10) 

Thus, only a model of the brain which provides a description at the 
neural level can legitimately be called a neural model. 
Nevertheless, connectionist models can provide approximate 
descriptions of the functioning of the brain at a higher than 
neural level, that i s , at a subconceptual level, and though 
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approximate , the d e s c r i p t i o n of the m i c r o s t r u c u r e o f c o g n i t i o n t h a t 

t h e y o f f e r i s more p r e c i s e by f a r than t h a t o f s y m b o l i c mode ls . 

Smolensky c l a r i f i e s the r e l a t i o n s h i p between s y m b o l i c and 

s u b s y m b o l i c models o f c o g n i t i o n as f o l l o w s : 

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

c o g n i t i o n , whereas s y m b o l i c models p r o v i d e an approx imate 

d e s c r i p t i o n o f the m a c r o s t r u c t u r e . An i m p o r t a n t j o b o f 

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

r e s p e c t s i n which the symbol ic a p p r o x i m a t i o n i s v a l i d , and t o 
i i 

e x p l a i n why (p. 12 ) . 

In o t h e r words , t h e j o b o f s u b s y m b o l i c t h e o r y i s t o t r y t o r e d u c e 

s y m b o l i c t h e o r y by e x p l a i n i n g a t a more fundamenta l l e v e l how 

s y m b o l i c phenomena a r i s e , and i n the p r o c e s s t o c o r r e c t any 

apparent e r r o r s . Churchland and Se jnowsk i (1992) , however , r espond 

t o " l a c k o f r e a l i s m " c r i t i c i s m s o f c o n n e c t i o n i s t models i n a 

d i f f e r e n t manner: they q u e s t i o n no t j u s t t h e p r a c t i c a l i t y bu t a l s o 

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

s c i e n t i f i c t r a d i t i o n no model i s 100%1 r e a l i s t i c , and moreover , need 

not be 100% r e a l i s t i c i n o r d e r t o be a good and u s e f u l m o d e l . 

S p e a k i n g o f models o f b r a i n f u n c t i o n i n g e n e r a l , t h e y comment: 

R e a l i s t i c one-upmanship needs t o be put i n p e r s p e c t i v e . F i r s t , 

models t h a t a re e x c e s s i v e l y r i c h may mask t h e v e r y p r i n c i p l e s 

the models were b u i l t t o r e v e a l . In the most extreme c a s e , i f 
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a model i s e x a c t l y as r e a l i s t i c as t h e human b r a i n , t h e n the 

c o n s t r u c t i o n and the a n a l y s i s may be e x p e n s i v e i n 

c o m p u t a t i o n a l and human t ime and hence i m p r a c t i c a l . . . . 

m o d e l l i n g may be a s t u l t i f y i n g u n d e r t a k i n g i f one s l a v i s h l y 

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

m o d e l , t h e b e t t e r i t i s . E v e r y l e v e l needs models t h a t a r e 

s i m p l i f i e d w i th r e s p e c t t o l e v e l s below i t , bu t m o d e l l i n g can 

proceed v e r y w e l l i n p a r a l l e l , a t many l e v e l s o f o r g a n i z a t i o n 

a t the same t i m e , where s e n s i b l e d e c i s i o n s a re made about what 

d e t a i l t o i n c l u d e and what t o i g n o r e . There i s no d e c i s i o n 

p r o c e d u r e f o r d e c i d i n g what t o i n c l u d e , though e x t e n s i v e 

knowledge o f t h e nervous system t o g e t h e r w i t h p a t i e n c e and 

i m a g i n a t i o n are advantageous. The b e s t d i r e c t i v e we c o u l d come 

up w i t h i s t h e w o e f u l l y vague r u l e o f thumb: make t h e model 

s imp le enough t o r e v e a l what i s i m p o r t a n t , bu t r i c h enough t o 

i n c l u d e whatever i s r e l e v a n t t o t h e measurements needed , (p. 

137) 

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

c o g n i t i o n may have been p r o v i d e d by C l a r k (1989) who m a i n t a i n s t h a t 

t h e r e a r e two t y p e s o f c o g n i t i v e s c i e n c e : descriptive cognitive 

science wh ich "a t tempts t o g i v e a f o r m a l t h e o r y o r model o f t h e 

s t r u c t u r e o f the a b s t r a c t domain o f t h o u g h t s , u s i n g t h e computer 

program as a t o o l o r medium" (p .153 ) , and causal cognitive science 

w h i c h "a t tempts t o g i v e an account o f t h e i n n e r c o m p u t a t i o n a l 

c a u s e s o f t h e i n t e l l i g e n t b e h a v i o u r s t h a t form t h e b a s i s f o r the 
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a s c r i p t i o n o f thoughts" (p. 154) . C o n n e c t i o n i s t o r , more g e n e r a l l y , 

s u b c o n c e p t u a l models a r e undoubted ly c a u s a l , w h i l e t r a d i t i o n a l o r 

s y m b o l i c models a r e more d e s c r i p t i v e . The impor tance o f the 

d i s t i n c t i o n made by C l a r k l i e s i n . t h e l i g h t i t sheds on t h e 

f u t i l i t y o f compar ing t h e per fo rmances o f models o f c o g n i t i v e 

b e h a v i o u r which have a r i s e n out o f t h e d i f f e r e n t d i v i s i o n s i n 

c o g n i t i v e s c i e n c e : s i n c e they have e n t i r e l y d i f f e r e n t g o a l s they 

a r e h a r d l y i n c o m p e t i t i o n w i t h one a n o t h e r . In s p i t e o f t h e f a c t 

t h a t b o t h C l a r k and Smolensky a r e : c o n v i n c e d o f t h e v a l u e o f 

c o n n e c t i o n i s t models o f b e h a v i o u r , t h e y do not b e l i e v e t h a t h i g h e r 
i > : 

l e v e l s y m b o l i c models o f c o g n i t i o n have n o t h i n g t o o f f e r t o t h e 

s t u d y o f c o g n i t i o n . Though " [ a ] c c o r d i n g t o t h e s u b s y m b o l i c 

paradigm, the u n i t y u n d e r l y i n g c o g n i t i o n i s t o be found no t a t the 

c o n c e p t u a l l e v e l , but r a t h e r a t t h e s u b c o n c e p t u a l l e v e l , where 

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

r i c h v a r i e t y o f g l o b a l b e h a v i o u r s " (Smolensky, 1988, p . 2 2 ) , C l a r k 

f o r e s e e s t h e p o s s i b i l i t y t h a t "we may v iew t h e c o n s t r u c t s o f 

s y m b o l i c AI [ A r t i f i c i a l I n t e l l i g e n c e ] , not as mere a p p r o x i m a t i o n s 

t o t h e c o n n e c t i o n i s t c o g n i t i v e t r u t h , but as a means o f 

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

groups o f c o g n i t i v e sys tems" ( C l a r k , 1989, p . 200 ) . 

And so t h e debate as t o the n a t u r e o f c o n s c i o u s i n t e l l i g e n c e and 

how b e s t t o i n v e s t i g a t e i t rages on and (to borrow S e a r l e ' s phrase) 
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more o r l e s s i n d e f i n i t e l y o n 6 . In; the meantime, as t h e amount o f 

d a t a on b r a i n p r o c e s s i n g has i n c r e a s e d , t h e s o p h i s t i c a t i o n and 

power o f c o n n e c t i o n i s t models o f 1 b r a i n f u n c t i o n has e v o l v e d 

a c c o r d i n g l y : r e s e a r c h e r s have c o n s t r u c t e d h i g h l y r e a l i s t i c work ing 

models o f b r a i n systems such as the v i s u a l s y s t e m , wh ich they 

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

t h e n o b s e r v e how t h e model r e c o v e r s i t s f u n c t i o n i n o r d e r t o g a i n 

i n s i g h t i n t o the r e c o v e r y o f the b r a i n i t s e l f ( K o s s l y n e t a l . , 

1990a, 1990b) ; models which have been c r e a t e d t o s t u d y the 

mechan ics o f s p a t i a l r e p r e s e n t a t i o n i n t h e v i s u a l sys tem have 

d i s c o v e r e d t h a t the response p r o p e r t i e s of u n i t s i n the model mimic 

t h e r e s p o n s e p r o p e r t i e s o f neurons i n t h e v i s u a l system o f the 

b r a i n (Anderson & Z i p s e r , 1990) ; language a c q u i s i t i o n i s b e i n g 

m o d e l l e d ( P l u n k e t t & Marchman, 1991) , and r o b o t s w i t h s e n s e s such 

as v i s i o n , t o u c h and k i n e s t h e s i a a r e b e i n g d e v i s e d t o s t u d y how 

p e r c e p t u a l c a t e g o r i z a t i o n i s b u i l t up i n t h e b r a i n (Edelman & 

Reeke, 1990) 7 . B u t , i t may be p r o t e s t e d , how much o f t h i s i s t r u l y 

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

c o n s c i o u s n e s s i s g a i n e d by m o d e l l i n g t h e v i s u a l system? How i s 

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

i n v e s t i g a t e d ? The s h o r t answer i s t h a t nobody r e a l l y knows. No one 

has y e t d i s c o v e r e d a " s e a t o f c o n s c i o u s n e s s " i n t h e b r a i n , nor by 

6 For a r e c e n t up -da te on the i s s u e s , p a r t i c u l a r l y t h e r o l e o f 
s c i e n c e i n t h e s t u d y o f c o n s c i o u s n e s s , see Horgan , 1994. 

7 Of major concern t o c r i t i c s of , t h i s type o f m o d e l l i n g i s t h e 
f a c t t h a t they a re more i n the b u s i n e s s o f m imic ry t h a n p r e d i c t i o n 
o f outcome, as i s more normal i n the s c i e n t i f i c t r a d i t i o n . 
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some e s t i m a t e s a r e they l i k e l y t o do s o , s i n c e much e v i d e n c e now 

p o i n t s t o the f a c t t h a t awareness, which a c c o r d i n g t o C r i c k (1994) 

i s synonymous w i t h c o n s c i o u s n e s s , i s r e p r e s e n t e d i n t h e b r a i n i n a 

w i d e l y d i s t r i b u t e d f a s h i o n (see f o r example , P. S . C h u r c h l a n d , 

1986, c h a p . 5; C r i c k & K o c h , 1992) . In t h e . o p i n i o n o f C r i c k and 

Koch (1992) , however , t o be a b l e t o e x p l a i n visual awareness o r 

c o n s c i o u s n e s s , a w e l l - s t u d i e d ( phenomenon compared t o o t h e r a s p e c t s 

o f c o n s c i o u s n e s s , must be t o have s o l v e d a t l e a s t a p i e c e o f the 

p u z z l e . And what has been l e a r n e d about v i s u a l awareness so f a r 

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

and Koch (1992) n o t e : 

j 

Al though the main f u n c t i o n o f the v i s u a l system i s t o p e r c e i v e 

o b j e c t s and e v e n t s i n the w o r l d around u s , t h e i n f o r m a t i o n 

a v a i l a b l e t o our eyes i s no t s u f f i c i e n t by i t s e l f t o p r o v i d e 

the b r a i n w i th i t s unique i n t e r p r e t a t i o n o f t h e v i s u a l w o r l d . 

The b r a i n must use p a s t e x p e r i e n c e ( e i t h e r i t s own o r t h a t o f 
i 

our d i s t a n t a n c e s t o r s , which i s embedded i n our genes) t o h e l p 

i n t e r p r e t the i n f o r m a t i o n coming i n t o our e y e s . (pp. 153-154) 

Hence, i f i t i s conceded that ' " l e a r n i n g and memory a r e a t t h e dead 

c e n t e r o f c o g n i t i o n , i f a n y t h i n g i s " (P. S . C h u r c h l a n d , 1986, p . 

151), i t must be r e c o g n i z e d t h a t the dependence o f v i s u a l awareness 

on exper ience o r l e a r n i n g means t h a t t h e s t u d y o f c o n s c i o u s n e s s i s 

no t s e p a r a b l e from the s tudy o f c o g n i t i o n . F u r t h e r m o r e , i t has 

become e v i d e n t t h a t , f o r forms o f awareness o t h e r t h a n t h e most 
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f l e e t i n g , a t t e n t i o n i s n e c e s s a r y , ; a n d , o f c o u r s e , a t t e n t i o n has 

l o n g been known t o i n t e r a c t w i t h the p r o c e s s o f e n c o d i n g memories 

(see C r i c k , 1994, c h a p . 5 ) . T h u s , t h e s t u d y o f c o n s c i o u s n e s s 
•j 

mandates a knowledge o f the b r a i n ' s a t t e n t i o n a l mechanisms, as w e l l 

as a knowledge o f how memories a r e encoded , p r e s e n t l y s u b j e c t s o f 

i n t e n s i v e r e s e a r c h i n i n f o r m a t i o n p r o c e s s i n g and the n e u r o s c i e n c e s . 

I t i s f o r t h i s r e a s o n , t h a t C r i c k c r i t i c i z e s t h e c o n s e r v a t i v e 

a t t i t u d e s o f s c i e n t i s t s who c a r r y out r e s e a r c h i n t h e s e a r e a s but 

who r e f u s e t o t a c k l e the prob lem o f c o n s c i o u s n e s s , p r e f e r r i n g t o 

c o n s i d e r i t a p h i l o s o p h i c a l m a t t e r . In C r i c k ' s o p i n i o n , 

[ i j t w i l l no l o n g e r do t o s t u d y i n d e t a i l some p a r t i c u l a r 

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

q u e s t i o n : What happens i n the b r a i n t o make us s e e . A layman 

would r e g a r d such an a t t i t u d e as e x c e s s i v e l y narrow-minded and 

he would be r i g h t . As I have t r i e d t o show, t h e prob lem o f 

v i s u a l awareness i s approachable now, b o t h e x p e r i m e n t a l l y and 

t h e o r e t i c a l l y . What i s more, by a c t i v e l y c o n f r o n t i n g t h e 
i 

p r o b l e m , one b e g i n s t o t h i n k i n new ways; t o ask f o r 

i n f o r m a t i o n (e . g . , on dynamic paramete rs o r s h o r t - t e r m 

memory) t h a t had p r e v i o u s l y appeared t o be i r r e l e v a n t o r o f 

l i t t l e i n t e r e s t . I hope t h a t b e f o r e l o n g e v e r y l a b o r a t o r y 

work ing on the v i s u a l system of man and t h e o t h e r v e r t e b r a t e s 
i 

w i l l have a l a r g e s i g n p o s t e d on i t s w a l l s , r e a d i n g : 

CONSCIOUSNESS NOW. ( C r i c k , 1994, p . 253 ) . 
! 
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In a d v o c a t i n g t h e p u r s u i t o f c o n s c i o u s n e s s , f rom a "bot tom-up" 

s c i e n t i f i c p e r s p e c t i v e , C r i c k i s echo ing the c a l l o f c o n n e c t i o n i s t s 

f o r t h e i n c l u s i o n o f s c i e n t i f i c t h e o r i z i n g i n t h e s o l v i n g o f 

complex problems such as c o n s c i o u s n e s s and c o g n i t i o n w h i c h , i n the 

p a s t , have been seen as o u t s i d e the r e a l m o f s c i e n t i f i c i n q u i r y a t 

i t s most fundamenta l l e v e l s . That such c a l l s a r e somewhat 

o v e r e n t h u s i a s t i c a t t imes i s unders tandable g i v e n the r e s i s t a n c e o f 

t h e d i s c i p l i n e s which have l o n g c o n s i d e r e d t h e s e t o p i c s t o b e l o n g 

e x c l u s i v e l y i n t h e i r t e r r i t o r y . 

i : ! 
Examinat ion of the problems s u r r o u n d i n g t h e s t u d y o f c o n s c i o u s n e s s 

f rom b o t h t o p down and bottom up p e r s p e c t i v e s , t h e r e f o r e , have 

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

complex phenomenon, and t h i s i n h e r e n t c o m p l e x i t y o f c o n s c i o u s n e s s 

has been w e l l c a p t u r e d by one p a r t i c u l a r " d e f i n i t i o n " c i t e d by 

C r i c k (1994) a t the b e g i n n i n g o f h i s t e x t : 

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

f e e l i n g s ; awareness . The term i s i m p o s s i b l e t o d e f i n e excep t 

i n terms t h a t a r e u n i n t e l l i g i b l e w i t h o u t a g r a s p o f what 

c o n s c i o u s n e s s means. Many f a l l i n t o t h e t r a p o f e q u a t i n g 

c o n s c i o u s n e s s w i th s e l f - c o n s c i o u s n e s s - t o be c o n s c i o u s i t i s 

o n l y n e c e s s a r y t o .be aware o f t h e e x t e r n a l w o r l d . 

C o n s c i o u s n e s s i s a f a s c i n a t i n g but e l u s i v e phenomenon; i t i s 

i m p o s s i b l e t o s p e c i f y what i t i s , what i t d o e s , o r why i t 

evolved. N o t h i n g worth r e a d i n g has e v e r been w r i t t e n on i t . 
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S t u a r t S u t h e r l a n d , 

The I n t e r n a t i o n a l D i c t i o n a r y o f 

P s y c h o l o g y 

In the f a c e o f the e l u s i v e n e s s , c o m p l e x i t y arid myste ry o f t h e t r u e 

n a t u r e o f c o n s c i o u s n e s s , i t would appear r e a s o n a b l e t o s t a l k i t 

c a u t i o u s l y but de te rmined ly a l o n g s e v e r a l f r o n t s , as was s u g g e s t e d 

by C l a r k and Smolensky, i n c l u d i n g those c u r r e n t l y b e i n g e x p l o r e d by 

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

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

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

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

J u s t as C r i c k narrowed the focus o f h i s s e a r c h f o r an u n d e r s t a n d i n g 

o f c o n s c i o u s n e s s t o v i s u a l c o n s c i o u s n e s s , i n a t t e m p t i n g t o 

u n d e r s t a n d t h e f i n e s t r u c t u r e of. c o g n i t i o n , a n o t h e r complex 

phenomenon, i t would seem p r u d e n t t o t a r g e t o n l y one a s p e c t o f 

c o g n i t i o n i n o r d e r t o i n c r e a s e the chances o f r e a c h i n g some 

s a t i s f a c t o r y c o n c l u s i o n s as t o i t s n a t u r e and i t s w o r k i n g s . F o r 

e d u c a t o r s , the na ture of the l e a r n i n g p r o c e s s e s o f the b r a i n a r e o f 

the utmost impor tance , and s i n c e t h i s d i s s e r t a t i o n i s e x p l o r i n g t h e 

r e l a t i o n s h i p between second language l e a r n i n g and academic 

achievement , o f c e n t r a l concern here w i l l be how w e l l c o n n e c t i o n i s m 
•j i i 

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

not e x c l u s i v e l y , as t h i s i s r e l a t e d t o second language l e a r n i n g . 
I 
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As has been no ted above , " c o n n e c t i o n i s m " has been c o n s i d e r e d 

synonymous i n t h e p a s t w i t h " p a r a l l e l d i s t r i b u t e d p r o c e s s i n g " . I t 
i 

has a l s o been c o n f u s e d w i t h " n e u r a l n e t m o d e l i n g " , ano ther 

i n f o r m a t i o n p r o c e s s i n g framework. R e c e n t l y , P a t r i c i a Church land and 

T e r r e n c e Se jnowsk i have i n j e c t e d some o r d e r i n t o t h i s muddle by 

c l a r i f y i n g how the meanings o f t h e s e terms have e v o l v e d w i t h t i m e : 

C o i n e d more r e c e n t l y , " c o n n e c t i o n i s m " u s u a l l y r e f e r s t o 

model ing w i th networks t h a t b e a n o n l y s u p e r f i c i a l s i m i l a r i t i e s 

t o r e a l n e u r a l networks, w h i l e " n e u r a l ne t model ing" can c o v e r 

a b r o a d range o f p r o j e c t s . I r o n i c a l l y p e r h a p s , " n e u r a l n e t 

m o d e l i n g " i s u s u a l l y i d e n t i f i e d w i t h computer m o d e l i n g o f 

h i g h l y a r t i f i c i a l nonneurona l n e t w o r k s , o f t e n w i t h m a i n l y 

t e c h n o l o g i c a l s i g n i f i c a n c e such as m e d i c a l d i a g n o s e s i n 

emergency wards. "PDP" ( " p a r a l l e l d i s t r i b u t e d p r o c e s s i n g " ) i s 

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

some computer s c i e n t i s t s who seek t o model r a t h e r h i g h - l e v e l 

a c t i v i t y such as f a c e r e c o g n i t i o n and language l e a r n i n g r a t h e r 

t h a n l o w - l e v e l a c t i v i t y such as v i s u a l mot ion d e t e c t i o n o r 

d e f e n s i v e bending i n the l e e c h . (Churchland & Se jnowsk i , 1992, 

p. 6) 

These a u t h o r s p r e f e r t o c a l l t he approach t h e y t a k e t o m o d e l l i n g 

i n f o r m a t i o n p r o c e s s i n g i n the b r a i n computational neuroscience, an 

approach which "draws on bo th n e u r o b i o l o g i c a l d a t a and 

computa t iona l i d e a s t o i n v e s t i g a t e how n e u r a l networks can produce 
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complex e f f e c t s such as s t e r e o y i s i o n , l e a r n i n g , and a u d i t o r y 

l o c a t i o n o f s o u n d - e m i t t i n g o b j e c t s " ( i b i d . , p . 6 ) . T h i s t a k e on 

i n f o r m a t i o n p r o c e s s i n g i n the b r a i n i s v e r y much i n k e e p i n g w i t h 

t h a t d e t a i l e d by P a u l C h u r c h l a n d (1989) , who has d e s c r i b e d 

c o n n e c t i o n i s m as "a r e c e n t l y developed t h e o r e t i c a l and e x p e r i m e n t a l 

a p p r o a c h t o t h e phenomena o f human c o g n i t i o n t h a t i s a t once (a) 

n a t u r a l i s t i c , (b) r e d u c t i o n i s t i c , arid (c) c a p a b l e o f e x p l a i n i n g 

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

i n t r i c a t e dependence on the extended c u l t u r a l s u r r o u n d " (P. M. 

C h u r c h l a n d , p. 130) , and i t i s i n t h i s sense and no o t h e r t h a t t h e 
; i 

terms " c o n n e c t i o n i s m " and " c o n n e c t i o n i s t " s h o u l d be i n t e r p r e t e d 

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

The n a t u r a l i s m and r e d u c t i o n i s m o f connec t ion ism come from s e t t i n g 

down i t s r o o t s i n n e u r o s c i e n t i f i c r e s e a r c h on p l a s t i c i t y o r 

l e a r n i n g 8 i n the b r a i n , human and an ima l ( though i t i s r e c o g n i z e d 

t h a t , as argued above , c o n n e c t i o n i s t models o f b r a i n f u n c t i o n 

o p e r a t e a t a l e v e l above the n e u r a l l e v e l i n g e n e r a l ) ; 

c o n n e c t i o n i s m ' s a b i l i t y t o e x p l a i n the r a d i c a l p l a s t i c i t y o r 

l e a r n i n g c a p a b i l i t y o f the human b r a i n , on t h e o t h e r h a n d , i s 

dependent on t h e a s t u t e n e s s o f i t s p r o p o n e n t s i n a b s t r a c t i n g 

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

8 Due t o t h e f a c t t h a t , as P a t r i c i a C h u r c h l a n d (1986) has 
n o t e d , " [ t ] h e g e n e r a l c a t e g o r y o f l e a r n i n g has f ragmented i n t o a 
v a r i e t y o f k i n d s o f p r o c e s s " (p. 151) , the term l e a r n i n g i s now 
commonly r e p l a c e d by t h e l e s s t h e o r e t i c a l l y burdened term 
p l a s t i c i t y i n many n e u r o s c i e n t i f i c p a p e r s . In t h i s t h e s i s , however , 
" p l a s t i c i t y " as i t r e f e r s t o b r a i n f u n c t i o n w i l l be t a k e n t o be 
synonymous w i t h " l e a r n i n g . " 
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b a s i c s t r u c t u r a l p r i n c i p l e s whicl i can be i n c o r p o r a t e d i n t o the 

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

which can be d e s c r i b e d by c o m p u t a t i o n a l m a t h e m a t i c a l e q u a t i o n s . To 

what e x t e n t c o n n e c t i o n i s t s have been s u c c e s s f u l i n d e p i c t i n g the 

l e a r n i n g p r o c e s s e s i n the b r a i n w i l l be examined be low. 
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2.2 An Examinat ion o f Connec t ion ism w i t h the O b j e c t o f C l a s s i f y i n g 

I t A p p r o p r i a t e l y 

As was d i s c u s s e d a t the end of the p r e v i o u s s e c t i o n , the d e f i n i t i o n 

o f c o n n e c t i o n i s m which w i l l be adhered t o t h r o u g h o u t t h i s 

d i s s e r t a t i o n i s t h a t o f P a u l C h u r c h l a n d (1989, p . 130; a l s o see 

g l o s s a r y ) . Churchland has termed c o n n e c t i o n i s m a "new approach [ to 

t h e phenomena o f c o g n i t i o n ] . . . which r e s i d e s a t t h e i n t e r f a c e o f 

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

i n t e l l i g e n c e " (p. 130) . A l t h o u g h c o m p u t a t i o n a l n e u r o s c i e n c e i s 

ment ioned as o n l y one o f the d i s c i p l i n e s f e e d i n g i n t o 

c o n n e c t i o n i s m , C h u r c h l a n d ' s d e s c r i p t i o n of c o n n e c t i o n i s m i s seen as 

h a v i n g much i n common w i t h the d e f i n i t i o n o f " c o m p u t a t i o n a l 

n e u r o s c i e n c e " adopted by P a t r i c i a Smith C h u r c h l a n d and T e r r e n c e 
i : ; ' 

Sejnowski (1992) which they term "an e v o l v i n g approach t h a t aims t o 
i i 

d i s c o v e r the p r o p e r t i e s c h a r a c t e r i z i n g and the p r i n c i p l e s g o v e r n i n g 
: 1 i . 

neurons and networks o f neurons" (p. 6) . The u n d e r s t a n d i n g o f 

c o n n e c t i o n i s m o u t l i n e d i n t h e s e d e s c r i p t i o n s s h o u l d not be 

c o n f u s e d , t h e r e f o r e , w i th n o t i o n s which p e r c e i v e c o n n e c t i o n i s m as 

"model ing w i th networks t h a t bear o n l y s u p e r f i c i a l s i m i l a r i t i e s t o 

r e a l n e u r a l networks" ( i b i d . ) . In the con tex t o f t h i s d i s s e r t a t i o n , 

t h e c r i t i c a l f e a t u r e o f c o n n e c t i o n i s m as d e t a i l e d by C h u r c h l a n d ' s 

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

c a p a b i l i t y ) o f the human b r a i n . 
i 1 

The d e f i n i t i o n chosen r e f e r s t o c o n n e c t i o n i s m as an " a p p r o a c h . " 
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T h i s i s c o n s i s t e n t w i t h the t e r m i n o l o g y u s e d by C h u r c h l a n d and 

S e j n o w s k i , "an e v o l v i n g a p p r o a c h " , i n r e f e r r i n g t o c o m p u t a t i o n a l 

n e u r o s c i e n c e , as w e l l as w i t h t h a t o f C l a r k (1989, p p . 118-119) 

when d i s c u s s i n g "PDP [ p a r a l l e l d i s t r i b u t e d p r o c e s s i n g ] approaches" 

t o m o d e l l i n g human c o g n i t i o n 1 . I f we t ake an " a p p r o a c h " as meaning 

" t h e method used o r s t e p s t aken i n s e t t i n g about a t a s k " (see 

g l o s s a r y ) , c o n n e c t i o n i s m c o u l d then be c o n s i d e r e d t o be "a method 

t a k e n t o s e t about s t u d y i n g t h e phenomena o f human c o g n i t i o n , 

i n c l u d i n g l e a r n i n g . " In o ther words , c o n n e c t i o n i s m i s perhaps b e s t 

d e s c r i b e d as a m e t h o d o l o g y * , "a s e t o r sys tem o f methods, 

p r i n c i p l e s , and r u l e s used i n a g i v e n d i s c i p l i n e . " T h i s 
i 

c l a s s i f i c a t i o n i s i n k e e p i n g w i t h P a u l C h u r c h l a n d ' s (1984) 
• • • •• i j . 

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

p r o b l e m . " He i n c l u d e s the " c o g n i t i v e / c o m p u t a t i o n a l a p p r o a c h " 

( a r i s i n g from c o g n i t i v e psycho logy and a r t i f i c i a l i n t e l l i g e n c e ) and 

" m e t h o d o l o g i c a l m a t e r i a l i s m " (based on e x a m i n a t i o n o f t h e f i n e ­

g r a i n e d s t r u c t u r e o f nervous system f u n c t i o n ) as d i f f e r e n t 

p e r s p e c t i v e s i n d e a l i n g w i th t h i s prob lem. G iven t h a t c o n n e c t i o n i s m 

amalgamates t h e s e p e r s p e c t i v e s , i t seems e n t i r e l y r e a s o n a b l e t o 

s u g g e s t t h a t i t a l s o f a l l s under the j u r i s d i c t i o n o f the 

m e t h o d o l o g i c a l p r o b l e m . Hence, i t would appear t h a t i t i s 

a p p r o p r i a t e t o c l a s s i f y c o n n e c t i o n i s m as a1 methodology f o r t h e 

s t u d y o f human c o g n i t i o n . 

1 I t may be remembered t h a t C l a r k equates p a r a l l e l d i s t r i b u t e d 
p r o c e s s i n g w i t h c o n n e c t i o n i s m (Clark ' , 1989, p . 83) . 
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The p r e m i s e s upon which c o n n e c t i o n i s m i s c o n s t r u c t e d a r e 

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

p a r t i c u l a r phenomena o f human c o g n i t i o n , f o r example r e c o g n i t i o n 

and u n d e r s t a n d i n g , o r l e a r n i n g , where each model i s "a s i m p l i f i e d 

r e p r e s e n t a t i o n o f a system o r phenomenon w i t h any h y p o t h e s e s 

r e q u i r e d t o d e s c r i b e the system o r e x p l a i n t h e phenomenon" (see 

g l o s s a r y ) . As was argued i n the p r e v i o u s s e c t i o n , c o n n e c t i o n i s t 

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

g o v e r n i n g neurons and n e u r a l networks w i t h i n p a r t i c u l a r n e u r a l 

s y s t e m s , and t h e work ing h y p o t h e s i s * u n d e r p i n n i n g t h e s e models i s 

t h a t emergent p r o p e r t i e s a re h i g h - l e v e l e f f e c t s t h a t depend on 

l o w e r - l e v e l phenomena i n some s y s t e m a t i c way. T u r n i n g t h e 

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

improbable t h a t emergent p r o p e r t i e s a r e p r o p e r t i e s t h a t cannot 

be e x p l a i n e d by l o w - l e v e l p r o p e r t i e s . . . , o r t h a t t h e y a r e i n 
j i ! 

some sense i r r e d u c i b l e , c a u s a l l y sui generis, o r as 

p h i l o s o p h e r s a r e wont t o s a y , " n o m o l o g i c a l l y autonomous", 

meaning r o u g h l y , "not p a r t o f t h e r e s t o f s c i e n c e . " 

(Church land & S e j n o w s k i , 1992, p . 2) 

i 

T h u s , i t would seem a p p r o p r i a t e t o d e s c r i b e c o n n e c t i o n i s m as a 
i 

methodology which g i v e s r i s e t o a p a r t i c u l a r c l a s s o f models o f 

c o g n i t i v e f u n c t i o n , a l l based on a s i n g l e work ing h y p o t h e s i s about 

how t h e b r a i n works . 
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I t w i l l be i n i t s c a p a c i t y t o e f f e c t i v e l y model how t h e b r a i n 

l e a r n s t h a t c o n n e c t i o n i s m w i l l be examined h e r e . 

i I 
I 
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2.3 An Examination of the Validity of Connectionist Models of 
Learning 

2.3.1 Biological constraints on connectionist learning procedures 

The main g o a l o f c o n n e c t i o n i s t r e s e a r c h e r s was, and s t i l l i s , t o 

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

human and a n i m a l . In o r d e r t o do s o , i t i s n e c e s s a r y t o t a k e i n t o 

c o n s i d e r a t i o n e s s e n t i a l e lements o f t h e b r a i n ' s s t r u c t u r e and 

f u n c t i o n , which n e u r o s c i e n t i f i c s t u d i e s have e l u c i d a t e d t o an 

a s t o n i s h i n g degree o f p r e c i s i o n due t o ever improv ing t e c h n o l o g i c a l 

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

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

a v a i l a b l e on t h e b r a i n , however, c o n s t i t u t e s a p rob lem f o r 

c o n n e c t i o n i s t m o d e l l e r s , s i n c e i t would be i m p o s s i b l e , and perhaps 

even c o u n t e r p r o d u c t i v e as C h u r c h l a n d and Se jnowsk i (1992, p . 137) 

have commented, t o i n c l u d e every known d e t a i l . The q u e s t i o n s o f 

which d e t a i l s t o i n c o r p o r a t e i n t o t h e m o d e l , and which t o e i t h e r 

i g n o r e o r t o r e p r e s e n t i n a b s t r a c t form, a re the f i r s t h u r d l e s t h a t 

m o d e l l e r s have t o c l e a r . The d e c i s i o n s made on t h e s e m a t t e r s , o f 

c o u r s e , depend on what l e v e l o f o r g a n i z a t i o n o f b r a i n f u n c t i o n t h e 

model i s a i m i n g t o e l u c i d a t e 1 . As C h u r c h l a n d and S e j n o w s k i have 

noted "[a] model t h a t cap tures t h e s a l i e n t f e a t u r e s o f l e a r n i n g i n 

1 Church land and Sejnowski (1992, p. 11) have i d e n t i f i e d seven 
l e v e l s o f o r g a n i z a t i o n i n the b r a i n , r a n g i n g i n s p a t i a l s c a l e f rom 
t h e m o l e c u l a r , t o the s y n a p t i c , n e u r o n a l , network , map, s y s t e m s , 
and f i n a l l y t o the CNS ( c e n t r a l nervous s y s t e m ) . 
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networks w i l l have a different face from a model that describes the 
NMDA channel2" (Churchland & Sejnowski, 1992, p. 11). These authors 
also point out, nevertheless, that [a model aiming at one level must 
take into account information; available at higher and lower levels 
in order to maintain consistency with;the overall picture of brain 
function, especially as i t relates to the phenomenon being 
modelled. Most connectionist models are models of neural networks, 
and so details of the fundamental elements of neural nets, neurons, 
are usually taken as the starting point in the designs. However, as 
connectionist researchers readily admit, "[b]ecause our knowledge 

of neurons i s incomplete and our computing power i s limited, our 
i 

models are necessarily gross idealizations of real networks of 
neurons" (Hinton, 1992, p.145). That is to say, much but not a l l of 
what i s known about neurons i s incorporated into connectionist 
models. To appreciate to what extent this i s so, i t i s necessary to 
detail the structural and functional aspects of neurons which are 
most salient to connectionist designs. 

Structure and function of neurons 
The typical neuron in the human brain i s an excitable c e l l which 
consists of a cell body out of which have grown a dendritic arbour 

and an axon: the dendritic arbour (or simply dendrites) i s a host 

2 The NMDA "channel" i s more properly termed the NMDA 
receptor. It i s a ligand-gated ion channel which i s implicated in 
certain learning processes and is studied at the molecular level. 
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of f i n e s t r u c t u r e s which c o l l e c t incoming e l e c t r i c a l s i g n a l s 3 f rom 

o t h e r c e l l s , and the axon i s u s u a l l y a l o n g t h i n s t r a n d , b r a n c h i n g 

p r o f u s e l y a t i t s t i p , which c a r r i e s t h e s i g n a l f rom t h e c e l l body 

t o o t h e r n e u r o n s . A t t h e end o f each a x o n a l b r a n c h i s a s t r u c t u r e 

c a l l e d a synaptic terminal o r Jbouton which makes c o n t a c t , though 

no t u s u a l l y p h y s i c a l l y , w i t h t h e d e n d r i t e s o f o t h e r n e u r o n s . A 

synapse i s a f u n c t i o n a l c o n t a c t between n e u r o n s , and c o n s i s t s o f a 

presynaptic t e r m i n a l , a narrow gap, and a postsynaptic s i t e c a p a b l e 

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

w h i c h a r e g e n e r a l l y p a s s e d on by c h e m i c a l s c a l l e d 

neurotransmitters4. The p o s t s y n a p t i c s i t e i s most commonly a 

dendritic spine, a s m a l l outgrowth on a d e n d r i t e , bu t c a n a l s o be 

a s m a l l p o r t i o n o f t h e c e l l body . When i t becomes s u f f i c i e n t l y 

e x c i t e d by incoming s i g n a l s , and t h i s i s determined by the s p e c i f i c 

t h r e s h o l d l e v e l o f a c t i v a t i o n o f the c e l l , the neuron " f i r e s " , t h a t 

i s , i t sends a s e l f - s u s t a i n i n g , r e g e n e r a t i v e " s p i k e " o f e l e c t r i c a l 

a c t i v i t y down i t s axon and through i t s synapses t o as many neurons 

as i t has c o n t a c t e d . A g e n e r a l l y accepted es t imate o f the number o f 

s y n a p t i c c o n n e c t i o n s a neuron makes i s 1000, however, i n some c a s e s 

i t may be as many as 10,000 (see C h u r c h l a n d & S e j n o w s k i , 1992, p . 

51.) Hence, the i n f o r m a t i o n t h a t t h e neuron communicates t o o t h e r s 

3 The " e l e c t r i c a l s i g n a l s " c o l l e c t e d by d e n d r i t e s , and p a s s e d 
on by o t h e r n e u r o n s , a r e c h e m i c a l in ; n a t u r e and a r e c a u s e d by t h e 
i n f l o w and o u t f l u x t h r o u g h t h e c e l l membrane o f c h a r g e d p a r t i c l e s 
c a l l e d i o n s . 

4 E l e c t r i c a l synapses a r e e x c e p t i o n s t o t h i s g e n e r a l p i c t u r e . 
They do make p h y s i c a l c o n t a c t between t h e c e l l s , a l l o w i n g a 
b i d i r e c t i o n a l f l o w o f i o n s . ! 
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about i t s state o r activity, (encoded i n i t s r a t e o f f i r i n g ) i s 

passed on i n a highly distributed f a s h i o n , some o f i t l o c a l l y , t h a t 

i s , t o neurons i n i t s c l o s e v i c i n i t y , but most o f i t t o neurons i n 

o t h e r a r e a s o f the b r a i n . Forward p r o j e c t i o n s t o an a r e a a r e 

u s u a l l y equa l i n number t o backward o r r e c u r r e n t p r o j e c t i o n s t o t h e 

neuron f rom t h a t a r e a , so t h e " c o n v e r s a t i o n " between c o n n e c t e d 

neurons i s two-way. The message o f a p a r t i c u l a r neuron can have 

e i t h e r an e x c i t a t o r y e f f e c t on a n o t h e r , o r an i n h i b i t o r y e f f e c t . 

When t h e e f f e c t i s e x c i t a t o r y , t h e p r o b a b i l i t y t h a t the 

p o s t s y n a p t i c neuron w i l l f i r e i s i n c r e a s e d ; when i n h i b i t o r y , t h a t 

p r o b a b i l i t y i s d e c r e a s e d . Which e f f e c t i t w i l l have i s dependent on 

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

neuron employs as i t s messenger . In most c a s e s , t h e e f f e c t o f any 

one neuron on another , however s t r o n g l y connec ted , i s s m a l l , and i t 

t y p i c a l l y t a k e s a convergence o f i n p u t s from many neurons i n bo th 

p r o x i m a t e and d i s t a n t p a r t s o f the b r a i n t o make a neuron f i r e . 

T h i s arrangement c o n s t i t u t e s a s a f e g u a r d o f s o r t s f o r t h e f u n c t i o n 

o f t h e n e u r o n , because i t means t h a t t h e l o s s o f some c o n n e c t i o n s 

w i l l no t r e s u l t i n a g r e a t r e d u c t i o n (or i n c r e a s e ) i n i t s r a t e o f 

f i r i n g o r a c t i v i t y . 

Learning o c c u r s i n the b r a i n when t h e r e i s a change i n t h e a b i l i t y 

o f one neuron t o communicate e f f e c t i v e l y w i t h a n o t h e r , t h a t i s , 

when t h e r e i s a change i n the s t r e n g t h o f s y n a p t i c c o n n e c t i v i t y 

between n e u r o n s . The s t r e n g t h o f a s y n a p t i c c o n n e c t i o n i s o f t e n 

r e f e r r e d t o as the synaptic weight. A t the s y n a p t i c l e v e l , l e a r n i n g 
i ' 1 
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can be m a n i f e s t e d i n d i f f e r e n t ways depend ing on whether i t t a k e s 

p l a c e on a c o n s c i o u s p l a n e ( e x p l i c i t l e a r n i n g ) o r an u n c o n s c i o u s 

p l a n e ( i m p l i c i t l e a r n i n g ) (see Kandel & Hawkins, 1992), and whether 

i t t a k e s p l a c e d u r i n g development (see S h a t z , 1992) , though i t i s 

d o u b t f u l t h a t t h e s e p r o c e s s e s can be c l e a n l y s e p a r a t e d "because 

l e a r n i n g and development a lmost c e r t a i n l y s h a r e mechanisms and 

p r i n c i p l e s " (Church land & S e j n o w s k i , 1992, p . 2 9 3 ) . No m a t t e r what 

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

a c t i v i t y o f the connec ted neurons t o become e i t h e r more, o r l e s s 5 , 

c l o s e l y c o r r e l a t e d . As ment ioned above , ' i n t h e c a s e o f an 

e x c i t a t o r y message, a s t r e n g t h e n i n g o f s y n a p t i c c o n t a c t between two 

neurons w i l l r e s u l t i n a h i g h e r p r o b a b i l i t y t h a t , when t h e f i r s t 
i 

neuron f i r e s , the second w i l l : t o o . T h i s w i l l r e s u l t i n an i n c r e a s e 

i n t h e c o r r e l a t i o n o f f i r i n g between the two n e u r o n s . A weakening 

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

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

i n h i b i t o r y c o n n e c t i o n . However, i n one i m p o r t a n t t h e o r e t i c a l model 

o f s y n a p t i c change, i t has been s u g g e s t e d t h a t i n h i b i t o r y synapses 

do not undergo m o d i f i c a t i o n (Bear e t a l . , 1987). A c c o r d i n g t o C r i c k 

(1994, p . 209 ) , t h i s s t r e n g t h e n i n g i n s y n a p t i c c o n n e c t i o n s can be 

c o n s i d e r e d a k i n d o f "binding|" (though c e r t a i n l y not the o n l y k ind ) 

between n e u r o n s , and t h e s t r o n g e r t h e s y n a p t i c c o n n e c t i o n s , the 

s t r o n g e r the bond. I t i s through t h i s , k i n d o f b i n d i n g o f a c t i v i t y , 

5 F o r example , t h e r e a r e i n c i d e n c e s o f a n t i - H e b b i a n l e a r n i n g 
where c o r r e l a t e d a c t i v i t y a t the p r e - and p o s t - s y n a p t i c s i t e s 
r e s u l t s i n a d e c r e a s e i n s y n a p t i c s t r e n g t h . (See C h u r c h l a n d & 
S e j n o w s k i , 1992, p p . 252-253) 
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then, that networks) and even systems, of neurons are formed, and 
once formed, these networks have their own governing principles. 

Organization at the neural network and map levels 
Undoubtedly, an understanding of jthe general characteristics of 
neuronal function and structure i s c r i t i c a l to understanding brain 
organization at the cellular,level. Nevertheless, other levels of 
cerebral organization are equally important to comprehending how 
the brain processes information. For example, within many sensory 
and motor systems, a major principle of organization i s the 
topographic map, the key feature of which is that adjacent neurons 
have adjacent receptive fiel d s . That i s to say, adjacent neurons 
process similar representations, a situation that appears to be 
brought about by competitive interaction between neurons, and which 

• • i ' 

may have evolved as a strategy for saving and sharing neuronal 
"wiring." In the primary visual cortex, to give but one well-known 
example, neurons are arranged topographically such that 
neighbouring neurons collectively form a map of the retina. 
However, a l l areas of the retina are not accorded equal 
representation within this map: the fovea, for instance, covers a 
relatively large area of primary visual cortex. Thus the map of the 
retina reproduced in this area of the cortex i s distorted with 
respect to the original. Likewise, the hands occupy a relatively 
large area of somatosensory cortex i n 1 humans and primates. Both the 
fovea and the hands have a higher than normal density of receptive 
neurons which have small receptive fields, and since 
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t h e amount o f c o r t e x a c t i v a t e d by a ; s t i m u l u s i n a g i v e n 

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

a r e a . . . . [ t ] h i s means t h a t when:a body p a r t i s i n n e r v a t e d by 

many neurons , each of which has a s m a l l r e c e p t i v e f i e l d , t h a t 
i 

body p a r t w i l l appear m a g n i f i e d on the c o r t i c a l map r e l a t i v e 

t o an a rea i n which t h e r e are fewer neurons , each o f which has 

a l a r g e r e c e p t i v e f i e l d . ( C h u r c h l a n d , P. S . , 1986, p . 129) 

I t i s because o f t h i s h i g h d e n s i t y o f r e c e p t i v e neurons t h a t bo th 

t h e f o v e a and t h e hands a r e e x t re me ly i m p o r t a n t i n f o r m a t i o n a l 
•. i j ;.: -| • j 

s o u r c e s f o r t h e i r r e s p e c t i v e s e n s o r y m o d a l i t i e s . 
! . i • ! 

I • ! 
T h u s , t h e g e n e r a l r u l e s which seem t o g o v e r n t h e a l l o c a t i o n o f 

t e r r i t o r y i n t o p o g r a p h i c mapping are (a) n e i g h b o u r i n g sensory s i t e s 

m a i n t a i n t h e i r s p a t i a l p r o x i m i t y i n the c o r t e x , and (b) the g r e a t e r 

the amount o f i n f o r m a t i o n a s e n s o r y a r e a p r o v i d e s , t h e g r e a t e r the 

amount o f t e r r i t o r y i t i s a l l o c a t e d . Once formed, t h e s e t o p o g r a p h i c 

maps a r e r e l a t i v e l y s t a b l e , but r e t a i n a degree o f p l a s t i c i t y 

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

p a r t i c u l a r t e r r i t o r y can a l t e r t o '• accommodate changed s e n s o r y 

c i r c u m s t a n c e s , an a l t e r a t i o n ' i n t h e i n t e n s i t y o f s e n s o r y s t i m u l i , 

o r perhaps n e r v e damage, the! ne t e f f e c t o f which i s a t e r r i t o r i a l 

s h i f t i n t h e c o r t e x (see M e r z e n i c h e t a l . , 1990) . A c c o r d i n g t o 

Church land and Sejnowski (1992) , t h a t t h e mechanisms by which t h i s 

rear rangement o c c u r a r e s t i l l a m a t t e r f o r c o n j e c t u r e does no t 

d i m i n i s h the impor tance o f the ' i m p l i c a t i o n s o f t h i s p r o c l i v i t y o f 
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neurons t o e x h i b i t p l a s t i c b e h a v i o u r : 

I t i s no t y e t known how;much o f t h i s rear rangement i s due t o 

p l a s t i c i t y i n c e r e b r a l c o r t e x , o r perhaps i n s u b c o r t i c a l a reas 

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

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

d i f f i c u l t t o t h i n k o f the machinery i n t h e a d u l t b r a i n as 

" h a r d w i r e d " , o r s t a t i c . R a t h e r , t h e b r a i n has a remarkab le 

a b i l i t y t o adapt t o changes i n t h e e n v i r o n m e n t , a t many 

d i f f e r e n t s t r u c t u r a l l e v e l s and o v e r a wide range o f t ime 

s c a l e s , (p. 34) 

T h i s a d a p t a b i l i t y o f neurons t o changed c i r c u m s t a n c e s i s f u r t h e r 

e v i d e n c e t h a t networks o f neurons a r e no t o n l y a b l e t o l e a r n , but 

t o r e l e a r n . T h i s i s a p r o p e r t y t h a t i t i s important t o reproduce i n 

any b i o l o g i c a l l y v a l i d model o f l e a r n i n g . 

As w e l l as t o p o g r a p h i c o r g a n i z a t i o n , many a r e a s o f c e r e b r a l c o r t e x 

e x h i b i t laminar organization. S e v e r a l n o n - c o r t i c a l a n a t o m i c a l 

s t r u c t u r e s have a l s o been shown t o d i s p l a y s t r i a t i o n ( l a m i n a r 

o r g a n i z a t i o n ) , t he s u p e r i o r c o l l i c u l u s , t h e c e r e b e l l u m , t h e 

hippocampus, and the l a t e r a l g e n i c u l a t e n u c l e u s b e i n g a few o f t h e 

most s i g n i f i c a n t . The laminae o r l a y e r s a r e c a u s e d by the 

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

no one l a y e r i s c o m p l e t e l y homogeneous i n c e l l t y p e . A g i v e n 

l a m i n a , however , shows h i g h c o n f o r m i t y w i t h r e s p e c t t o where i t 
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r e c e i v e s i n p u t f r o m , and where i t p r o j e c t s i t s o u t p u t t o . F o r 

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

and l a y e r 4, the middle l a y e r , r e c e i v e s s p e c i f i c s e n s o r y i n p u t f rom 

t h e t h a l a m u s , w h i l e ou tpu t t o s u b c o r t i c a l motor a r e a s comes from 

l a y e r 5, and l a y e r 6 m a i n l y p r o j e c t s ! b a c k t o t h e t h a l a m u s . 

To complement t h i s h o r i z o n t a l o r g a n i z a t i o n , t h e r e i s v e r t i c a l 

o r g a n i z a t i o n i n the c e r e b r a l c o r t e x i n the form o f columns o f c e l l s 

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

c o m m o n a l i t i e s : c e l l s i n a p a r t i c u l a r column show r i c h 

i n t e r c o n n e c t i v i t y and s i m i l a r r e s p o n s e p r o p e r t i e s . Neurons i n the 

same column o f t h e v i s u a l c o r t e x , f o r i n s t a n c e , might a l l show a 

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

boundar ies i n response p r o p e r t i e s between columns a r e r a r e l y sharp 
i 

( o c u l a r dominance columns i n l a y e r 4 o f p r imary v i s u a l c o r t e x b e i n g 

one n o t a b l e e x c e p t i o n ) , hence the term " v e r t i c a l co lumn" may be 
: i 

somewhat m i s l e a d i n g . 
i 

. . j i 

A word on b r a i n " d e s i g n " 

T h e s e d i f f e r e n t o r g a n i z a t i o n a l modes may have a common g e n e s i s , 

a c c o r d i n g t o C h u r c h l a n d and Se jnowsk i (1992): 

T o p o g r a p h i c mapping, columnar o r g a n i z a t i o n , and laminae a r e 

s p e c i a l cases of a more g e n e r a l p r i n c i p l e : the e x p l o i t a t i o n o f 

geometr ic p r o p e r t i e s i n i n f o r m a t i o n p r o c e s s i n g d e s i g n . S p a t i a l 

p r o x i m i t y may be an e f f i c i e n t way f o r b i o l o g i c a l systems t o 
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assemble i n one p l a c e i n f o r m a t i o n needed t o s o l v e a p r o b l e m . 

To c o n s i d e r a s imple c a s e , suppose i t i s n e c e s s a r y t o compare 

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

compar ison r e q u i r e s s i g n a l s be b rought t o g e t h e r . Then 

t o p o g r a p h i c o r g a n i z a t i o n may1 a c h i e v e t h i s e f f i c i e n t l y w h i l e 

m i n i m i z i n g t h e t o t a l l e n g t h o f the c o n n e c t i o n s , (p. 37) 

One f e a t u r e o f b r a i n o r g a n i z a t i o n which appears t o emerge from 

c o n s i d e r a t i o n o f i t s s u b s t r u c t u r e , t h e n , i s i t s pragmat ism. 

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

a p p a r e n t l y seeks out economical s o l u t i o n s t o p r a c t i c a l p rob lems , as 

would be expected o f good e n g i n e e r i n g d e s i g n . But can t h e b r a i n be 

a c c u r a t e l y p o r t r a y e d as an example of good d e s i g n , or i s i t more o f 

a " k l u d g e " , as C l a r k (1989, p . 69) s u g g e s t s ? A k l u d g e i n C l a r k ' s 

d e f i n i t i o n i s 

a t e rm u s e d i n e n g i n e e r i n g and computer s c i e n c e t o d e s c r i b e 
i 

something t h a t , from a pure ( i . e . , a h i s t o r i c a l ) , d e s i g n - o r i e n t e d 

v i e w p o i n t , l o o k s messy and i n e f f i c i e n t . But i t g e t s the j o b 

done. And i t may even count as an e l e g a n t s o l u t i o n once a l l t h e 

c o n s t r a i n t s ( e . g . , the a v a i l a b l e s k i l l s and r e s o u r c e s ) a r e t a k e n 

i n t o a c c o u n t , (p. 69) 

Most b r a i n r e s e a r c h e r s , i n c l u d i n g C h u r c h l a n d and S e j n o w s k i , agree 

t h a t i n d e e d t h e b r a i n i s more o f a k l u d g e t h a n a w e l l - d e s i g n e d 

organ , and t h a t i t s k l u d g e - l i k e c h a r a c t e r i s a r e s u l t o f i t s h a v i n g 
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e v o l v e d f rom s i m p l e r s t r u c t u r e s which t h e m s e l v e s e v o l v e d i n 

a c c o r d a n c e w i t h c o n s t r a i n t s , b o t h e x t e r n a l ( env i ronmenta l ) and 

i n t e r n a l ( m a t e r i a l s and s t r u c t u r e s a v a i l a b l e t o b u i l d u p o n ) , as 

s t a b l e u n i t s c a p a b l e o f c a r r y i n g out t a s k s n e c e s s a r y f o r the 

s u r v i v a l o f the hos t organism 6 (For an overview o f b r a i n e v o l u t i o n , 

see P. M. C h u r c h l a n d , 1984, c h a p . 7 ) . As C l a r k (1969) n o t e s , 
i 

[c]omplex b i o l o g i c a l s y s t e m s , t h e n , have e v o l v e d s u b j e c t t o the 

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

each s t r u c t u r a l s t e p i n the e v o l u t i o n a r y p r o c e s s i n v o l v e o n l y a 

s m a l l adjustment t o the p r e v i o u s s t a t e . Jacob compares e v o l u t i o n 

t o a t i n k e r e r who must use whatever i s i m m e d i a t e l y a t h i s 

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

an e n g i n e e r who, w i t h i n c e r t a i n l i m i t s , d e c i d e s on t h e 

a p p r o p r i a t e m a t e r i a l s and d e s i g n , ga thers them, and t h e n c a r r i e s 

o u t t h e p r o j e c t . . . The p o i n t , t h e n , i s t h a t what t h e t i n k e r e r 

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

way i n which the e n g i n e e r ' s p r o d u c t i s n o t . (p . 70) 

E v i d e n c e o f the " t i n k e r i n g " p r o g r e s s o f human e v o l u t i o n can be 

found i n the eye , the l i g h t s e n s i t i v e p h o t o r e c e p t o r s o f which f a c e 
i 

away from t h e l i g h t , so t h a t l i g h t must f i r s t p a s s t h r o u g h 

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

A c c o r d i n g t o C l a r k (1992, p . 7 0 ) , t h i s may be t r u e down t o 
t h e l e v e l o f such fundamenta l s t r u c t u r e s as m i t c h o n d r i a and 
c h l o r o p l a s t s which now a r e i n t e g r a l components o f t h e e u k a r y o t i c 
c e l l . 
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r e a c h e s t h e p h o t o r e c e p t o r s , not what one might c a l l an o p t i m a l 

e n g i n e e r e d s o l u t i o n t o the prob lem o f c o n s t r u c t i n g a v i e w i n g 

d e v i c e . 
i 

P a r a l l e l i s m i n i n f o r m a t i o n p r o c e s s i n g i n the b r a i n 

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

f u n c t i o n s f rom autonomously d e v e l o p e d s u b - f u n c t i o n s t h a t the 

massive p a r a l l e l i s m of i n f o r m a t i o n p r o c e s s i n g i n t h e b r a i n becomes 

c o m p r e h e n s i b l e . I n f o r m a t i o n !gather ing systems such as t h e v i s u a l 

sys tem have come t o g e t h e r i n a p i e c e m e a l f a s h i o n f rom a l r e a d y 

f u n c t i o n i n g s u b - s y s t e m s , the a b i l i t y t o a n a l y s e f o r m , t o d e t e c t 

m o t i o n , t o p r o c e s s c o l o u r , a l l o f which may a t one t ime have 

o p e r a t e d s i m u l t a n e o u s l y and s e p a r a t e l y , but which have c o - e v o l v e d 

i n humans t o form one complex whole , so t h a t t o d a y , each s u b -

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

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

i t s output (see Z e k i , 1992). Nor i s s e n s o r y p r o c e s s i n g a l o n e among 

complex human a b i l i t i e s t o depend on " lower l e v e l " c o m p e t e n c i e s : 

t h e comprehens ion and p r o d u c t i o n o f l a n g u a g e , i t would a p p e a r , i s 

dependent on s p e c i a l i z e d sequenc ing r e g i o n s i n the l e f t hemisphere , 

w h i c h may be e q u a l l y impor tan t t o the p r o d u c t i o n o f b a l l i s t i c 

movement, t h a t i s , t h r o w i n g and s u c h , and i n d e e d may have e v o l v e d 

t o s e r v e t h i s purpose (see C a l v i n , 1994) . 

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

an o rgan ism i s speed i n p r o d u c t i o n o f o u t p u t . Though t h e human 
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b r a i n may be cons idered , s low a t some h i g h l e v e l t a s k s such as 

p l a y i n g b r i d g e o r mental computat ion when compared t o t h e speed o f 

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

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

g i v e n t h e t i m e c o n s t r a i n t s imposed by n e u r o n a l t r a n s m i s s i o n and 

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

r a t i o n a l account o f how t h i s comes a b o u t . But i t i s i m p o r t a n t t o 

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

t o s p e e d up p r o c e s s i n g , a l t h o u g h t h e f a c t t h a t i t d i d was a lmost 

c e r t a i n l y c r u c i a l t o i t s s e l e c t i o n by e v o l u t i o n . Speed o f 

p r o c e s s i n g i s an emergent p r o p e r t y o f p a r a l l e l p r o c e s s i n g o f 

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

i n much t h e same way as " s p a n d r e l s [ i n S a i n t M a r k ' s C a t h e d r a l i n 

Ven ice ] a re a necessary s t r u c t u r a l b y - p r o d u c t c a u s e d by mount ing a 
i 

dome on a number of rounded a r c h e s " ( C l a r k , 1989, p. 77 ) . That such 

emergent speed be e x p l o i t e d by t h e o rgan ism which has a c q u i r e d i t 

i s o n l y n a t u r a l . T h i s p o i n t i s i m p o r t a n t t o keep i n mind when 

c o n s i d e r i n g how complex c o g n i t i v e c a p a b i l i t i e s came i n t o b e i n g ; 

they a l s o may v e r y w e l l be emergent p r o p e r t i e s o f the a r c h i t e c t u r a l 

f e a t u r e s which u n d e r p i n them, and i f s o , an u n d e r s t a n d i n g o f the 

f i n e - s t r u c t u r e o f t h e s e f e a t u r e s becomes o f p r i m a r y c o n c e r n t o an 

u n d e r s t a n d i n g o f the " h i g h e r l e v e l " a b i l i t y . (See C l a r k , 1989, 

c h a p . 4 f o r a d e t a i l e d argument a l o n g t h e s e l i n e s . ) 
1 i 

i ; 
A d d i t i o n a l c o n s i d e r a t i o n s 
T h e r e a r e some h i g h e r o r d e r b i o l o g i c a l c o n s t r a i n t s t h a t i t i s 
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i m p o r t a n t t o keep i n mind when c o n s i d e r i n g how t o produce 

b i o l o g i c a l l y v a l i d models o f b r a i n f u n c t i o n : f o r example , the 

a b i l i t y t o cope w i t h c o n f l i c t i n g and i n a d e q u a t e d a t a and s t i l l be 

a b l e t o f u n c t i o n , t h a t i s , t o make a d e c i s i o n o r t o remember an 

event g i v e n t i m e . C l a r k notes t h a t 1 1 1 [p ]e r formance s h o u l d g r a d u a l l y 

become l e s s s a t i s f a c t o r y as a v a i l a b l e da ta d e c r e a s e s ; i t s h o u l d not 

suddenly c e a s e . Systems, i n s h o r t , must be r o b u s t enough t o s u r v i v e 

i n an i n f o r m a t i o n a l l y h o s t i l e env i ronment" ( C l a r k , 1989, p . 62 ) . 

B r a i n sys tems s h o u l d a l s o be i n s e n s i t i v e t o t h e l o s s o f a few 

neurons o r a blow t o the head. H e a l t h y o l d e r p e o p l e , a f t e r a l l , do 

n o t f o r g e t everything about an e v e n t , and an i n j u r y wh ich c a u s e s 

amnes ia i s no t permanent i n most c a s e s . Even when t h e b r a i n has 

i 
s u f f e r e d a more s e v e r e l o s s o f neurons as a r e s u l t o f a s t r o k e o r 

s u r g e r y , r e c o v e r y o f f u n c t i o n can and does o c c u r , sometimes t o a 

s u r p r i s i n g degree . How does t h i s come about? A l l o f t h e s e phenomena 

common t o t h e human e x p e r i e n c e , and more, s h o u l d be t a k e n i n t o 

c o n s i d e r a t i o n i n m o d e l l i n g human i n f o r m a t i o n p r o c e s s i n g . Moreover , 

an o v e r r i d i n g c o n s t r a i n t t o b i o l o g i c a l v a l i d i t y i n m o d e l l i n g human 

performance must be t h a t models s h o u l d p e r f o r m t h e s e f e a t s i n t ime 

f rames comparable t o t h o s e o f human p e r f o r m a n c e . T h i s i s a t a l l 

o r d e r f o r any m o d e l , bu t i t i s one which c o n n e c t i o n i s t models 

s h o u l d and do at tempt t o f i l l . 

2.3.2 A t t e n t i o n as a b i o l o g i c a l c o n s t r a i n t on l e a r n i n g 

A t t e n t i o n and l e a r n i n g 
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I t has l o n g been r e c o g n i z e d by e d u c a t o r s t h a t " p a y i n g a t t e n t i o n " 

has a b e n e f i c i a l e f f e c t on l e a r n i n g , i n t h a t i n f o r m a t i o n t o which 

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

p e r i o d o f t i m e . T h i s i n t u i t i o n on the p a r t o f e d u c a t o r s has 

r e c e n t l y been c o r r o b o r a t e d more f o r m a l l y by a t t e n t i o n r e s e a r c h e r s 

f o r whom t h e c o n c e p t o f " a t t e n t i o n " i s a t one and t h e same t ime 

much more complex and more p r e c i s e , y e t more d i f f i c u l t t o d e f i n e 

t h a n most e d u c a t o r s would i m a g i n e , a p rob lem which w i l l be 

e l a b o r a t e d upon below. A t t e n t i o n has been shown t o be e f f e c t i v e i n 

p r o m o t i n g n e u r o n a l p l a s t i c i t y a t the s y n a p t i c l e v e l a l o n g w i t h 

o t h e r c e n t r a l b r a i n s t a t e s such as m o t i v a t i o n , b e h a v i o u r a l 

s i g n i f i c a n c e o f t h e s t i m u l u s , and l e v e l o f a r o u s a l ( S i n g e r , 1990; 

C h u r c h l a n d & S e j n o w s k i , 1992, c h a p . 5 ) . A t t e n t i o n i s thought t o 

promote h i g h e r a c t i v i t y i n the t a r g e t e d neurons r e l a t i v e t o the 

"unat tended" s u r r o u n d , and i n t h i s way t o e f f e c t p o s i t i v e s y n a p t i c 

change i n g e n e r a l , t h a t i s , an i n c r e a s e i n s y n a p t i c s t r e n g t h 

between a c t i v e n e u r o n s 7 . (For a t h e o r e t i c a l e x p l a n a t i o n o f the 

e f f e c t o f h i g h neurona l a c t i v i t y on s y n a p t i c p l a s t i c i t y see Bear e t 
i I i 

a l . , 1987.) As w e l l as h a v i n g an e x c i t a t o r y e f f e c t on s e l e c t e d 

n e u r o n s , however, a t t e n t i o n has been shown t o have i n h i b i t o r y 

e f f e c t s on t h e a c t i v i t y o f n e u r o n s : f o r example , when an 

i n e f f e c t i v e (or i r r e l e v a n t ) s t i m u l u s i s a t t e n d e d t o , t h e a c t i v i t y 

o f t h e c e l l i s d e c r e a s e d (Moran & Desimone, 1985) . T h i s i s a c a s e 

7 An e x c e p t i o n t o t h i s s c e n a r i o may be found i n a n t i - H e b b i a n 
l e a r n i n g i n which a c t i v i t y i n p r e - and p o s t - s y n a p t i c s i t e s l e a d s t o 
a d e c r e a s e i n s y n a p t i c s t r e n g t h (see C h u r c h l a n d & S e j n o w s k i , p p . 
250 -254 ) . 
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o f an i n h i b i t i o n o f the c e l l t o which a t t e n t i o n i s a l l o c a t e d . The 

o p e r a t i o n of a t t e n t i o n appears t o r o u t i n e l y i n v o l v e both e x c i t a t i o n 

of c e l l s r e c e i v i n g a t ten t ion , ' . and i n h i b i t i o n o f c e l l s o u t s i d e t h i s 

a t t e n t i o n a l f o c u s . R i z z o l a t t i (1983) has n o t e d w i t h r e s p e c t t o 

" p a s s i v e s e n s o r i a l a t t e n t i o n " (more on which b e l o w ) : 

A n e c e s s a r y c o n d i t i o n f o r a s s i g n i n g an a t t e n t i o n a l f u n c t i o n t o 

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

t h e y a r e a l s o a b l e t o "withdraw" a t t e n t i o n f rom o t h e r s t i m u l i 

p r e s e n t i n t h e env i ronment . In o t h e r words , t h a t a s t i m u l u s , 

b e s i d e [ s ] an e x c i t a t i o n , c o u l d produce a c o n c o m i t a n t i n h i b i t i o n 

o f o t h e r s i m u l t a n e o u s l y per formed a c t i v i t i e s . I f one examines 

t h e e f f e c t s o f the p r e s e n t a t i o n o f " a t t e n t i o n a l s t i m u l i " t o 

a n i m a l s , t h e r e i s l i t t l e doubt t h a t i n h i b i t i o n o f p r e e x i s t i n g 

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

p r o c e s s e s u t i l i z e i n h i b i t o r y p r o c e s s e s w h i c h , on one hand , 

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

a n d , on t h e o t h e r hand , p e r m i t a smooth e x e c u t i o n o f the motor 

r e s p o n s e s toward t h e r e l e v a n t s t i m u l i , (p. 263) 

F o r c e l l s b e i n g i n h i b i t e d , t h e n , t h e outcome o f t h e a l l o c a t i o n o f 

a t t e n t i o n may be a d e c r e a s e i n ' s y n a p t i c s t r e n g t h due t o t h e 

r e d u c t i o n o f a c t i v i t y . A r e c e n t s tudy employ ing PET ( P o s i t r o n 

E m i s s i o n Tomography) s c a n s has demonst ra ted t h a t t h i s i n h i b i t i n g 

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

a r e a s . Haxby e t a l . (1994) d i s c o v e r e d t h a t " s e l e c t i v e a t t e n t i o n t o 
i 
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one s e n s o r y m o d a l i t y . . . i s a s s o c i a t e d w i t h d e c r e a s e d a c t i v i t y i n 

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

m o d a l i t i e s " (p. 6336) . T h i s c r o s s - m o d a l r e d u c t i o n i n a c t i v i t y due 

t o s e l e c t i v e a t t e n t i o n i s o f p a r t i c u l a r impor tance t o t h i s t h e s i s 

and w i l l be d i s c u s s e d i n g r e a t e r dep th a t a l a t e r t i m e . 

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

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

t h i s r e a s o n t h a t i t s c h a r a c t e r i s t i c s must be c o n s i d e r e d i n any 

a t tempt t o model how human b e i n g s l e a r n . But what e x a c t l y i s 

a t t e n t i o n ? T h i s i s a d i f f i c u l t q u e s t i o n t o answer . Indeed , no 

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

f u n c t i o n o f a t t e n t i o n e x i s t s . When asked by t h e a u t h o r i f he would 

d e f i n e a t t e n t i o n a t t h e West Coas t A t t e n t i o n c o n f e r e n c e i n Oregon 

i n 1993, t h e we l l -known a t t e n t i o n r e s e a r c h e r Mike Posner d e c l i n e d 

t o answer, presumably because the phenomena grouped under a t t e n t i o n 

a re ext remely d i v e r s e , and t h e r e f o r e a t t e n t i o n can be s t u d i e d f rom 

v a r i o u s p e r s p e c t i v e s . To d a t e , no body o f e v i d e n c e i s c o n c l u s i v e 

enough t o endorse one p a r t i c u l a r v i e w p o i n t on a t t e n t i o n , even 

P o s n e r ' s own. N e v e r t h e l e s s , ; much d a t a on a t t e n t i o n has been 

g a t h e r e d and i t does seem wor thwh i le a t t h i s s t a g e t o a t tempt t o 

g l e a n from the d i s p a r a t e p o s i t i o n s on, i t s n a t u r e and f u n c t i o n some 

f e a t u r e s which w i l l be u s e f u l t o e d u c a t o r s . S i n c e t h e purpose o f 

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

a t t e n t i o n , t h e d e f i n i t i o n o f a t t e n t i o n which w i l l be u s e d 

throughout t h i s d i s s e r t a t i o n w i l l o n l y be f o r m a l i z e d a t t h e end o f 
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t h i s s e c t i o n . 

A t t h e o u t s e t , i t s h o u l d be no ted t h a t much o f t h e e a r l y r e s e a r c h 

on a t t e n t i o n was d i r e c t e d a t ' a u d i t o r y system f u n c t i o n i n g , w h i l e a 

h i g h e r p r o p o r t i o n o f more r e c e n t e f f o r t s f o c u s e s on v i s u a l system 

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

between a t t e n t i o n i n a u d i t i o n and v i s i o n , as Van der H e i j d e n (1992, 

p p . 59-62) has p o i n t e d o u t , due t o fundamenta l d i f f e r e n c e s i n the 

n a t u r e o f l i g h t and s o u n d , e v i d e n c e on the n a t u r e and f u n c t i o n i n g 

o f a t t e n t i o n w i l l be drawn from s t u d i e s i n v o l v i n g e i t h e r (or both) 

s e n s o r y s y s t e m s . J u s t i f i c a t i o n f o r t h i s a p p r o a c h c a n be found i n 

t h e f a c t t h a t g e n e r a l t h e o r i e s o f a t t e n t i o n a l f u n c t i o n have done 

l i k e w i s e ( i b i d . , c h a p . 2 ) , t h a t t h e r e i s e v i d e n c e t h a t c e r t a i n 

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

( S c h n e i d e r , Dumais, & S h i f f r i n , 1984, p . 4 ) , and f u r t h e r m o r e t h a t 

t h e r e i s e v i d e n c e t h a t 

the a t t e n t i o n system o f the b r a i n i s a n a t o m i c a l l y s e p a r a t e from 

the data p r o c e s s i n g systems t h a t p e r f o r m o p e r a t i o n s on s p e c i f i c 

i n p u t s even when a t t e n t i o n i s o r i e n t e d e lsewhere . In t h i s s e n s e , 

the a t t e n t i o n system i s l i k e o ther sensory and motor s y s t e m s . I t 

i n t e r a c t s w i t h o t h e r p a r t s o f the b r a i n , but m a i n t a i n s i t s own 

i d e n t i t y . (Posner & P e t e r s e n , 1990, p . 26) 

T h u s , c e r t a i n a s p e c t s o f a t t e n t i o n may be thought o f a s s e p a r a t e 

f rom but i n i n t e r a c t i o n w i t h the v a r i o u s s e n s o r y and o t h e r 
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i n f o r m a t i o n p r o c e s s i n g s y s t e m s . 8 A l s o , Van der H e i j d e n (1992, c h a p . 

8) a rgues i n h i s model o f a t t e n t i o n t h a t v i s u a l a t t e n t i o n i s a 

p roduc t o f s t i m u l a t i o n o f the c e l l s w i t h i n the v i s u a l system. There 

seems l i t t l e reason t o suppose t h a t t h i s would not s i m i l a r l y be the 

c a s e w i t h i n t h e a u d i t o r y and o t h e r s e n s o r y s y s t e m s . 

The c o n t r o v e r s y s u r r o u n d i n g the n a t u r e and f u n c t i o n o f a t t e n t i o n 

A s ment ioned above , one o f t h e most s u r p r i s i n g outcomes o f an 

i n v e s t i g a t i o n o f t h e l i t e r a t u r e on a t t e n t i o n i s t h e f i n d i n g t h a t 

t h e r e i s no g e n e r a l l y a c c e p t e d d e f i n i t i o n o f t h i s phenomenon. 

Indeed many papers and t e x t s on a t t e n t i o n beg in by n o t i n g t h i s f a c t 

o ', i 

(see f o r example E n n s , 1990; Van d e r H e i j d e n , 1992) . P resumab ly , 

the i n a b i l i t y o f r e s e a r c h e r s t o agree on an adequate d e f i n i t i o n i s 

due t o t h e c o n t r o v e r s y s u r r o u n d i n g i t s n a t u r e , t h a t i s , i t s 

s t r u c t u r e and f u n c t i o n . The s i t u a t i o n i s no t e n t i r e l y h o p e l e s s , 

however . As Posner and P e t e r s e n (1990) n o t e , a l t h o u g h "our 

knowledge o f the anatomy o f a t t e n t i o n i s i n c o m p l e t e . . . . we can now 

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

a t t e n t i o n t o f u n c t i o n as a u n i f i e d system f o r the c o n t r o l o f menta l 

p r o c e s s i n g " (p. 26) . T h i s r e f e r e n c e t o a t t e n t i o n as "a unified 
i 

system," r a t h e r than a s i n g l e phenomenon i s i m p o r t a n t , s i n c e i t i s 

c l e a r from r e s e a r c h da ta t h a t a t t e n t i o n i s n o t u n i t a r y , bu t can be 
8 I t i s i n t e r e s t i n g t o note t h a t t h i s v iew o f a t t e n t i o n 

m i r r o r s t h a t o f Cummins' v i s i o n o f c o g n i t i o n d e l i n e a t e d i n c h a p t e r 
one. T h i s i s p a r t i c u l a r l y so when the degree t o which a t t e n t i o n was 
c o n s i d e r e d t o be a c t i v e i n " c o g n i t i v e l y demanding" i n f o r m a t i o n 
p r o c e s s i n g i s t a k e n i n t o a c c o u n t . The q u e s t i o n t h a t a r i s e s h e r e , 
t h e n , i s whether Cummins i s e q u a t i n g c o g n i t i v e f u n c t i o n i n g w i t h 
b r a i n f u n c t i o n i n g t h a t demands h i g h a t t e n t i o n . 
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s u b d i v i d e d i n t o " i n t e n s i v e phenomena 1, such as a r o u s a l , a l e r t n e s s , 

o r a t t e n t i v e n e s s " and " s e l e c t i v e phenomena" ( R i z z o l a t t i , 1983, p . 

2 61) . From c o g n i t i v e a c c o u n t s o f a t t e n t i o n , Posner and P e t e r s e n 

(1990) have i d e n t i f i e d t h r e e major f u n c t i o n s o f a t t e n t i o n : "(a) 

o r i e n t i n g t o s e n s o r y e v e n t s ; (b) d e t e c t i n g s i g n a l s f o r f o c a l 

( c o n s c i o u s ) p r o c e s s i n g , and (c) m a i n t a i n i n g a v i g i l a n t o r a l e r t 

s t a t e " (p . 26) . Though few a t t e n t i o n r e s e a r c h e r s would d i s a g r e e 

w i t h t h e s e c o n c l u s i o n s , f o r many the most i m p o r t a n t a s p e c t o f t h e 

a t t e n t i o n system i s i t s a b i l i t y t o s e l e c t i tems f rom e i t h e r the 

e x t e r n a l o r i n t e r n a l env i ronment f o r " f o c a l ( c o n s c i o u s ) 

p r o c e s s i n g . 1 , 9 I t i s selective attention, t h e n , which i s most 

i m p l i c a t e d i n c o n s c i o u s n e s s o r awareness (and t h e r e f o r e i n what i s 

g e n e r a l l y c o n s i d e r e d t o be " c o g n i t i v e " p r o c e s s i n g ) , whereas 

" [ a ] r o u s a l [or a l e r t n e s s ] i s a g e n e r a l c o n d i t i o n a f f e c t i n g a l l o f 

o n e ' s b e h a v i o u r " ( C r i c k , 1994, p . 59 ) . 

Even when d e a l i n g w i t h t h i s reduced n o t i o n " s e l e c t i v e a t t e n t i o n " , 

however, agreement on a d e f i n i t i o n i s hard t o come by . Many a u t h o r s 

r e f e r back t o the c l a s s i c d e f i n i t i o n o f a t t e n t i o n by t h e g r e a t 

p s y c h o l o g i s t W i l l i a m James. R i z z o l a t t i (1983) b e g i n s h i s s t u d y o f 

t h e n e u r o p h y s i o l o g y o f a t t e n t i o n i n j u s t t h i s way: 

The d e f i n i t i o n o f s e l e c t i v e a t t e n t i o n t h a t I w i l l use i s t h a t o f 

9 Enns (1990) p r o v i d e s a f u n c t i o n a l taxonomy o f v i s u a l 
a t t e n t i o n i n which the " h i g h e s t l e v e l c o n s t r u c t i n t h e taxonomy i s 
selectivity" (p. 140) . Lower l e v e l c o n s t r u c t s t h a t he h i g h l i g h t s 
a r e : i n t e g r a t i o n , f i l t e r i n g , s e a r c h , and p r i m i n g . 
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W i l l i a m James (James, 1950) . In "The P r i n c i p l e s o f P s y c h o l o g y " 

(p. 403) he w r i t e s : ' I t ( a t t e n t i o n ) i s t h e t a k i n g p o s s e s s i o n by 

t h e m i n d , i n c l e a r and v i v i d f o r m , o f one out o f what seems 

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

F o c a l i z a t i o n , c o n c e n t r a t i o n o f c o n s c i o u s n e s s a r e o f i t s e s s e n c e . 

I t i m p l i e s w i t h d r a w a l f rom some t h i n g s i n o r d e r t o d e a l 

e f f e c t i v e l y w i t h o t h e r s ' , (p. 261) 

The r e a s o n why t h i s d e f i n i t i o n has endured where o t h e r s have been 

c a s t a s i d e may be t h a t i t c a p t u r e s t h e e s s e n c e o f t h e f u n c t i o n o f 

s e l e c t i v e a t t e n t i o n , v a r i o u s l y termed " f o c a l " , " f o c u s e d " , o r 

" c e n t r a l " a t t e n t i o n , the c a p a c i t y to ' c o n c e n t r a t e c o n s c i o u s n e s s on 

one a r e a o f e x p e r i e n c e ( tha t i s , a s i n g l e s t i m u l u s o r a group o f 

s t i m u l i ) , w h i l e a t the same t ime w i thdrawing i t f rom o t h e r a r e a s . 

As S c h n e i d e r e t a l . (1984) n o t e , 
i 

[ t ] h i s c o n c e p t p r e s u p p o s e s t h a t t h e r e i s some b o t t l e n e c k , o r 

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

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

t h e y p a s s t h r o u g h t h i s b o t t l e n e c k : e a s i l y and a t t h e expense o f 

o t h e r s t i m u l i , (p. 3) 

The e x i s t e n c e o f t h e p u t a t i v e " c a p a c i t y l i m i t a t i o n " w i t h i n t h e 

s e l e c t i v e a t t e n t i o n mechanism i s i n f e r r e d f rom divided attention 

r e s e a r c h showing t h a t " s u b j e c t s e x h i b i t r e d u c e d per fo rmance when 

t h e y t r y t o a c c o m p l i s h an i n c r e a s e d number o f t a s k s o r t o a t t e n d 
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s i m u l t a n e o u s l y t o an i n c r e a s e d number o f s t i m u l i " ( S c h n e i d e r e t 

a l . , 1984, p . 3 ) . Whether the h y p o t h e s i z e d b o t t l e n e c k i s one which 

s c r e e n s out i n f o r m a t i o n b e f o r e o r a f t e r i t i s p r o c e s s e d by the 

b r a i n has l o n g been a s u b j e c t o f i n t e n s e debate i n a t t e n t i o n 

r e s e a r c h c i r c l e s . (See Moray, 1969; B r o a d b e n t , 1982; Kahneman and 

T r e i s m a n , 1984; Van der H e i j d e n , 1992 f o r some i n t e r e s t i n g r e v i e w s 

o f the t o p i c . ) There does appear t o be agreement , n e v e r t h e l e s s , on 

the f a c t t h a t the main reason why one s t i m u l u s i s g i v e n p r e f e r e n c e 

o v e r a n o t h e r i s i t s relevance o r importance i n t h e c o n t e x t o f the 

s i t u a t i o n a t hand . What d e f i n e s t h e c h a r a c t e r i s t i c s o f t h e 

impor tance o f the s t i m u l u s appears t o depend on whether the 

a l l o c a t i o n o f a t t e n t i o n i s s t i m u l u s o r " w o r l d " d r i v e n (passive 

attention), o r a c t i v e l y d i r e c t e d by the p e r s o n , o r o t h e r o r g a n i s m , 

( a c t i v e or voluntary attention). 

In t h e c a s e o f p a s s i v e a t t e n t i o n i n which a t t e n t i o n i s " c a p t u r e d " 

by a s t i m u l u s , Broadbent has n o t e d : "The s e l e c t i o n i s not 

c o m p l e t e l y random, and t h e p r o b a b i l i t y o f a p a r t i c u l a r c l a s s o f 

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

e v e n t s and by c e r t a i n s t a t e s o f the o r g a n i s m " ( c i t e d i n Van der 

H e i j d e n , 1992, p . 4 4 ) . 

P r o p e r t i e s o f e v e n t s which might a f f e c t t h e p r o b a b i l i t y o f a 

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

p e r c e p t i o n o f i n f o r m a t i o n from a s p e c i f i c c l a s s o f e v e n t s , t h e 
i j 

f requency l e v e l o f i n c i d e n t sounds. S e n s i t i v i t y t o t h e s e p r o p e r t i e s 
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tends t o be g e n e t i c a l l y pre-programmed, a l though i t c o u l d be argued 

t h a t t h i s i s o n l y so i f the s u r r o u n d i n g env i ronment i s r e l a t i v e l y 

normal f o r the s p e c i e s b e i n g o b s e r v e d . In t h e o p i n i o n o f Deutsch 

and D e u t s c h (1963) , however, the p r o p e r t y o f a s t i m u l u s which i s 

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

g i v e n an adequate l e v e l iof a r o u s a l i s i t s " w e i g h t i n g o f 

impor tance" , which these authors c o n s i d e r t o be determined by " p a s t 

l e a r n i n g " . They c i t e i n s u p p o r t o f t h i s v iew s t u d i e s which r e p o r t 

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

own name" (p. 8 2 ) . S c h n e i d e r e t a l . (1984) come t o a s i m i l a r 

c o n c l u s i o n , though they c o n c e p t u a l i z e t h e s i t u a t i o n somewhat 

d i f f e r e n t l y : 

We a rgue t h a t the c o n s i s t e n t t r a i n i n g o v e r t r i a l s l e a d s the 

t a r g e t s [ s t i m u l i ] . . . t o a t t r a c t a t t e n t i o n a u t o m a t i c a l l y . . . . our 

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

t r a i n i n g o f a t t e n t i o n i t s e l f . Thus a t t e n t i o n may be thought o f 

as a t r a i n a b l e r e s p o n s e i n i t s own r i g h t , (pp. 4-5) 

An i n t e r e s t i n g h y p o t h e s i s on how a s t i m u l u s might a c q u i r e a h i g h 

(or low) importance weight ing| has r e c e n t l y been proposed by A n t o n i o 

Damasio (1994) . He s u g g e s t s t h a t , f o r each p e r c e i v e d s t i m u l u s o r 

g i v e n r e p r e s e n t a t i o n i n the b r a i n , t h e r e i s an a s s o c i a t e d somatic 

marker, a f e e l i n g 1 0 about body (soma) s t a t e which "marks" the image. 

— — - — — — — — — ^ — — i 

1 0 Damasio uses the terms " f e e l i n g " and "emotion" i n p a r t i c u l a r 
ways. E s s e n t i a l l y an "emotion" i s a b o d i l y r e s p o n s e t o a p e r c e i v e d 
s t i m u l u s , and can be p r e - w i r e d (pr imary emot ions) o r l e a r n e d 
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These somat ic markers a re u s u a l l y b u i l t up o v e r t ime i n a c c o r d a n c e 

w i t h t h e e m o t i o n a l r e s p o n s e o f an organ ism t o a s t i m u l u s o r 

s i t u a t i o n and a r e t h u s l e a r n e d and t h o r o u g h l y i n d i v i d u a l i z e d , but 

some may come about as a r e s u l t o f g e n e t i c a l l y pre-programmed 

emot iona l r e s p o n s e s , i n which c a s e i l e a r n i n g may s t i l l be o p e r a t i v e 

but i n a s p e c i e s - w i d e manner a k i n t o J u n g i a n a r c h e t y p e s . A c c o r d i n g 

t o Damasio (1994) , s o m a t i c markers a c t as "a b i a s i n g d e v i c e " (p. 

174) d u r i n g the p r o c e s s o f r a t i o n a l t h i n k i n g t o speed up d e c i s i o n 

making by e f f e c t i v e l y p r o v i d i n g "an automated d e t e c t i o n o f the 

s c e n a r i o components which a r e more l i k e l y t o be relevant [ i t a l i c s 

a d d e d ] " (p. 175) . Somat ic m a r k e r s , t h e n , a r e e v a l u a t i o n s o f the 

importance (or re levance ) o f the i n f o r m a t i o n b e i n g p r o c e s s e d t o t h e 

s i t u a t i o n a t hand , e v a l u a t i o n s w h i c h , i t s h o u l d be emphas ized , 

emerge out o f e m o t i o n a l r e s p o n s e and e x p e r i e n c e . What i s o f 

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

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

b a s i c a t t e n t i o n and work ing memory 1 1: 

( s e c o n d a r y e m o t i o n s ) ; a " f e e l i n g " , on the o t h e r h a n d , i s t h e 
c o n s c i o u s e x p e r i e n c e o f the changes i n body s t a t e b rought on by 
an emot ion: "If an emotion i s a i c o l l e c t i ' o n o f changes i n body s t a t e 
c o n n e c t e d t o p a r t i c u l a r menta l images t h a t have a c t i v a t e d a 
s p e c i f i c b r a i n s y s t e m , the essence of feeling an emotion is the 
experience of such changes in juxtaposition to the mental images 
that initiated the cycle. In o t h e r words , a f e e l i n g depends on t h e 
j u x t a p o s i t i o n o f an image o f t h e body p r o p e r t o an image o f 
something e l s e , such as the v i s u a l image o f a f a c e o r t h e a u d i t o r y 
image o f a melody" (Damasio, 1994, p . 145) . 

1 1 Damasio (1992, p . 197) d e f i n e s b a s i c a t t e n t i o n and work ing 
memory as f o l l o w s : basic attention p e r m i t s " the maintenance o f a 
mental image i n c o n s c i o u s n e s s t o t h e r e l a t i v e e x c l u s i o n o f o t h e r s . 
In n e u r a l te rms, t h i s p r o b a b l y depends on enhancement o f the n e u r a l 
a c t i v i t y p a t t e r n t h a t s u s t a i n s a g i v e n image, w h i l e o t h e r n e u r a l 
a c t i v i t y around i t i s d e p r e s s e d ; " basic working memory " h o l d s 
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T h e r e i s , o f c o u r s e , an impor tan t q u e s t i o n t o be asked a t t h i s 

p o i n t : what d r i v e s b a s i c a t t e n t i o n and w o r k i n g memory? The 

answer can o n l y be basic value, t h e c o l l e c t i o n o f b a s i c 

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

In the f u l l somat ic -marker h y p o t h e s i s , I p r o p o s e t h a t a s o m a t i c 

s t a t e , n e g a t i v e o r p o s i t i v e , caused by the appearance o f a g i v e n 

r e p r e s e n t a t i o n , o p e r a t e s not o n l y as a marker for the value of 

what is represented,, but also as a booster for continued working 

memory and attention. The p r o c e e d i n g s a r e " e n e r g i z e d " by s i g n s 

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

n e g a t i v e l y , i n terms o f the i n d i v i d u a l ' s p r e f e r e n c e s and g o a l s . 

The a l l o c a t i o n and maintenance o f a t t e n t i o n and work ing memory 

do n o t happen by m i r a c l e . They a r e , f i r s t m o t i v a t e d by 

p r e f e r e n c e s i n h e r e n t i n t h e o r g a n i s m , and t h e n by p r e f e r e n c e s 

and g o a l s a c q u i r e d on the b a s i s o f t h e i n h e r e n t o n e s . (Damasio, 

1994, p p . 197-198) 

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

i n a l a t e r c h a p t e r . 

To summarize, t h e n , the a b i l i t y o f a s t i m u l u s t o c a p t u r e a t t e n t i o n 

i s dependent on i t s " i m p o r t a n c e , " a l s o r e f e r r e d t o as i t s "meaning" 

( B r o a d b e n t , 1982, p . 257) o r i t s . " r e l e v a n c e " ( S c h n e i d e r e t a l . , 

1984) , which may be g e n e t i c a l l y pre -programmed, bu t which may 
i 

s e p a r a t e images f o r a r e l a t i v e l y ' e x t e n d e d ' p e r i o d o f hundreds t o 
t h o u s a n d s o f m i l l i s e c o n d s . " T h i s d e f i n i t i o n o f a t t e n t i o n i s i n 
k e e p i n g w i t h t h e one d e v e l o p e d i n t h i s c h a p t e r . 
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e q u a l l y be b u i l t up over t ime as a f u n c t i o n o f i t s v a l u e o r l e a r n e d 

s i g n i f i c a n c e f o r t h e organ ism , and which may be de te rmined by 

emot iona l s t a t e . I t can be c o n c l u d e d , t h e r e f o r e , t h a t a d ichotomous 

s e p a r a t i o n o f s e l e c t i v e a t t e n t i o n i n t o a wor ld d r i v e n component and 

a v o l u n t a r y o r a c t i v e l y d i r e c t e d component cannot be c l e a n l y 

a c c o m p l i s h e d s i n c e , even when a c t i v e l y f o c u s e d on a l o c a t i o n o r 

o b j e c t , a t t e n t i o n can be c a p t u r e d by " i m p o r t a n t " s t i m u l i . T h i s 

" w e i g h t i n g o f impor tance" f e a t u r e o f a s t i m u l u s i s o f t e n r e f e r r e d 

t o as i t s saliency. The s a l i e n c y o f a s t i m u l u s , a t l e a s t i n v i s u a l 

a t t e n t i o n , i s c o n s i d e r e d t o be a f u n c t i o n o f the c o n s p i c u i t y o f i t s 

l o c a t i o n on a h y p o t h e s i z e d " s a l i e n c y map" which 

g i v e s then a " b i a s e d " v iew o f the v i s u a l e n v i r o n m e n t , 

e m p h a s i z i n g i n t e r e s t i n g o r c o n s p i c u o u s l o c a t i o n s i n t h e v i s u a l 

f i e l d . . . . S a l i e n c y a t a g i v e n l o c a t i o n i s d e t e r m i n e d by how 

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

o r i e n t a t i o n , m o t i o n , d e p t h , e t c . I t i s p o s s i b l e , however , t h a t 

the r e l a t i v e weight o f the d i f f e r e n t p r o p e r t i e s c o n t r i b u t i n g t o 

t h i s r e p r e s e n t a t i o n can be modulated by t h e a c t i v i t y o f some 

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

a p a r t i c u l a r s e t o f t a r g e t s and d i s t r a c t e r s . (Koch and U l l m a n , 

1985, p . 221) 

1 2 i t i s i n t e r e s t i n g t o note t h a t even i n a r t i f i c i a l 
i n t e l l i g e n c e models o f c o g n i t i v e b e h a v i o u r such as t h e r o b o t , 
Darwin I I I , i n c o r p o r a t i o n o f a s e t o f v a l u e s ( c o n c e p t u a l i z e d as 
" i n n a t e g o a l s " ) was seen t o be c r u c i a l t o adequate i n f o r m a t i o n 
p r o c e s s i n g per formance (Edelman & Reeke, 1990, p . 235 ) . 
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T h i s dependence o f s a l i e n c y on t h e d i f f e r e n c e o f a p a r t i c u l a r 

l o c a t i o n f rom i t s s u r r o u n d e x p l a i n s why t h e novelty f a c t o r o f a 

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

power t o c a p t u r e a t t e n t i o n i n most s i t u a t i o n s 1 3 . In Koch and 

U l l m a n ' s a r t i f i c i a l i n t e l l i g e n c e model which i s b a s e d c l o s e l y on 

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

a h i g h a c t i v i t y l e v e l i n the n e u r o n - l i k e e lements i n t h e map: "The 

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

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

f i e l d " ( i b i d . , p . 221) . And s i n c e , a c c o r d i n g t o t h e argument 

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

the l i k e l i h o o d of long term s y n a p t i c change l e a d i n g t o l e a r n i n g , i t 

would appear t h a t what i s l e a r n e d (even when d i r e c t i n s t r u c t i o n s 

a r e g i v e n t o a s u b j e c t , but e s p e c i a l l y when t h e y a r e not) i s i 
determined t o some ex tent by both g e n e t i c p r e d i s p o s i t i o n s and p a s t 

I ; 

l e a r n i n g . 
I 

Dichotomous c o n c e p t s i n a t t e n t i o n r e s e a r c h 

The s tudy o f a t t e n t i o n abounds w i t h d ichotomous c o n c e p t s as t o i t s 

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

a t t e n t i o n , t h e s e d ichotomous n o t i o n s r a r e l y s t a n d up t o e m p i r i c a l 

s c r u t i n y . In e s s e n c e , t h e y a r e h e u r i s t i c s : t h e y s e r v e t h e purpose 

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

i n f o r m a t i o n p r o c e s s i n g i s s u e s , b e f o r e e l a b o r a t i n g on some o f t h e 
i j ; . 

1 3 See Van der H e i j d e n , 1992, p p . 264-265 f o r a l i s t o f t h e 
k i n d s of abrupt v i s u a l events t h a t can c a p t u r e a t t e n t i o n even when 
e x p l i c i t d i r e c t i o n s f o r f o c u s s i n g a t t e n t i o n haye been g i v e n . 
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most important o f them, i t seems worth h i g h l i g h t i n g a p o i n t made by 
i 

Van d e r H e i j d e n (1992) when d i s c u s s i n g v i s u a l a t t e n t i o n : 

i 

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

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

s y s t e m . The s t u d y o f t h i s s t i m u l a t i o n - c a u s e d a c t i v a t i o n i s 

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

"further processes", including selective attention, are based 

upon, make use of, or interact with stimulation-caused 

activation. V i s u a l i n f o r m a t i o n p r o c e s s i n g as a whole can be 

r e g a r d e d as the i n t e r a c t i o n between, o r i n t e g r a t i o n o f , 

s t i m u l a t i o n - c a u s e d a c t i v a t i o n a n d , what can be c a l l e d , 

i n t e r n a l l y g e n e r a t e d a c t i v a t i o n , (p. 209) 

The importance o f Van der H e i j d e n ' s s ta tement l i e s i n t h e emphasis 

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

W i t h o u t s t i m u l a t i o n o f some k i n d , t h e r e i s no p r o c e s s i n g 

whatsoever , t h e r e f o r e a t t e n t i o n i s p o i n t l e s s ; w i thout a t t e n t i o n , on 

t h e o t h e r hand , t h e r e i s no s e l e c t i o n o f c e r t a i n s t i m u l i over 

o t h e r s and hence c o n f u s i o n 1 r e s u l t s . In e f f e c t , t h e n , w i t h o u t 

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

t h e o r g a n i s m . These a r e t r u t h s t h a t a r e s e l f - e v i d e n t , bu t ones 

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

c o n c e p t u a l i z a t i o n s o f the n a t u r e and f u n c t i o n o f a t t e n t i o n . 

To r e t u r n t o t h e e x a m i n a t i o n o f d ichotomous n o t i o n s i n a t t e n t i o n 
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r e s e a r c h , the concepts o f p a s s i v e and a c t i v e a t t e n t i o n f i n d a rough 

c o r r e s p o n d e n c e i n parallel and serial processing o f i n f o r m a t i o n . 

Speaking o f the v i s u a l sea rch p a r a d i g m , C h e a l and Lyon (1992) have 

commented t h a t " [ s ] e v e r a l a n a l y s e s o f v i s u a l s e a r c h have s u g g e s t e d 

t h a t some s t i m u l u s a r r a y s can be s e a r c h e d i n p a r a l l e l , whereas 

o t h e r s r e q u i r e t h a t an a t t e n t i o n a l ' s p o t l i g h t ' 1 4 be d i r e c t e d 

s e r i a l l y t o d i f f e r e n t d i s p l a y l o c a t i o n s u n t i l the t a r g e t i s f o u n d . " 

(p. 113) In keep ing w i th these s u g g e s t i o n s , p a r a l l e l p r o c e s s i n g i s 

t h o u g h t t o be " p r e - a t t e n t i v e , " t h a t 1 i s , not r e q u i r i n g a c t i v e o r 

c o n s c i o u s a t t e n t i o n , i s f a s t , and i n i t i a t e d by s t i m u l i r e f e r r e d t o 

as " f e a t u r e s " 1 5 o f a p a r t i c u l a r s e n s o r y s y s t e m , w h i l e s e r i a l 

p r o c e s s i n g i s thought t o r e q u i r e a c t i v e c o n s c i o u s a t t e n t i o n , i s 

s l o w e r , and i s i n i t i a t e d by c o n j u n c t i o n s o f f e a t u r e s . However, 

e m p i r i c a l s u p p o r t f o r t h i s t y p e o f d i v i s i o n i n p r o c e s s i n g i s not 

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

d i f f e r e n t k i n d s o f d e f i n i n g f e a t u r e s , C h e a l and Lyon (1992) found 

t h a t "[s]ome t a r g e t s showed s t r o n g l y p a r a l l e l o r s t r o n g l y s e r i a l 

s e a r c h , bu t t h e r e was e v i d e n c e f o r s e v e r a l i n t e r m e d i a t e s e a r c h 
i 'i 

c l a s s e s " (p . 113) , and l a t e r (Chea l & L y o n , 1994a) , d i s c o v e r e d i n 

an e x a m i n a t i o n o f the a l l o c a t i o n o f a t t e n t i o n i n t h r e e d i f f e r e n t 

1 4 The a t t e n t i o n a l " s p o t l i g h t " metaphor w i l l be e l a b o r a t e d 
upon be low. i 

1 5 T r e i s m a n (1988) d e s c r i b e s f e a t u r e s as "an e lementa ry 
a lphabet o f v i s u a l b u i l d i n g b l o c k s or p r i m i t i v e s . . . . [ w h i c h ] may be 
' h a r d - w i r e d ' i n t o the s t r u c t u r e o f the v i s u a l s y s t e m , e i t h e r 
i n n a t e l y o r through e a r l y o r p r o l o n g e d e x p e r i e n c e " (p. 230 ) . C h e a l 
and Lyon (1992) c o m p l a i n , however, t h a t " i t has been d i f f i c u l t t o 
a r r i v e a t an independent d e f i n i t i o n ! o f a f e a t u r e . . . . Sometimes, 
f e a t u r e s a r e j u s t t h o s e q u a l i t i e s i n a c h a r a c t e r t h a t a l l o w 
p a r a l l e l s e a r c h " (p. 118) . • 
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r e s e a r c h parad igms t h a t no s i m p l e d ichotomy between r e s p o n s e s t o 

" f e a t u r e " t a r g e t s and t h o s e d e f i n e d by a c o n j u n c t i o n o f f e a t u r e s 

was e v i d e n t . Thus , as wi th p a s s i v e and a c t i v e a t t e n t i o n , a h a r d and 

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

i n f o r m a t i o n seems u n t e n a b l e . A r e a s o n a b l e r e s o l u t i o n o f t h i s m a t t e r 

may be found i n t h e o r i e s which suggest t h a t s e r i a l p r o c e s s i n g i s i n 

f a c t gu ided by p a r a l l e l p r o c e s s i n g ( e . g . Guided Search T h e o r y ) , and 

o t h e r s i n which a c l e a r s e p a r a t i o n o f t h e two i s no t deemed 

n e c e s s a r y ( e . g . S i m i l a r i t y T h e o r y ) . (See C h e a l and L y o n , 1992, f o r 

a r e c e n t d i s c u s s i o n o f these and o t h e r t h e o r i e s o f v i s u a l s e a r c h . ) 

A n o t h e r i n f l u e n t i a l p a r t i t i o n i n g tof. i n f o r m a t i o n p r o c e s s i n g , one 

which i n c o r p o r a t e s p a r a l l e l and s e r i a l p r o c e s s i n g as w e l l as o t h e r 

d ichotomous c o n c e p t s , i s t o be found i n t h e n o t i o n s o f automatic 

and controlled p r o c e s s i n g . S c h n e i d e r , Dumais , and S h i f f r i n (1990) 

d e f i n e t h e s e terms as f o l l o w s : 

Automatic processing i s a f a s t , p a r a l l e l , f a i r l y e f f o r t l e s s 

p r o c e s s t h a t i s not l i m i t e d by s h o r t - t e r m memory (STM) c a p a c i t y , 

i s not under d i r e c t s u b j e c t c o n t r o l , and i s r e s p o n s i b l e f o r t h e 

per formance o f w e l l - d e v e l o p e d 1 s k i l l e d b e h a v i o r s . A u t o m a t i c 

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

c o n s i s t e n t l y o v e r many t r i a l s . . . . Control processing [more 

u s u a l l y termed " c o n t r o l l e d p r o c e s s i n g " ] i s c h a r a c t e r i z e d as a 

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

r e g u l a t e d p r o c e s s i n g mode t h a t must be used t o d e a l w i t h n o v e l 
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o r i n c o n s i s t e n t i n f o r m a t i o n . C o n t r o l p r o c e s s i n g i s e x p e c t e d when 

t h e s u b j e c t ' s r e s p o n s e t o t h e s t i m u l u s v a r i e s f rom t r i a l t o 

t r i a l , (pp .1 -2 ) 

I t i s immed ia te ly o b v i o u s t h a t the c o n c e p t s o f a u t o m a t i c and 

c o n t r o l l e d p r o c e s s i n g not o n l y i n c o r p o r a t e p a r a l l e l and s e r i a l 

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

(or " b o t t l e n e c k " ) ment ioned w i t h r e s p e c t t o s e l e c t i v e a t t e n t i o n . 

What i s i n t e r e s t i n g i n t h e s e d e f i n i t i o n s , , however , i s the 

s u g g e s t i o n t h a t the c a p a c i t y l i m i t a t i o n i s d e t e r m i n e d by " s h o r t -

term memory" r a t h e r than be ing c o n c e i v e d as w i t h i n some " a t t e n t i o n 

s y s t e m . " Tha t a t t e n t i o n i s i n v o l v e d i n t h e s e two k i n d s o f 

p r o c e s s i n g , though i t i s not ment ioned d i r e c t l y , f o l l o w s n a t u r a l l y 

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

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

A r e c e n t p o s i t r o n e m i s s i o n tomography (PET) s t u d y c a r r i e d ou t by 

R a i c h l e and t h e group a t Washington U n i v e r s i t y l e n d s some s u p p o r t 

t o t h e r e a l i t y o f the s e p a r a t e n e s s o f t h e s e two t y p e s o f 

i n f o r m a t i o n p r o c e s s i n g , i n t h a t t h e y have been a b l e t o image two 

s e p a r a t e anatomic systems i n t h e human b r a i n which appear t o be 

i n v o l v e d p r e d o m i n a n t l y i n e i t h e r n o v e l / n a i v e language t a s k s o r 

p r a c t i s e d t a s k s ( R a i c h l e e t a l . , 1994) . An i n t e r e s t i n g f e a t u r e o f 

these two systems i s t h a t , a c c o r d i n g t o t h i s s t u d y , when one system 

i s a c t i v e , t h e o t h e r i s s u p p r e s s e d . T h i s f i n d i n g speaks t o t h e 

involvement o f a t t e n t i o n w i th i t s a b i l i t y t o s c r e e n out s t i m u l a t i o n 
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f rom i r r e l e v a n t o r un impor tan t i n f o r m a t i o n , and t o choose a 

s p e c i f i c i n f o r m a t i o n " c h a n n e l " t o a t t e n d t o (see B r o a d b e n t , 1982; 

a l s o Haxby e t a l . , 1994) . A n o t h e r f a s c i n a t i n g d i s c o v e r y i n t h i s 

s tudy i s t h a t i t t akes as l i t t l e as 15 minutes p r a c t i c e f o r a t a s k 

which was i n i t i a l l y p r o c e s s e d by t h e n o v e l / n a i v e r o u t e t o p a s s t o 

t h e p r a c t i s e d r o u t e . T h i s appears t o c o n f i r m t h e o b s e r v a t i o n s o f 

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

automat ic component p r o c e s s e s t h a t e x h i b i t f a s t , a c c u r a t e , p a r a l l e l 

p r o c e s s i n g " ( S c h n e i d e r , Dumais, & S h i f f r i n , 1984, p . 2 ) . As t h e s e 

a u t h o r s and R a i c h l e and h i s group p o i n t o u t , however , even a 

r e l a t i v e l y s imple t a s k i n everyday l i f e would i n v o l v e a m i x t u r e o f 

b o t h a u t o m a t i c and c o n t r o l l e d p r o c e s s i n g sys tems " p o s s i b l y 

o r g a n i z e d i n a s y s t e m a t i c network o r h i e r a r c h y , w i t h many o f the 

automat ic p r o c e s s e s o p e r a t i n g i n p a r a l l e l " ( i b i d . ) , hence r e f e r e n c e 

t o a t a s k b e i n g c a r r i e d out by automat ic o r c o n t r o l l e d p r o c e s s e s i n 

g e n e r a l i m p l i e s merely t h a t these a re the major component p r o c e s s e s 

i n t h e t a s k . T h i s i s an impor tan t p o i n t , s i n c e i t i m p l i e s t h a t no 

t a s k i s t r u l y " p r e - a t t e n t i v e " : s e l e c t i v e a t t e n t i o n must be i n v o l v e d 

t o some degree f o r s u c c e s s f u l c o m p l e t i o n o f any t a s k . 

One n o t a b l e f e a t u r e o f automat ic p r o c e s s i n g , however, i s t h a t i t i s 

"not under d i r e c t s u b j e c t c o n t r o l . " Exper iments d e s i g n e d t o examine 

the d i f f e r e n c e i n a s u b j e c t ' s a b i l i t y t o c o n t r o l t a r g e t s u s e d bo th 

c o n s i s t e n t mapping p r o c e s s i n g t r i a l s [CM t r i a l s , t h a t i s , t r i a l s i n 

which " the s u b j e c t makes the same o v e r t o r ! c o v e r t r e s p o n s e each 

t i m e t h e s t i m u l u s o c c u r s " ] , i n o t h e r words , t r i a l s which s h o u l d 
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show p r a c t i c e e f f e c t s , and v a r i a b l e mapping t r i a l s [VM t r i a l s , t h a t 

i s , t r i a l s i n which " the; r e s p o n s e s change a c r o s s t r i a l s " ] 

( S c h n e i d e r , Dumais, & S h i f f r i n , 1984, p . 2 ) . The r e s u l t s o f t h e s e 

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

s u f f i c i e n t l y t o i g n o r e s t i m u l i t h a t were p r e v i o u s l y CM t a r g e t s " 

( i b i d . , p . 10) , demonstra t ing t h a t CM p r o c e s s i n g (or t h e p r o c e s s i n g 

o f p r a c t i s e d t a s k s ) i s no t under d i r e c t s u b j e c t c o n t r o l even when 

t h e t a r g e t s " a r e known t o be i r r e l e v a n t , when t h e y o c c u r i n 

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

i n s t r u c t e d t o i g n o r e them" ( i b i j d . ) . G i v e n t h e i n v o l v e m e n t o f 

a t t e n t i o n i n i n f o r m a t i o n p r o c e s s i n g , the f i n d i n g s on the d i f f i c u l t y 

o f b l o c k i n g automat ic p r o c e s s e s speak t o the d i f f i c u l t y o f e x e r t i n g 

a c t i v e c o n t r o l over a t t e n t i o n a l l o c a t i o n i n s i t u a t i o n s i n which 

" s u b j e c t s a r e asked t o p e r f o r m t a s k s i n c o m p a t i b l e w i t h p r e v i o u s l y 

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

t h a t some c o n t r o l i s p o s s i b l e ( p . 1 1 ) . I t seems r e a s o n a b l e t o 

suppose t h a t , once l e a r n e d , s t i m u l i i n t e r a c t w i t h s e l e c t i v e 

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

i 1 

As was mentioned above, i n c o r p o r a t e d i n t o the concepts o f a u t o m a t i c 

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

c h a n n e l as w e l l as an unlimited capacity c h a n n e l f o r i n f o r m a t i o n 

p r o c e s s i n g i n t h e b r a i n . There seems l i t t l e doubt t h a t two such 

c h a n n e l s e x i s t . There i s c o n t r o v e r s y , n e v e r t h e l e s s , and has been 

f o r d e c a d e s , about where i n the i n f o r m a t i o n p r o c e s s i n g system the 

l i m i t e d c h a n n e l which s e l e c t i v e l y f i l t e r s out i r r e l e v a n t 
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i n f o r m a t i o n e x i s t s (see Moray, 1969; B r o a d b e n t , 1982; Van der 

H e i j d e n , 1992; f o r h i s t o r i c a l overv iews o f t h e arguments p l u s some 

r e c e n t u p d a t e s ) . S i n c e shades o f the o r i g i n a l arguments s t i l l 

c o l o u r t o d a y ' s t h e o r i z i n g , i t i s i n s t r u c t i v e t o summarize the major 

p e r s p e c t i v e s o f the p a s t . In the o p i n i o n o f Broadbent , f o r example, 

t h e f i l t e r i n g o c c u r r e d e a r l y i n t h e system and a f f e c t e d which 

i n f o r m a t i o n was a l l o w e d t o be p r o c e s s e d . A c c o r d i n g t o D e u t s c h and 

D e u t s c h , however , t h e a b i l i t y o f una t tended s t i m u l i wh ich had 

c o n t e x t u a l r e l e v a n c e or a h i g h we igh t ing o f importance t o i n t e r f e r e 

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

a l l s t i m u l i i m p i n g i n g on t h e s e n s o r y systems was p r o c e s s e d t o the 

l i m i t s o f i t s r e p r e s e n t a t i o n i n t h e b r a i n , t h a t i s , up t o and 

i n c l u d i n g meaning and l e a r n e d s i g n i f i c a n c e . A t h i r d i n f l u e n t i a l 

t h e o r y which combined f e a t u r e s o f the two ment ioned above was t h a t 

o f T r e i s m a n who p r o p o s e d , as i n B r o a d b e n t ' s m o d e l , an e a r l y 

s e l e c t i v e f i l t e r , but one which merely a t tenua ted unwanted messages 

'i i 

r a t h e r than b l o c k i n g them c o m p l e t e l y , thereby a l l o w i n g them t o p a s s 

f u r t h e r i n t o the sys tem, where t h e y would e n t e r a module o f 

" d i c t i o n a r y u n i t s . " "One impor tant p r o p e r t y o f t h e s e u n i t s i s t h a t 

they have v a r i a b l e t h r e s h o l d s : importance o r r e l e v a n c e , conveyed by 

e x p l i c i t i n s t r u c t i o n s or c o n t e x t , i s r e f l e c t e d i n lower t h r e s h o l d s 

and t h e r e f o r e a h i g h e r p r o b a b i l i t y o f a u n i t ' s b e i n g t r i g g e r e d , 

even by a weakened i n p u t " (Van d e r H e i j d e n , 1992, p . 4 9 ) . These 

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

mechanism seen i n Deutsch and D e u t s c h ' s t h e o r y . As Van d e r H e i j d e n 

s u g g e s t s (1992, c h a p . 2 ) , t h e i s s u e o f s e l e c t i o n has been 165 



unnecessarily dichotomized, in 1 much jof (this discussion into a debate 
on whether the selection process i s 1 one of "input selection" or 
"response selection," though Treisman's model had shown that a 

i . | 

successful marriage of the two could be achieved. In his view, this 
is unfortunate since most tasks not |only involve some aspects of 
both, but also involve a third factor related to intention to act 
(or respond), "an advance preparation'whether to react and, i f so, 
how, with what class of responses, to react" (p.50). Forwarding 
arguments to support his contention, Van der Heijden concludes: 

This analysis of selection in vision again suggests the 
conclusion that in (nearly) a l l (experimental) tasks more 

i 
i , j 

attentional factors or selective processes have to be 
distinguished: one process concerned with the "where"' (i.e., 
controlling the source of stimuli to be responded to) , a second 

i 
concerned with the "what" (i.e., controlling what aspect of the 
stimulus i s of importance) and a third concerned with "what to 
do" (i.e., controlling whether, and i f so, how, to react). These 
processes are very close to the processes already suggested by 
Von Helmholtz, James, and Gibson, respectively: attention, 
expectation, and intention, (p. 55) 

This t r i p a r t i t e nature of the attention system w i l l be taken up 
again in an elaboration of Van der Heijden's information processing 
model. The concept of "attention" employed in the model is much 
narrower than that used in other models, representing as i t does 
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o n l y one s e l e c t i v e p r o c e s s o f t h r e e , a l l o f which work i n c l o s e 

c o o p e r a t i o n t o enhance s e l e c t i v i t y i n b r a i n p r o c e s s i n g . 

Metaphors for attention 
Because o f t h e d i f f i c u l t i e s e x p e r i e n c e d i n a t t e m p t i n g t o 

c h a r a c t e r i z e t h e n a t u r e and f u n c t i o n o f a t t e n t i o n and i t s r o l e i n 

i n f o r m a t i o n p r o c e s s i n g , a t t e n t i o n r e s e a r c h e r s have r e s o r t e d t o the 

t i m e honoured p r a c t i c e o f employ ing metaphors t o g i v e c o n c e p t u a l 

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

i n t h e v i s u a l system have been p a r t i c u l a r l y f r u i t f u l i n spawning 

s u c h v i s u a l i z i n g a i d s . One a b i d i n g image, i n i t i a l l y p r o p o s e d by 

B r o a d b e n t , i s t h a t o f a "filter" s e l e c t i v e l y a l l o w i n g o n l y some 

i n f o r m a t i o n t o pass f u r t h e r i n t o the i n f o r m a t i o n p r o c e s s i n g s y s t e m , 

o r as i n t h e c a s e o f T r e i s m a n ' s m o d e l , g i v i n g a s e l e c t i v e 

f a c i l i t a t i o n o f passage f o r some i n f o r m a t i o n w h i l e a t t e n u a t i n g the 

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

promoted by Posner and o t h e r s l i k e n s a t t e n t i o n t o a "spotlight" 

which moves a c r o s s the s e n s o r y system i n an ana logue manner. When 

a t t e n t i o n i s f o c u s e d on a p a r t i c u l a r s p o t , i t i s s a i d t o be 

"engaged" a t t h a t l o c a t i o n , hence a r e l o c a t i o n o f a t t e n t i o n would 

i n v o l v e "d isengagement" , f o l l o w e d by a " s h i f t " and t h e n r e -

engagement, t he t ime n e c e s s a r y f o r r e l o c a t i o n i n c r e a s i n g w i t h 

i n c r e a s i n g d i s t a n c e from the o r i g i n a l s i t e o f engagement. S i m i l a r 

t o t h e s p o t l i g h t m o d e l , but a l l o w i n g f o r a v a r i a b l e s i z e o f 

a t t e n t i o n g r a d i e n t c e n t r e d a t the f o c u s o f a t t e n t i o n i s t h e "zoom 

lens" m o d e l . Wh i le t h e s e metaphors have been w i d e l y u s e d o v e r t h e 
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p a s t d e c a d e , doubt has been c a s t on t h e i r u s e f u l n e s s by a growing 

body o f d a t a (see C h e a l , L y o n , & G o t t l o b , 1994b, p p . 700, 701) . 

I n t r o d u c e d more r e c e n t l y i s t h e "gradient" model o f a t t e n t i o n , i n 

which " a t t e n t i o n may be d i s t r i b u t e d i n a g r a d i e n t a round t h e cued 

l o c a t i o n , o r i t may form an i r r e g u l a r f i e l d w i t h m u l t i p l e peaks o f 

d i f f e r e n t i n t e n s i t i e s ( h e i g h t s ) " ( i b i d . , p . 701 ) . In y e t ano ther 

m o d e l , i t i s p roposed t h a t , when a l o c a t i o n cue a p p e a r s , a "gate" 

i s opened which i n i t i a t e s a f l o w o f i n f o r m a t i o n i n an a p p r o p r i a t e 

c h a n n e l . T h i s i s the s o - c a l l e d "attention gating" model . One o f the 

most r e c e n t models combines e lements o f b o t h t h e g r a d i e n t and t h e 

a t t e n t i o n g a t i n g m o d e l s . T h i s i s t h e "gradient filter" m o d e l , 

i n t r o d u c e d by C h e a l , Lyon arid Gott lo lb (1994b) , which i s based on 

t h e c o n c e p t o f semi -permeab le f i l t e r s which c o n t r o l t h e r a t e o f 

f l o w o f i n f o r m a t i o n from the v i s u a l d i s p l a y , and wh ich t h e m s e l v e s 

a r e r e g u l a t e d by the amount o f a t t e n t i o n a t each l o c a t i o n . In t h i s 

m o d e l , a t t e n t i o n may be thought o f as b e i n g s p r e a d out a c r o s s the 

v i s u a l f i e l d i n an uneven f a s h i o n , depend ing on t h e p r o b a b i l i t i e s 

o f a t a r g e t appear ing a t a p a r t i c u l a r l o c a t i o n . I f one l o c a t i o n i s 

h i g h l y p r o b a b l e , t h e p e r m e a b i l i t y o f the a t t e n t i o n f i l t e r a t t h a t 

l o c a t i o n w i l l be h i g h , r e n d e r i n g the r a t e o f i n f o r m a t i o n f l o w 

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

i n f o r m a t i o n a t t h a t l o c a t i o n . Wi th r e s p e c t t o t h e " l i m i t e d 

c a p a c i t y " i s s u e , the model s u g g e s t s t h a t i f t h e r e i s an o v e r a l l 

c a p a c i t y l i m i t a t i o n , c h a n g i n g the p e r m e a b i l i t y o f a f i l t e r a t one 

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

l o c a t i o n s , e i t h e r p o s i t i v e l y o r n e g a t i v e l y i n a c c o r d a n c e w i t h t h e 
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d i r e c t i o n o f t h e i n i t i a l change . A c c o r d i n g t o i t s a u t h o r s , " [ t ] h e 

g r a d i e n t f i l t e r model i s d i f f e r e n t i a t e d f rom o t h e r metaphors i n 

t h a t v a r i o u s f i l t e r s become more o r l e s s permeable and a r e not 

dependent on movement (as i n the s p o t l i g h t metaphor) o r on t h e 

s i m u l t a n e o u s o p e n i n g o r c l o s i n g o f g a t e s " (pp. 703 -704 ) . 

A l though none of these metaphors o r models has been w h o l e h e a r t e d l y 

e n d o r s e d o r r e j e c t e d by t h e r e s e a r c h community, some o f them seem 

l e s s h e l p f u l i n t h e i r h e u r i s t i c i n t e n t t h a n o t h e r s , i n t h a t they 

appear t o c o n c e p t u a l i z e a t t e n t i o n as a f o r c e o p e r a t i n g on the 

i n f o r m a t i o n p r o c e s s i n g system p r o p e r f rom somewhere o u t s i d e i t s 

b o u n d a r i e s (see Van der H e i j d e n , 1992, c h a p . 7 f o r an e l a b o r a t i o n 

o f t h i s p o i n t o f v i e w ) . The s p o t l i g h t and zoom l e n s metaphors a r e 

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

i n f o r m a t i o n p r o c e s s i n g models based on n e u r o s c i e n t i f i c d i s c o v e r y , 

however , c o n c e p t u a l i z e a t t e n t i o n ( d e f i n e d i n a narrow sense) as 

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

o r g a n i z a t i o n o f the c e l l s themse lves as w e l l as t h e modular 

s t r u c t u r e and f u n c t i o n i n g of the b r a i n ( s e e , f o r example , L a b e r g e , 

C a r t e r , Brown, 1992; and Van d e r H e i j d e n , 1992, c h a p . 8 ) . Van der 

H e i j d e n ( i b i d . ) c r i t i c i s e s " e x t e r n a l " a t t e n t i o n models w i t h t h e s e 

words: 

In t h e r e c e n t p a s t the term " a t t e n t i o n " has o f t e n been u s e d t o 

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

p r o b l e m s i n a n o n - s p e c i f i e d way . . . t o p r e v e n t t h e need o f 
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i n t r o d u c i n g an empty, m a g i c a l , concept o f a t t e n t i o n our s t r a t e g y 

w i l l be t o account f o r as much as p o s s i b l e i n terms o f t h e f i x e d 

s t r u c t u r e and f u n c t i o n i n g o f the i n f o r m a t i o n p r o c e s s o r [ the 

b r a i n ] , (p. 209) 

S i n c e he and o t h e r s (see Laberge e t a l . , 1992) have not o n l y 

d e s c r i b e d such a model but have s u c c e s s f u l l y c o n s t r u c t e d 

c o n n e c t i o n i s t work ing models o f a t t e n t i o n based on t h e i r 

t h e o r i z i n g , i t i s t h i s l e v e l o f m o d e l l i n g wh ich would appear t o be 

most r e l e v a n t t o t h i s t h e s i s , and which w i l l be d e t a i l e d below f o r 

i t s h e u r i s t i c v a l u e . 

A system i n t e r n a l c o n c e p t u a l i z a t i o n o f a t t e n t i o n 

The model o f a t t e n t i o n o u t l i n e d here w i l l be t h a t o f Van d e r 

H e i j d e n (1992) . I t i s a model o f s e l e c t i v e a t t e n t i o n i n v i s i o n , a 

c o n c e p t u a l i z a t i o n which i s not o n l y s p e c i f i c t o t h e v i s u a l system 

but i s seen as i n t e r n a l t o the s y s t e m , t h a t i s , a r i s i n g out o f the 

o r g a n i z a t i o n and s t r u c t u r e o f the v i s u a l system i t s e l f . As s u c h , i t 

may no t be e n t i r e l y a p p l i c a b l e t o a t t e n t i o n i n t h e o t h e r s e n s o r y 

systems, nor may i t e x p l a i n o ther a s p e c t s o f a t t e n t i o n which appear 

t o be s e n s o r y system e x t e r n a l . The l a t t e r w i l l be d e a l t w i t h i n 

more d e t a i l l a t e r i n the d i s c u s s i o n . N e v e r t h e l e s s , t h e n o t i o n o f 

a t t e n t i o n as a c t i n g a t the n e u r o n a l l e v e l t o a c t i v a t e o r i n h i b i t 

c e l l s i s an important one f o r t h e c o n c e p t o f l e a r n i n g as a p r o c e s s 

and p r o d u c t o f s y n a p t i c change, hence v a r i a t i o n between s y s t e m s , 

though p o t e n t i a l l y s i g n i f i c a n t , w i l l be t a k e n as s i m p l y v a r i a t i o n s 
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on a theme of neurona l e x c i t a t i o n and i n h i b i t i o n t h r o u g h a t t e n t i o n 

a l l o c a t i o n . 

B e f o r e e l a b o r a t i n g the d e t a i l s o f h i s model , Van der H e i j d e n (1992, 

c h a p . 7) e s t a b l i s h e s v e r y c l e a r l y h i s p o s i t i o n on t h e 

u n l i m i t e d / l i m i t e d c a p a c i t y o f the human i n f o r m a t i o n p r o c e s s o r 

d e b a t e . In h i s v i e w , a l l s t i m u l i i m p i n g i n g on t h e b r a i n a r e 

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

beyond mere p e r c e p t i o n t o comple te i d e n t i f i c a t i o n , which i m p l i e s 

a c c e s s i n g i n f o r m a t i o n on the v a l u e o r l e a r n e d s i g n i f i c a n c e o f the 

s t i m u l i . As he p o i n t s o u t , t h i s p e r s p e c t i v e i s i n agreement w i t h 

t h o s e o f o t h e r s work ing i n the f i e l d (see Van d e r H e i j d e n , 1992, 

pp . 236-237) . Thus , he c o n c e i v e s the s e l e c t i v e a c t i o n o f a t t e n t i o n 

as o p e r a t i n g after t h e s i m u l t a n e o u s p r o c e s s i n g o f many s t i m u l i t o 

impose t e m p o r a l o r d e r on s p a t i a l l y o r d e r e d i n f o r m a t i o n so t h a t 

which i n f o r m a t i o n shou ld be ac ted upon f i r s t may be de te rmined . The 

s e l e c t i v e f u n c t i o n o f a t t e n t i o n , t h e n , i s a selection for action, 

a s e l e c t i o n which s o l v e s a "temporal p r i o r i t y prob lem: a problem o f 

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

t ime domain. A t t e n t i o n a l s e l e c t i o n has t o impose o r d e r o r s t r u c t u r e 

i n t i m e " (p . 245) . A c c o r d i n g t o Van d e r H e i j d e n , t h i s t y p e o f 

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

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

i n s u f f i c i e n t f o r adequate per formance o f a t a s k . 

[A] second form o f s e l e c t i o n i s needed because a s e l e c t e d a c t i o n 
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c a n g e n e r a l l y be d i r e c t e d t o o n l y one among a number o f 

s i m u l t a n e o u s l y a v a i l a b l e o b j e c t s a t a t ime T h i s form o f 

s e l e c t i o n has t h e r e f o r e t o s o l v e the prob lem o f wh ich o b j e c t t o 

a c t upon a t a c e r t a i n moment i n t ime , i . e . , the p rob lem o f where 

t h e a c t i o n i s now t o be d i r e c t e d (p . 245 ) . 

T h i s second form o f s e l e c t i o n i s n e c e s s a r y t o a v o i d b e h a v i o u r a l 

chaos and i s c a r r i e d out by s e l e c t i v e a t t e n t i o n i n a c c o r d a n c e w i t h 

t h e c o n s t r a i n t s o f the e x p e c t a t i o n s and i n t e n t i o n s o f t h e s u b j e c t 

p e r f o r m i n g a s p e c i f i c t a s k . As Van d e r H e i j d e n n o t e s : 

For an adequate theory of s e l e c t i v e a t t e n t i o n i t i s e s s e n t i a l t o 

know what s t i m u l a t i o n c o n t r i b u t e s what p r e p a r a t i o n ( i . e . 

i n t e n t i o n s and e x p e c t a t i o n s ) c o n t r i b u t e s , and what f u r t h e r 

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

d e s e r v e s t h e name s e l e c t i v e a t t e n t i o n , (p . 247) 

T h u s , s e l e c t i v e a t t e n t i o n does not o p e r a t e i n a vacuum, but i n 

c l o s e c o o p e r a t i o n w i t h s t i m u l u s - i n v o k e d a c t i v a t i o n , e x p e r i e n c e o r 

i n s t r u c t i o n - i n v o k e d e x p e c t a t i o n s , and i n t e n t i o n t o a c t . I t i s 

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

t h e p a s t , and t h e f u t u r e . In r e a l l i f e s i t u a t i o n s , t h e r e f o r e , 

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

c o n t e x t . ' ! 

But how e x a c t l y does Van der H e i j d e n c o n c e p t u a l i z e a t t e n t i o n ? 
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B e f o r e answering t h a t q u e s t i o n , i t i s n e c e s s a r y t o d e s c r i b e b r i e f l y 

the n e u r o p h y s i o l o g i c a l framework o f t h e v i s u a l system w i t h i n which 

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

i n f o r m a t i o n p r o c e s s i n g s y s t e m , "two major pathways a re 

d i s t i n g u i s h e d : the X - o r p a r v o c e l l u l a r pathway, presumably 

c o n c e r n e d w i t h t h e ' w h a t ' , and t h e Y - o r m a g n o c e l l u l a r pathway, 

p r e s u m a b l y c o n c e r n e d w i t h the ' w h e r e ' " ( i b i d . , p . 210; see a l s o 

Z e k i , 1992) , and t h a t w i t h i n the p a r v o c e l l u l a r pathway two broad 

g r o u p s o f s p e c i a l i s t modules can be d i s t i n g u i s h e d , one i n which 

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

and wh ich can be c o n s i d e r e d t o d e a l w i t h what i t means " t o s e e , " 

and another i n which i n f o r m a t i o n i s not s p a t i a l l y o r g a n i z e d and i s 

g e n e r a l l y thought t o be more a b s t r a c t i n c o n t e n t , r e f l e c t i n g the 

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

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

a r e a s w i t h i n t h e second group a r e c o n c e r n e d p r i m a r i l y w i t h " t o 

know." T h i s l a t t e r group Van der H e i j d e n terms " d o m a i n s . " T h u s , i n 

h i s b a s i c m o d e l , i n p u t r e c e i v e d a t the "map" l e v e l ( the i n p u t 

module) i s a u t o m a t i c a l l y and s i m u l t a n e o u s l y s e n t on t o the "domain" 

l e v e l ( the i d e n t i t y module) t o be i d e n t i f i e d , as w e l l as t o the 

m a g n o c e l l u l a r pathway t o be l o c a t e d i n space ( the l o c a t i o n module) 

(see Van d e r H e i j d e n , 1992, c h a p . 8 ) . So f a r i n t h i s s c e n a r i o , 

a t t e n t i o n i s not a c t i v e , and i f i t i s not a l l o c a t e d t o the s t i m u l u s 

invoked a c t i v a t i o n , the l a t t e r w i l l fade r a p i d l y . A c c o r d i n g t o t h i s 

m o d e l , i t i s o n l y when a s t i m u l u s i s l o c a t e d t h a t a t t e n t i o n k i c k s 

i n , and i t does so by means o f a feedback loop o r i g i n a t i n g from the 
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l o c a t i o n module and e n d i n g i n t h e i n p u t m o d e l . T h u s , i t i s the 

feedback i t s e l f which i s regarded as " a t t e n t i o n " i n t h i s mode l , and 

i t i s by means o f the feedback i n f o r m a t i o n from the l o c a t i o n module 

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

The o p e r a t i o n o f the feedback l o o p can be r e g a r d e d as a v i s u a l -

p e r c e p t i o n i n t e r n a l k i n d o f s e l e c t i v e a t t e n t i o n t r i g g e r e d by 

p o s i t i o n i n f o r m a t i o n o r the o n s e t o f p o s i t i o n i n f o r m a t i o n . S o , 

i n t h i s v iew, i t i s no t a t t e n t i o n , i c o m i n g from nowhere, t h a t i s 

d i r e c t e d a t a p o s i t i o n i n a map o f l o c a t i o n s . The map o f 

l o c a t i o n s i s the source o f the a t t e n t i o n . L o c a t i o n i n f o r m a t i o n -

i f f e d back t o t h e i n p u t module - is t h e a t t e n t i o n . Not 

a t t e n t i o n d i r e c t e d a t p o s i t i o n , but p o s i t i o n d i r e c t e d as 

a t t e n t i o n . (Van d e r H e i j d e n , 1992, p.254) 

On t h i s v i e w , t h e n , t h e r e i s no need f o r a " m a g i c a l " c o n c e p t o f 

a t t e n t i o n coming from somewhere e x t e r n a l t o t h e s e n s o r y s y s t e m . 

A t t e n t i o n i s a system i n t e r n a l phenomenon a c c o r d i n g t o t h i s m o d e l . 
i 

In a s i t u a t i o n i n which v a r i o u s s t i m u l i a r e s i m u l t a n e o u s l y 

compet ing f o r a t t e n t i o n , e x p e c t a t i o n , whether g i v e n by v e r b a l 

i n s t r u c t i o n , v i s u a l c u e s , o r p a s t e x p e r i e n c e w i t h a t a s k , a c t s by 

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

m o d u l e , t h e r e b y e f f e c t i v e l y enhanc ing t h e speed o f p r o c e s s i n g o f 

t h e i n f o r m a t i o n a v a i l a b l e a t t h a t l o c a t i o n , and e n a b l i n g t h a t 

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

problem w i t h s e l e c t i o n based o n l y on e x p e c t a t i o n , however , i s t h a t 
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i t s e l e c t s too much f o r adequate c o m p l e t i o n o f t h e t a s k . F o r good 

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

o b j e c t a r e n e c e s s a r y : f o r example, i n a l e t t e r naming t a s k , the 

shape o f t h e o b j e c t a l o n e i s s u f f i c i e n t ; p r o p e r t i e s such as s i z e , 

c o l o u r , and b r i g h t n e s s are i r r e l e v a n t ^ Hence, as a l l u d e d t o above , 

a s e c o n d form o f s e l e c t i o n aimed a t s c r e e n i n g out i r r e l e v a n t 

p r o p e r t i e s must be c a r r i e d out by " i n t e n t i o n t o a c t " . 

T h i s i n t e n t i o n t o a c t can be equated w i t h p r o p e r t y s e l e c t i o n . I t 

c a n be c o n c e i v e d as an (advance) p r e p a r a t i o n i n t h e t a s k -

r e l e v a n t modules o r an (advance) s e t t i n g o f t h e p e r c e p t u o - m o t o r 

c h a n n e l s . Then the i n t e n t i o n t o a c t p i c k s out t h e r e s p o n s e 

p r o p e r t i e s when a t t e n t i o n a l s e l e c t i o n p r e s e n t s a l l p r o p e r t i e s o f 

t h e o b j e c t t o be a c t e d upon . 

S o , i n o u r c o n c e p t u a l i z a t i o n , a t t e n t i o n ( i n c o o p e r a t i o n w i t h 

expec ta t ion ) performs o b j e c t s e l e c t i o n . . . T h i s o b j e c t s e l e c t i o n 

m i g h t p o s s i b l y be s u f f i c i e n t f o r " p e r c e i v i n g " o r " s e e i n g " the 

s e l e c t e d o b j e c t , as T r e i s m a n s u g g e s t s . . . However, f o r adequate 

" task performance" o r " b e h a v i o u r " , a t t e n t i o n a l s e l e c t i o n i s no t 

s u f f i c i e n t . In a d d i t i o n one o r a n o t h e r form o f p r o p e r t y 

s e l e c t i o n i s needed. In our p r o p o s a l a s p e c i f i c i n t e n t i o n t o a c t 

i s a t the b a s i s of t h i s second form of s e l e c t i o n . Both a t t e n t i o n 

(guided by e f f e c t i v e 1 6 expecta t ion ) and i n t e n t i o n a r e i n v o l v e d i n 

1 6 Van d e r H e i j d e n (1992) c l a r i f i e s what he means by 
" e f f e c t i v e " e x p e c t a t i o n : "The word effective i s u s e d t o i n d i c a t e 
t h a t what i s meant i s no t the t o t a l o f a s u b j e c t ' s e x p e c t a t i o n s 
w i t h r e g a r d t o s t i m u l i , t a s k , e x p e r i m e n t e r , room, e t c . , bu t o n l y 
t h a t p a r t o f a s u b j e c t ' s t o t a l e x p e c t a t i o n s t h a t i s made e f f e c t i v e 
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t h e e x e c u t i o n o f a t a s k . (Van der H e i j d e n , 1992, p p . 270, 271) 

i i 

That such a c o n c e p t u a l i z a t i o n o f a t t e n t i o n i s r e a s o n a b l e has been 
i 

demonst ra ted by a r t i f i c i a l i n t e l l i g e n c e m o d e l e r s : Van d e r H e i j d e n 

(1992, c h a p . 8) d e s c r i b e s t h e s t r u c t u r e and per fo rmance o f the 

model SLAM ( S e L e c t i v e A t t e n t i o n M o d e l ) , a c o n n e c t i o n i s t model which 

has demonstrated t h a t " on ly the c o o p e r a t i o n and i n t e r s e c t i o n o f the 

e f f o r t s o f a t t e n t i o n a l o b j e c t s e l e c t i o n and i n t e n t i o n a l p r o p e r t y 

s e l e c t i o n produce the c o r r e c t b e h a v i o u r . The i n t e n t i o n t o a c t i n a 

s p e c i f i c way s o l v e s the problem c r e a t e d by a t t e n t i o n : s e l e c t i n g and 

e m p h a s i z i n g f a r t o o much" ( p . 2 7 3 ) . O t h e r c o n n e c t i o n i s t mode le rs 

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

c e l l u l a r l e v e l can a l s o be mimicked e f f e c t i v e l y by models ( see , f o r 

e x a m p l e , L a b e r g e , C a r t e r , & Brown, 1992; N i e b u r , K o c h , & R o s i n , 

1993). I t would seem, t h e r e f o r e , not o n l y t h a t c o n n e c t i o n i s t models 

have c a p t u r e d some b a s i c f u n c t i o n a l p r i n c i p l e s o f t h e b r a i n , but 

a l s o t h a t the f u n c t i o n o f a complex phenomenon l i k e a t t e n t i o n does 

i n d e e d b e g i n a t t h e " u n i t " l e v e l , t h a t o f t h e neurons t h e m s e l v e s , 

bu t does not end t h e r e . In summar iz ing h i s a p p r o a c h , Van d e r 

H e i j d e n w r i t e s : 

[W]e a l r e a d y saw t h a t the bot tom-up o r w o r l d - d r i v e n approach 

o n l y w i l l never r e a l l y work . . . In the c o u r s e o f t h i s s t u d y we 
i 
t 

were more and more c o n f r o n t e d w i t h t h e f a c t t h a t a top-down o r 

by means o f t h e instruction i n the per formance o f t h e t a s k " (p . 
263) . i 
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s u b j e c t - c o n t r o l l e d approach only ' w i l l a l s o never r e a l l y w o r k . . . . 

In g e n e r a l , o n l y a t h e o r y t h a t acknowledges t h e e x i s t e n c e and 

c o o p e r a t i o n of a t t e n t i o n , e x p e c t a t i o n and i n t e n t i o n a n d , w i t h i n 

a t t e n t i o n , bo th the c o n t r i b u t i o n s o f i n v o l u n t a r y and v o l u n t a r y 

a t t e n t i o n , w i l l be a b l e t o e l u c i d a t e t h e r e a l f u n c t i o n o f 

a t t e n t i o n i n v i s u a l i n f o r m a t i o n p r o c e s s i n g t a s k s . Both the 

s u b j e c t and the w o r l d have t o f i n d t h e i r p r o p e r p l a c e . (Van d e r 

H e i j d e n , 1992, p. 282) 

Thus Van d e r H e i j d e n ' s approach a t t e m p t s , by means o f c l e a r and 

l o g i c a l a n a l y s i s of the a v a i l a b l e d a t a , t o c u t through the d i s p u t e -

r i d d e n bottom-up v e r s u s top-down approaches i n o r d e r t o acknowledge 

the v a l i d i t y o f both mindse ts , but o n l y w i t h i n an i n t e g r a t e d mode l : 

i 
n o t w o r l d - d r i v e n versus s u b j e c t - c o n t r o l l e d , but w o r l d d r i v e n and 

s u b j e c t - c o n t r o l l e d . S i n c e t h i s approach i s not o n l y c o n s i s t e n t w i t h 

the d a t a , but a l s o conforms w i t h i n t u i t i v e i n s i g h t b a s e d on l i f e 

e x p e r i e n c e , i t seems one which i s e m i n e n t l y s u i t a b l e t o a p p l y t o 

t h e prob lems o f e l u c i d a t i n g t h e i n t e r a c t i o n o f a t t e n t i o n and 

l e a r n i n g . Hence the d e s c r i p t i o n o f a t t e n t i o n a f f o r d e d by t h i s 

m o d e l , though s p e c i f i c t o the v i s u a l s y s t e m , w i l l s e r v e as a 

g e n e r a l base f o r t h e o r i z i n g on the i n t e r a c t i o n o f a t t e n t i o n i n 

i n f o r m a t i o n p r o c e s s i n g i n the b r a i n (Van d e r H e i j d e n , 1992, p . 

282) : 

V i s u a l s p a t i a l s e l e c t i v e a t t e n t i o n 

c o n s i s t s o f ( l a t e ) p o s i t i o n i n f o r m a t i o n j o i n i n g , and 

i n t e r a c t i n g w i t h , ( ea r l y ) i d e n t i t y i n f o r m a t i o n , 
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- and p r o v i d e s t e m p o r a l o r d e r o r t e m p o r a l s t r u c t u r e i n a 

s p a t i a l l y s t r u c t u r e d v i s u a l w o r l d . 

- I t per forms i t s j o b i n c l o s e c o o p e r a t i o n and i n t e r a c t i o n w i t h 

e x p e c t a t i o n s and i n t e n t i o n s , 

- and i s c o n t r o l l e d by b o t h t h e s u b j e c t and t h e w o r l d . 

A t t e n t i o n as a s e l e c t i v e s t r a t e g y 

The v iew o f s e l e c t i v e a t t e n t i o n as a s e n s o r y system i n t e r n a l 

phenomenon i s i n d e e d a l o g i c a l and c o h e r e n t one , and i t does 

e x p l a i n much of the data on a t t e n t i o n . However, i t does not e x p l a i n 

how i t i s t h a t a t t e n t i o n can be a l l o c a t e d p r e f e r e n t i a l l y t o one o r 

a n o t h e r s e n s o r y system as has been demonst ra ted by e a r l y r e s e a r c h 

such as t h a t o f Broadbent (see B r o a d b e n t , 1982; Moray , 1969, c h a p . 

6) . Whether t h i s t y p e o f s e l e c t i o n can be t r i g g e r e d by a system 

i n t e r n a l mechanism o r i s the p r o d u c t o f a sys tem e x t e r n a l (or 

c e n t r a l ) mechanism has not y e t been d e c i d e d , and i n d e e d , as has 

been ment ioned above , t h e r e i s e v i d e n c e t o s u p p o r t b o t h an 

a n a t o m i c a l l y s e p a r a t e a t t e n t i o n a l mechanism which i n t e r a c t s w i t h 
' . ! 
I 1 • 

o t h e r p a r t s o f t h e b r a i n w h i l e m a i n t a i n i n g i t s own i d e n t i t y (see 

P o s n e r and P e t e r s e n , 1990) and a n e u r a l o r g a n i z a t i o n which c o u l d 
I • 1 • 
t 

u n d e r l i e a system i n t e r n a l mechanism (see Van der H e i j d e n , c h a p . 7; 

a l s o Haxby e t a l . , 1994) . Much as t h e s e f i n d i n g s appear t o be a t 

odds w i t h one another , i t s h o u l d be remembered t h a t t h e p u r p o s e o f 

Van der H e i j d e n ' s model was t o t r y t o s c r e e n a t t e n t i o n out o f o t h e r 

s o - c a l l e d " a t t e n t i o n a l " f e a t u r e s such as e x p e c t a t i o n and i n t e n t i o n 

wh ich must undoubted ly be c o n s i d e r e d t o make up p a r t o f a more 
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comprehens ive " a t t e n t i o n a l s y s t e m " . 

T h i s a b i l i t y t o s e l e c t a s e n s o r y system t o a t t e n d t o , and o t h e r 

a b i l i t i e s r e l a t e d t o i t , a s , f o r example , t h e p r e f e r e n t i a l 

a l l o c a t i o n o f a t t e n t i o n t o one e a r o r t h e o t h e r , has been termed 

" f i l t e r i n g . " 

[ I t ] was c o n c e i v e d as a s t r a t e g y t h a t c o u l d a l l o w s a t i s f a c t o r y 

p e r f o r m a n c e i n c a s e s when i n t e r f e r e n c e would o t h e r w i s e o c c u r . 

Tha t i s , i f a l a r g e number o f complex e v e n t s a r e o c c u r r i n g , a 

person who s e l e c t s those events p o s s e s s i n g a p a r t i c u l a r p h y s i c a l 

f e a t u r e (such as l o c a t i o n i n a p a r t i c u l a r p o i n t i n space) [or 

" e v e n t s t h a t share some b a s i c p h y s i c a l p r o p e r t y , such as 

a r r i v i n g a t the eye" (Broadbent , 1982, p . 257)] w i l l be a b l e t o 

cope a d e q u a t e l y w i t h t h o s e even ts a t the c o s t o f knowing l e s s 

about the remainder o f the t h i n g s t h a t a r e h a p p e n i n g . F i l t e r i n g 

was n o t however now imagined t o b l o c k out e v e r y t h i n g about the 

unat tended p a r t s o f the s u r r o u n d i n g s ; some f e a t u r e s would break 

through from o t h e r p l a c e s , perhaps enough t o t r i g g e r some l a t e r 

p r o c e s s e s . (Broadbent , 1982, p . 259) 

F i l t e r i n g , t h e n , i s a s e l e c t i v e s t r a t e g y which t r a d e s b e n e f i t s f o r 

c o s t s , but o n l y one o f s e v e r a l i d e n t i f i e d by r e s e a r c h e r s , 

" c a t e g o r i s i n g " and " p i g e o n - h o l i n g " b e i n g two o t h e r s o f impor tance 

( i b i d . , pp . 257 - 261) . S i n c e the s e l e c t i o n o f one s e n s o r y c h a n n e l 

over another i s important t o t h i s d i s s e r t a t i o n , however , o n l y t h i s 
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p a r t i c u l a r s t r a t e g y w i l l be d e a l t w i t h h e r e . 

C o n s i d e r a t i o n o f f i l t e r i n g as a s e l e c t i v e s t r a t e g y b r i n g s two 

q u e s t i o n s i n t o p rominence : f i r s t , why would one system (sometimes 

termed a "channe l " ) be chosen o v e r a n o t h e r , and s e c o n d , how might 

such a c h o i c e be e f f e c t e d ? To d e a l w i th the "why" some thought must 

be g i v e n t o t h e r o l e o f t h e s e n s o r y systems i n i n f o r m a t i o n 
i 

g a t h e r i n g . In Van der H e i j d e n * s o p i n i o n , 

[ i ] t i s . . . v e r y easy t o d e f e n d the g e n e r a l p o i n t o f v iew t h a t 

t h e p e r c e p t u a l systems a r e n o t j u s t f o r " p e r c e i v i n g " and the 

p a r t i c u l a r p o i n t o f v iew t h a t the v i s u a l system i s no t j u s t f o r 

" s e e i n g " . The most impor tan t f u n c t i o n o f t h e v i s u a l system l i e s 

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

( r e a d i n g , naming, w a l k i n g , g r a s p i n g , e t c . ) . V i s i o n , and a l l 

o t h e r " p e r c e p t u a l systems have evo lved i n a l l s p e c i e s o f a n i m a l s 
i 

s o l e l y as a means o f g u i d i n g and c o n t r o l l i n g a c t i o n (Van 

d e r H e i j d e n , 1992, p . 250) . 

G i v e n t h i s v iew o f the f u n c t i o n a l : p r i o r i t i e s o f t h e s e n s o r y 

s y s t e m s , i t seems r e a s o n a b l e t o assume t h a t a r e d u c t i o n i n 

knowledge o f t h e s o r t r e f e r r e d t o by Broadbent due t o t h e n o n -

s e l e c t i o n o f a s e n s o r y system would o n l y be a c c e p t a b l e i f a 

d e c i s i o n had been made t h a t the system s e l e c t e d c a r r i e d (or a t 

l e a s t was l i k e l y t o c a r r y ) more, o r more u s e f u l , i n f o r m a t i o n f o r 

g u i d i n g f u t u r e a c t i o n s . O s t e n s i b l y , such a d e c i s i o n c o u l d be made 
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on an immediate i n - s i t u a t i o n s a m p l i n g o f t h e d a t a on a l l s e n s o r y 

c h a n n e l s , on the b a s i s o f i n s t r u c t i o n s from an a u t h o r i t y f i g u r e , on 

t h e b a s i s o f the p r o b a b i l i t y o f g a i n i n g u s e f u l i n f o r m a t i o n f rom a 
i 

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

i n f o r m a t i o n g a t h e r i n g , o r even on t h e b a s i s o f g e n e t i c 

p r e d i s p o s i t i o n towards one s e n s e . Each o f t h e s e p r e s u p p o s e s a 

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

p r o c e s s . The b r e a k t h r o u g h o f i n f o r m a t i o n f rom t h e "unat tended 

c h a n n e l , " however , has shown t h a t v o l u n t a r y c o n t r o l o f a t t e n t i o n 

a l l o c a t i o n i s by no means a b s o l u t e , and i n f a c t , t h a t i t can be 

superseded by " h i g h p r i o r i t y " i n f o r m a t i o n a r r i v i n g on an unat tended 

i n f o r m a t i o n s t ream (see B r o a d b e n t , 1982) . T h u s , i t would appear 

t h a t , as f a r a c h o o s i n g a sensory system t o a t t e n d t o i s c o n c e r n e d , 

a t t e n t i o n can be w o r l d - d r i v e n o r s u b j e c t d r i v e n , and perhaps even 

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

proposed by Van d e r H e i j d e n based on c o n s i d e r a t i o n o f v i s u a l system 

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

s e n s o r y system e x t e r n a l l e v e l s . 

As t o how a c h o i c e of sensory system might be e f f e c t e d , i t appears 

l i k e l y t h a t v o l u n t a r y c o n t r o l mechanisms would be governed by 

" h i g h e r c e n t r e s " capable of t r a n s f o r m i n g p r o b a b i l i t y da ta from p a s t 

e x p e r i e n c e (or i n s t r u c t i o n , e t c . ) i n t o an " e f f e c t i v e e x p e c t a t i o n " 

i n te rms o f n e u r o n a l e x c i t a t i o n w i t h i n a p a r t i c u l a r system such 

t h a t i n f o r m a t i o n p r o c e s s i n g would be c a r r i e d ou t t h e r e a t an 

enhanced r a t e . I t a l s o seems l i k e l y t h a t " i n t e n t i o n t o a c t " would 
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' 1 I 

have some e x e c u t i v e c o n t r o l i n the o v e r a l l d e c i s i o n making p r o c e s s . 

But g i v e n t h a t t h e predominant c h a r a c t e r i s t i c o f a t t e n t i o n a l 

a l l o c a t i o n a t the n e u r o n a l l e v e l i s enhanced a c t i v a t i o n o f one 

c o r t i c a l a r e a r e l a t i v e t o o t h e r s , how c o u l d e x t e r n a l s t i m u l i ( the 

w o r l d ) b r i n g t h i s d e c i s i o n about? The c l u e t o answer ing t h i s 

q u e s t i o n would appear t o l i e i n the h i g h " impor tance" f a c t o r o f t h e 

t y p e o f i n f o r m a t i o n which has been shown by exper iment t o cause 

" b r e a k t h r o u g h " o r a t t e n t i o n a l " c a p t u r e . " I t seems e n t i r e l y 

reasonab le t o suggest t h a t the importance w e i g h t i n g o f the incoming 

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

e f f e c t s the cap tu re of a t t e n t i o n through speed o f p r o c e s s i n g a l o n e . 

The s o u r c e o f the impor tance w e i g h t i n g may be m e r e l y r e p e t i t i o n 

(sometimes c a l l e d " o v e r l e a r n i n g " ) , a p r o c e s s which would l e a d t o 

t h e w e l l - e s t a b l i s h e d n e u r a l pathways which u n d e r p i n " a u t o m a t i c " 

p r o c e s s e s (see S c h n e i d e r , Dumais, & S h i f f r i n , 1984) . However, 

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

f a c t o r s , as f o r example, the a t t e n t i o n c a p t u r i n g power o f t h e v o i c e 

o f o n e ' s own c h i l d o r someone c a l l i n g o n e ' s own name (see Deutsch 
, i i ' 

and Deutsch , 1963). T h i s aspect o f importance w e i g h t i n g i s a l s o the 

r e s u l t o f e x p e r i e n c e o r l e a r n i n g . In most c a s e s , however , 

impor tance w e i g h t i n g i s d e c i d e d upon w i t h i n t h e c o n t e x t o f the 

s i t u a t i o n a t hand and can o n l y be de te rmined by an i n t e r a c t i o n 

between s t i m u l u s a c t i v a t i o n , e x p e c t a t i o n , and i n t e n t i o n . Once 

a g a i n , t h e r e f o r e , i t can be seen t h a t Van d e r H e i j d e n ' s r e s t r i c t e d 

model o f a t t e n t i o n has v a l i d i t y a t a more g e n e r a l l e v e l . 
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What i s s t r i k i n g about s t i m u l u s - i n d u c e d a t t e n t i o n c a p t u r e i s i t s 

dependence on e x p e r i e n c e o r l e a r n i n g . To p u t t h i s a n o t h e r way, i t 

would appear t h a t familiarity w i t h t h e s t i m u l u s i s o f c r i t i c a l 

impor tance i n a t t e n t i o n c a p t u r e . C o n s i d e r a t i o n o f t h e work o f 

R a i c h l e e t a l . (1994) may g i v e c l u e s as t o how t h i s comes about . I t 

may be remembered t h a t the data f rom PET s c a n s showed t h a t , when a 

s u b j e c t was p r o c e s s i n g a t a s k under " n o v e l / n a i v e " c o n d i t i o n s , a 

p a r t i c u l a r a n a t o m i c a l subsystem was c a l l e d i n t o a c t i o n ( the 

a n t e r i o r c i n g u l a t e s y s t e m ) , whereas when the t a s k was " p r a c t i s e d " 

(or f a m i l i a r ? ) , a d i f f e r e n t subsystem was a c t i v a t e d ( the s y l v i a n 

i n s u l a r s y s t e m ) . I t was s p e c u l a t e d by the a u t h o r s t h a t t h e s e two 

subsystems might be the p r o c e s s i n g r o u t e s f o r " c o n t r o l l e d " and 

" a u t o m a t i c " p r o c e s s i n g r e s p e c t i v e l y . I f s o , i t seems l i k e l y t h a t 

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

i n f o r m a t i o n o r l e s s p r a c t i s e d i n f o r m a t i o n . Thus i t would c e r t a i n l y 

be i d e n t i f i e d more q u i c k l y than new i n f o r m a t i o n and may i n f a c t a i d 

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

i n p u t ( i . e . , t h e g u i d e d s e a r c h h y p o t h e s i s ) 1 7 . A c c o r d i n g t o Van d e r 

H e i j d e n 1 s m o d e l , however, b e i n g i d e n t i f i e d would a l s o mean 

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

T h i s c o u l d then be p a s s e d on t o a " h i g h e r c e n t r e " which c o u l d 

t r a n s f o r m i t i n t o s e l e c t i v e a c t i v a t i o n o f a " l o c a t i o n m o d u l e , " 

1 7 As t o why the u n f a m i l i a r i n f o r m a t i o n ( n o v e l / n a i v e t a s k s ) 
a r e p r o c e s s e d more s l o w l y and a r e more a t t e n t i o n demanding, i t i s 
l i k e l y t h a t t h e s lowness stems from the l a c k o f w e l l - e s t a b l i s h e d 
n e u r o n a l c o n n e c t i o n s f o r the p r o c e s s i n g o f t h e e lements o f t h e 
t a s k , and t h a t t h e h i g h a l l o c a t i o n o f a t t e n t i o n p r o v i d e s t h e h i g h 
neurona l a c t i v a t i o n necessary f o r t h e changes i n s y n a p t i c s t r e n g t h 
which would speed up t h a t p r o c e s s i n g . 
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the reby i n i t i a t i n g a feedback l o o p i t o 1 t h e i n p u t module and c a l l i n g 

a t t e n t i o n t o t h e f a m i l i a r and i m p o r t a n t i n f o r m a t i o n . The o n l y 

f l i g h t o f f a n c y t o be added t o Van d e r H e i j d e n ' s b a s i c model t o 

e f f e c t t h i s would be a l o c a t i o n module on a h i g h e r l e v e l t h a n t h a t 

i n s i d e a sensory system, one which c o u l d p i n p o i n t l o c a t i o n s w i t h i n 

t h e range o f s e n s o r y c o r t i c a l a r e a s . T h i s would appear t o be i n 

k e e p i n g w i t h t h e n o t i o n put : fo rward by Posner and P e t e r s e n o f an 

a n a t o m i c a l l y s e p a r a t e a t t e n t i o n system which m a i n t a i n s i t s own 

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

The mechanism above i s h i g h l y s p e c u l a t i v e , o f c o u r s e . What i s not 

s p e c u l a t i v e , however , i s t h a t , a l o n g w i t h t h e n o v e l t y o f t h e 

s t i m u l u s which has l o n g been known t o be a s t r o n g a t t e n t i o n 

c a p t u r i n g f e a t u r e , p a r a d o x i c a l l y 1 8 , what i s f a m i l i a r , e s p e c i a l l y 

when i t has a h i g h importance w e i g h t i n g f o r s u r v i v a l , a l s o has the 

power t o c a p t u r e a t t e n t i o n , t h a t i s , t o b r i n g about a c o n s c i o u s 

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

a c t i v a t i o n of i t s s i g n a l , and i t seems not u n r e a s o n a b l e t o s u g g e s t 

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

system which c a r r i e s i t . 

1 8 A r e s o l u t i o n t o t h i s paradox may* be found t h r o u g h 
c o n s i d e r a t i o n o f the importance we igh t ing of n o v e l t y i n p e r c e p t i o n . 
I f t h e p e r c e p t i o n o f change i n t h e s e n s o r y env i ronment has a h i g h 
importance w e i g h t i n g , e i t h e r i n n a t e l y o r t h r o u g h e x p e r i e n c e , as i t 
seems l i k e l y t h a t i t s h o u l d , then a module wh ich i s s e t up t o 
p e r c e i v e such change c o u l d f a c i l i t a t e the p r o c e s s i n g o f i n f o r m a t i o n 
a t t h a t p a r t i c u l a r l o c a t i o n . T h u s , t h e mechanism b e h i n d t h e 
a t t e n t i o n drawing powers o f b o t h n o v e l t y a n d : e x p e r i e n c e may be 
e s s e n t i a l l y the same. However, they may a l s o be q u i t e d i f f e r e n t . 
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A working definition of attention 
i 

It was noted at the beginning, of this! section on attention, that a 
generally accepted definition; of attention is very hard to come by. 
The reasons why this is so should now be clear. Attention involves 
a highly complex set of phenomena which range in level of activity 
from the sub-cellular to the CNS. Nevertheless, i t seems important 
to attempt a working definition of attention in order to have 
something more manageable than the mountain of facts to 
conceptualize with. At the risk of being simplistic, then, the 

i 

working definition of attention which w i l l be adopted for this 
thesis i s the following: 

Attention i s a fa c i l i t a t o r y mechanism for the selection of 
1 i 

information for further processing 1 9. It operates in close 
cooperation with expectation and intention to act, and can be 
driven by voluntary or stimulus-initiated mechanisms. 

It should be remembered, however, that underpinning this definition 
are all the identified complexities of the phenomenon called 
attention. 

2.3.3 Connectionist models of learning 

1 9 In acknowledgement of the conflicting views on how much 
information processing i s carried out before attention clicks in, 
i t should be noted here that the term "further processing" as used 
in this definition may simply mean the bringing of the information 
to awareness, rather than the i n i t i a t i n g of identification and 
recognition. 
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The b a s i c d e s i g n o f c o n n e c t i o n i s t models o f l e a r n i n g i s t h a t o f a 

net, sometimes c a l l e d a " n e u r a l net" ° r " n e u r a l network" due t o the 

f a c t t h a t the e lementary u n i t s i n the n e t , as w e l l as t h e i r p a t t e r n 

o f i n t e r c o n n e c t i v i t y , a r e " n e u r o n - l i k e " i n t h e i r s t r u c t u r e and 

p r o p e r t i e s . However, as H i n t o n (1992) s t a t e s , " [ b ] e c a u s e our 

knowledge o f neurons i s i n c o m p l e t e and our comput ing power i s 

l i m i t e d , our [ c o n n e c t i o n i s t ] models a r e n e c e s s a r i l y g r o s s 

i d e a l i z a t i o n s o f r e a l networks o f neurons" (p. 145) . E v i d e n t l y , 

t h e n , t h e l e v e l o f r e p r e s e n t a t i o n sought by t h e s e models i n t h e 

h i e r a r c h y o f l e v e l s o f o r g a n i z a t i o n i n t h e b r a i n i s t h a t o f the 

network . Of c o u r s e , t h i s n e c e s s i t a t e s t h e i n c o r p o r a t i o n o f 
i t : 

b i o l o g i c a l c o n s t r a i n t s g l e a n e d from the c e l l u l a r and s u b c e l l u l a r 

l e v e l s , a n d , depending on the prob lem t o be s o l v e d , c o n s t r a i n t s 

from the map or systems l e v e l may a l s o be t a k e n i n t o c o n s i d e r a t i o n 

(see K o s s l y n and K o e n i g , 1992, f o r a r e c e n t rev iew o f c o n n e c t i o n i s t 

models o f h i g h e r f u n c t i o n s ) . 

The g e n e r a l approach t a k e n by a l l o f t h e s e models o f l e a r n i n g i s 

t h a t , i n b i o l o g i c a l systems, the l e a r n i n g p r o c e s s i s e s s e n t i a l l y a 

p r o c e s s o f " e r r o r m i n i m i z a t i o n " which i s i t s e l f a way o f o p t i m i z i n g 
i i 

the i n t e r a c t i o n s of the organism w i th the wor ld s u r r o u n d i n g i t (see 

Church land & Se jnowsk i , 1992, pp . 130-134, f o r a d i s c u s s i o n o f t h i s 

p o i n t ) . S i n c e the r a i s o n d 'e t re o f t h e s e models i s t o mimic t h e 

l e a r n i n g procedures i n the b r a i n i n o rder t o g a i n more knowledge on 

b r a i n p r o c e s s i n g i n the hope t h a t "model n e t s may be a v a l u a b l e 

s o u r c e o f i d e a s r e l e v a n t t o r e a l n e u r a l n e t s " ( C h u r c h l a n d & 
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S e j n o w s k i , 1992, p. 134) , and t h a t t h e s e i d e a s w i l l l e a d t o 

p r e d i c t i o n s r e g a r d i n g t h e a c t u a l nervous system which w i l l be 

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

t h e " g r o s s i d e a l i z a t i o n " a s p e c t o f the models r e f e r r e d t o above , 

t h a t a t l e a s t the critical features o f n e u r o b i o l o g i c a l r e a l i s m a r e 

i n c o r p o r a t e d i n t o t h e m o d e l s . Though what c o n s t i t u t e s a " c r i t i c a l 

f e a t u r e " i s a s o u r c e o f ongo ing d e b a t e , t h e c o n s t r u c t i n g o f a 

c o n n e c t i o n i s t model o f l e a r n i n g i n v o l v e s the making of d e c i s i o n s on 

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

parameter a d j u s t i n g p r o c e d u r e o f the n e t . In any n e t , t h e c h o i c e 

w i t h i n each d e s i g n f e a t u r e must be governed by the p a r t i c u l a r b r a i n 

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

the anatomy o f the system under s t u d y , t h e dynamics s h o u l d r e f l e c t 

t h e p h y s i o l o g y , and the parameter a d j u s t i n g p r o c e d u r e s h o u l d 

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

t h a t , i n t h e o p i n i o n o f c o n n e c t i o n i s t m o d e l l e r s , i t i s not 

n e c e s s a r y t o r e p l i c a t e the b i o l o g y of these f e a t u r e s e x a c t l y : i t i s 

s u f f i c i e n t t o " r e f l e c t " i t so l o n g as the f e a t u r e s o f t h e ne t a r e 

" r e l e v a n t l y s i m i l a r " (Churchland & S e j n o w s k i , 1992, p . 132) t o t h e 

b i o l o g i c a l r e a l i t y . J u s t what c o n s t i t u t e s " r e l e v a n t s i m i l a r i t y " f o r 

each o f t h e s e f e a t u r e s o f the n e t s w i l l be d e a l t w i t h i n more 

d e t a i l be low. 

i. 
G i v e n t h a t c o n n e c t i o n i s t models a r e c o m p u t a t i o n a l ones which 

p u r p o r t t o model b r a i n p r o c e s s i n g , i t seems i m p o r t a n t , b e f o r e 

d e t a i l i n g t h e s t r u c t u r e and f u n c t i o n o f t h e s e m o d e l s , t o ask i n 
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what sense b r a i n systems can be c o n s i d e r e d t o compute? C h u r c h l a n d 

and Se jnowsk i (1992) t a c k l e t h i s p h i l o s o p h i c a l p rob lem by f i r s t 

d e f i n i n g what i s n e c e s s a r y f o r a p h y s i c a l system t o be c o n s i d e r e d 

a "computer" : 

[ I ] n t h e most g e n e r a l s e n s e , we can c o n s i d e r a p h y s i c a l system 
i 

as a c o m p u t a t i o n a l system when i t s p h y s i c a l s t a t e s can be seen 

as r e p r e s e n t i n g s t a t e s o f some o t h e r s y s t e m s , where t r a n s i t i o n s 

between i t s s t a t e s can be e x p l a i n e d as o p e r a t i o n s on the 

r e p r e s e n t a t i o n s . The s i m p l e s t way t o t h i n k o f t h i s i s i n terms 

I ' ; I 

o f a mapping between t h e s y s t e m ' s s t a t e s and t h e s t a t e s o f 

whatever i s r e p r e s e n t e d . That i s , t h e p h y s i c a l system i s a 

c o m p u t a t i o n a l system j u s t i n c a s e t h e r e i s an a p p r o p r i a t e 

( revea l ing ) mapping between the s y s t e m ' s p h y s i c a l s t a t e s and t h e 

e lements o f t h e f u n c t i o n computed, (p. 62) 
i: 

As t h e s e authors p o i n t o u t , however, we do no t count as a computer 

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

r e v e a l s n o t h i n g o f i n t e r e s t t o u s . Thus "computer" i s n o t a 

n a t u r a l k i n d because " there i s no i n t r i n s i c p r o p e r t y n e c e s s a r y and 

s u f f i c i e n t f o r a l l computers , j u s t t h e i n t e r e s t - r e l a t i v e p r o p e r t y 

t h a t someone s e e s v a l u e i n i n t e r p r e t i n g a s y s t e m ' s s t a t e s as 

r e p r e s e n t i n g s t a t e s o f some o ther system, and the p r o p e r t i e s o f the 

s y s t e m s u p p o r t such an i n t e r p r e t a t i o n " (pp. 6 5 - 6 6 ) . Nervous 

sys tems, t h e r e f o r e , can be c o n s i d e r e d computers on the premise t h a t 

t h e y a r e p h y s i c a l d e v i c e s ( i n whose m a c h i n a t i o n s we u n d o u b t e d l y 
i 
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have g r e a t i n t e r e s t ) which have e v o l v e d so t h a t t h e i r s t a t e s 

r e p r e s e n t t h e s t a t e s o f t h e e x t e r n a l e n v i r o n m e n t , o r t h e body , o r 

even o t h e r p a r t s o f the nervous s y s t e m , and c o n s e q u e n t l y , t h e i r 

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

c o m p u t a t i o n s . An i n t e r e s t i n g example o f a b r a i n system which i s 

thought t o be computing i n j u s t t h i s sense i s t h e c e r e b e l l u m which 

t r a n s l a t e s s e n s o r y i n f o r m a t i o n i n t o motor e x e c u t i o n by match ing 

"the system of r e l a t i o n s among 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 , w i t h 

a m u l t i d i m e n s i o n a l i n n e r f u n c t i o n a l geometry, i n a manner such t h a t 

t h e s e g e o m e t r i e s approach homeomorphism i f n o t isomorph ism" 

( P e l l i o n i s z and L l i n a s , 1985) . (For a more comple te d i s c u s s i o n on 

t h i s p o i n t see Churchland and Se jnowsk i , 1992, p p . 61-69. T h i s t e x t 

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

s y s t e m s . ) 

T y p i c a l n e t a r c h i t e c t u r e s 

The b a s i c e lement o f any a r t i f i c i a l n e t i s t h e unit wh ich i s 

m o d e l l e d on the n e u r o n . Each u n i t c o n s i s t s o f a " c e l l - l i k e " body 

from which " a x o n - l i k e " connections extend out t o o t h e r u n i t s i n the 

n e t . Each c o n n e c t i o n has a m o d i f i a b l e weight wh ich g o v e r n s t o what 

degree t h e s i g n a l c a r r i e d by the c o n n e c t i o n w i l l a f f e c t t h e u n i t 

c o n t a c t e d . Thus the weight a c t s i n e s s e n c e l i k e a s y n a p s e . U n l i k e 

n e u r o n s , however , u n i t s do no t have d e n d r i t i c b r a n c h i n g : f o r 

s i m p l i c i t y , a l l c o n n e c t i o n s make c o n t a c t d i r e c t l y on to t h e " c e l l 

body" o f t h e u n i t . The u n i t ' s j o b i s t o c o n v e r t t h e incoming 

p a t t e r n o f a c t i v i t y i n t o a s i n g l e o u t g o i n g a c t i v i t y ( r e p r e s e n t i n g 
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t h e r a t e o f f i r i n g o f the u n i t o r " c e l l " ) wh ich i t t h e n p a s s e s on 

t o o t h e r u n i t s . Hence u n i t s communicate t o each o t h e r i n f o r m a t i o n 

on t h e i r a c t i v i t y , which i s de te rmined i n p a r t by t h e 

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

p a t t e r n o f we ight c o n n e c t i o n s , arid i n p a r t by t h e n a t u r e o f the 

i n p u t - o u t p u t f u n c t i o n a s s i g n e d t o the u n i t . On r e c e i v i n g i n p u t , t h e 

u n i t m u l t i p l i e s each incoming a c t i v i t y by t h e we igh t on t h e 

c o n n e c t i o n , sums t h e we ighted i n p u t , t h e n pushes t h i s t o t a l i n p u t 

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

o u t g o i n g s i g n a l . The i n p u t - o u t p u t f u n c t i o n can be l i n e a r , 

t h r e s h o l d , o r s igmoid i n c h a r a c t e r , and though t h e c a p a b i l i t i e s o f 

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

each type of u n i t can be c o n s i d e r e d an approx imat ion o f a neuron i n 

i t s b e h a v i o u r 2 0 . (See H i n t o n , 1992, f o r a v e r y c l e a r e x p l a n a t i o n o f 

t h e s t r u c t u r e and f u n c t i o n of u n i t s . ) 

Networks a re g e n e r a l l y o r g a n i z e d i n t o l a y e r s o f u n i t s w i t h s i m i l a r 

f u n c t i o n s , mimick ing the laminar o r g a n i z a t i o n o f many a r e a s i n the 

b r a i n . There a re t h r e e t y p i c a l arrangements o f u n i t s i n t o networks 

t h a t a r e worth examin ing i n the c o n t e x t o f l e a r n i n g : a s s o c i a t i v e 

n e t s , ne ts w i t h h idden u n i t s , and r e c u r r e n t n e t s . In each o f t h e s e 

2 0 H i n t o n (1992) d e s c r i b e s the d i f f e r e n c e between the d i f f e r e n t 
f u n c t i o n s as f o l l o w s : " F o r l i n e a r u n i t s , t h e o u t p u t a c t i v i t y i s 
p r o p o r t i o n a l t o the t o t a l weighted i n p u t . F o r t h r e s h o l d u n i t s , the 
output i s s e t a t one o f two l e v e l s , depend ing on whether t h e t o t a l 
i n p u t i s g r e a t e r than o r l e s s than some t h r e s h o l d v a l u e . F o r 
s i g m o i d u n i t s , t h e o u t p u t v a r i e s c o n t i n u o u s l y b u t n o t l i n e a r l y 
as t h e i n p u t c h a n g e s . S igmoid u n i t s bear a g r e a t e r resemblance t o 
r e a l neurons than do l i n e a r or t h r e s h o l d u n i t s , but a l l t h r e e must 
be c o n s i d e r e d rough a p p r o x i m a t i o n s " (p. 145) . 
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d e s i g n s , t h e i n p u t u n i t s a r e g e n e r a l l y c o n s i d e r e d t o r e p r e s e n t 

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

a s p e c t o f t h e envi ronment e i t h e r d i r e c t l y o r by e x p e r i m e n t a l 
l 

m a n i p u l a t i o n . S i n c e the a c t i v i t y o f each u n i t can be r e p r e s e n t e d by 

a number, a s e t o f i n p u t v a l u e s can be r e f e r r e d t o as an input 

vector, which i s j u s t an ordered s e t o f numbers. The s e t o f we ight 

v a l u e s i m p i n g i n g on a u n i t can s i m i l a r l y be d e s c r i b e d as a weight 

vector. T h u s , t a k i n g advantage o f the r u l e s o f l i n e a r a l g e b r a , an 

i n p u t v e c t o r may be c o n v e r t e d i n t o an output vector by means o f a 

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

v e c t o r . D e s c r i b i n g the input and ou tpu t p a t t e r n s as v e c t o r s , t h e n , 

i s bo th economic and p r a c t i c a l i n t h a t i t makes a v a i l a b l e t o 

computer mode le rs the c o n s i d e r a b l e r e s o u r c e s o f a l g e b r a i c t h e o r y . 

(For more d e t a i l e d i n f o r m a t i o n on the t o p i c o f v e c t o r s as they 

app ly t o c o n n e c t i o n i s t models , see Rumelhar t , M c L e l l a n d , & t h e PDP 

Group , 1986, c h a p . 9.) 

Simple associative nets c o n s i s t o f a s e t o f i n p u t u n i t s t h a t a r e 

connected t o a s e t o f output u n i t s such t h a t each i n p u t u n i t has a 

c o n n e c t i o n t o each ou tpu t u n i t . 

i 

The aim i s s i m p l y t o s t o r e a s e t o f a s s o c i a t i o n s between i n p u t 
i 

v e c t o r s and outpu t v e c t o r s by m o d i f y i n g t h e w e i g h t s on the 

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

d i s t r i b u t e d over many c o n n e c t i o n s and each c o n n e c t i o n i s 

i n v o l v e d i n s t o r i n g many a s s o c i a t i o n s . T h i s makes t h e network 
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r o b u s t a g a i n s t minor p h y s i c a l damage and i t a l s o means t h a t 

weights tend t o c a p t u r e r e g u l a r i t i e s i n t h e s e t o f i n p u t - o u t p u t 

p a i r i n g s , so the network tends t o g e n e r a l i z e t h e s e r e g u l a r i t i e s 

t o new i n p u t v e c t o r s t h a t i t has no t been t r a i n e d o n . ( H i n t o n , 

1989, p p . 189-190) 

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

i n f o r m a t i o n p r o c e s s i n g pathways opera te i n p a r a l l e l , r a t h e r t h a n i n 

s e r i e s as o c c u r s i n a t r a d i t i o n a l d i g i t a l computer , a n d , as i s 

ment ioned above , r e s u l t s i n a d i s t r i b u t e d r e p r e s e n t a t i o n o f the 

o u t p u t . T h i s i s the r e a s o n why the term parallel distributed 
i : ' • 

processing (PDP) has become v i r t u a l l y synonymous w i t h 
I ' i ' 

c o n n e c t i o n i s m . Though a s s o c i a t i v e networks can c a p t u r e r e g u l a r i t i e s 

i n t h e i n p u t and some, w i t h n o n l i n e a r u n i t s , c a n p e r f o r m v e c t o r 

c o m p l e t i o n t a s k s when g i v e n degraded i n p u t , t h e r e g u l a r i t i e s they 

c a p t u r e t e n d t o be low o r d e r such as answer ing t h e q u e s t i o n " ' d o 

f e a t u r e A and f e a t u r e B c o r r e l a t e ? 1 , wh ich i n machine terms means 

' a r e t h e A - u n i t and the B - u n i t on t o g e t h e r and o f f t o g e t h e r ? ' " 

( C h u r c h l a n d & S e j n o w s k i , 1992, p . i 9 8 ) . " S i m p l e " human f e a t s l i k e 

o b j e c t r e c o g n i t i o n , on the o t h e r hand i r e q u i r e t h e s i f t i n g out o f 

more complex r e g u l a r i t i e s . T h u s , i f the model i s t o come c l o s e t o 

mimick ing human r e c o g n i t i o n a b i l i t y , i t s h o u l d be a b l e t o r e c o g n i z e 

o b j e c t s when seen from a d i f f e r e n t a n g l e , when p a r t i a l l y o c c l u d e d , 

o r when deformed i n some way. In o r d e r t o a c q u i r e such comput ing 

power, " h i d d e n u n i t s " must be added t o t h e system d e s c r i b e d . 
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Hidden units a r e s i m p l y u n i t s which a r e n e i t h e r i n i t i a l i n p u t nor 

f i n a l o u t p u t u n i t s , sometimes termed " v i s i b l e " u n i t s . T h e i r 

f u n c t i o n i s t o sum the input they r e c e i v e and p a s s i t on as output 

t o the next l a y e r o f u n i t s . A c c o r d i n g t o C h u r c h l a n d and Se jnowsk i 

(1992), " they t y p i c a l l y connect t o t h e i n p u t u n i t s , t o each o t h e r , 

and t o t h e ou tpu t u n i t s " (p. 99) , though c o n n e c t i o n s w i t h i n the 

h i d d e n l a y e r a r e r a r e l y shown i n d iagrams o f t y p i c a l ne tworks . 

T h e s e h i d d e n u n i t l a y e r s (which can range i n number f rom one t o 

many) a re sandwiched between the i n i t i a l i n p u t l a y e r and t h e f i n a l 

o u t p u t l a y e r . In a s e n s e , t h e n , they a r e both i n p u t and outpu t 

u n i t s , s i n c e the output they produce can be thought o f as p r o v i d i n g 

i n p u t f o r the l a y e r they p r o j e c t t o (see P. M. C h u r c h l a n d , 1989, p. 

I j 

162, f o r an i n s t r u c t i v e drawing o f a s i m p l e network w i t h h i d d e n 
u n i t s ) . A d d i n g a l a y e r o f h i d d e n u n i t s endows t h e network w i t h a 

f 

global p e r s p e c t i v e i n s p i t e o f i t s l o c a l c o n n e c t i v i t y p a t t e r n . When 

t h e number o f i n p u t u n i t s i s v e r y h i g h , 

t h e prob lem f o r the h i d d e n u n i t s i s t o d i s c o v e r what 

c o m b i n a t i o n s o f f e a t u r e s a r e i g n o r a b l e , wh ich f e a t u r e s 

s y s t e m a t i c a l l y o c c u r t o g e t h e r o r a r e o t h e r w i s e " c o h o r t e d , " and 

among those, which a r e t h e c o m b i n a t i o n s t o " c a r e " about and 

r e p r e s e n t . The i n f o r m a t i o n f o r t h i s l a s t t a s k cannot be g a r n e r e d 

f rom i n s i d e the ne t i t s e l f , but must be p r o v i d e d f rom the 

o u t s i d e . (Church land & S e j n o w s k i , 1992, p . 99) 

T h i s means t h a t the i n f o r m a t i o n n e c e s s a r y f o r h i d d e n u n i t s t o 
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determine which f e a t u r e s t o " c a r e " about must come from an e x t e r n a l 

s o u r c e o f i n f o r m a t i o n , which i n d i c a t e s t h a t some n e t s must be 

c a p a b l e o f t a k i n g i n s t r u c t i o n as from a t e a c h e r . Such i n s t r u c t i o n 

can be c o n s i d e r e d " s u p e r v i s i o n " . In f a c t , t h e r e can be both 

" s u p e r v i s e d " and " u n s u p e r v i s e d " forms o f l e a r n i n g f o r t h e s e 

m a c h i n e s . These w i l l be d e a l t w i t h i n more d e t a i l be low. Wi th 

r e s p e c t t o concerns about the b i o l o g i c a l v a l i d i t y o f h i d d e n u n i t s , 

P a t r i c i a Go ldman-Rak ic (1990) has d i s c o v e r e d t h a t t h e r e a r e a r e a s 

i n the c o r t e x o f the macaque monkey l y i n g i n - b e t w e e n s e n s o r y i n p u t 

and motor ou tpu t which she b e l i e v e s a r e c a n d i d a t e s t r u c t u r e s f o r 

h i d d e n u n i t s . 

The t y p e s o f ne ts d e s c r i b e d so far . a re feedforward nets i n t h a t the 

d i r e c t i o n o f i n f o r m a t i o n f low i s from the i n p u t u n i t s t o the ou tpu t 

u n i t s . Though i t i s t r u e t h a t i n f o r m a t i o n on t h e measure o f e r r o r 

between t h e r e a l o u t p u t and t h e d e s i r e d o u t p u t i s p a s s e d back 
i 

t h r o u g h t h e system i n the weight a d j u s t i n g p r o c e s s (more on which 

b e l o w ) , t h i s cannot be c o n s i d e r e d " u n i t a c t i v a t i o n " and hence i s 

n o t i n p u t i n t h e t r a d i t i o n a l s e n s e . That i s , t h e r e i s no f l o w o f 

i n f o r m a t i o n as i n p u t from the h i g h e r t o the lower l e v e l s i n the 

network. T h i s means t h a t a feed forward system i s a r e a c t i v e system 

which produces output o n l y as a f u n c t i o n o f e x t e r n a l i n p u t and t h e 

c o n f i g u r a t i o n o f w e i g h t s . Recurrent nets, on t h e o t h e r h a n d , have 

internal i n p u t i n t h a t the h idden u n i t s can r e c e i v e i n p u t s from the 

output u n i t s , and from one another , as w e l l as from themselves (see 

d i a g r a m s , C h u r c h l a n d & S e j n o w s k i , 1992, p p . 77 and 121) , w i t h t h e 
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r e s u l t t h a t the s t i m u l a t i o n p r o v i d e d by t h e e x t e r n a l i n p u t i s not 

i s o l a t e d from what went on b e f o r e i n t h e n e t . 

In r e c u r r e n t n e t s the s i g n i f i c a n c e o f e x t e r n a l i n p u t v a r i e s 

a c r o s s t h r e e g e n e r a l t ypes o f c a s e s : (1) the n e t may have o u t p u t 

o n l y when t h e r e i s both e x t e r n a l and i n t e r n a l i n p u t ; (2) t h e ne t 

may have o u t p u t even when t h e r e i s no e x t e r n a l i n p u t , b u t t h e 

c o n t i n u o u s a c t i v i t y must i n i t i a l l y be t r i g g e r e d by e x t e r n a l 

i n p u t ; o r (3) i n t e r n a l i n p u t a l o n e w i l l s u f f i c e t o a c t i v a t e an 

o u t p u t , though the n e t ' s ou tpu t can be m o d i f i e d by t h e a d d i t i o n 

o f e x t e r n a l i n p u t , ( i b i d . , p . 117) 

The e f f e c t o f i n t e r n a l i n p u t v i a feedback l o o p s i s t o r e n d e r the 

n e t s e n s i t i v e t o what has happened i n t h e immediate p a s t and 

t h e r e b y t o c r e a t e a t y p e o f memory. In some n e t s , l o n g r e c u r r e n t 

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

r e c e n t h i s t o r y o f t h e ou tpu t u n i t s , w h i l e s h o r t , s e l f - e x c i t i n g 

c o n n e c t i o n s " c r e a t e a s h o r t - t e r m memory, inasmuch as a s i g n a l t h a t 

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

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

a c t i v i t y " ( i b i d . , p . 122). T h i s t y p e o f per formance i s s i g n i f i c a n t 

when a t t e m p t i n g t o model a smooth sequence o f b e h a v i o u r such as 

c o o r d i n a t e d musc le c o n t r a c t i o n s . 

F i n a l l y , networks i n which systems o f specialist mininets a r e 

i n t e r p o s e d between the i n p u t l a y e r and t h e o u t p u t l a y e r have been 
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c o n s t r u c t e d (see C h u r c h l a n d & S e j n o w s k i , p . 130) . These m i n i n e t s 

complete w i th t h e i r own a r r a y o f h i d d e n u n i t s , m o d i f i a b l e w e i g h t s , 
i 

and c o n n e c t i o n s are t r a i n e d t o r e p r e s e n t a p a r t i c u l a r i n p u t p a t t e r n 
i 

more and more a c c u r a t e l y w i t h i n a l a r g e r s p e c i a l i z e d network . 

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

s t u d i e s which p o i n t t o the e x i s t e n c e o f s p e c i a l i s t s u b s t r u c t u r e s . 

George Ojemann (1991) , f o r example, has n o t e d t h a t t h e r e i s a good 

d e a l o f e v i d e n c e which s u g g e s t s t h a t 

t h e c o r t i c a l a r e a d e d i c a t e d t o language i s n o t u n i t a r y , but 

compartmenta l ized i n t o separa te systems f o r p r o c e s s i n g d i f f e r e n t 
i 

a s p e c t s o f l a n g u a g e . . . . Moreover , l e s i o n s t u d i e s have i n d i c a t e d 
i 

s e p a r a t e a r e a s f o r h a n d l i n g d i f f e r e n t l a n g u a g e s . . . . [and] 

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

g rammat ica l c l a s s e s o f words . (Ojemann, 1991, p . 2282) 

Church land and Sejnowski (1992) a l s o note t h a t t h i s same r e s e a r c h e r 

"has o b s e r v e d i n t e r f e r e n c e w i t h Greek o n l y and no t E n g l i s h , o r 

E n g l i s h o n l y and not Greek , where t h e i n t e r v e n i n g [ c o r t i c a l ] 

d i s t a n c e may be as s m a l l as 10 mm" (pJ 130) . 

A l though the net a r c h i t e c t u r e s d e s c r i b e d h e r e i n no way c o n s t i t u t e 

an a l l i n c l u s i v e l i s t , they g i v e some i d e a o f t h e d i f f e r e n t 

f l a v o u r s o f ne ts employed by c o n n e c t i o n i s t m o d e l l e r s i n t e r e s t e d i n 

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

d i s c u s s i o n o f how these ne ts l e a r n through e x p e r i e n c e . I t s h o u l d be 
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c l e a r by now t h a t the type of '• ne t a r c h i t e c t u r e adopted i s d i c t a t e d 

by the demands o f the t a s k a t hand. I t may be l e s s c l e a r , but i t i s 

n o n e t h e l e s s t r u e , t h a t i t i s a l s o dependent on t h e i n t e r n a l 

dynamics o f the system as w e l l as the parameter a d j u s t i n g p r o c e d u r e 

a d o p t e d . 

Dynamica l systems and system dynamics 

Some o f the r o o t s o f c o n n e c t i o n i s t o r PDP models a re t o be found i n 

the work o f the R u s s i a n p s y c h o l o g i s t and n e u r o l o g i s t L u r i a who put 

f o r t h the n o t i o n o f the b r a i n as a dynamic functional system. 

A c c o r d i n g t o M c L e l l a n d , Rumelhar t , and H i n t o n (1986) , by t h i s he 

meant t h a t " e v e r y b e h a v i o u r a l o r c o g n i t i v e p r o c e s s r e s u l t e d from 

t h e c o o r d i n a t i o n o f a l a r g e number o f d i f f e r e n t components , each 

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

working t o g e t h e r i n dynamic i n t e r a c t i o n " (p. 41 ) . In much the same 

way, a network can be c o n s i d e r e d a dynamical system made up o f 

i n d i v i d u a l components ( the u n i t s ) , a l l work ing i n a c o o r d i n a t e d 

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

r e c o g n i t i o n o f an o b j e c t . In a d y n a m i c a l s y s t e m , " the a c t i v a t i o n 

v a l u e s o f t h e u n i t s a r e seen mere ly as v a r i a b l e s t h a t assume 

v a r i o u s v a l u e s a t v a r i o u s t i m e s . . . . [and] The 'knowledge' c o n t a i n e d 

i n a PDP model l i e s i n i t s c o n n e c t i o n s t r e n g t h s . . . o r we ight 

m a t r i x " (Smolensky, 1986, p p . 397-398) . To r e p e a t f o r t h e sake o f 

c l a r i t y , t h e n , knowledge i n a c o n n e c t i o n i s t system i s encoded i n 

t h e set of connection weights. 
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The beauty o f c o n c e p t u a l i s i n g a c o n n e c t i o n i s t model as a d y n a m i c a l 

system l i e s i n the a n a l y t i c a l r e s o u r c e s t h a t t h i s v iewpo in t c a r r i e s 

w i t h i t , the mathemat ics and p h y s i c s o f d y n a m i c a l s y s t e m s . Any 

d y n a m i c a l system can be d e s c r i b e d i n terms o f i t s kinematics and 

i t s dynamics. F o r each d y n a m i c a l s y s t e m , t h e r e i s a state space, 

t h e s e t o f a l l p o s s i b l e s t a t e s o f t h e s y s t e m , and a set of 

trajectories through the s t a t e s p a c e , where a p a r t i c u l a r t r a j e c t o r y 

i s a p a t h t a k e n from an i n i t i a l s t a r t i n g s t a t e by t h e sequence o f 

s t a t e s t h a t ensues as the system e v o l v e s o r changes o v e r t ime i n 

o b e d i e n c e t o the a l g o r i t h m which governs i t s e v o l u t i o n . (See 

Smolensky , 1986, p p . 397-399, f o r more i n f o r m a t i o n on d y n a m i c a l 

systems, and P.M. Church land , 1989, chap. 5, as w e l l as C h u r c h l a n d 

& S e j n o w s k i , 1992, p p . 167-174 f o r d i s c u s s i o n s o f s t a t e s p a c e s . ) 

The s y s t e m ' s k i n e m a t i c s d e s c r i b e s the geography o f the s t a t e s p a c e , 

w h i l e t h e dynamics d e a l s w i t h how t h e system changes w i t h t i m e . 
i t 

I n c o n n e c t i o n i s t ne tworks , t h e r e f o r e , t h e system dynamics i s 

dependent on both the type o f u n i t s employed ( l i n e a r , t h r e s h o l d , o r 

s i g m o i d ) and t h e parameter a d j u s t i n g p r o c e d u r e o r a l g o r i t h m , as 

w e l l as the c o n n e c t i v i t y p a t t e r n o r a r c h i t e c t u r e o f the sys tem. The 

"parameters" i n the case o f c o n n e c t i o n i s t networks a r e q u i t e s i m p l y 
•i 

t h e w e i g h t s on t h e c o n n e c t i o n s between u n i t s . F o r any s y s t e m , 

d i f f e r e n t k i n d s o f s t a t e space can be c o n s t r u c t e d depend ing on 

w h i c h p a r t i c u l a r a s p e c t o f the b e h a v i o u r o f t h e system i s t o be 

'I ! 
e x a m i n e d . Some s t a t e spaces ' tha t have been found t o be u s e f u l i n 

m o n i t o r i n g the e f f e c t s o f changes on systems w i t h h i d d e n u n i t s a r e 
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(1) " s y n a p t i c " o r c o n n e c t i o n we ight s p a c e , t h e space o f a l l 

p o s s i b l e c o m b i n a t i o n s o f we igh ts i n t h e network; (2) h i d d e n u n i t 

a c t i v a t i o n - v e c t o r s p a c e , the s p a c e o f a l l p o s s i b l e a c t i v a t i o n 

v e c t o r s a c r o s s the h i d d e n u n i t s , and (3) w e i g h t / e r r o r s p a c e , the 

s p a c e t h a t measures t h e p e r c e n t a g e e r r o r a s s o c i a t e d w i t h any 

p a r t i c u l a r weight c o n f i g u r a t i o n (see C h u r c h l a n d & S e j n o w s k i , 1992, 

p . 169 f o r r e p r e s e n t a t i o n s o f (1) and (2 ) , and P. M. C h u r c h l a n d , 

1989, p . 166 f o r ( 3 ) ) . The t r a j e c t o r i e s t r a c e d t h r o u g h t h e 

c o n n e c t i o n we ight s t a t e space would show t h e p a t h s o f how the 

w e i g h t s change d u r i n g l e a r n i n g . These changes a r e r e f l e c t e d i n 

h i d d e n u n i t a c t i v a t i o n - v e c t o r space by the p a r t i t i o n i n g o f the 

space i n t o r e g i o n s which r e p r e s e n t s i m i l a r v e c t o r s , w i t h degree o f 

s i m i l a r i t y b e i n g de te rmined by s p a t i a l p r o x i m i t y . Wi th e x t e n s i v e 

t r a i n i n g , each r e g i o n o f s i m i l a r i t y can d e v e l o p a " p r o t o t y p e " 

v e c t o r r e g i o n which a c t s as an a t t r a c t o r f o r v e c t o r s which f a l l 
i 

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

b e c a u s e , i n d e v e l o p i n g t h e p r o t o t y p e , the system has e s s e n t i a l l y 

l e a r n e d t o c a t e g o r i z e , and any v e c t o r f a l l i n g i n t o the r e g i o n , t h a t 

i s , any v e c t o r which i s r e l e v a n t l y s i m i l a r t o the p r o t o t y p e v e c t o r , 

w i l l then be c a t e g o r i z e d as the p r o t o t y p e . Thus , the system w i l l be 

a b l e t o c a t e g o r i z e samples o f the same c a t e g o r y which were no t i n 

t h e t r a i n i n g s e t (see P. M. C h u r c h l a n d , 1989, p . 206 ) . T h i s 

a b i l i t y , o f c o u r s e , i s comparable t o t h a t o f t h e human b r a i n . 

A t r a j e c t o r y th rough the w e i g h t / e r r o r s p a c e , on t h e o t h e r hand , 

would show how the e r r o r i s m i n i m i z e d t h r o u g h l e a r n i n g . In most 
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c o n n e c t i o n i s t s y s t e m s , t h i s p a t h i s not l i n e a r , nor s t e e p , but 

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

i t s o p t i m a l p o s i t i o n , t h a t i s , the g l o b a l e r r o r minimum. T h i s 

p r o c e s s o f e r r o r m i n i m i z a t i o n , t h e r e f o r e , i s termed " g r a d i e n t 

d e s c e n t " on t h e e r r o r s u r f a c e , where the " e r r o r s u r f a c e " o f the 

system i s d e f i n e d as f o l l o w s : "For each combinat ion of w e i g h t s , the 

network w i l l have a c e r t a i n e r r o r which can be r e p r e s e n t e d by t h e 

h e i g h t o f a p o i n t i n weight s p a c e . These p o i n t s form a s u r f a c e 

c a l l e d t h e ' e r r o r s u r f a c e ' " ( H i n t o n , 1989, p . 194) . 

In some c a s e s , as i n n e t s w i t h l i n e a r o u t p u t u n i t s and no h i d d e n 
I ! 

u n i t s , t h i s e r r o r s u r f a c e forms a bowl , wh ich g u a r a n t e e s t h a t the 

g l o b a l e r r o r minimum w i l l be r e a c h e d , s i n c e a bowl has o n l y one 

minimum. T h i s means t h a t t h e system w i l l come t o r e p r e s e n t 

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

however , f o r example, n e t s w i t h h i d d e n u n i t s , 

t h e e r r o r s u r f a c e may c o n t a i n many l o c a l min ima, so i t i s 

p o s s i b l e t h a t s t e e p e s t descent i n weight space w i l l g e t s t u c k a t 

p o o r l o c a l min ima. In p r a c t i c e t h i s does n o t seem t o be a 
• i 

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

ve ry l a r g e number o f q u a l i t a t i v e l y d i f f e r e n t p e r f e c t s o l u t i o n s . 

( H i n t o n , 1989, p . 199) 

i • i 

In s h o r t , though i t i s h i g h l y l i k e l y t h a t t h e sys tem w i l l choose a 

poor s o l u t i o n t o a g i v e n p r o b l e m , i f t h e r a t e o f l e a r n i n g i s s low 
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enough, t h i s does not i n f a c t happen b e c a u s e , as t h e o l d adage has 

i t , " t h e r e a r e many ways t o s k i n a c a t . " 

C o n s i d e r a b l e p r o g r e s s i n prob lem s o l v i n g i n c o n n e c t i o n i s t models 

has been g a i n e d by d e s i g n i n g n e t s t o mimic t h e dynamics o f 

thermodynamic systems which are w e l l known i n t h e o r e t i c a l p h y s i c s . 

H o p f i e l d , f o r example, had the i n t u i t i o n t h a t i n t e r a c t i o n s between 

r e p r e s e n t a t i o n s i n ne ts may be governed by t h e same laws as govern 

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

h i s c a s e . T h i s was an impor tan t development i n model d e s i g n f o r 

s e v e r a l r e a s o n s : f i r s t , a l l o f the t h e o r e t i c a l framework o f the 

p h y s i c a l system was a v a i l a b l e t o m o d e l l e r s ; s e c o n d , the t h e o r e t i c a l 

framework b rought w i t h i t new ways o f v i s u a l i z i n g t h e dynamics o f 

t h e n e t w o r k s , t h o s e o f the d y n a m i c a l systems ment ioned above ; and 

t h i r d , i n s i g h t was g a i n e d i n t o the c a p a b i l i t i e s o f t h e s e networks 

and how improvements c o u l d be d e s i g n e d . Indeed , an improvement t o 

t h e o r i g i n a l H o p f i e l d n e t , l a t e r c a l l e d t h e Bol tzmann machine 

because the network dynamics r e f l e c t e d B o l t z m a n n ' s c o n t r i b u t i o n t o 

s t a t i s t i c a l mechanics , was deve loped . T h i s type o f net was based on 

the p h y s i c s of the a n n e a l i n g of m e t a l s w h i c h , i f i t i s c a r r i e d out 

g r a d u a l l y enough, w i l l r e a c h a " g l o b a l " energy minimum. In n e t 

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

s o l u t i o n t o a p r o b l e m , r a t h e r than a l o c a l o r n o n - o p t i m a l one as 

wou ld be found by the H o p f i e l d ne t ( f o r a d e t a i l e d d i s c u s s i o n o f 

t h e s e n e t s , see C h u r c h l a n d and S e j n o w s k i , 1992, c h a p . 3 ) . F u r t h e r 

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

201 



c o n n e c t i o n i s t m o d e l l e r s i n an e f f o r t t o o p t i m i z e per fo rmance (see 

H i n t o n , 1989, f o r a r e c e n t o v e r v i e w ) . 

To summarize b r i e f l y , t h e n , t h e i n t e r n a l dynamics o f a 

c o n n e c t i o n i s t system can range from r e l a t i v e l y s i m p l e t o e x t r e m e l y 

complex , and d i f f e r e n t models can have v e r y d i f f e r e n t dynamics 

d e p e n d i n g on t h e t a s k g i v e n the mode l , a t a s k which i t s h o u l d be 

remembered i s g e n e r a l l y d i c t a t e d by t h e o b s e r v e d b e h a v i o u r a l 

pe r fo rmance o f l i v i n g o r g a n i s m s . The g u i d i n g p r i n c i p l e appears t o 

be how b e s t t o d e s i g n the dynamics so t h a t t h e e r r o r o f t h e system 
i 

i s m i n i m i z e d . S i n c e e r r o r r e d u c t i o n i s i n t i m a t e l y dependent on the 

parameter a d j u s t i n g p r o c e d u r e employed i n t h e n e t , an e x a m i n a t i o n 

i 
o f such p r o c e d u r e s i s next on the agenda. 

L e a r n i n g modes and parameter a d j u s t i n g p r o c e d u r e s i n c o n n e c t i o n i s t 

models I 

j 
L e a r n i n g i n c o n n e c t i o n i s t n e t s i s a c c o m p l i s h e d by ad jus tment o f 

c o n n e c t i o n w e i g h t s . These w e i g h t s , t h e r e f o r e , a r e t h e parameters 

t h a t a re a d j u s t e d i n the parameter a d j u s t i n g procedures o r l e a r n i n g 

a l g o r i t h m s . In a s s o c i a t i v e n e t s , t h e we igh ts a l t e r e d a r e t h o s e o f 

t h e c o n n e c t i o n s i m p i n g i n g oh the ou tpu t u n i t s o n l y , s i n c e t h e s e 
! 

nets g e n e r a l l y have o n l y two l a y e r s : the i n p u t l a y e r and the o u t p u t 

I 
l a y e r . In n e t s w i t h h i d d e n u n i t s , however, the w e i g h t s wh ich a r e 

a d j u s t e d a re not o n l y those on the c o n n e c t i o n s from the i n p u t l a y e r 

t o the h idden l a y e r (or l a y e r s ) , bu t a l s o t h o s e on t h e c o n n e c t i o n s 

f rom the h i d d e n l a y e r t o t h e ' o u t p u t l a y e r . S i n c e t h e p r o c e s s o f 
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l e a r n i n g i s c o n s i d e r e d t o be a p r o c e s s o f e r r o r m i n i m i z a t i o n o f the 

sys tem as a who le , a d e c i s i o n t o a d j u s t a we ight must be made on 

t h e b a s i s o f a judgement o f whether o r no t a change , p o s i t i v e 

( i n c r e a s i n g the weight) o r n e g a t i v e ( d e c r e a s i n g t h e w e i g h t ) , would 

r e s u l t i n an improvement i n o v e r a l l per fo rmance o f the s y s t e m . 

T h e r e a r e two b a s i c modes o f l e a r n i n g i n ne tworks : supervised 

l e a r n i n g , i n which case an e v a l u a t i o n o f the weight s e t t i n g j o b i s 

s u p p l i e d from the e x t e r n a l env i ronment , and unsupervised l e a r n i n g , 

i n which no such r e p o r t i s a v a i l a b l e . Wi th b o t h t h e s e modes o f 

l e a r n i n g , t r u e t o the i n t e r a c t i v e n a t u r e o f t h e " o r d e r e d t r i p l e " 

( a r c h i t e c t u r e , d y n a m i c s , parameter a d j u s t i n g p r o c e d u r e ) , 

performance i s dependent on the a r c h i t e c t u r e and i n t e r n a l dynamics 

o f t h e n e t . As was i n d i c a t e d above , s u p e r v i s e d l e a r n i n g , however, 

i s a d d i t i o n a l l y dependent on an e x t e r n a l e v a l u a t i o n f o r i t s 

performance (see Churchland & S e j n o w s k i , 1992, p . 9 7 ) . W i t h i n each 

o f t h e s e modes, l e a r n i n g can a l s o be m o n i t o r e d , which i s t h e c a s e 

when t h e r e i s an i n t e r n a l measure o f e r r o r , o r u n m o n i t o r e d , i n 

which c a s e no measure o f i n t e r n a l e r r o r i s employed . T h u s , t h e r e 

e x i s t s i n a c t u a l i t y , a taxonomy o f l e a r n i n g p r o c e d u r e s (see 

C h u r c h l a n d & S e j n o w s k i , 1992, p . 98 ) . In t h e s u p e r v i s e d l e a r n i n g 

mode, t h e n , t h e r e i s an e x t e r n a l s o u r c e o f knowledge o r " t e a c h e r " 

which has a c c e s s t o t h e " c o r r e c t " answer t o g u i d e t h e development 

o f the network d u r i n g l e a r n i n g . M o n i t o r e d n e t w o r k s , on t h e o t h e r 

hand , use a c q u i r e d knowledge t o improve p e r f o r m a n c e . F o r example , 

some m o n i t o r e d n e t s can make use o f p a s t e x p e r i e n c e t o make 
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p r e d i c t i o n s about new i n p u t , the d i s c r e p a n c y between the p r e d i c t i o n 

and t h e a c t u a l i n p u t b e i n g f e d back i n t o t h e sys tem t o improve 

f u r t h e r p r e d i c t i o n s . But what happens i n u n s u p e r v i s e d , unmoni tored 

ne ts? How do they l e a r n ? I t would appear t h a t even i n t h e s e c a s e s , 

wh ich a r e thought t o r e f l e c t some! a s p e c t s o f development i n r e a l 

nervous systems, t h e r e i s some c o n t r o l over what i s l e a r n e d because 

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

t h e l e a r n i n g p r o c e s s " ( i b i d . , p . 9 8 ) . In bo th u n s u p e r v i s e d and 

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

t h e p o i n t o f the l e a r n i n g a l g o r i t h m i s t o p roduce a weight 

c o n f i g u r a t i o n t h a t can be s a i d t o r e p r e s e n t someth ing i n the 

w o r l d , i n the sense t h a t , when a c t i v a t e d by an i n p u t v e c t o r , the 

c o r r e c t answer i s p roduced . Nets u s i n g u n s u p e r v i s e d l e a r n i n g can 

be c o n f i g u r e d such t h a t the we igh ts embody r e g u l a r i t i e s i n the 

s t i m u l u s domain. F o r example, i f we igh ts a r e a d j u s t e d a c c o r d i n g 

t o a Hebb r u l e , then g r a d u a l l y , w i t h o u t e x t e r n a l f eedback and 
i 'i 

w i t h o n l y i n p u t d a t a , the ne t s t r u c t u r e s i t s e l f t o r e p r e s e n t 

wha tever s y s t e m a t i c i t y i t can f i n d i n t h e i n p u t , such as 

c o n t i n u i t y o f b o u n d a r i e s . T h i s means t h a t u n s u p e r v i s e d n e t s a r e 

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

u n s u p e r v i s e d n e t s can be the f r o n t end o f a machine whose 

sensory i n p u t must be encoded i n some p e r s p i c u o u s f a s h i o n b e f o r e 

i t i s s e n t on f o r use i n such t a s k s as p a t t e r n r e c o g n i t i o n and 

motor c o n t r o l . (Church land & S e j n o w s k i , 1992, p . 97) 

' ' i 
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The l e a r n i n g a l g o r i t h m s themse lves can be v e r y s i m p l e , as f o r 

example a "Hebbian" p r o c e d u r e c o n c e p t u a l l y based on t h e s e m i n a l 

i n s i g h t o f Dona ld Hebb (1949) who p r o p o s e d t h a t , i n t h e nervous 

s y s t e m , s y n a p t i c we igh ts c o u l d change a c c o r d i n g t o t h e a c t i v i t i e s 

of the neurons a t both the p r e - s y n a p t i c and p o s t - s y n a p t i c s i t e s . In 

a Hebbian a l g o r i t h m , t h e r e f o r e , the change i n weight i s d i c t a t e d by 

the p r o d u c t o f the a c t i v i t i e s o f both the i n p u t u n i t and the ou tpu t 

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

v i a b l e f o r c e r t a i n types of i n p u t v e c t o r s : f o r Hebbian l e a r n i n g t o 

be e f f e c t i v e i n c o n n e c t i o n i s t m o d e l s , the i n p u t v e c t o r s must be 

o r t h o g o n a l . I f they are merely l i n e a r l y i n d e p e n d e n t , t h e a l g o r i t h m 

i s not o p t i m a l . F o r more complex c a s e s , even i n s i m p l e l i n e a r 

a s s o c i a t o r s , v e r s i o n s of the " l e a s t s q u a r e s " l e a r n i n g p r o c e d u r e i s 

more e f f i c i e n t . In t h i s p r o c e d u r e , a measure o f t h e e r r o r f o r each 

i n p u t - o u t p u t p a i r i s c a l c u l a t e d u s i n g the d i f f e r e n c e between the 

a c t u a l s t a t e o f t h e ou tpu t and i t s d e s i r e d s t a t e . Due t o t h e f a c t 

t h a t the " d e s i r e d s t a t e , " t h a t i s , t h e answer , i s known, t h i s i s a 

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

d i f f e r e n c e t h e n d e t e r m i n e s by j u s t how much t h e we ight o f the 

c o n n e c t i o n between a g i v e n p a i r o f u n i t s s h o u l d be c h a n g e d 2 1 . 

The best -known o f the c o n n e c t i o n i s t l e a r n i n g a l g o r i t h m s , a l s o a 

s u p e r v i s e d p r o c e d u r e , i s b a c k p r o p a g a t i o n o f e r r o r , wh ich has been 

d e s c r i b e d as an automated m u l t i - l a y e r l e a s t squares p r o c e d u r e . T h a t 

2 1 See H i n t o n (1989) f o r more d e t a i l s on t h e c a l c u l a t i o n s 
i n v o l v e d . 
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i s , i t " i s a g e n e r a l i z a t i o n o f t h e l e a s t s q u a r e s p r o c e d u r e t h a t 

works f o r networks which have l a y e r s o f h i d d e n u n i t s between the 

i n p u t and o u t p u t u n i t s " ( H i n t o n , 1989, p . 198 ) . How t h e p r o c e d u r e 

works i n v e r y g e n e r a l terms i s as f o l l o w s : d u r i n g t h e t r a i n i n g 

p r o c e s s , each we ight must be changed by an amount t h a t i s 

p r o p o r t i o n a l t o the r a t e a t which ,the e r r o r changes as t h e we ight 

i s changed , a p r o c e d u r e whose l e v e l o f c o m p l e x i t y depends on the 

type o f u n i t s i n v o l v e d . Once the a p p r o p r i a t e changes have been made 

f o r t h e o u t p u t l a y e r , t h e same p r o c e d u r e must be c a r r i e d out f o r 

e a c h l a y e r i n t h e network , "moving from l a y e r t o l a y e r i n a 

d i r e c t i o n o p p o s i t e t o the way a c t i v i t i e s p r o p a g a t e t h r o u g h the 

n e t w o r k . T h i s i s what g i v e s back p r o p a g a t i o n i t s name" ( H i n t o n , 

1992, p . 146) . The b a c k p r o p a g a t i o n a l g o r i t h m has p r o v e d e f f i c i e n t 

a t t r a i n i n g networks t o p e r f o r m a wide v a r i e t y o f t a s k s 

accompl ished by humans, and has even found some u s e f u l a p p l i c a t i o n s 

i n t h e f i e l d o f n e u r o s c i e n c e . F o r example, Andersen and Z i p s e r 

(1990) t r a i n e d up a network t o respond t o v i s u a l s t i m u l i u s i n g the 

b a c k p r o p a g a t i o n o f e r r o r a l g o r i t h m , and d i s c o v e r e d t h a t the 

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

neurons i n the p o s t e r i o r p a r i e t a l c o r t e x thought t o be i n v o l v e d i n 

s p a t i a l r e p r e s e n t a t i o n . T h u s , as a d v o c a t e s o f t h e c o - e v o l u t i o n o f 

n e u r a l network m o d e l l i n g 'and n e u r o s c i e n t i f i c r e s e a r c h have 

m a i n t a i n e d , t h i s model may have h e l p e d f u r t h e r n e u r o s c i e n t i f i c 

knowledge by e l u c i d a t i n g something o f t h e f u n c t i o n o f t h e s e 

n e u r o n s . 
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In s p i t e o f the many documented s u c c e s s e s o f t h e b a c k p r o p a g a t i o n 

a l g o r i t h m , however, many have p r o t e s t e d t h a t i t i s h a r d l y l i k e l y 

t h a t t h e b r a i n i t s e l f would employ such a method o f e r r o r 

m i n i m i z a t i o n . A n d , i n d e e d , though some o f t h e o b j e c t i o n s p u t 

fo rward have been shown t o be r e l a t i v e l y t r i v i a l , f o r example the 

mode o f r e l a y i n g e r r o r f e e d b a c k 2 2 , o t h e r s a r e c o n s i d e r e d more 

w e i g h t y (see P. M. C h u r c h l a n d , 1989, p p . 181-188; and H i n t o n , 

1992 ) . The most s e r i o u s o b j e c t i o n t o b i o l o g i c a l v a l i d i t y f o r 

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

what i s l e a r n e d . As H i n t o n h i m s e l f p o i n t s o u t , most l e a r n i n g i n 

n a t u r a l s e t t i n g s must do wi thout a d e t a i l e d d e s c r i p t i o n o f what t o 

r e p r e s e n t and how t o go about r e p r e s e n t i n g i t . In t h e i n t e r e s t o f 

approx imat ing more c l o s e l y b i o l o g i c a l systems, t h e r e f o r e , m o d e l l e r s 

have d e v e l o p e d s e v e r a l u n s u p e r v i s e d l e a r n i n g p r o c e d u r e s . 

A l l t h e s e p r o c e d u r e s share two c h a r a c t e r i s t i c s : t h e y a p p e a l , 

i m p l i c i t l y o r e x p l i c i t l y , t o some n o t i o n o f t h e q u a l i t y o f a 

r e p r e s e n t a t i o n , and they work by changing the w e i g h t s t o improve 

the q u a l i t y o f the r e p r e s e n t a t i o n e x t r a c t e d by t h e h i d d e n u n i t s . 

In g e n e r a l , a good r e p r e s e n t a t i o n i s one t h a t can be d e s c r i b e d 

v e r y e c o n o m i c a l l y but n o n e t h e l e s s c o n t a i n s enough i n f o r m a t i o n t o 

a l l o w a c l o s e a p p r o x i m a t i o n o f the raw i n p u t t o be 

r e c o n s t r u c t e d . . . . A lmost a l l the u n s u p e r v i s e d l e a r n i n g 

2 2 In n e t s , i n f o r m a t i o n must t r a v e l i n b o t h t h e f o r w a r d and 
backward d i r e c t i o n s on the same c o n n e c t i o n s . T h i s does no t happen 
i n n e u r a l networks , but the many feedback c o n n e c t i o n s from " h i g h e r " 
l a y e r s t o " lower" ones n u l l i f i e s the s i g n i f i c a n c e o f t h i s 
o b j e c t i o n . 
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procedures can be viewed as methods o f m i n i m i z i n g t h e sum o f two 

t e r m s , a code c o s t and a r e c o n s t r u c t i o n c o s t . The code c o s t i s 
I 

t h e number o f b i t s r e q u i r e d t o d e s c r i b e t h e a c t i v i t i e s o f the 

h i d d e n u n i t s . The r e c o n s t r u c t i o n c o s t i s t h e number o f b i t s 

r e q u i r e d t o d e s c r i b e the m i s f i t between t h e raw i n p u t and t h e 

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

a c t i v i t i e s o f t h e h i d d e n u n i t s . ( H i n t o n , 1992, p . 148) . 

Two s imp le s t r a t e g i e s f o r m i n i m i z i n g t h e s e two c o s t s a r e principal 

components learning and competitive learning. In p r i n c i p a l 

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

one another t o c o l l e c t i v e l y r e p r e s e n t the i n p u t p a t t e r n , whereas i n 

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

a g a i n s t each o t h e r t o r e p r e s e n t a p a r t i c u l a r i n p u t p a t t e r n , the 

winn ing h idden u n i t b e i n g " the one whose incoming w e i g h t s a r e most 

s i m i l a r t o t h e i n p u t p a t t e r n " ( i b i d . , p . 149 ) . In t h e s e two 

l e a r n i n g s t r a t e g i e s , t h e n , we have examples o f d i s t r i b u t e d 

r e p r e s e n t a t i o n o f t h e i n p u t ( p r i n c i p a l components ) , and l o c a l i z e d 

r e p r e s e n t a t i o n ( c o m p e t i t i v e ) . Though b o t h o f t h e s e do mimic some 

a s p e c t s o f r e p r e s e n t a t i o n i n 1 t h e b r a i n , n e i t h e r one i s c o n s i d e r e d 
I 

max ima l ly b i o l o g i c a l l y v a l i d . However, some l e a r n i n g s t r a t e g i e s 

have been d e v e l o p e d which l i e between t h e extremes o f p u r e l y 

l o c a l i z e d and p u r e l y d i s t r i b u t e d , and t h e s e , i t would seem, do have 

t h e i r c o u n t e r p a r t s i n b r a i n a c t i v i t y . The b r a i n appears t o use t h e 

s t r a t e g y o f " p o p u l a t i o n c o d i n g , " so c a l l e d because i n f o r m a t i o n i s 

r e p r e s e n t e d by t h e a c t i v i t y o f a whole p o p u l a t i o n o f neurons 
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g r o u p e d c l o s e l y t o g e t h e r : the i n f o r m a t i o n i n p o p u l a t i o n codes i s 

both l o c a l i z e d t o the p a r t i c u l a r p o p u l a t i o n , and d i s t r i b u t e d a c r o s s 

i t s members, so t h a t even i f some o f t h e members o f t h e p o p u l a t i o n 

are damaged or slow i n r e s p o n d i n g , the group s t i l l works t o g i v e an 

o u t p u t . F u r t h e r m o r e , s i n c e p o p u l a t i o n c o d i n g can be v iewed as a 

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

e f f i c i e n t e n c o d i n g s o f t h e s e n s o r y i n p u t " ( i b i d . , p . 150) , i t may 

be a method d e v e l o p e d by the b r a i n t o m i n i m i z e code c o s t s (see 

H i n t o n , 1992, p . 151) . 

Commentary 

There seems l i t t l e doubt t h a t c o n n e c t i o n i s t m o d e l l e r s a r e a c u t e l y 

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

t h e y w i s h t o model how the b r a i n s o f l i v i n g o rgan isms f u n c t i o n . 

They a r e c o n s t a n t l y i n c o r p o r a t i n g i m p o r t a n t new b i o l o g i c a l 

c o n s t r a i n t s i n t o t h e i r t h e o r i z i n g , . There a l s o seems l i t t l e doubt 

t h a t , whatever p r o c e d u r e s they a r r i v e a t , t h e y w i l l o n l y be 

approx imat ions o f a c t u a l b r a i n f u n c t i o n i n g g i v e n t h e i m p o s s i b i l i t y 

o f e x a c t l y d u p l i c a t i n g the p h y s i c a l hardware . A c c o r d i n g t o 

C h u r c h l a n d and S e j n o w s k i , however, t h i s may no t pose as s e r i o u s a 

prob lem as some would s u g g e s t . They p o s i t t h a t , even i n networks 

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

a r t i f i c i a l , i f a l a r g e number o f parameters a r e i n v o l v e d , i t i s 

ext remely u n l i k e l y t h a t the l e a r n i n g a l g o r i t h m u s e d w i l l endow t h e 

t r a i n e d up ne ts w i th i d e n t i c a l s e t s o f w e i g h t s . T h i s would be j u s t 

as t r u e i n the c a s e o f homozygot ic t w i n s as i n t h e g e n e r a l 
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p o p u l a t i o n . Indeed , i t has been shown t h a t neurons f rom i d e n t i c a l 

l o c a t i o n s and w i th i d e n t i c a l f u n c t i o n s from i d e n t i c a l c l o n e s o f t h e 

s p e c i e s Daphnia magna (the water f l e a ) v a r y s u b s t a n t i a l l y i n 

s t r u c t u r e , which would sugges t t h a t , a t a minimum, t h e y form 

d i f f e r e n t c o n n e c t i o n s w i t h d i f f e r e n t we igh ts (Edelman & Reeke , 

1990, p . 215) . N e v e r t h e l e s s , i f l e a r n i n g a l g o r i t h m s can be 

c o n s i d e r e d on an a b s t r a c t l e v e l as " e f f i c i e n t d e v i c e s f o r s e a r c h i n g 

parameter s p a c e f o r c o m b i n a t i o n s o f v a l u e s t h a t o p t i m i z e some 

i n p u t - o u t p u t f u n c t i o n " (Church land & S e j n o w s k i , 1992, p . 134) , i t 

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

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

parameter s p a c e . "Thus when a model n e t i s h i g h l y c o n s t r a i n e d by 

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

o f parameter space d e f i n e d by the model and t h e r e a l n e u r a l ne t 

w i l l o v e r l a p " ( i b i d . ) . I f they do o v e r l a p , no t o n l y w i l l the 

a r t i f i c i a l net have been shown t o be b i o l o g i c a l l y v a l i d , but i t can 

be m a n i p u l a t e d e x p e r i m e n t a l l y i n a manner which would be 

u n t h i n k a b l e i n r e a l nervous systems, and thereby become a s o u r c e o f 

new i n f o r m a t i o n on t h e f u n c t i o n a l a s p e c t s o f t h e sys tem under 

s t u d y . 

The take-home p o i n t t h a t C h u r c h l a n d and S e j n o w s k i (and presumably 

a l l c o n n e c t i o n i s t model le rs ) w ish t o make i s t h i s : model n e t s t h a t 

a re c o n s t r u c t e d t o be r e l e v a n t l y s i m i l a r t o b i o l o g i c a l networks may 
i i t 

be u s e f u l i n d i s c o v e r i n g f e a t u r e s o f the model system which s u g g e s t 

avenues o f f u r t h e r r e s e a r c h w i t h i n n e u r o b i o l o g y . Once t h e s e i d e a s 
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are t e s t e d , the i n f o r m a t i o n g a i n e d can be f e d back i n t o new models 

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

a p p r o a c h , t h e y c o n t e n d , i s e m i n e n t l y more s e n s i b l e t h a n two 

s e p a r a t e d i s c i p l i n e s , b o t h bent on d i s c o v e r i n g how t h e b r a i n 

f u n c t i o n s marching a long s i d e by s i d e In d i s r e g a r d o f each o t h e r ' s 

f i n d i n g s . 

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

I t shou ld be r e c a l l e d a t t h i s j u n c t u r e t h a t the a c t i o n o f a t t e n t i o n 

a t the c e l l u l a r l e v e l i s t o selectively enhance a n d / o r i n h i b i t t h e 

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

t h e l e v e l o f a c t i v i t y o f the c e l l s which appears t o d e t e r m i n e t h e 

subsequent changes i n s y n a p t i c we igh ts which are t h e r e s u l t o f t h e 

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

a t t e n t i o n has an e f f e c t on l e a r n i n g . The s e t o f s y n a p t i c we igh ts 

i n p l a c e w i t h i n a system, t h e n , i s the embodiment o f t h e knowledge 

o f t h e system a t any p a r t i c u l a r t i m e , and has been d e t e r m i n e d i n 

p a r t , a t l e a s t , by which i n f o r m a t i o n has been a l l o c a t e d a t t e n t i o n . 

The emphasis p l a c e d on the " s e l e c t i v e " a c t i o n o f a t t e n t i o n i s 

i m p o r t a n t because the p r i m a r y f u n c t i o n o f t h e a t t e n t i o n system i n 

t h e b r a i n i s " t o c o n t r o l the amount and t h e t e m p o r a l o r d e r o f 

i n f o r m a t i o n p a s s i n g th ro u g h the system" (Mozer, 1991, p . 65 ) . As 

has been no ted p r e v i o u s l y , however, a t t e n t i o n r a r e l y a c t s 

u n i l a t e r a l l y , u s u a l l y i n t e r a c t i n g w i t h e x p e c t a t i o n and i n t e n t i o n 

emanating from "h igher c e n t r e s " i n t h e b r a i n t o c o n t r o l t h e n a t u r e 

of i n f o r m a t i o n p a s s i n g through the system i n a d d i t i o n t o the amount 
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and s e l e c t i o n o f what g e t s p r o c e s s e d i n what o r d e r . 

W i t h t h e s e c h a r a c t e r i s t i c s i n m ind , i t i s i n t e r e s t i n g t o examine 

how a t t e n t i o n might be r e p r e s e n t e d , as i t s h o u l d be i f b i o l o g i c a l 

r e a l i s m i s s o u g h t , i n c o n n e c t i o n i s t models w i t h no e x p l i c i t 

a t t e n t i o n a l mechanism. To c o n s i d e r t h e s e l e c t i v e a c t i o n o f 

a t t e n t i o n f i r s t o f a l l , i t would appear t h a t , i n b o t h s u p e r v i s e d 

and u n s u p e r v i s e d models of l e a r n i n g , t h e amount o f i n f o r m a t i o n 

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

t h e machine i s exposed t o o n l y an amount o f i n f o r m a t i o n s u i t e d t o 

i t s c a p a c i t y , and presumably a l l o f the i n f o r m a t i o n p r e s e n t e d i s 

p r o c e s s e d . I t would a l s o appear t h a t l i t t l e c o n s i d e r a t i o n i s g i v e n 

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

apparent f i x i n g of two of the impor tan t f u n c t i o n s o f a t t e n t i o n may 

be a n a t u r a l consequence o f the f o c u s o f t h e m o d e l , namely 

l e a r n i n g , a f o c u s which p r e s u p p o s e s an o v e r r i d i n g i n t e r e s t i n the 

na ture o f the i n f o r m a t i o n p r o c e s s e d . In s u p e r v i s e d l e a r n i n g m o d e l s , 

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

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

system i s e s s e n t i a l l y " t o l d " what t o pay a t t e n t i o n t o , and i s 

" c o r r e c t e d " u n t i l i t produces the r e q u i r e d answer. In t h e s e m o d e l s , 

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

s e l e c t i o n which c o n t r o l s the nature of the i n f o r m a t i o n a t tended t o . 

I t i s the p a r t i c u l a r parameter a d j u s t i n g p r o c e d u r e employed i n t h e 

model t h a t pe r fo rms the s p e c i f i c a c t i v a t i o n / i n h i b i t i o n a c t i o n o f 

a t t e n t i o n a t t h e " c e l l u l a r " o r u n i t l e v e l a c c o r d i n g t o the 
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directions given from on high, but no explicit directions as to 
what information to encode at the hidden unit level i s given. 
Though, in unsupervised learning models, there i s no external 
"teacher" function, there does appear to be some direction to the 
system with regard to the nature of the information encoded. 
Remember that, in these models, there i s an "implicit objective 
function" that i s optimized during the learning process. However, 
since unsupervised systems work to enhance some "quality of a 
representation" at the hidden unit level, and since this "quality" 
must be dependent on the input, the selective action operating 
within the system would appear to be driven by "bottom-up" 
considerations rather than "top-down" as in the case of supervised 
learning. The optimization process, of course, i s once again 
embodied in the learning algorithm or parameter adjusting 
procedure. 

The comments of Churchland and Sejnowski with respect to external 
feedback being necessary to teach the model what to "care" about 
are of interest here, because they speak to the issue of the 
influence of the "value" of the information on attention. In 
supervised models, the system is given a priori what is of value in 
the information in that the ; required output i s worked towards 
systematically. What is not given, however, i s what i s of value at 
the hidden unit level in order to produce the f i n a l valued answer: 
the system must extract this by means of the application of the 
learning algorithm. And, indeed, i t i s in discovering the features 

v • 
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of the v a r i o u s input samples which a r e o f v a l u e i n e v e r y c a s e t h a t 

the model l e a r n s t o g e n e r a l i z e t o new s a m p l e s . T h i s p r o c e s s , t h e n , 

can be v iewed as a s e e k i n g out o f what i s " f a m i l i a r " i n t h e i n p u t 

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

c a n be c o n s i d e r e d o f v a l u e i n a d e c i s i o n on whether o r no t a new 

i n p u t sample b e l o n g s t o a c e r t a i n c a t e g o r y . T h u s , l e a r n i n g t o 

g e n e r a l i z e i t s e l f may be seen as a method o f d e t e r m i n i n g what 

f e a t u r e s o f an i n p u t s e t a r e v a l u a b l e f o r c a t e g o r i z a t i o n . 

So much f o r v a l u e i n s u p e r v i s e d l e a r n i n g s y s t e m s . But what o f 
. i • ; • 

u n s u p e r v i s e d models where no d i r e c t i o n s as t o what t o c a r e about 
,. • i 

a r e g i v e n ? I t would appear t h a t , even i n t h e s e c a s e s , t h e system 

seeks out what i s o f v a l u e i n the i n p u t i n a manner s i m i l a r t o t h a t 

employed i n s u p e r v i s e d m o d e l s . I t s h o u l d be r e c a l l e d t h a t , i n the 

a b s e n c e o f e x t e r n a l f e e d b a c k , an u n s u p e r v i s e d n e t seeks out 

r e g u l a r i t i e s o r , as C h u r c h l a n d and Se jnowsk i (1992) p u t i t , 

"whatever s y s t e m a t i c i t y i t can f i n d i n the i n p u t " (p . 97) . T h i s i s 

j u s t as t r u e f o r p r i n c i p a l components l e a r n i n g models as f o r 

c o m p e t i t i v e l e a r n i n g m o d e l s . In p r i n c i p a l components m o d e l s , the 

s i f t i n g ou t o f u s e f u l f e a t u r e s a t t h e h i d d e n u n i t l e v e l becomes a 

t a s k o f a l l o t t i n g a un ique f e a t u r e o f t h e i n p u t t o each h i d d e n 

u n i t . In models o f c o m p e t i t i v e l e a r n i n g , on t h e o t h e r h a n d , each 

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

i n p u t samples , and hence must have embodied i n i t s weights a s e t o f 

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

f e a t u r e s o f v a l u e f o r c a t e g o r i z a t i o n b e i n g p a r t i t i o n e d among the 
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h i d d e n u n i t s as i n p r i n c i p a l components m o d e l s , they a r e 

p a r t i t i o n e d among t h e we igh ts o f a p a r t i c u l a r h i d d e n u n i t i n 

c o m p e t i t i v e l e a r n i n g . S o , i n t h e s e u n s u p e r v i s e d m o d e l s , as i n the 

s u p e r v i s e d o n e s , once they a r e t r a i n e d u p , what i s " f a m i l i a r " i n 

t h e i n p u t c o u l d be s a i d t o be " c a p t u r i n g " t h e a t t e n t i o n o f the 

s y s t e m , but t h e d r i v i n g f o r c e o f the mechanism appears t o be more 

bo t tom-up than top -down. I t seems f a i r t o c o n c l u d e , t h e r e f o r e , 

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

amount and t e m p o r a l o r d e r o f the i n f o r m a t i o n p r o c e s s i n g , many 

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

c o n n e c t i o n i s t models w i t h o u t an e x p l i c i t a t t e n t i o n a l mechanism. 

There a r e c o n n e c t i o n i s t models of b r a i n f u n c t i o n i n which 

a t t e n t i o n a l mechanisms are i n c o r p o r a t e d e x p l i c i t l y , however, and i n 

t h e s e models much o f what i s known about a t t e n t i o n i s b u i l t i n t o 

t h e m o d e l . F o r i n s t a n c e , i n an e l a b o r a t e model o f v i s u a l 

p e r c e p t i o n , K o s s l y n and Koenig (1992) have i n c l u d e d an a t t e n t i o n a l 

window w i t h i n a v i s u a l b u f f e r module: t h i s window p i n p o i n t s t h e 

l o c a t i o n i n the b u f f e r i n which t h e i n f o r m a t i o n i s p r e f e r e n t i a l l y 

p a s s e d on f o r f u r t h e r p r o c e s s i n g . Moreover , t h e a t t e n t i o n window 

may be s h i f t e d by e i t h e r a s t i m u l u s - b a s e d mechanism which o p e r a t e s 

on t h e b a s i s o f s i g n i f i c a n t n o v e l t y i n the i n p u t , o r by a " h i g h e r 

l e v e l " s h i f t i n g mechanism dependent on the output o f an a s s o c i a t i v e 

memory and a r e c o g n i t i o n module which i n i t i a t e s a " d i s e n g a g e - m o v e -

engage" mechanism based on the a t t e n t i o n s h i f t i n g model o f Posner 

(see K o s s l y n & K o e n i g , 1992, p . 105 : f o r a d iagram o f t h e system 
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d e s c r i b e d ) . In a c o n n e c t i o n i s t work ing model l a b e l l e d MORSEL 

( m u l t i p l e p_bject r e c o g n i t i o n and a t t e n t i o n a l s e l e c t i o n ) d e v e l o p e d 

by M i c h a e l Mozer , an a t t e n t i o n a l mechanism which a c t s as a 

r e t i n o t o p i c map o f l o c a t i o n s can be d r i v e n i n a s t i m u l u s - b a s e d 

manner, a n d / o r by h i g h e r l e v e l e x p e c t a t i o n s and t a s k demands. T h i s 

model , o f c o u r s e , r e f l e c t s v e r y c l o s e l y the premises s e t out by Van 

d e r H e i j d e n . I t s e r v e s f o u r d i s t i n c t f u n c t i o n s : c o n t r o l l i n g o r d e r 

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

and c o o r d i n a t i n g p r o c e s s i n g per formed by independent m o d u l e s , a l l 

o f which have been i d e n t i f i e d as among t h e p r i m a r y f u n c t i o n s o f 

a t t e n t i o n i n the b r a i n (see Mozer , 1991, c h a p . 4 ) . I n t e r e s t i n g l y , 

Mozer d i s c o v e r e d t h a t " h i g h l y f a m i l i a r s t i m u l i o u t s i d e the f o c u s o f 

a t t e n t i o n can work t h e i r way th rough t h e system b e t t e r t h a n o t h e r 

s t i m u l i " due t o the f a c t t h a t the l e t t e r and word r e c o g n i t i o n 

module o f the system " i s a b l e t o r e c o g n i z e f a m i l i a r s t i m u l i based 

on fewer p e r c e p t u a l f e a t u r e s than l e s s f a m i l i a r s t i m u l i " (pp. 68-

69) . Mozer goes on t o comment: "If t h i s r e s u l t i s t y p i c a l , i t would 

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

s t i m u l i . A l t h o u g h t h i s p r o p e r t y i s u n l i k e l y t o d i s t i n g u i s h MORSEL 

f rom o t h e r t h e o r i e s o f a t t e n t i o n , i t i s r e a s s u r i n g t o v e r i f y t h a t 

the computa t iona l model does indeed behave as expected" (p. 69 ) . As 

t h i s l a s t comment h i g h l i g h t s v e r y w e l l , t h e r e i s c l e a r l y a c o n c e r n 

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

a c c u r a t e l y as p o s s i b l e when i t i s e x p l i c i t l y r e p r e s e n t e d i n a model 

o f b r a i n f u n c t i o n . ' 
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2.3.4 C o n c l u s i o n s on the v a l i d i t y o f c o n n e c t i o n i s m 

The d e t a i l e d and e x t e n s i v e d i s c u s s i o n s o f c o n n e c t i o n i s m and i t s 

u n d e r l y i n g c o n s t r a i n t s e l a b o r a t e d i n t h i s chapte r have been e n t e r e d 

i n t o w i t h b u t one purpose i n mind: t o s e r v e as a b a s i s upon which 

t o come t o some c o n c l u s i o n s on the v a l i d i t y o f c o n n e c t i o n i s m as a 

method o f m o d e l l i n g o f how the b r a i n l e a r n s . B e f o r e making any 

d e c i s i o n s on t h e s e m a t t e r s , however, i t i s n e c e s s a r y t o have a 

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

t o t h i s s i t u a t i o n . There a re two separa te though m u t u a l l y dependent 
I ; 

v a r i a t i o n s o f what i t means f o r a c o n c e p t t o be " v a l i d " which a r e 

p e r t i n e n t h e r e : (1) s o u n d , j u s t , w e l l - f o u n d e d , and (2) p r o d u c i n g 

the d e s i r e d e f f e c t . Based on t h e s e two u n d e r s t a n d i n g s o f v a l i d i t y , 

t h e n , t h e q u e s t i o n s which must be answered i n t h i s s e c t i o n a r e : 

(1) To what e x t e n t can c o n n e c t i o n i s m be c o n s i d e r e d a s o u n d , 

j u s t , w e l l - f o u n d e d model o f l e a r n i n g i n t h e b r a i n ? 

(2) Do c o n n e c t i o n i s t models r e p r o d u c e e f f e c t i v e l e a r n i n g ? 

C o n n e c t i o n i s m as a s o u n d , j u s t , w e l l - f o u n d e d model o f l e a r n i n g 

As has been argued a t l e n g t h i n t h i s c h a p t e r , c o n n e c t i o n i s m i s 

s o l i d l y founded on n e u r o s c i e n t i f i c r e s e a r c h a t every l e v e l o f b r a i n 

o r g a n i z a t i o n . A l t h o u g h i t can a lways be c o n t e n d e d , and i s 

f r e q u e n t l y so among members o f the n e u r o s c i e n t i f i c r e s e a r c h 

community, t h a t t h e r e s u l t s o f such r e s e a r c h do no t speak " the 

t r u t h , t h e whole t r u t h , and n o t h i n g but the t r u t h " about how t h e 

b r a i n f u n c t i o n s , i t does seem s a f e t o say t h a t t h e i n s i g h t s g a i n e d 
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by modern day n e u r o s c i e n t i s t s are as d e t a i l e d and p r e c i s e as modern 

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

i n s i g h t s a r e under c o n s t a n t r e v i e w w i t h r e s p e c t t o t h e i r v e r a c i t y 

and coherence w i th the enormous body o f da ta t h a t has been g a r n e r e d 

on b r a i n f u n c t i o n t o d a t e , no t o n l y i n t h e n e u r o s c i e n c e s bu t a l s o 

i n p s y c h o l o g y . S u f f i c e i t t o s a y , t h e n , t h a t the da ta base on which 

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

comprehens iveness o r f i n e d e t a i l . 

Of c o u r s e , i n o r d e r t o b u i l d i t s work ing m o d e l s , c o n n e c t i o n i s m 

. • i 
a b s t r a c t s from the b i o l o g i c a l d a t a p h y s i c a l and mathem at ica l 

d e s c r i p t i o n s o f b r a i n f u n c t i o n , and i n so d o i n g t r a n s l a t e s the 

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

a r c h i t e c t u r e (as i t r e l a t e s t o a r t i f i c i a l i n t e l l i g e n c e m o d e l s ) , 

d y n a m i c s , and mathemat ics . None o f t h e s e c o u l d be c o n s i d e r e d a 

p o o r l y deve loped d i s c i p l i n e l a c k i n g a s u f f i c i e n t l y sound e m p i r i c a l 

da ta base or w e l l - t e s t e d t h e o r e t i c a l p r e m i s e s . Wi th - r e s p e c t t o t h e 

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

model o f a s y s t e m , however, q u e s t i o n s c o u l d be posed as t o which 

elements o f the b i o l o g i c a l system i t i s most c r i t i c a l t o emulate i n 

a m o d e l . B u t , as has been ment ioned i n the d i s c u s s i o n , t h e s e 

q u e s t i o n s a r e posed and h o t l y debated by c o n n e c t i o n i s t m o d e l l e r s 

themse lves , d i f f e r e n t d e c i s i o n s l e a d i n g t o d i f f e r e n t models o f t h e 

same system which are then compared f o r t h e i r e f f i c a c y i n m i m i c k i n g 

the system under s t u d y , as w e l l as f o r t h e i r d e f i c i e n c i e s . Once t h e 

a r c h i t e c t u r e , dynamics , and parameter a d j u s t i n g p r o c e d u r e o f a 
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model have been d e c i d e d upon , t h e r e f o r e , t h e soundness o f t h e s e 

d e c i s i o n s i s checked a g a i n s t the accuracy of the performance o f the 

m o d e l . Thus we come t o a d i s c u s s i o n o f t h e s e c o n d c r i t e r i o n o f 

v a l i d i t y d e a l i n g w i t h the e f f e c t i v e n e s s o f t h e m o d e l . 

Do c o n n e c t i o n i s t models e f f e c t i v e l y reproduce l e a r n i n g as i t o c c u r s 

i n t h e b r a i n ? 

B e f o r e g e t t i n g t o the meat of t h i s q u e s t i o n , i t i s u s e f u l t o remind 

o u r s e l v e s t h a t the b a s i c o r g a n i z a t i o n o r a r c h i t e c t u r e o f t h e b r a i n 

i s g e a r e d towards the f o r m a t i o n o f s y s t e m s , b o t h m i c r o s c o p i c and 

m a c r o s c o p i c . A n t o n i o Damasio (1994) e n c a p s u l a t e s t h i s n o t i o n i n 

t h e s e words : 

In s h o r t , t h e n , the b r a i n i s a s u p e r s y s t e m o f s y s t e m s . Each 

system i s composed o f an e l a b o r a t e i n t e r c o n n e c t i o n o f s m a l l but 

m a c r o s c o p i c c o r t i c a l r e g i o n s and s u b c o r t i c a l n u c l e i , wh ich a r e 

made up o f m i c r o s c o p i c l o c a l c i r c u i t s 2 3 , wh ich a r e made up o f 

n e u r o n s , a l l o f which a re connec ted by s y n a p s e s , (p. 30) 

H e n c e , l e a r n i n g i n t h e b r a i n i s e s s e n t i a l l y l e a r n i n g f o r the 

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

s p i t e o f t h e f a c t t h a t knowledge o f t h e changes t h a t o c c u r d u r i n g 

the l e a r n i n g p r o c e s s a t the m o l e c u l a r l e v e l i s a v a i l a b l e and i s 

2 3 Here Damasio i s d i s t i n g u i s h i n g between t h e terms " s y s t e m " 
and " c i r c u i t " (or "network") which a r e o f t e n u s e d i n t e r c h a n g e a b l y 
i n t h e l i t e r a t u r e . " C i r c u i t s " he c o n s i d e r s t o denote m i c r o s c o p i c 
s y s t e m s , w h i l e "sys tems" a r e c o n s i d e r e d m a c r o s c o p i c . 
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i n c o r p o r a t e d i n t o t h e o r i e s o f l e a r n i n g a t t h e n e u r o n a l l e v e l , the 

l o w e s t l e v e l o f s i m u l a t i o n o f b i o l o g i c a l l e a r n i n g a t tempted by 

c o n n e c t i o n i s t models i s t h a t o f the n e u r o n a l group o r m i c r o s c o p i c 

module . A t t h e upper end o f the s c a l e would be models o f e n t i r e 

sensory systems c o n s t r u c t e d o f a number o f i n t e r a c t i n g m a c r o s c o p i c 

m o d u l e s , a l l based on c o n n e c t i o n i s t a r c h i t e c t u r a l and d y n a m i c a l 

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

S i n c e t h e a r t i f i c i a l i n t e l l i g e n c e l i t e r a t u r e abounds w i t h 

i n f o r m a t i o n on s u c h mode ls , and s i n c e many o f them have a l r e a d y 

been r e f e r r e d t o i n t h i s c h a p t e r , an overv iew o f c o n n e c t i o n i s t 

accomplishments would seem t o be s u f f i c i e n t h e r e 2 4 . B e g i n n i n g a t t h e 

l o w e s t l e v e l , t h e n , the p h y s i o l o g i c a l " b i n d i n g " e f f e c t o f 

o s c i l l a t i o n s on n e u r o n a l a c t i v i t y thought t o be due t o a t t e n t i o n 

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

m i m i c k e d ; s i m p l e forms o f l e a r n i n g such as t h e development o f the 

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

dominance co lumns , bo th thought t o be t h e p r o d u c t o f c o m p e t i t i v e 

i n t e r a c t i o n between neurons , have been m o d e l l e d , as have a s p e c t s o f 

g e n e r a l development i n the b r a i n such as t h e f o r m a t i o n o f 

t o p o g r a p h i c a l maps; t h e r e a r e models o f o b j e c t r e c o g n i t i o n and 

c a t e g o r i z a t i o n ; the a b i l i t y t o encode s p a t i a l r e l a t i o n s u s i n g t h e 

p r i n c i p l e o f p o p u l a t i o n c o d i n g so as t o r e c o g n i z e complex o b j e c t s 

i 
2 4 Readers a r e r e f e r r e d p a r t i c u l a r l y t o Rume lhar t , M c L e l l a n d , 

& t h e PDP Group (1986) ; M c L e l l a n d , Rumelhar t , & t h e PDP Group 
(1986) ; C h u r c h l a n d & Se jnowsk i (1992); K o s s l y n & K o e n i g (1992) . 
R e f e r e n c e s t o s p e c i f i c models can be found i n t h e s e t e x t s . 
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l i k e f a c e s r a t h e r than j u s t a group o f u n r e l a t e d c o n s t i t u e n t p a r t s 

c a n now be a r t i f i c i a l l y r e p r o d u c e d ; models o f s e n s o r y motor 

i n t e g r a t i o n of the type t h a t o c c u r s i n the v e s t i b u l o - o c u l a r r e f l e x 

a re now work ing ; the o p e r a t i o n o f whole sensory systems such as the 

v i s u a l system has been m o d e l l e d , and t h r o u g h c a r e f u l l e s i o n i n g o f 

s p e c i f i c modules , the e f f e c t s o f b r a i n damage i n t h e s e a r e a s have 

been r e p r o d u c e d . Perhaps t h e s e few examples s u f f i c e t o g i v e a t 

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

what might be c o n s i d e r e d the " lower end" o f the i n t e l l e c t u a l s c a l e , 

though i t must be emphasized t h a t none o f t h e s e forms o f l e a r n i n g 

i s l a c k i n g i n c o m p l e x i t y nor employs p r i n c i p l e s wh ich would be 

f o r e i g n t o l e a r n i n g a t the "upper end" o f i n t e l l e c t u a l a b i l i t y . 

A c c e p t i n g f o r the t ime b e i n g t h a t t h e r e i s a d i f f e r e n c e between 

t h e s e forms o f l e a r n i n g and " h i g h e r " l e a r n i n g , what has been 

a c h i e v e d a t t h i s "upper end" of t h e l e a r n i n g s c a l e ? To g i v e but a 

c u r s o r y overv iew, t h e r e are models of the fo rmat ion o f schemata and 

g e n e r a l thought p r o c e s s e s , the e n c o d i n g o f memor ies , speech 

p e r c e p t i o n , t h e l e a r n i n g o f p a s t t e n s e s o f v e r b s i n E n g l i s h , word 

r e c o g n i t i o n , sentence p r o c e s s i n g , and r e a d i n g . P a r t o f t h e s u c c e s s 

o f many o f t h e s e models i s t h a t t h e y show o r g a n i z a t i o n a l 

p r i n c i p l e s , and " d e f i c i t s " o r " d e v e l o p m e n t a l " e r r o r s comparable t o 

t h o s e documented i n o b s e r v a t i o n s o f human l e a r n i n g i n t h e same 

a r e a s . T a k e , f o r example, N E T t a l k , a system which l e a r n s t o r e a d 

t e x t a l o u d w i t h o u t b e i n g g i v e n any g u i d e l i n e s whatsoever w i t h 

r e s p e c t t o the p h o n e t i c s i g n i f i c a n c e o f s t a n d a r d E n g l i s h s p e l l i n g : 
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an a n a l y s i s o f t h e p a r t i t i o n i n g o f the h i d d e n u n i t v e c t o r space 

r e v e a l e d t h a t i t had been s p l i t i n t o 79 s u b s p a c e s each one 

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

i n E n g l i s h . F u r t h e r m o r e , the subspaces were d i v i d e d i n t o two 

d i s t i n c t c l a s s e s which e f f e c t i v e l y d i s t i n g u i s h e d between consonants 

and v o w e l s . " L o o k i n g f u r t h e r i n t o t h i s h i e r a r c h y , i n t o the 

consonant b r a n c h , f o r example, we f i n d t h a t t h e r e a r e s u b d i v i s i o n s 

i n t o the p r i n c i p l e consonant t y p e s , and t h a t w i t h i n t h e s e b ranches 

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

(P. M. C h u r c h l a n d , 1989, p . 175; see a l s o a s c h e m a t i c 

r e p r e s e n t a t i o n o f t h e s e d i v i s i o n s , i b i d . , p . 176, o r C h u r c h l a n d & 

S e j n o w s k i , 1992, p . 119) . T h i s t y p e o f r e s u l t i s e x t r e m e l y 

e n c o u r a g i n g , s i n c e the o r g a n i z a t i o n t h e machine memory e x h i b i t s 

a p p e a r s l o g i c a l and , moreover , i s c o n s i s t e n t w i t h what might be 

expected on the b a s i s of a r a t i o n a l , c r i t i c a l t h i n k i n g approach i n 

humans. As a consequence , i t speaks f o r t h e p o s s i b i l i t y t h a t 

" c r i t i c a l t h i n k i n g " might be the n a t u r a l o r d e r o f t h i n g s i n b r a i n s , 

r a t h e r than a t e c h n i q u e t h a t must be l e a r n e d . 

A n o t h e r method o f measur ing the v a l i d i t y o f c o n n e c t i o n i s t models 

which i n v o l v e " h i g h e r " forms o f l e a r n i n g i s t o examine t o what 
i 

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

whether d e a l i n g w i t h the per formance o f "norma l" b r a i n s ( t h a t i s , 

undamaged) o r t h o s e o f b ra in -damaged p a t i e n t s . C o n n e c t i o n i s t 
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m o d e l l e r s r e g u l a r l y under take such e x p l a n a t o r y a t t e m p t s 2 5 . In h i s 

d i s c u s s i o n o f h i s o b j e c t r e c o g n i t i o n model MORSEL, f o r i n s t a n c e , 

Mozer (1991) d e v o t e s a c h a p t e r t o " P s y c h o l o g i c a l Phenomena 

E x p l a i n e d by MORSEL", a chapter which d e a l s w i t h t o p i c s c o v e r i n g a 

range o f c a t e g o r i e s : " b a s i c phenomena," " p e r c e p t u a l e r r o r s , " " o t h e r 

p e r c e p t u a l and a t t e n t i o n a l phenomena," and " n e u r o p s y c h o l o g i c a l 

phenomena." F u r t h e r m o r e , c o n n e c t i o n i s t m o d e l l e r s e v a l u a t e the 

s u c c e s s e s and f a i l u r e s o f t h e i r models i n l i g h t o f how w e l l 

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

c o r r e c t i o n s t o the models based on t h e s e e v a l u a t i o n s ( s e e , f o r 

example , Mozer , 1991, c h a p . 7) . The w i l l i n g n e s s w i t h which 

c o n n e c t i o n i s t s embrace comparisons of t h i s s o r t speaks w e l l f o r t h e 

m a t t e r o f the v a l i d i t y o f t h e i r m o d e l s . 

N e v e r t h e l e s s , c o n n e c t i o n i s t s themselves would be the f i r s t t o admit 

t h a t t h e models a r e no t p e r f e c t l y v a l i d r e p r e s e n t a t i o n s o f t h e 

work ings o f b i o l o g i c a l s y s t e m s . Indeed, many d i s c r e p a n c i e s i n t h e 

performance of the models have been marked. In some c a s e s t h e s e a r e 

t e m p o r a l i n n a t u r e : the models a r e t o o s l o w . In o t h e r s , an 

i n o r d i n a t e amount o f e f f o r t i s n e c e s s a r y t o t r a i n up t h e system as 

t h e number o f h i d d e n becomes l a r g e : t h i s i s r e f e r r e d t o as the 

" s c a l i n g " problem. In s t i l l o t h e r s , the performance of the model i s 

v e r y good on a c e r t a i n t a s k , but the a l g o r i t h m u s e d i s n o t 

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

2 5 In K o s s l y n and K o e n i g (1992) , f o r example , t h e r e a r e many 
compar isons o f the per formance of models t o p s y c h o l o g i c a l d a t a . 
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parameter a d j u s t i n g p r o c e d u r e a r e maximal i n a m o d e l , the 

performance may not be adequate due t o a l a c k o f p e r t i n e n t d a t a on 

t h e p a r t i c u l a r b r a i n system under s t u d y . 

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

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

and many more. Because o f t h i s a s s i d u o u s a t t e n t i o n t o d e t a i l by 

c o n n e c t i o n i s t s , not t o ment ion t h e e v e r b u r g e o n i n g body o f 

n e u r o s c i e n t i f i c da ta now a v a i l a b l e , the number o f s u c c e s s f u l models 

i s growing as i s t h e i r s o p h i s t i c a t i o n . There i s l i t t l e doubt t h a t 

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

evaded c o n v e n t i o n a l t e c h n i q u e s . There i s a l s o l i t t l e doubt t h a t i t 

has done so t h r o u g h the c a r e f u l a b s t r a c t i o n and t r a n s l a t i o n o f 

c r i t i c a l f e a t u r e s o f b r a i n s t r u c t u r e and f u n c t i o n i n t o machine 

l a n g u a g e . C o n s i d e r a t i o n o f t h e s e f a c t s l e a d s i n e v i t a b l y t o the 

c o n c l u s i o n t h a t c o n n e c t i o n i s m , though s t i l l i n a r e l a t i v e l y e a r l y 

developmenta l s t a g e , has a l r e a d y u n c o v e r e d some t a n g i b l e r e a l i t i e s 

about l e a r n i n g i n t h e b r a i n , and must , t h e r e f o r e , be c o n s i d e r e d a 

v a l i d methodology t o model how the b r a i n s o f humans and a n i m a l s 

l e a r n . 

As was ment ioned i n t h e i n t r o d u c t i o n , however , t h e p r o m i s e o f 

c o n n e c t i o n i s m i s not j u s t t o e l u c i d a t e t h e mechanisms b e h i n d t h e 

p l a s t i c i t y o f t h e b r a i n , but a l s o t o e x p l i c a t e " i t s i n t r i c a t e 

dependence on t h e extended c u l t u r a l s u r r o u n d . " T h i s i s s u e has no t 

been broached d i r e c t l y i n t h i s c h a p t e r , but i t w i l l be d e a l t w i t h 
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i n some d e t a i l i n the n e x t , a t l e a s t as f a r as i t s impact on 

language l e a r n i n g i s c o n c e r n e d . 

225 



2.4 Summary o f Chapte r Two 

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

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

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

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

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

and a r t i f i c i a l i n t e l l i g e n c e . C o n n e c t i o n i s m has been s e v e r e l y 

c r i t i c i s e d by p h i l o s o p h e r s o f the n o n - m a t e r i a l i s t p e r s u a s i o n who 

b e l i e v e t h a t the work ings o f the mind w i l l never be r e d u c i b l e t o 

those of the b r a i n . I t has a l s o r e c e i v e d c r i t i c i s m from w i t h i n the 

c o n n e c t i o n i s t camp w i t h r e s p e c t t o what a r e p e r c e i v e d t o be i t s 

o v e r b l o w n c l a i m s t o e x p l a n a t o r y power. What c o n n e c t i o n i s t s a r e 

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

i n t e r t h e o r e t i c r e d u c t i o n . However, they p o i n t out t h a t i f the 

t h e o r y t o be reduced i s fundamenta l ly f l a w e d , s u c c e s s f u l r e d u c t i o n 

by a new and more c o r r e c t t h e o r y cannot be e x p e c t e d , and 

e l i m i n a t i o n o f the e r roneous t h e o r y s h o u l d r e s u l t . Many 

c o n n e c t i o n i s t s b e l i e v e t h a t t h i s w i l l be t h e c a s e w i t h f o l k 

p s y c h o l o g y , our common sense u n d e r s t a n d i n g o f how t h e mind works . 

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

e l i m i n a t e d , t h i s w i l l mean the e l i m i n a t i o n o f a l l o f i t s p r e m i s e s , 

many o f which a r e undoubted ly c o r r e c t . 

Smolensky has e s t a b l i s h e d t h a t , w i t h i n t h e s t u d y o f c o g n i t i o n , 

c o n n e c t i o n i s m f a l l s i n t o a s u b s y m b o l i c parad igm r a t h e r t h a n the 
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s y m b o l i c parad igm adopted by t r a d i t i o n a l a r t i f i c i a l i n t e l l i g e n c e 

r e s e a r c h . He a l s o p o i n t s out t h a t i t does not opera te a t the n e u r a l 

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

models s h o u l d not be termed n e u r a l m o d e l s . S i n c e f o r t r a d i t i o n a l 

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

the c o n c e p t u a l l e v e l , c o n n e c t i o n i s t models can be c o n s i d e r e d t o be 

o p e r a t i n g a t a s u b c o n c e p t u a l l e v e l , the a c t i v i t y o f a u n i t o r a 

g roup o f u n i t s h a v i n g no r e c o g n i z a b l e meaning f o r u s . A l a c k o f 

a b s o l u t e r e a l i s m i n models does not o v e r l y c o n c e r n c o n n e c t i o n i s t s , 

however . They r e a s o n t h a t models do not have t o be 100% r e a l i s t i c 

t o be good and u s e f u l m o d e l s . I t s u f f i c e s t h a t c a r e i s t a k e n t o 

i n c l u d e c r i t i c a l e lements o f the f u n c t i o n o f a system under 

i n v e s t i g a t i o n i n a mode l . The g o a l o f c o n n e c t i o n i s t models i s not 

t o a c h i e v e an a c c u r a t e d e s c r i p t i o n o f a c o g n i t i v e s y s t e m , but t o 

g i v e an account o f the causes of i n t e l l i g e n t b e h a v i o u r . T h i s i t has 

done through the c o n s t r u c t i o n o f s u c c e s s f u l models o f many a s p e c t s 

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

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

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

models , most i m p o r t a n t l y working mode ls , o f b r a i n f u n c t i o n i n g . The 

purpose of the chapter i s t o eva lua te connec t ion ism i n i t s c a p a c i t y 

t o model how t h e b r a i n l e a r n s . 

S i n c e the aim o f c o n n e c t i o n i s t models i s t o d e p i c t l e a r n i n g i n the 

b r a i n , a t t e n t i o n must be p a i d t o the b i o l o g i c a l c o n s t r a i n t s imposed 

by t h e s t r u c t u r e and f u n c t i o n o f the p a r t i c u l a r sys tem b e i n g 
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modeled . S p e c i a l c o n s i d e r a t i o n s h o u l d be g i v e n t o t h e l e v e l o f 

f u n c t i o n the model i s a t t e m p t i n g t o e l u c i d a t e . C h u r c h l a n d and 

S e j n o w s k i have i d e n t i f i e d seven l e v e l s o f b r a i n o r g a n i z a t i o n : a 

model a iming a t a c e r t a i n l e v e l must t ake i n t o a c c o u n t i n f o r m a t i o n 

p e r t i n e n t not o n l y t o t h i s l e v e l , b u t ! a l s o t o t h e l e v e l s above and 

be low so t h a t o v e r a l l t h e o r e t i c a l c o n s i s t e n c y i s m a i n t a i n e d . In 

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

t h e s t r e n g t h s o r we igh ts o f synapses between n e u r o n s , and t h i s i s 

seen t o be d i r e c t l y r e l a t e d t o c e l l a c t i v i t y . The d e s i g n o f a model 

must t h e r e f o r e i n c o r p o r a t e elements of the anatomy, p h y s i o l o g y , and 

p r o c e s s e s g o v e r n i n g s y n a p t i c change o f t h e system under s t u d y . As 

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

s t r u c t u r e and f u n c t i o n must be c o n s i d e r e d f i r s t and fo remost i n 

mode ls o f b r a i n f u n c t i o n . N e v e r t h e l e s s , because neurons a r e 

ar ranged i n t o networks, o ther l e v e l s o f b r a i n o r g a n i z a t i o n such as 

t h e network and map l e v e l s must a l s o be t a k e n i n t o a c c o u n t when 

d e s i g n i n g m o d e l s , as must o r g a n i z a t i o n a l c h a r a c t e r i s t i c s w i t h i n 

t h e s e l e v e l s , f o r example, l a y e r s and columns. In s p i t e o f the f a c t 

t h a t t h e b r a i n has many l e v e l s o f o r g a n i z a t i o n , i t s h o u l d no t be 

c o n s i d e r e d w e l l - d e s i g n e d i n an e n g i n e e r i n g s e n s e . I t appears t o be 

more of a " k l u d g e " , something t h a t works i n a messy and i n e f f i c i e n t 

way, but g e t s the job done. The k l u d g e - l i k e c h a r a c t e r o f t h e b r a i n 

i s the r e s u l t o f the e v o l u t i o n a r y p r o c e s s wh ich g e n e r a l l y works t o 

improve the anatomic s t r u c t u r e s a l r e a d y i n p l a c e r a t h e r t h a n s t a r t 

f rom s c r a t c h . 
i i , 

; t 
I 
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Another important f e a t u r e o f b r a i n f u n c t i o n t o be r e p r e s e n t e d i n a 

model i s t h e mass ive p a r a l l e l i s m o f i n f o r m a t i o n p r o c e s s i n g . T h i s 

a r i s e s ou t o f t h e f o r m a t i o n ! o f s p e c i a l i s t subsystems which work 

w i t h r e l a t i v e autonomy w h i l e s t i l l a l l o w i n g i n t e g r a t i o n o f 

i n f o r m a t i o n t o i n f l u e n c e o u t p u t . The main b e n e f i t o f p a r a l l e l 

p r o c e s s i n g f o r an organism i s speed o f o u t p u t . B e s i d e s t h e s e major 

c o n s i d e r a t i o n s l i s t e d above, o ther b i o l o g i c a l c o n s t r a i n t s t h a t have 

emerged from p s y c h o l o g y must be kep t i n m ind : a few o f t h e s e a r e 

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

c o n f l i c t i n g o r inadequa te d a t a , and a b i l i t y t o r e c o v e r f u n c t i o n 

a f t e r damage. 

A t t e n t i o n i s r e c o g n i z e d as a major f o r c e i n l e a r n i n g . I t s a c t i o n i s 

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

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

h a r d t o come by due t o the p l e t h o r a o f o p i n i o n s as t o t h e e x a c t 

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

phenomena a s s o c i a t e d w i t h what has been c a l l e d t h e " a t t e n t i o n 

s y s t e m . " The mechanisms by which t h i s system opera tes a re c u r r e n t l y 

under i n t e n s e i n v e s t i g a t i o n and a r e t h e s u b j e c t o f h o t debate i n 

a t t e n t i o n r e s e a r c h c i r c l e s . In t h i s t h e s i s , the s e l e c t i v e phenomena 

a s s o c i a t e d w i t h a t t e n t i o n a r e t aken t o be more i m p o r t a n t t h a n 

i n t e n s i v e phenomena such as a r o u s a l and a l e r t n e s s . The s e l e c t i v e 

mechanism o f a t t e n t i o n can be e i t h e r s t i m u l u s (world) d r i v e n , o r 

a c t i v e l y d i r e c t e d by the person (or a n i m a l ) . The former i s l a b e l l e d 

p a s s i v e a t t e n t i o n , the l a t t e r , a c t i v e o r v o l u n t a r y a t t e n t i o n . The 
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a b i l i t y o f a s t i m u l u s t o c a p t u r e a t t e n t i o n even when v o l u n t a r y 

a t t e n t i o n i s i n f o r c e i s r e l a t e d t o i t s " i m p o r t a n c e " t o the 

organism, and i s r e f e r r e d t o as the s a l i e n c y o f t h e s t i m u l u s . T h i s 

impor tance o r v a l u e i s thought t o be d e t e r m i n e d l a r g e l y by an 

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

h a n d , an e v a l u a t i o n which i s dependent on t h e e m o t i o n a l s t a t e 

b r o u g h t on by t h e s t i m u l u s . 

T h e r e a r e s e v e r a l d ichotomous c o n c e p t s a s s o c i a t e d w i t h a t t e n t i o n : 

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

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

u n l i m i t e d c a p a c i t y . Under c l o s e s c r u t i n y , however , t h e d ichotomous 
i 

r e p r e s e n t a t i o n of these concepts does not h o l d w a t e r . As a r e s u l t , 

such c o n c e p t u a l i z a t i o n s a r e c o n s i d e r e d m e r e l y h e u r i s t i c s , r a t h e r 

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

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

s e v e r a l metaphors. Of t h e s e , the most w i d e l y used a re the " f i l t e r " , 

" s p o t l i g h t " , and "zoom l e n s " metaphors . Some newer 

c o n c e p t u a l i z a t i o n s a r e the " g r a d i e n t " , " a t t e n t i o n g a t i n g " , and 

" g r a d i e n t f i l t e r " mode ls . However, none o f t h e s e metaphors o r 

mode ls i s c o n s i d e r e d adequate a t t h i s s t a g e o f i n v e s t i g a t i o n . A 

"system i n t e r n a l " c o n c e p t u a l i z a t i o n o f a t t e n t i o n i s p u t fo rward as 

a f f o r d i n g v a l u a b l e i n s i g h t i n t o the work ings o f a t t e n t i o n w i t h i n a 

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

s y s t e m . In t h i s mode l , s e l e c t i v e a t t e n t i o n i s c o n s i d e r e d t o be 
1 i ; 

s t i m u l u s d r i v e n , and s e p a r a t e from the e f f e c t s o f e x p e c t a t i o n and 
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i n t e n t i o n t o a c t , bo th c o n s i d e r e d v o l u n t a r y a s p e c t s o f a t t e n t i o n . 

I t i s p o s t u l a t e d , however, t h a t the t h r e e work t o g e t h e r t o 

i n t e g r a t e bot tom-up and top-down e f f e c t s on t h e a t t e n t i o n 

mechanism. T h i s model d i s t i n g u i s h e s i t s e l f f rom o t h e r s i n t h a t 

a t t e n t i o n i s not d e p i c t e d as b e i n g e x t e r n a l t o t h e s e n s o r y s y s t e m . 

Because the model d e s c r i b e s o n l y a t t e n t i o n w i t h i n a sensory sys tem, 

however, i t does not account f o r the a b i l i t y o f a t t e n t i o n t o s e l e c t 

a p a r t i c u l a r " c h a n n e l " t o a t t e n d t o . N e v e r t h e l e s s , s i m i l a r 

mechanisms can be p o s t u l a t e d t o be a c t i v e i n a t t e n t i o n a l s e l e c t i o n 

of a c h a n n e l . The channels a t tended t o may be an i n d i v i d u a l e a r , o r 

i n f o r m a t i o n d e l i v e r e d by the v i s u a l o r a u d i t o r y sys tems a l o n e , t o 

g i v e but two examples, and h i g h e r c e n t r e s i n the b r a i n impor tant t o 

e x p e c t a t i o n and i n t e n t i o n t o a c t a r e thought t o e x e r t c o n t r o l o v e r 

the c h o i c e s made. In s p i t e o f t h i s v o l u n t a r y c o n t r o l , s t i m u l i which 

have a h i g h impor tance w e i g h t i n g may c a p t u r e a t t e n t i o n . The h i g h 

i m p o r t a n c e w e i g h t i n g i s seen t o be c l o s e l y r e l a t e d t o the 

f a m i l i a r i t y o f the s t i m u l u s t o the s u b j e c t . A working d e f i n i t i o n o f 

a t t e n t i o n i s adopted: A t t e n t i o n i s a f a c i l i t a t o r y mechanism f o r t h e 

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

c l o s e c o o p e r a t i o n w i th e x p e c t a t i o n and i n t e n t i o n t o a c t , and can be 

d r i v e n by v o l u n t a r y - o r s t i m u l u s - i n i t i a t e d mechanisms. 

The b a s i c d e s i g n of a c o n n e c t i o n i s t model i s t h a t o f a n e t o f 

n e u r o n - l i k e u n i t s . The l e a r n i n g p r o c e s s i n t h e s e m o d e l s , as i n 

b i o l o g i c a l systems, i s seen as a p r o c e s s o f e r r o r m i n i m i z a t i o n . In 

c o n n e c t i o n i s t m o d e l s , the a r c h i t e c t u r e , d y n a m i c s , and parameter 
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a d j u s t i n g procedure (or a lgor i thm) a re chosen t o mimic the anatomy, 

p h y s i o l o g y , and procedures g o v e r n i n g s y n a p t i c change as c l o s e l y as 

p o s s i b l e . However, each of these f e a t u r e s o f a n e t i s o n l y a g r o s s 

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

under s t u d y . With r e s p e c t t o how i t i s t h a t b i o l o g i c a l systems can 

compute , i t i s p roposed t h a t a system i n t h e b r a i n i s a 

c o m p u t a t i o n a l system i f t h e r e i s a r e v e a l i n g mapping between the 

s y s t e m ' s p h y s i c a l s t a t e s and the elements of the f u n c t i o n computed. 

T y p i c a l ne ts employ e l e c t r i c a l u n i t s modeled b o t h s t r u c t u r a l l y and 

d y n a m i c a l l y on n e u r o n s . As i n the b r a i n , t h e s e " n e u r o n s " a r e 

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

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

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

a c t i v i t y i n a d i s t r i b u t e d manner t o the next l a y e r . The s i m p l e s t 

ne t a r c h i t e c t u r e s c o n s i s t o f an i n p u t l a y e r and an o u t p u t l a y e r , 

and a r e c a p a b l e o f o n l y s i m p l e a s s o c i a t i v e , l e a r n i n g . As i n more 

complex m o d e l s , n e v e r t h e l e s s , t h e knowledge t h e y c o n t a i n i s 
i '-

d i s t r i b u t e d a c r o s s many u n i t s . I t i s because o f the s imul taneous o r 

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

t h e knowledge t h a t c o n n e c t i o n i s t models a l s o go under t h e name o f 

PDP ( p a r a l l e l d i s t r i b u t e d p r o c e s s i n g ) m o d e l s . Ne ts w i t h h i d d e n 

u n i t s , u n i t s p l a c e d between the i n p u t and o u t p u t l a y e r s , form more 

power fu l models i n t h a t they endow;a g l o b a l p e r s p e c t i v e on t h e ne t 

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

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

c o n t a i n e d i n t h e i n p u t . I f the i n f o r m a t i o n f l o w i n n e t s i s o n l y 
i 
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f rom the i n p u t s t o the o u t p u t s , the ne t i s c a l l e d a f e e d f o r w a r d 

n e t . I f on the o ther hand, i n f o r m a t i o n can f low back t o a u n i t from 

o ther u n i t s i n the n e t , the net i s s a i d t o be r e c u r r e n t . R e c u r r e n t 

n e t s a r e thought t o model a form o f s h o r t - t e r m memory. Some n e t s 

a r e a c t u a l l y systems o f s p e c i a l i s t m i n i n e t s , an arrangement which 

f i n d s i t s c o u n t e r p a r t i n the i n t e g r a t i o n o f s p e c i a l i s t subsystems 

i n t h e b r a i n . 

The b r a i n has been d e s c r i b e d by L u r i a as a dynamic f u n c t i o n a l 

system. In the same way, c o n n e c t i o n i s t n e t s a r e dynamic f u n c t i o n a l 

systems made up o f i n d i v i d u a l u n i t s a l l work ing i n a c o o r d i n a t e d 

f a s h i o n t o g i v e the f i n a l o u t p u t . The knowledge o f such s y s t e m s , 

b i o l o g i c a l o r machine, i s encoded i n the s e t s o f c o n n e c t i o n we igh ts 

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

terms l i e s i n the t h e o r e t i c a l power i n h e r i t e d from t h e p h y s i c s o f 

dynamica l systems. Nets w i th i n t e r e s t i n g p r o p e r t i e s can be d e s i g n e d 

based on knowledge of the behav iour o f the dynamica l model a d o p t e d . 

For s i m i l a r r e a s o n s , nets have been d e s i g n e d t o mimic the dynamics 

o f wel l -known thermodynamic systems. As has been n o t e d , l e a r n i n g i n 

n e t s i s a c c o m p l i s h e d by chang ing the c o n n e c t i o n w e i g h t s between 

u n i t s and t h i s i s c a r r i e d out by the l e a r n i n g a l g o r i t h m . T h e r e a r e 

two b a s i c l e a r n i n g modes i n c o n n e c t i o n i s t n e t s : s u p e r v i s e d l e a r n i n g 

and u n s u p e r v i s e d l e a r n i n g . In t h e fo rmer mode, an e x t e r n a l 

e v a l u a t i o n o f the weight s e t t i n g j o b i s a v a i l a b l e , w h i l e i n the 
i : 

l a t t e r i t i s n o t . Models w i th an i n t e r n a l measure o f e r r o r a r e a l s o 

p o s s i b l e w i t h i n both t h e s e modes. The g o a l o f any parameter 
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a d j u s t i n g p r o c e d u r e i s t o produce a we ight c o n f i g u r a t i o n t h a t 

r e p r e s e n t s someth ing about t h e w o r l d . T h u s , t h e c o m p l e x i t y o f an 

a l g o r i t h m can range from v e r y s i m p l e ( e . g . "Hebb ian" l e a r n i n g , an 

u n s u p e r v i s e d a l g o r i t h m ) t o v e r y c o m p l i c a t e d . Some r e c e n t 

c o n n e c t i o n i s t models employ; c o m b i n a t i o n s o f s i m p l e and complex 

a l g o r i t h m s t o a t t a i n t h e i r l e a r n i n g g o a l s . One w e l l known a l g o r i t h m 

u s i n g f a i r l y complex mathemat ica l c a l c u l a t i o n s i s b a c k p r o p a g a t i o n 

o f e r r o r , a s u p e r v i s e d l e a r n i n g a l g o r i t h m which has been h i g h l y 

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

b a c k p r o p a g a t i o n a l g o r i t h m , however, as o t h e r s u p e r v i s e d l e a r n i n g 
i 

a l g o r i t h m s , i s not c o n s i d e r e d b i o l o g i c a l l y p l a u s i b l e , whereas 

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

v a l i d i t y . P r i n c i p a l components l e a r n i n g and c o m p e t i t i v e l e a r n i n g 

a r e two s t r a t e g i e s t h a t have been d e v e l o p e d t o mimic l e a r n i n g i n 

some b i o l o g i c a l s y s t e m s . F u r t h e r m o r e , even more p o w e r f u l l e a r n i n g 

systems can be c o n s t r u c t e d u s i n g a l g o r i t h m s t h a t combine e lements 

o f both these s t r a t e g i e s , and they t o o f i n d r e s o n a n c e w i t h what i s 

known o f the f u n c t i o n of r e a l systems i n t h e b r a i n . The main p o i n t 

t h a t c o n n e c t i o n i s t r e s e a r c h e r s w i s h t o make, t h e n , i s t h a t the 

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

p s y c h o l o g y s h o u l d not j u s t c o - e x i s t i s i d e by s i d e , bu t s h o u l d c o -

e v o l v e , each one i n f o r m i n g the o ther f o r the purposes o f f u r t h e r i n g 

knowledge o f t h e b r a i n . 

G iven t h a t a t t e n t i o n has been shown t o be impor tant i n the l e a r n i n g 

p r o c e s s , i t seems n e c e s s a r y t o c o n s i d e r where i t s a c t i o n i s 
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r e p r e s e n t e d i n c o n n e c t i o n i s t mode ls . In models w i t h o u t an e x p l i c i t 

a t t e n t i o n a l module, a t t e n t i o n i s seen t o be a c t i v e i n the s e l e c t i o n 

o f the na ture o f i n f o r m a t i o n p r o c e s s e d . In s u p e r v i s e d m o d e l s , t h i s 

s e l e c t i v i t y i s i n c o r p o r a t e d i n t o the c o r r e c t i o n o r " t e a c h e r " 

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

o p t i m i z a t i o n o f the " i m p l i c i t o b j e c t i v e f u n c t i o n " o f t h e system 

which c o n t r o l s the nature of the i n f o r m a t i o n encoded. Thus , what i s 

o f v a l u e t o t h e system i s seen t o be imposed e x p l i c i t l y i n 

s u p e r v i s e d l e a r n i n g mode ls , w h i l e i t i s imposed i m p l i c i t l y i n 

u n s u p e r v i s e d m o d e l s . However, i n bo th t y p e s o f m o d e l , what i s o f 

v a l u e a t the h i d d e n u n i t l e v e l i s l e f t t o be d i s c o v e r e d by the 

h idden u n i t s themse lves , r a t h e r than b e i n g s p e l l e d ou t e x p l i c i t l y . 

I t i s argued t h a t what i s impor tant f o r the o rgan ism a t t h e h i d d e n 
i , : 

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

t h e i n p u t s e t . In models i n which a t t e n t i o n i s r e p r e s e n t e d by an 

a t t e n t i o n a l module , many o f the r e s u l t s o f a t t e n t i o n r e s e a r c h on 
j j 

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

a b i l i t y o f f a m i l i a r i n f o r m a t i o n t o c a p t u r e a t t e n t i o n . 

F i n a l l y , the v a l i d i t y o f connect ion ism i s e v a l u a t e d on the b a s i s o f 

two q u e s t i o n s : (1) Is c o n n e c t i o n i s m a s o u n d , j u s t , w e l l - f o u n d e d 

t h e o r y o f l e a r n i n g ? (2) bo c o n n e c t i o n i s t models e f f e c t i v e l y 

reproduce l e a r n i n g as i t occurs i n the b r a i n ? On both t h e s e c o u n t s , 

c o n n e c t i o n i s m i s jugded t o be v a l i d , though no t e n t i r e l y s o . 
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C h a p t e r 3 . CONNECTIONISM, ACADEMIC ACHIEVEMENT, AND SECOND 

LANGUAGE LEARNING IN IMMERSION SITUATIONS 

3.1 I n t r o d u c t i o n : The C h a l l e n g e s ! F a c i n g the C o n n e c t i o n i s t 

P e r s p e c t i v e 

I t was e s t a b l i s h e d i n c h a p t e r 1 t h a t a good d e a l o f t h e c r i t i c i s m 

t h a t has been l e v e l l e d a t Cummins' T h r e s h o l d H y p o t h e s i s by t h e 

second language r e s e a r c h community i s w e l l j u s t i f i e d , i n s p i t e o f 

Cummins' e v i d e n t i n t e n t i o n s t o a i d second language l e a r n e r s and t h e 

b e n e f i t s t h a t h i s t h e o r i z i n g has brought t o them. Of p a r t i c u l a r 

c o n c e r n among t h e p o i n t s r a i s e d by c r i t i c s were t h e f o l l o w i n g : 

1. Cummins' c o n c e p t u a l i z a t i o n o f t h e n a t u r e o f c o g n i t i o n , 

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

which l e d t o a c c u s a t i o n s t h a t t h e T h r e s h o l d H y p o t h e s i s i s i n 

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

f o r second language l e a r n e r s a t t h e low end o f t h e language 

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

i 

2. A c h r o n i c l a c k o f d e f i n i t i o n o f t h e v a r i a b l e s degree o f 

b i l i n g u a l i s m (or language p r o f i c i e n c y ) , c o g n i t i v e a b i l i t y , and 

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

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

3. The dependence o f the h y p o t h e s i s on s t u d i e s which have been 
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shown t o be m e t h o d o l o g i c a l l y i n a d e q u a t e . 

4. The e x c l u s i o n o f s o c i o l o g i c a l v a r i a b l e s e i t h e r w i t h i n the 

c o n s t r u c t s of the h y p o t h e s i s i t s e l f o r as v a r i a b l e s i m p a c t i n g 

on i t s e x p l a n a t o r y power. ! 

Because o f t h e s e f l a w s , as w e l l as o t h e r s no t l i s t e d h e r e , the 

T h r e s h o l d Hypothes is has been judged t o be , a t b e s t , u s e f u l i n o n l y 

an h e u r i s t i c f a s h i o n , o r , a t wors t , u n h e l p f u l . The b a s i c premise o f 

t h i s d i s s e r t a t i o n , on the o t h e r hand , i s t h a t c o n n e c t i o n i s m can 

p r o v i d e u s e f u l i n s i g h t i n t o any c o g n i t i v e consequences o f second 

l a n g u a g e l e a r n i n g i n immersion s i t u a t i o n s by v i r t u e o f t h e f a c t 

t h a t i t approaches the i s s u e s from the more f i n e l y r e s o l v e d 

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

i n t e l l i g e n c e , and now t h a t the f o u n d a t i o n a l t e n e t s o f c o n n e c t i o n i s m 

have been e l a b o r a t e d upon, the q u e s t i o n t h a t must be posed i s "Can 

i t i n d e e d p r o v i d e such i n s i g h t ? " . 

W h i l e the answer t o t h a t q u e s t i o n w i l l no t be f o r t h c o m i n g u n t i l a 

c o n n e c t i o n i s t p e r s p e c t i v e on second language l e a r n i n g has been 

f u l l y d e v e l o p e d and d i s c u s s e d , t h e d i f f e r e n c e s between Cummins' 

p e r s p e c t i v e and the c o n n e c t i o n i s t one which t o u c h on t h e above 

c r i t i c i s m s can be made c l e a r h e r e . On the i s s u e o f the n a t u r e o f 

c o g n i t i o n , f o r i n s t a n c e , i t would appear t h a t , because o f the 

i m p o r t a n c e he a c c o r d s t o language as an i n f l u e n c e on c o g n i t i o n , 

Cummins env isages c o g n i t i o n as a c t i v e a t a c o n c e p t u a l l e v e l . I t i s 
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almost c e r t a i n l y f o r t h i s reason t h a t he proposes t h a t l e a r n e r s who 

do n o t have an adequate command o f t h e i r second language may be 

c o g n i t i v e l y d i s a d v a n t a g e d . C o n n e c t i o n i s m , however, would q u e s t i o n 

t h e l e v e l a t which c o g n i t i o n a c t s as w e l l as t h e s p e c i a l n e s s o f 

l a n g u a g e ' s a b i l i t y t o s c u l p t i t . On t h e c o n n e c t i o n i s t v i e w , 

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

r a t h e r t h a n , o r perhaps as w e l l a s , the c o n c e p t u a l ; c o n n e c t i o n i s m , 

t h e n , opens up t h e p o s s i b i l i t y t h a t many, and even a l l , k i n d s o f 

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

r e d u c e s t h e impor tance o f language p r o c e s s i n g as a means o f 

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

on l e a r n i n g as c e n t r a l t o c o g n i t i o n c o u p l e d t o t h e u b i q u i t y o f 

l e a r n i n g c a p a b i l i t y ( p l a s t i c i t y ) i n t h e b r a i n s u g g e s t s t h a t t h e r e 

i s no l o c u s o f c o g n i t i o n per s e , though t h e r e may be c e r t a i n b r a i n 

s t r u c t u r e s t h a t a r e n e c e s s a r y t o our c o n s c i o u s p e r c e p t i o n o f 

c o g n i t i v e p r o c e s s e s (see C r i c k & Koch , 1992). I t a l s o suggests t h a t 

t h e r e i s l i t t l e e m p i r i c a l suppor t f o r t h e n o t i o n o f a " b a s i c " c o r e 

o f c o g n i t i v e a b i l i t i e s , as was p r o p o s e d by Cummins, i f t h e s e a r e 

c o n c e i v e d o f as independent o f the i n f l u e n c e o f e x p e r i e n c e . I t was 

demonst ra ted i n the f i r s t h a l f o f t h i s c e n t u r y , f o r example, t h a t 

even an o s t e n s i b l y " n o n - c o g n i t i v e " a b i l i t y such as s e e i n g must be 

l e a r n e d t h r o u g h p r o l o n g e d e x p e r i e n c e (see Hebb, 1949; see a l s o 

C r i c k and K o c h , 1992, f o r i n s i g h t i n t o s e e i n g as a c o n s t r u c t i v e 

p r o c e s s ) . T h u s , i f p e r c e p t i o n i t s e l f i n v o l v e s l e a r n i n g , then i t 

seems h i g h l y u n l i k e l y t h a t any a s p e c t o f menta l p r o c e s s i n g does 

n o t . One a rea i n which Cummins' approach and t h e c o n n e c t i o n i s t one 
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do a g r e e , however, i s the impor tance o f f o c u s e d a t t e n t i o n i n 

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

e f f e c t o f a t t e n t i o n w i l l be d e t a i l e d i n the f o l l o w i n g s e c t i o n s , i t 

w i l l not be d e a l t w i th h e r e , and a more i n - d e p t h examinat ion o f the 

d i f f e r e n c e s between the two v iews on c o g n i t i o n w i l l be under taken 

i n c h a p t e r 4. 

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

H y p o t h e s i s due t o the l a c k of d e f i n i t i o n o f the v a r i a b l e s degree o f 

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

competence, t h e aim o f the c o n n e c t i o n i s t approach i s n o t o n l y t o 

r e f i n e n o t i o n s on which a s p e c t s , i f any, o f the f i r s t two v a r i a b l e s 

may be c o v a r y i n g 1 , but a l s o t o e x p l o r e t h e n a t u r e o f " l i n g u i s t i c 

t h r e s h o l d s " w i th an eye" t o c l a r i f y i n g whether o r no t t h e y a r e r e a l 

phenomena, and i f s o , how they may be more a c c u r a t e l y 

c o n c e p t u a l i z e d . More p r e c i s e l y , i t w i l l be p r o p o s e d i n a new 

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

c o n n e c t i o n i s m t h a t " c o g n i t i v e a b i l i t y " can be more a c c u r a t e l y 

r e p r e s e n t e d by " v i s u a l p r o c e s s i n g a b i l i t y " , and "degree o f 

b i l i n g u a l i s m " by "comprehension o f second l a n g u a g e " . I t w i l l a l s o 

1 I t s h o u l d be no ted t h a t t h e p o s i t i o n b e i n g t a k e n h e r e i s 
t h a t , s i n c e a l l a s p e c t s o f b r a i n p r o c e s s i n g a r e a lmost c e r t a i n l y 
i n f l u e n c e d by e x p e r i e n c e , a l l a r e c o g n i t i v e t o some d e g r e e , even 
those t h a t have not t r a d i t i o n a l l y been c o n s i d e r e d t o be s o . Hence , 
t o s u g g e s t t h a t some a s p e c t o f c o g n i t i v e a b i l i t y may be c h a n g i n g 
w i t h t h e a c q u i s i t i o n o f a second language i s no t t o beg 
Reynolds 1 (1991) q u e s t i o n of whether o r no t t h e r e i s a r e l a t i o n s h i p 
between degree o f b i l i n g u a l i s m and c o g n i t i v e a b i l i t y a t a l l . What 
Reynolds was c o n s i d e r i n g as c o g n i t i v e a b i l i t y does not appear t o be 
b a s e d on c o n n e c t i o n i s t t h e o r i z i n g and i s presumably s i m i l a r t o 
Cummins' c o n c e p t u a l i z a t i o n . 
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be p r o p o s e d t h a t , d u r i n g the p r o c e s s o f second language l e a r n i n g , 

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

o c c u r i n b r a i n p r o c e s s i n g may appear t o have t h r e s h o l d - l i k e 

c h a r a c t e r i s t i c s i f they become i n f o r m a t i o n p r o c e s s i n g s t r a t e g i e s . 

The upshot o f t h i s f o c u s i n g i n on o n l y c e r t a i n f e a t u r e s o f menta l 

p r o c e s s i n g and language competence s h o u l d be t o r e n d e r t h e new 

h y p o t h e s i s more r e a d i l y t e s t a b l e e m p i r i c a l l y t h a n Cummins 1 

h y p o t h e s i s , though i t i s conceded t h a t d e c i s i o n s as t o which 

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

comprehens ion s h o u l d be measured and how t h e s e s h o u l d be measured 

may be c o n t e n t i o u s . 

To speak t o the t h i r d c r i t i c i s m o f the T h r e s h o l d H y p o t h e s i s l i s t e d 

a b o v e , t h a t o f i t s dependence on d a t a from s t u d i e s which a r e 

m e t h o d o l o g i c a l l y inadequate , the c o n n e c t i o n i s t approach t o be t aken 

here w i l l a v o i d (or a t l e a s t minimize) t h i s problem by c o n s t r u c t i n g 

a model o f the second language l e a r n e r from a bottom-up p e r s p e c t i v e 

dependent l a r g e l y on e m p i r i c a l s t u d i e s f rom n e u r o b i o l o g y , language 

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

g a t h e r e d i n t h e s e s t u d i e s 'are by no means immune t o e x p e r i m e n t a l 

e r r o r o r p h i l o s o p h i c a l b i a s e s (see , f o r example , Hoyn ingen-Huene , 

1993) , t h e y t e n d t o be more r e l i a b l y r e p r o d u c i b l e t h a n t h o s e 

emanating from e d u c a t i o n a l s t u d i e s , i n p a r t because the s u b j e c t s o f 

s t u d y a r e l e s s complex than the t o t a l human b e i n g (as i s t h e c a s e 

w i t h n e u r o b i o l o g y and a r t i f i c i a l i n t e l l i g e n c e ) , and i n p a r t because 

a t t e n t i o n t o e x p e r i m e n t a l d e s i g n i s c o n s i d e r e d o f p r i m o r d i a l 
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impor tance i n t h e s e d i s c i p l i n e s . As a r e s u l t , t h e y s h o u l d form a 

sounder f o u n d a t i o n upon which t o base a model o f b r a i n f u n c t i o n i n g . 

The l a s t major p o i n t o f c r i t i c i s m o f t h e T h r e s h o l d H y p o t h e s i s i s 

t h a t i t does not t ake i n t o account s o c i o l o g i c a l v a r i a b l e s as 

f a c t o r s i n de te rmin ing the c o g n i t i v e consequences o f b i l i n g u a l i s m , 

and i n d e e d , a t tempts t o s c r e e n them out a l t o g e t h e r by f o c u s i n g on 

" c h i l d i n p u t " v a r i a b l e s e x c l u s i v e l y . From the c o n n e c t i o n i s t vantage 

p o i n t , however, the i n t r i c a t e i n t e r - r e l a t i o n s h i p o f a l l a s p e c t s o f 

b r a i n f u n c t i o n i n g and exper ience would render any attempt t o s c r e e n 

out e n v i r o n m e n t a l i n f l u e n c e s ' f u t i l e . F o r c o n n e c t i o n i s m , the 

env i ronment i s a l l p e r v a s i v e and i s b e i n g encoded by t h e b r a i n 

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

l e a r n i n g o f a second language (or mathemat ics , o r a r t , o r s c i e n c e , 

and so on) . Moreover , though the i n f o r m a t i o n p r o c e s s i n g h y p o t h e s i s 

forwarded by the c o n n e c t i o n i s t v i e w p o i n t , l i k e Cummins' h y p o t h e s i s , 

w i l l d e a l w i t h o n l y two v a r i a b l e s , n e i t h e r o f which would appear t o 

be r e l a t e d t o env i ronmenta l i n f l u e n c e s , m o t i v a t i o n a l , a t t i t u d i n a l , 

and e x p e r i e n t i a l f a c t o r s stemming from t h e env i ronment c a n a l l be 

i n t e g r a t e d i n t o the p r e m i s e s o f t h e h y p o t h e s i s by means o f t h e i r 

i n t e r a c t i o n w i t h a t t e n t i o n a l a l l o c a t i o n t o g i v e an a c c o u n t i n g o f 

why d i f f e r e n t l e a r n i n g c i r c u m s t a n c e s l e a d t o d i f f e r e n t l e a r n i n g 

ou tcomes . I f t h e h y p o t h e s i s r e s i s t s f a l s i f i c a t i o n upon t e s t i n g , 

educators can then use the i n s i g h t i t p r o v i d e s t o c o n s t r u c t o p t i m a l 

l e a r n i n g env i ronments f o r d i f f e r e n t groups o f second language 

l e a r n e r s . 1 
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In t h i s c h a p t e r , t h e n , the c h a l l e n g e s t o t h e c o n n e c t i o n i s t 

p e r s p e c t i v e t h a t w i l l be t a k e n up w i l l be t h e f o l l o w i n g : 

1. The bottom-up development o f a h y p o t h e s i s on the changes i n 

b r a i n p r o c e s s i n g brought on by second language l e a r n i n g i n 

immers ion s i t u a t i o n s . 

2 . An e x a m i n a t i o n o f the e x p l a n a t o r y power o f t h e 

c o n n e c t i o n i s t h y p o t h e s i s o f second language l e a r n i n g 

d e v e l o p e d . 

3 . An e x a m i n a t i o n o f the r e l e v a n c e and i m p l i c a t i o n s o f the 

c o n n e c t i o n i s t h y p o t h e s i s f o r i s s u e s s u r r o u n d i n g the 

i n t e r a c t i o n o f second language l e a r n i n g and academic 

achievement , as w e l l as second language t e a c h i n g i n immersion 

s i t u a t i o n s . 

In the f i n a l c h a p t e r , chapter 4, Cummins' T h r e s h o l d H y p o t h e s i s w i l l 

be re -examined i n the l i g h t o f the c o n n e c t i o n i s t h y p o t h e s i s i n the 

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

4 . The d i f f e r e n c e s between t h e models o f c o g n i t i o n 

u n d e r p i n n i n g bo th h y p o t h e s e s . 

5. Whether o r not the T h r e s h o l d h y p o t h e s i s i s a d e f i c i t 

h y p o t h e s i s o f second language l e a r n i n g . 
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6. Whether the c o n n e c t i o n i s t h y p o t h e s i s can g i v e i n s i g h t i n t o 

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

i 

i 
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3.2 Development o f a C o n n e c t i o n i s t H y p o t h e s i s on the Changes in 

B r a i n P r o c e s s i n g I n i t i a t e d by second Language L e a r n i n g in Immersion 

S i t u a t i o n s 

3.2.1 Development o f a g e n e r a l model o f l e a r n i n g i n the b r a i n 

In d e v e l o p i n g a c o n n e c t i o n i s t model o f l e a r n i n g t h a t w i l l be o f use 

t o e d u c a t o r s , the importance of m a i n t a i n i n g a t h e o r e t i c a l coherence 

between l e v e l s cannot be o v e r e m p h a s i z e d . T h i s p r i o r i t y f a l l s 

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

what one might c a l l c o n n e c t i o n i s m 1 s "pr ime d i r e c t i v e . " Because o f 

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

( s u b c e l l u l a r ) and n e u r o n a l l e v e l s , which have been e x t e n s i v e l y 

s t u d i e d and a r e now w e l l u n d e r s t o o d , w h i l e s t u d i e s o f l e a r n i n g a t 

the more fundamental m o l e c u l a r l e v e l are s t i l l h i g h l y c o n t r o v e r s i a l 

and o b s c u r e . As has been no ted p r e v i o u s l y , i t i s l a r g e l y f o r t h i s 

r e a s o n t h a t c o n n e c t i o n i s t models o f l e a r n i n g t ake the " n e u r o n a l " 

u n i t as t h e i r base l e v e l . 

A t t h e s u b c e l l u l a r l e v e l , t h e n , l e a r n i n g i s b e l i e v e d t o be 

m a n i f e s t e d by changes i n the we igh ts o r s t r e n g t h s o f s y n a p t i c 

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

o r f i r i n g r a t e . Under normal c i r c u m s t a n c e s , t h e h i g h e r t h e 

a c t i v i t y , t h e more l i k e l y i t i s t h a t changes i n s y n a p t i c s t r e n g t h 

w i l l o c c u r . Neurons , o f c o u r s e , do not a c t i n i s o l a t i o n but i n 

a s s o c i a t i o n w i t h many o t h e r neurons c o n n e c t e d i n t o ne tworks . 
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E v e n t u a l l y , w i t h p e r s i s t e n t a s s o c i a t i o n o f a c t i v i t y between 

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

change becomes d i f f i c u l t , though, o f c o u r s e , change w i l l i n e v i t a b l y 

occur i f the a c t i v i t y o f the c e l l s d e c r e a s e s 2 . More o f t e n than n o t , 

t h i s s t a b l e s t a t e w i l l be a c e i l i n g c o n d i t i o n b rought on by the 

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

However , as i n the c a s e o f a n t i - H e b b i a n l e a r n i n g , i t may be a 

b o t t o m i n g - o u t o f t h e a b i l i t y o f some neurons t o a f f e c t o t h e r s . As 

t h i s s t a b i l i z a t i o n o f s y n a p t i c s t r e n g t h s o c c u r s , a system 

(subsystem o r c i r c u i t ) r e p r e s e n t i n g the i n p u t d a t a i s fo rmed . Once 

formed, the output o f these systems can f u r n i s h t h e i n p u t , o r p a r t 

o f t h e i n p u t , f o r n e u r o n a l networks f u r t h e r downstream which w i l l 

themselves be t ransformed i n t o new knowledge systems g i v e n adequate 

e x p e r i e n c e . An i m p o r t a n t p o i n t t o remember h e r e i s t h a t , s i n c e 

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

a lways f i r i n g even i f o n l y a t a b a s e l i n e l e v e l o f a c t i v i t y , 

l e a r n i n g i s a lways g o i n g o n , though a t a r a t e commensurate w i t h 

neurona l a c t i v i t y . Because l e a r n i n g i s enhanced by h i g h a c t i v i t y i n 

the c e l l s , a s t a t e of a r o u s a l or a l e r t n e s s , a s o - c a l l e d " i n t e n s i v e " 

s t a t e , w i l l promote l e a r n i n g ' d u e t o i t s g e n e r a l e x c i t a t o r y e f f e c t 

on t h e b r a i n . Any s t a t e which b r i n g s about a r e d u c t i o n i n the 

a c t i v i t y o f the c e l l s , such as d r o w s i n e s s , would have an o p p o s i t e 

e f f e c t on l e a r n i n g c a p a b i l i t y . 

2 A pr ime i n s t a n c e o f the t y p e o f change b e i n g r e f e r r e d t o 
h e r e , and one w i t h which we a r e a l l f a m i l i a r , i s f o r g e t t i n g . 
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F o r s i m i l a r r e a s o n s , emot iona l s t a t e , whether p o s i t i v e o r n e g a t i v e , 

i s a l s o i n t e r a c t i v e w i t h the l e a r n i n g p r o c e s s , and appears t o be 

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

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

terms o f r e l e v a n c e t o the c o n t e x t a t hand t o t h e s e p r e f e r r e d 

s t i m u l i . A c c o r d i n g t o Damasio (1994) , t h i s e v a l u a t i o n o f t h e i n p u t 

d a t a i s encoded i n the b r a i n as a " s o m a t i c m a r k e r , " a r e a d o u t o f 

t h e body s t a t e e x p e r i e n c e d on the r e c e p t i o n o f t h e s t i m u l i . Once 

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

a r e s t o r e d i n t i g h t a s s o c i a t i o n w i t h one a n o t h e r s u c h t h a t any new 

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

c o r r e s p o n d i n g somat ic marker. When s e l e c t i v e a t t e n t i o n i s f o c u s e d , 

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

r e p r e s e n t s the s e l e c t e d s t i m u l i , thus i n c r e a s i n g the l i k e l i h o o d 

t h a t l e a r n i n g w i l l o c c u r i n a s s o c i a t i o n w i t h them. I f Damasio i s 

c o r r e c t i n h i s t h e o r i z i n g , t h e l e a r n i n g t h a t o c c u r s would t a k e 

p l a c e under a s i m i l a r body s t a t e and t h e r e f o r e would be a s s o c i a t e d 

w i th a s i m i l a r somat ic marker, though emot iona l r e a c t i o n s and hence 

body s t a t e and somat ic markers can be i n f l u e n c e d by new e x p e r i e n c e 

as can a l l l e a r n e d r e a c t i o n s . 

S e l e c t i v e a t t e n t i o n , i t may be remembered, can be s t i m u l u s d r i v e n 

o r v o l u n t a r i l y d r i v e n ( e x p e c t a t i o n and i n t e n t i o n ) 3 a t bo th the 

system i n t e r n a l ( l o c a l ) and system e x t e r n a l (g loba l ) l e v e l s . Though 

3 These a r e sometimes termed exogenous and endogenous 
a t t e n t i o n r e s p e c t i v e l y . 
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t h e s e a s p e c t s o f s e l e c t i v e a t t e n t i o n a r e d i s c u s s e d s e p a r a t e l y , i t 

i s u n l i k e l y t h a t they operate e n t i r e l y autonomously. T h i s n o t i o n i s 

i n k e e p i n g w i t h the c o n c l u s i o n s o f t h e p r e v i o u s d i s c u s s i o n w i t h 

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

a t t e n t i o n a l f u n c t i o n . In any g i v e n complex s i t u a t i o n , t h e r e f o r e , i t 

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

a t t e n t i o n a r e a c t i n g c o o p e r a t i v e l y . On e i t h e r the l o c a l o r g l o b a l 

l e v e l , t h e r e i s no doubt t h a t e x p e c t a t i o n and i n t e n t i o n t o a c t a r e 

dependent t o a h i g h degree on e x p e r i e n c e , a n d , as a c o n s e q u e n c e , 

what has been l e a r n e d i n the p a s t must have some i n f l u e n c e on what 

i s l e a r n e d i n t h e p r e s e n t , p a r t i c u l a r l y i n s i t u a t i o n s i n which 

a t t e n t i o n i s v o l u n t a r i l y a l l o c a t e d . However, s t i m u l u s d r i v e n 

a t t e n t i o n a l s e l e c t i o n may a l s o be dependent on l e a r n i n g f o r i t s 

a l l o c a t i o n . Damasio (1994) has d e s c r i b e d how l e a r n i n g i s a s s o c i a t e d 

w i t h e m o t i o n a l r e s p o n s e and how such e m o t i o n a l r e s p o n s e s a r e 

i n d i v i d u a l i z e d i n t h e s e words: 

A t a n o n c o n s c i o u s l e v e l , networks i n t h e p r e f r o n t a l c o r t e x 

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

f rom t h e p r o c e s s i n g o f ! . . . images . T h i s p r e f r o n t a l r e s p o n s e 

comes from d i s p o s i t i o n a l r e p r e s e n t a t i o n s t h a t embody knowledge 

p e r t a i n i n g t o how c e r t a i n t y p e s o f s i t u a t i o n s u s u a l l y have 

been p a i r e d w i t h c e r t a i n e m o t i o n a l r e s p o n s e s , i n your 

i n d i v i d u a l e x p e r i e n c e . In o ther words , i t comes from acquired 

r a t h e r than innate d i s p o s i t i o n a l r e p r e s e n t a t i o n s , a l t h o u g h , as 

d i s c u s s e d p r e v i o u s l y , the a c q u i r e d d i s p o s i t i o n s a r e o b t a i n e d 
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under the i n f l u e n c e of d i s p o s i t i o n s t h a t a r e i n n a t e . What the 

a c q u i r e d d i s p o s i t i o n a l r e p r e s e n t a t i o n s embody i s y o u r un ique 

exper ience of such r e l a t i o n s i n your l i f e . Your exper ience may 

be a t s u b t l e o r a t major v a r i a n c e w i t h t h a t o f o t h e r s ; i t i s 

yours a l o n e . A l though the r e l a t i o n s between t y p e o f s i t u a t i o n 

and emotion a r e , t o a g r e a t e x t e n t , s i m i l a r among i n d i v i d u a l s , 

u n i q u e , p e r s o n a l e x p e r i e n c e c u s t o m i z e s the p r o c e s s f o r eve ry 

i n d i v i d u a l , (pp. 136-137) 

On t h i s v i e w , t h e n , s t i m u l u s d r i v e n a t t e n t i o n , which c e r t a i n l y 

o p e r a t e s " a u t o m a t i c a l l y and i n v o l u n t a r i l y " and "at a n o n c o n s c i o u s 

l e v e l , " c o u l d q u i t e c o n c e i v a b l y be s u b j e c t t o t h e i n f l u e n c e of 

e x p e r i e n c e , even though the l a t t e r i s d e v e l o p e d under t h e c o n t r o l 

o f i n n a t e mechanisms, because o f t h e s t e a d y a c c u m u l a t i o n o f 

e m o t i o n a l e x p e r i e n c e a s s o c i a t e d w i t h a l l s t i m u l i . T h u s , f o r any 

organism i n c l u d i n g human b e i n g s , the i n f l u e n c e o f i n n a t e mechanisms 

on s t i m u l u s d r i v e n a t t e n t i o n would be s t r o n g e s t i n the v e r y young, 

and would g r a d u a l l y be tempered by e x p e r i e n c e w i t h a g e . But when 

Damasio speaks o f i n d i v i d u a l e x p e r i e n c e i n humans, he i s s p e a k i n g 

i n e f f e c t o f c u l t u r a l and s o c i a l e x p e r i e n c e . Hence, i t would seem 

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

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

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

f u r t h e r l e a r n i n g . O b v i o u s l y , e x p e r i e n c e s o r s t i m u l i wh ich have had 

p o s i t i v e e m o t i o n a l a s s o c i a t i o n s ( p l e a s u r e o r reward) i n t h e p a s t 

w i l l encourage l e a r n e r s t o approach t h e l e a r n i n g s i t u a t i o n i n a 
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p o s i t i v e way, and v i c e v e r s a f o r s i t u a t i o n s w i t h n e g a t i v e 

a s s o c i a t i o n s . On a l e s s o b v i o u s l e v e l , however , i t i s e n t i r e l y 

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

p o s i t i v e o r n e g a t i v e emot ions w i t h r e g a r d s t o t h e s u c c e s s o f the 

a l l o c a t i o n a l outcome. Remember t h a t an e m o t i o n a l s t a t e i s an 

e v a l u a t i o n of the r e l e v a n c e of i n p u t d a t a , and i n p u t d a t a can j u s t 

as e a s i l y be t h e r e s u l t s o f a d e c i s i o n made c o n s c i o u s l y o r 

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

i s , o f c o u r s e , a " c o g n i t i v e ! " s t r a t e g y s i n c e i t i s dependent on 

l e a r n i n g , and so i t i s t o the e f f e c t o f t h i s s t r a t e g i c a l l o c a t i o n 

o f a t t e n t i o n on l e a r n i n g t h a t i t seems a p p r o p r i a t e t o t u r n n e x t . 

As was ment ioned above , s e l e c t i v e a t t e n t i o n can be a c t i v e a t both 

t h e l o c a l (system i n t e r n a l ) and t h e g l o b a l (system e x t e r n a l ) 

l e v e l s , and w i t h i n both a t t e n t i o n a l mechanisms can b r i n g about 

a c t i v a t i o n a n d / o r i n h i b i t i o n o f c e l l u l a r a c t i v i t y . On t h e l o c a l 

l e v e l , the e f f e c t s w i l l be f e l t l a r g e l y w i t h i n a s m a l l a r e a o f the 

b r a i n , w h i l e a t t h e g l o b a l l e v e l whole c h a n n e l s , sometimes as 

c o m p r e h e n s i v e as e n t i r e s e n s o r y s y s t e m s , can be a c t i v a t e d o r 

i n h i b i t e d . In c e l l s w i t h i n the systems b e i n g a c t i v a t e d , the 

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

i n h i b i t e d systems i t i s s u p p r e s s e d . In g e n e r a l , t h e s e e f f e c t s a re 

s h o r t - l i v e d due t o t h e f a c t t h a t ; the f o c u s o f a t t e n t i o n i s 

c o n s t a n t l y moving from one a re a o f t h e b r a i n t o a n o t h e r . I f , 

however , a t t e n t i o n i s f o c u s e d more r e g u l a r l y on some b r a i n a r e a s , 
i , i 

w h i c h means t h a t the i n f o r m a t i o n p r o c e s s e d by t h e s e a r e a s i s 
! 
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p r o c e s s e d p r e f e r e n t i a l l y t o o t h e r i n f o r m a t i o n , t h e n l e a r n i n g i n 

these l o c a t i o n s and l o c a t i o n s a s s o c i a t e d w i t h them w i l l o c c u r a t a 

h i g h e r r a t e than i n a reas not 1 s e l e c t e d by a t t e n t i o n . T h i s would be 

e q u a l l y t r u e whether the e f f e c t o f a t t e n t i o n i s t o enhance the 

a c t i v i t y o f the s e l e c t e d a r e a , o r t o i n h i b i t t h e s u r r o u n d . The ne t 

e f f e c t o f e i t h e r s c e n a r i o would be a r e l a t i v e l y h i g h e r a c t i v i t y i n 

t h e s e l e c t e d a r e a s . Now, i f a l e a r n e r c o n s i s t e n t l y a r r i v e s a t a 

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

v i s u a l system o r the a u d i t o r y s y s t e m , f o r example , i t i s h i g h l y 

l i k e l y t h a t a l l o c a t i o n o f a t t e n t i o n t o t h i s c h a n n e l w i l l d e v e l o p 

i n t o a p e r s i s t e n t s t r a t e g y u n l e s s the c i r c u m s t a n c e s which r e n d e r 

t h i s s t r a t e g y e f f i c a c i o u s change . A p e r s i s t e n t s t r a t e g y o f t h i s 

s o r t would by no means p r e c l u d e the a l l o c a t i o n o f a t t e n t i o n t o 

o t h e r c h a n n e l s . I t would s i m p l y draw a t t e n t i o n t o c e r t a i n b r a i n 

s i t e s more o f t e n than t o o t h e r s . A s i m i l a r s i t u a t i o n c o u l d a r i s e , 

o f c o u r s e , as a r e s u l t of g e n e t i c p r e d i s p o s i t i o n s i n the i n d i v i d u a l 

l e a r n e r , e s p e c i a l l y i f t h e s e a r e encouraged by e n v i r o n m e n t a l 

c i r c u m s t a n c e s . A t these p e r s i s t e n t l y s e l e c t e d b r a i n s i t e s , however, 

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

more r a r e l y , a l l o t h e r i n t e n s i v e e f f e ' c t s such as e m o t i o n a l s t a t e 

and a r o u s a l b e i n g e q u a l , and i f , as has been s u g g e s t e d by some 

s t u d i e s on a t t e n t i o n , the s e l e c t i o n o f one c h a n n e l i n v o l v e s the 

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

s h o u l d go on a t a lower than "normal" ( f o r the person) r a t e i n 

t h e s e systems w h i l e the s t r a t e g y p e r s i s t s . Even i f , on t h e o t h e r 

hand , t h e r e i s no a c t i v e s u p p r e s s i o n o f a c t i v i t y o u t s i d e o f 
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s e l e c t e d a r e a s , l e a r n i n g i n t h e s e n o n - s e l e c t e d a r e a s s h o u l d be 

s lower than t h a t i n s e l e c t e d ones . Dur ing the t ime t h a t t h i s g l o b a l 

s e l e c t i o n i s i n a c t i o n , however, l o c a l s e l e c t i v e a t t e n t i o n w i l l 

s t i l l be c a r r y i n g on w i t h i n systems such t h a t l e a r n i n g w i l l be 

enhanced i n t h e s e " p o c k e t s " o f a c t i v i t y whether t h e a r e a i s 

g l o b a l l y s e l e c t e d o r n o . 

So f a r , a l l the r e a s o n i n g put fo rward on l e a r n i n g i n t h i s s e c t i o n 

has i t s r o o t s i n b i o l o g i c a l r e s e a r c h r a t h e r than machine m o d e l s . 

But as has been d i s c u s s e d i n depth i n ; t h e p r e v i o u s c h a p t e r , machine 

mode ls have t u r n e d up some i n t e r e s t i n g i n s i g h t s i n t o how n e u r a l 

networks l e a r n . I t would seem u s e f u l , t h e r e f o r e , t o r e t u r n t o t h e s e 

concepts t o see how they might d o v e t a i l w i th and perhaps extend the 

p i c t u r e o f l e a r n i n g e l a b o r a t e d t o d a t e . To r e c a p b r i e f l y what has 

been d i s c u s s e d about l e a r n i n g i n t h e s e machine m o d e l s , t h e n , 

l e a r n i n g i n c o n n e c t i o n i s t systems o c c u r s i n two b a s i c modes: 

s u p e r v i s e d and u n s u p e r v i s e d . In s u p e r v i s e d modes, an e x t e r n a l 
i 

assessment o f the performance or weight s e t t i n g job of the model i s 

made and t h e r e s u l t s f e d back i n t o t h e s y s t e m . U n s u p e r v i s e d modes 

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

the system t o maximize an i m p l i c i t o b j e c t i v e f u n c t i o n p a r t i c u l a r t o 

i t s s t r u c t u r e . W i t h i n both these modes, n e v e r t h e l e s s , l e a r n i n g can 

be m o n i t o r e d , which means t h a t i t can have an i n t e r n a l assessment 

o f e r r o r . I t can be seen , t h e n , t h a t t h e r e a re f o u r p o s s i b l e modes, 

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

dynamics and parameter a d j u s t i n g p r o c e d u r e a r e many, t h e number o f 
! •• ! 
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p o t e n t i a l model t y p e s i s h i g h . A l t h o u g h t h e s e l e a r n i n g modes a r e 

commonly d i s c u s s e d as s e p a r a t e and d i s t i n c t f rom one a n o t h e r , 

systems w i t h c o m b i n a t i o n s o f the two p a r e n t modes a r e o f t e n 

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

end of the model . The f u n c t i o n of the l a t t e r i s t o s o r t i n f o r m a t i o n 

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

l e a r n i n g u n i t which then p i c k s out t h e c o m b i n a t i o n s o f t h e s e 

components t h a t a r e most impor tan t t o t h e t a s k a t hand . I t seems 

more a p p r o p r i a t e , t h e r e f o r e , t o c o n c e p t u a l i z e l e a r n i n g mode i n 

t h e s e m o d e l s , and even more so i n b i o l o g i c a l s y s t e m s , as v a r y i n g 

a l o n g a continuum between f u l l y s u p e r v i s e d and f u l l y u n s u p e r v i s e d . 

In the p r e v i o u s c h a p t e r , the extent t o which a t t e n t i o n a l mechanisms 

c o u l d be s a i d t o be i n v o l v e d i n l e a r n i n g i n t h e s e machines was 

d i s c u s s e d , and i t was d e c i d e d t h a t t h e degree o f " a t t e n t i o n a l 

f o c u s " t h a t c o u l d be a s c r i b e d t o them v a r i e d a c c o r d i n g t o whether 

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

l e a r n i n g showing a h i g h e r l e v e l o f a t t e n t i o n a l f o c u s than 

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

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

t h e p e r s p e c t i v e o f t h a t q u e s t i o n t o ask t o what e x t e n t the 

s u p e r v i s e d / u n s u p e r v i s e d l e a r n i n g cont inuum i s r e f l e c t e d i n 

a t t e n t i o n d i r e c t e d l e a r n i n g i n , f o r example , humans. I t was a l s o 

noted t h a t a t t e n t i o n can be f o c u s e d or d i v i d e d ( l e s s focused) , and 

presumably i t can v a r y between the two extremes o f t h e s e s t a t e s 

such t h a t t h e r e i s a continuum of a t t e n t i o n a l s t a t e s between f u l l y 
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f o c u s e d and f u l l y u n f o c u s e d . S o , s i n c e a t t e n t i o n a l f o c u s may be 

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

o r by the s t i m u l i imping ing on the s y s t e m ( s ) , and s i n c e e x p e c t a t i o n 

and i n t e n t i o n t o a c t a re h i g h l y e x p e r i e n c e dependent , i t can be 

s a i d t h a t the degree t o which a t t e n t i o n a l f o c u s i s d r i v e n by 

e x p e c t a t i o n and i n t e n t i o n equates r o u g h l y t o t h e degree t o which 

t h e r e i s knowledge e x t e r n a l t o the system g u i d i n g i t s l e a r n i n g , and 

the degree t o which i t i s s t i m u l u s d r i v e n can be equated r o u g h l y t o 

t h e degree t o which e x t e r n a l knowledge i s a b s e n t 4 . T h u s , l e a r n i n g 

c a r r i e d out under v o l u n t a r y a t t e n t i o n c o n d i t i o n s can be c o n s i d e r e d 

" s u p e r v i s e d " l e a r n i n g , w h i l e l e a r n i n g a c q u i r e d under s t i m u l u s 

d r i v e n a t t e n t i o n may be termed " u n s u p e r v i s e d " i n t h e c o n n e c t i o n i s t 

s e n s e s o f t h e s e words . 

P u s h i n g t h i s a n a l o g y a l i t t l e f a r t h e r , i n a v o l u n t a r y a t t e n t i o n 

l e a r n i n g s i t u a t i o n , the " t e a c h e r " o r e v a l u a t i o n mechanism which 

d e t e r m i n e s how t h e s y n a p t i c we igh ts w i l l change i s t h e e x p e r i e n c e 

base o f t h e l e a r n e r h e r s e l f . Tha t i s , t h e t e a c h e r r e s i d e s i n s i d e 

t h e head o f t h e l e a r n e r . R e i t e r a t i n g t h e p o i n t made above i n 

d i s c u s s i n g Damasio 1 s i n s i g h t s i n t o a t t e n t i o n and l e a r n i n g , t h e n , t o 

say t h a t the e v a l u a t i o n mechanism which g u i d e s f u r t h e r l e a r n i n g i s 

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

h i s t o r y i n v o l v i n g c u l t u r a l and s o c i a l m i l i e u as w e l l as 

4 To s a y t h i s i s no t t o c o n t r a d i c t p r e v i o u s arguments w i t h 
r e s p e c t t o t h e invo lvement o f e x p e r i e n c e i n s t i m u l u s d r i v e n 
a t t e n t i o n a l a l l o c a t i o n , but mere ly t o emphasize t h e d i f f e r e n c e i n 
the magnitude of the c o n t r i b u t i o n s of exper ience i n s t i m u l u s d r i v e n 
and v o l u n t a r y a t t e n t i o n a l a l l o c a t i o n . 
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c h a r a c t e r i s t i c s o f p a s t l e a r n i n g s i t u a t i o n s a r e i n c o n s t a n t 

i n t e r a c t i o n w i th what i s c u r r e n t l y b e i n g l e a r n e d . In f a c t , i t would 

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

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

d i r e c t i o n s go a g a i n s t those of the " i n n e r t e a c h e r . " P resumab ly , i f 

t h i s i n n e r t e a c h e r has a s t r o n g v o i c e ( i n o t h e r words , i f the 

l e a r n e r has l o t s o f e x p e r i e n c e w i t h the task ) , i t w i l l have a 

commensurate ly s t r o n g a c t i v a t i n g e f f e c t on t h e p r o c e s s i n g o f t h e 

i n f o r m a t i o n normal ly a s s o c i a t e d w i t h the t a s k such t h a t the l a t t e r 

w i l l c a p t u r e a t t e n t i o n p rompt ly and be p r o c e s s e d v e r y q u i c k l y and 

w i t h o u t t h e need f o r c o n s c i o u s n e s s , o r , t o use t h e term common i n 

a t t e n t i o n r e s e a r c h c i r c l e s , a u t o m a t i c a l l y . I f t h e i n n e r t e a c h e r i s 

no t w e l l i n f o r m e d , however, many s o u r c e s o f i n f o r m a t i o n may be 

a p p r o x i m a t e l y e q u a l l y a c t i v a t e d and , as a r e s u l t , a t t e n t i o n w i l l 
r 

not be s t r o n g l y drawn i n any one d i r e c t i o n , and s h o u l d moreover be 

l a r g e l y s t i m u l u s d i r e c t e d . Thus the p r o c e s s i n g of i n f o r m a t i o n would 

be s l o w e r i n a l l i n s t a n c e s and more s u s c e p t i b l e t o v o l u n t a r y 

c o n t r o l e i t h e r t h r o u g h s t r a t e g i c d e c i s i o n - m a k i n g o r th rough 

d i r e c t i o n s g i v e n by an " e x t e r n a l " a d v i s o r such as a t e a c h e r o r a 

computer h e l p program. T h i s e x t e r n a l d i r e c t i o n , however , would 

s t i l l be i n t e r a c t i v e w i t h the i n t e r n a l d i r e c t i v e f o r c e s o f the 

l e a r n e r . Because t h e i n f o r m a t i o n i s u n f a m i l i a r , i t would a l s o be 

p a s s i n g t h r o u g h a l i m i t e d c a p a c i t y s y s t e m , so t h a t t o o much new 

i n f o r m a t i o n might cause an o v e r l o a d . T h i s s c e n a r i o i s i n k e e p i n g 

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

w i t h t h e r e s e a r c h o f R a i c h l e e t a l . (1994) which found t h a t 
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p r a c t i s e d t a s k s a r e p r o c e s s e d not o n l y more q u i c k l y , but by a 

d i f f e r e n t r o u t e i n t h e b r a i n t h a n n o v e l / n a i v e o n e s . I t seems 

r e a s o n a b l e t o assume t h a t the d i f f e r e n c e i n r o u t e s t a k e n by t h e s e 

two c a t e g o r i e s o f t a s k s i s mandated by t h e need f o r t h o u g h t , 

whether c o n s c i o u s or n o t , w i th r e s p e c t t o which i n f o r m a t i o n i s most 

r e l e v a n t t o the s i t u a t i o n . 

In o r d e r t o c l a r i f y t h e s e c o n c e p t s , c o n s i d e r what might happen i f 

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

one i n which the te rmino logy and manners a re u n f a m i l i a r , though t h e 

language and c u l t u r e are the same. Wi th r e s p e c t t o what t o say and 

how t o behave , because e x p e c t a t i o n and i n t e n t i o n t o a c t a r e i l l -

i n f o r m e d , i n f o r m a t i o n p r o c e s s i n g would be s low and l a b o r i o u s ( i n 

terms o f r e s o u r c e s a v a i l a b l e ) , such t h a t the b e h a v i o u r and speech 

o f t h e p e r s o n would p r o b a b l y show u n c e r t a i n t y due t o t h e s lowness 

o f p r o c e s s i n g of i n f o r m a t i o n , a n d / o r i n a p p r o p r i a t e n e s s as a r e s u l t 

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

language and c u l t u r e a re the same, however, much i n f o r m a t i o n would 

s t i l l be p r o c e s s e d by the f a s t , c a p a c i t y u n l i m i t e d r o u t e , making i t 

u n l i k e l y t h a t a major change i n ; i n f o r m a t i o n g a t h e r i n g o r 

a t t e n t i o n a l s t r a t e g y would r e s u l t , though the u n f a m i l i a r i t y w i t h 

the te rmino logy (caus ing d i f f i c u l t y i n U n d e r s t a n d i n g what i s b e i n g 

s a i d as w e l l as i n what t o say) and manners (a v i s u a l l y o b s e r v a b l e 

behav iour f o r the most par t ) might b r i n g about a s h i f t i n a t t e n t i o n 

away from t h e a u d i t o r y system and towards t h e v i s u a l s y s t e m . That 

i s , the v i s u a l system might be a l l o c a t e d a t t e n t i o n more o f t e n than 
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usual. 

Consider, now, a situation in which a person is unfamiliar with the 
language, whatever the social milieu. In such a circumstance, 
auditory speech input would provide a minimum of useful information 
even in the case of modifiers of semantic content such as 
intonation and pitch. Thus, in spite of the fact that there would 
be some familiar speech sounds within the foreign language, 
expectation and intention to act (as far as speech actions are 
concerned) would be entirely uninformed on some input, or 
inappropriately informed by the native tongue. Attention would be 
drawn to a l l linguistic stimuli according to past experience, and 
decisions as to which sounds are more important and should be 
allocated attention would be made on an information base which is 

not applicable to the new situation. Hence, the outcome of the 
i 

attentional allocation based on external stimuli (world driven) 
would not be highly informative. Furthermore, the quantity of 
unfamiliar auditory data would almost certainly overload the 
novel/naive information processing route. In short, l i t t l e or no 
information which could be said to be useful in decision making 
with respect to acting on the world (the main purpose of the 
attentional system according to many attention researchers) would 
be forthcoming from the auditory system. The most l i k e l y result of 
this problem would be a strategic ' (voluntary) allocation of 
attention to systems which would afford information that would lead 
to good decision making. Moreover,, i f expectation and intention to 
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a c t a r e w e l l i n fo rmed f o r t h e s e o t h e r s y s t e m s , a t t e n t i o n may be 

a u t o m a t i c a l l y drawn t o them as a r e s u l t o f t h e s h e e r speed o f 

p r o c e s s i n g . In o ther words, f o c u s e d a t t e n t i o n may be " c a p t u r e d " by 

t h e s e f a m i l i a r s t i m u l i . The r e s u l t s o f such an a t t e n t i o n c a p t u r e 

c o u l d be many and v a r i e d , and would depend on the i d i o s y n c r a s i e s of 

the i n d i v i d u a l s i n v o l v e d : more a t t e n t i o n might be a l l o c a t e d t o a l l 

o t h e r systems i n the b r a i n i n s t i g a t i n g a s t a t e of h i g h a l e r t n e s s i n 

t h e s e s y s t e m s ; some systems might be a l l o c a t e d a t t e n t i o n 

p r e f e r e n t i a l l y due t o the h i g h r e l e v a n c e o f the i n f o r m a t i o n they 

p r o v i d e ; one system might r e c e i v e a l m o s t a l l o f t h e a t t e n t i o n . 

Whatever the d e t a i l s o f the change, one t h i n g t h a t seems c e r t a i n i s 

t h a t the a u d i t o r y system would not be a l l o c a t e d i t s normal s h a r e o f 

a t t e n t i o n w h i l e a t t e n t i o n i s f o c u s e d e l s e w h e r e . I t would t h e r e f o r e 

s u f f e r f rom a r e d u c t i o n i n n e u r o n a l a c t i v i t y as a r e s u l t , and 

l e a r n i n g would no t be g o i n g on a t a normal r a t e w i t h i n t h i s 

s y s t e m 5 . T h i s i s not t o say t h a t no l e a r n i n g w i l l be g o i n g on 

through the a u d i t o r y system. As has been d i s c u s s e d , i t i s u n l i k e l y 

t h a t t h e r e i s ever a t ime when l e a r n i n g does no t p r o c e e d i n the 

b r a i n a t some r a t e . I t i s t o s a y , however, t h a t t h e r a t e o f 

l e a r n i n g w i l l be reduced i n t h i s system w h i l e i t s neurona l a c t i v i t y 

i s r e d u c e d . On the o t h e r hand , l e a r n i n g i n t h e systems b e i n g 

a l l o c a t e d an i n c r e a s e d amount o f a t t e n t i o n w i l l be a c c e l e r a t e d . The 

consequences o f t h e s e m a t t e r s w i l l be d e a l t w i t h i n more d e t a i l 

5 T h i s statement shou ld h o l d t r u e whether t h e r e i s s u p p r e s s i o n 
o f a c t i v i t y i n the a u d i t o r y system o r n o t , s i n c e the l a t t e r would 
not be r e c e i v i n g i t s normal share o f a c t i v a t i o n due t o a t t e n t i o n a l 
a l l o c a t i o n . 
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be low. 

The p o i n t o f these examples i s t o demonst ra te t h a t where a t t e n t i o n 

i s a l l o c a t e d i s de te rmined by f a c t o r s such as the e x p e r i e n c e base 

o f t h e p e r s o n and t h e s i t u a t i o n a t h a n d , and t h a t t h e s e f a c t o r s 

i n t e r a c t w i t h i n f o r m a t i o n p r o c e s s i n g systems w i t h i n t h e b r a i n t o 

t r y t o make sense out o f a p a r t i c u l a r c i r c u m s t a n c e , o r comple te a 

g i v e n t a s k . T h u s , p u r e l y " v o l u n t a r y " ( i n the sense o f b e i n g 

d i c t a t e d by i n t e r n a l d i r e c t i o n s o r c h o i c e whether e x t e r n a l l y 

i n i t i a t e d o r not) c o n t r o l o f a t t e n t i o n i s r a r e . As has been noted 

p r e v i o u s l y , a t t e n t i o n i s a lways s u b j e c t t o " c a p t u r e " by s t i m u l i 

wh ich a l r e a d y have a h i g h r e l e v a n c e w e i g h t i n g f o r a p e r s o n . The 

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

what happens w i t h i n the i n f o r m a t i o n p r o c e s s i n g systems o f the 

b r a i n , and w i t h i t a t t e n t i o n a l l o c a t i o n , i n a s i t u a t i o n o f 

immersion i n a second language. Hence, a more d e t a i l e d e x p l o r a t i o n 

o f t h e dynamics o f language l e a r n i n g w i l l ! be t a k e n up • i n the 

f o l l o w i n g s e c t i o n . 

B e f o r e t u r n i n g t o language l e a r n i n g , however , a summary o f the 

s a l i e n t p o i n t s o f t h i s p a r t i c u l a r connectionist general model of 

learning would seem i n o r d e r 6 : 

6 I t s h o u l d be noted t h a t the t h e o r i z i n g on l e a r n i n g p u t 
f o r w a r d h e r e r e p r e s e n t s a p i e c i n g t o g e t h e r a f t e r c o n n e c t i o n i s t 
p r i n c i p l e s of i n f o r m a t i o n on l e a r n i n g and a t t e n t i o n by t h e a u t h o r , 
and i n no way can be taken t o r e p r e s e n t a d e f i n i t i v e c o n n e c t i o n i s t 
model o f l e a r n i n g . 
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1. L e a r n i n g i s m a n i f e s t e d by changes i n t h e w e i g h t s o f s y n a p t i c 

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

o r f i r i n g r a t e . Under normal c i r c u m s t a n c e s , t h e h i g h e r the 

a c t i v i t y , t h e more l i k e l y i t i s t h a t changes i n s y n a p t i c s t r e n g t h 

w i l l o c c u r . 

2 . Neurons a r e e x t e n s i v e l y c o n n e c t e d t o one a n o t h e r i n ne tworks . 

These networks form systems o f s t o r e d knowledge on s c a l e s r a n g i n g 

f rom t h e e x t r e m e l y m i c r o t o the e x t r e m e l y macro ( i n b r a i n terms) 

a f t e r adequate exposure t o c l a s s e s o f i n p u t d a t a . The o u t p u t o f a 

p a r t i c u l a r system i s i n p u t f o r systems f u r t h e r down the i n f o r m a t i o n 

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

3. E m o t i o n a l s t a t e , whether p o s i t i v e o r n e g a t i v e , i s i n t e r a c t i v e 

w i t h t h e l e a r n i n g p r o c e s s . I t appears t o be h i g h l y i n f l u e n t i a l i n 

d i r e c t i n g s e l e c t i v e a t t e n t i o n , and i s thought t o a c t by a s s i g n i n g 

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

i s dependent on s o c i a l and c u l t u r a l m i l i e u x , as w e l l as 

p r e d i s p o s i t i o n s i n n a t e t o the l e a r n e r . 
i 

4. S e l e c t i v e a t t e n t i o n can be s t i m u l u s d r i v e n o r v o l u n t a r i l y d r i v e n 

a t b o t h t h e l o c a l and g l o b a l ' l e v e l s W h e n v o l u n t a r y , a t t e n t i o n 

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

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

a l s o appears s u b j e c t t o the i n f l u e n c e of e x p e r i e n c e , however. T h u s , 

what i s l e a r n e d i n the p r e s e n t must be g u i d e d t o some e x t e n t by 
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what was l e a r n e d i n the p a s t . A t t e n t i o n a l a l l o c a t i o n i t s e l f may be 

t r a i n a b l e w i t h e x p e r i e n c e . 
i 

5. The a c t i o n o f s e l e c t i v e a t t e n t i o n a t b o t h t h e l o c a l and the 

g l o b a l l e v e l s i s t o enhance a n d / o r i n h i b i t the a c t i v i t y o f n e u r o n s . 

Where the c e l l u l a r a c t i v i t y i s enhanced, l e a r n i n g s h o u l d c a r r y on 

a t a f a s t e r than normal r a t e ; where i t i s no t enhanced by normal 

a t t e n t i o n a l a l l o c a t i o n o r i n h i b i t e d , the l e a r n i n g r a t e s h o u l d be 

s lower than normal . I f a l e a r n e r deve lops an a t t e n t i o n a l a l l o c a t i o n 

s t r a t e g y such t h a t c e r t a i n systems i n the b r a i n a r e p e r s i s t e n t l y 

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

sys tems s h o u l d o c c u r more r e a d i l y than t h r o u g h systems not so 

s e l e c t e d . 

6. L e a r n i n g I n c o n n e c t i o n i s t systems o c c u r s i n two b a s i c modes, 

s u p e r v i s e d and u n s u p e r v i s e d , depend ing on whether an e x t e r n a l 

assessment o f the o u t p u t , o r " t e a c h e r " , i s a v a i l a b l e t o gu ide 

l e a r n i n g o r n o t . Complex l e a r n i n g s y s t e m s , b o t h b i o l o g i c a l and 

machine, g e n e r a l l y use combinat ions of these two modes, however, so 

t h a t l e a r n i n g may be more u s e f u l l y c o n c e p t u a l i z e d as o c c u r r i n g 

a l o n g a cont inuum o f modes between f u l l y u n s u p e r v i s e d and f u l l y 

s u p e r v i s e d . H i g h l y s u p e r v i s e d modes can be c o n s i d e r e d t o have a 

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

u n s u p e r v i s e d modes. 

7. S i n c e i n v o l u n t a r y a t t e n t i o n a t t e n t i o n a l f o c u s i s d r i v e n by 
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expectation and intention, and since the latter can be considered 
to provide an evaluation of the performance of the system, learning 
carried out under predominantly voluntary attention allocation may 
be thought of as largely supervised learning, while stimulus driven 
attention may be considered largely unsupervised. In the absence of 
external directions, the "teacher" which determines how the 
synaptic weights wi l l change is the experience base of the learner. 
Thus, the teacher resides inside the head of the learner. If the 
inner teacher has lots of experience, attention w i l l be allocated 
promptly and information processing w i l l be automatic; i f the inner 

• i I 

teacher i s not well informed, attention w i l l not be strongly 
focused and information processing w i l l be controlled. In the case 
that direction external to the learner i s available (for example, 
a real teacher), i t w i l l always be interactive with the 
predispositions of the experience base of the learner. 

3.2.2 Development of a speech-based connectionist model of language 

learning 

Some general considerations 1 

In this discussion of the learning of a f i r s t language, speech 
learning i s given primacy since most f i r s t languages are learned as 
speech, and also because the model of second language learning 
towards which this thesis is progressing is one of second language 
learning in "immersion" situations in which the learner i s 
surrounded by the speech sounds of the second language. It i s also 
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assumed t h a t speech comprehension must be mastered b e f o r e speech 

p r o d u c t i o n p r o p e r , a l though i t i s r e c o g n i z e d t h a t the two p r o c e s s e s 

w i l l be i n t e r a c t i v e once speech p r o d u c t i o n has begun, and even as 

e a r l y as t h e b a b b l i n g s t a g e . Hence, the p r o c e s s e s i n v o l v e d i n 

s p e e c h comprehension w i l l be emphasized i n t h e f o l l o w i n g 

d i s c u s s i o n . The r o l e o f r e a d i n g i n language l e a r n i n g w i l l be d e a l t 

w i t h o n l y i n s o f a r as i t impacts on e d u c a t i o n a l i s s u e s s u r r o u n d i n g 

second language l e a r n i n g . Because the f o c u s o f the d i s c u s s i o n i s on 

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

w i l l be d e s c r i b e d i n any d e t a i l , a l l o t h e r s e n s o r y systems b e i n g 

t a k e n t o be s u b s i d i a r y , though complementary , t o the a u d i t o r y 

system i n speech l e a r n i n g . 

A r c h i t e c t u r e o f the a u d i t o r y system 

When an a u d i t o r y s i g n a l impinges on t h e h a i r c e l l s on t h e b a s i l a r 

membrane o f the c o c h l e a (the i n n e r e a r ) , i t c a u s e s them t o send a 

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

c o r r e s p o n d i n g t o each e a r . From t h e r e , t h e s i g n a l i s t r a n s m i t t e d 

b i n a u r a l l y ( t h a t i s , w i t h s i g n a l s f rom b o t h e a r s p r e s e n t ) t h r o u g h 

s e v e r a l b r a i n c e n t r e s (the s u p e r i o r o l i v e , the i n f e r i o r c o l l i c u l u s , 

and t h e m e d i a l g e n i c u l a t e body b e i n g t h e most impor tant ) t o the 

p r i m a r y a u d i t o r y c o r t e x ( A l ) . There a r e two s u c h r o u t e s , one on 

each s i d e o f the h e a d , which o p e r a t e i n p a r a l l e l i n a u d i t o r y 

p r o c e s s i n g (see C h u r c h l a n d , 1986, p . 109; o r K o s s l y n & K o e n i g , 

1992, p . 216, f o r d iagrams o f a u d i t o r y system c o n n e c t i o n s ) . T h u s , 

t h e r e a r e two p r i m a r y a u d i t o r y c o r t i c a l a r e a s , one i n each o f the 
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superior temporal lobes. As i s the case for primary v i s u a l cortex 

(VI) and the re t i n a , A l preserves the organization of the b a s i l a r 

membrane, the major sensory receptor area of the ear, which i s 

li n e a r l y arranged. In fact, both the primary auditory c o r t i c e s and 

the i n f e r i o r c o l l i c u l u s are tonotopxcally organized; i n other 

words, they preserve the frequency s e n s i t i v i t y pattern of the ha i r 

c e l l s . Another way i n which the auditory system i s s i m i l a r to the 

v i s u a l system i s that i t has extensive feedback connections from 

higher to lower centres, allowing information to be passed as f a r 

back through the system as the hair c e l l s themselves. "Although the 

function of the recurrent connections i s not f u l l y understood, they 

are thought to be important f o r regulating s e l e c t i v e attention to 

p a r t i c u l a r sounds" (Kandel & Schwartz, 1985, p. 408). I t has been 

shown that some c r i t i c a l functions, such as the l o c a l i z a t i o n of 

sounds, are carried out by the intermediate centres of the auditory 

system. However, the system as a whole works to i d e n t i f y incoming 

signals which may be of importance to the organism: 
i 

The auditory system i s equipped with a mechanical device, the 

cochlea, that performs a Fourier analysis on incoming sounds, 

breaking them down into simpler frequency components. The hair 

c e l l s of the cochlea are tuned both mechanically and 

e l e c t r i c a l l y , properties that enable them to transduce 

p a r t i c u l a r frequencies of sound into a c t i v i t y i n auditory 

nerve f i b e r s . The auditory pathways of the brain provide us 

with the a b i l i t y to 'detect sounds of d i f f e r e n t pitch, 
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l o u d n e s s , and p o i n t s o f o r i g i n i n s p a c e . We a l s o have the 

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

i n t e r e s t . T h u s , the a u d i t o r y system p r o v i d e s us w i t h a l l the 

sensory c a p a c i t i e s necessary t o ana lyze complex sounds such as 

human s p e e c h . (Kandel & Schwar tz , 1985, p . 408) 

S i n c e i t i s i n i t s a b i l i t y t o a n a l y z e and s e l e c t i v e l y a t t e n d t o 

speech t h a t the a u d i t o r y system i s o f i n t e r e s t h e r e , n o t i o n s of 

a t t e n t i o n a l l o c a t i o n and the f o r m a t i o n o f i n f o r m e d subsystems 

w i t h i n the a u d i t o r y system w i l l be g i v e n p r i o r i t y i n t h e f o l l o w i n g 

d i s c u s s i o n . 

Dynamics of speech p r o c e s s i n g 

In r e c e n t y e a r s , Stephen K o s s l y n and O l i v i e r K o e n i g have d e s c r i b e d 

(and mode l led ) i n g r e a t d e t a i l how language i s p r o c e s s e d i n the 

b r a i n . S i n c e these r e s e a r c h e r s a r e c o n n e c t i o n i s t s , and s i n c e t h e i r 

v iews are h i g h l y regarded among c o n n e c t i o n i s t s themse lves , i t seems 

a p p r o p r i a t e t o examine t h e i r v i s i o n of speech l e a r n i n g , and then t o 

r e l a t e i t t o t h e more g e n e r a l p i c t u r e o f l e a r n i n g o u t l i n e d above . 

A c c o r d i n g t o K o s s l y n and Koenig (1992), t h e n , t h e p r i m a r y a u d i t o r y 

c o r t e x a c t s as an a u d i t o r y b u f f e r which " s t o r e s r e l a t i v e l y 

u n p r o c e s s e d a c o u s t i c c u e s . These cues o r g a n i z e t h e a m p l i t u d e s o f 

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

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

a m p l i t u d e s , and the l i k e " (p. 215) . Because the a u d i t o r y b u f f e r can 

h o l d more i n f o r m a t i o n than can be p r o c e s s e d i n d e t a i l , however , a 
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s e l e c t i o n o f the most impor tan t i n f o r m a t i o n t o p r o c e s s f u r t h e r i s 

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

a c c o r d i n g t o the c r i t e r i a o f s a l i e n c y d e t a i l e d i n c h a p t e r 2, many 

o f w h i c h , i t may be remembered, a r e dependent on e x p e r i e n c e . The 

s t r u c t u r e upon which a u d i t o r y a t t e n t i o n a l l o c a t i o n depends i s the 

i n f e r i o r c o l l i c u l u s , and i t i s o f i n t e r e s t t h a t some o f the neurons 

i n the i n f e r i o r c o l l i c u l u s p r o j e c t i n t o t h e s u p e r i o r c o l l i c u l u s t o 

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

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

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

sounds, " [h ]ence , one t y p i c a l l y pays a t t e n t i o n t o a s i n g l e o b j e c t , 

r e g i s t e r i n g i t s appearance and sounds a t the same t i m e " ( i b i d . , p. 

217 ) . Indeed , i t has r e c e n t l y been s u g g e s t e d by D r i v e r and Spence 

(1994) t h a t t h e r e a re s p a t i a l s y n e r g i e s between a u d i t o r y and v i s u a l 

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

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

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

p r e p r o c e s s i n g subsystem t h a t e x t r a c t s s t a b l e p a t t e r n s which 

u n d e r l i e c o m b i n a t i o n s o f such c u e s . In t h e o p i n i o n o f K o s s l y n and 

K o e n i g (1992) , t h i s system i s inot devoted t o language p e r se (pp. 

217-219) , a p o i n t which w i l l be d i s c u s s e d i n more d e t a i l below. The 

subsystem becomes " tuned" by e x p e r i e n c e s u c h t h a t s t i m u l u s 

p r o p e r t i e s t h a t d i s t i n g u i s h between words a r e 1 encoded downstream i n 

t h e s y s t e m , and feedback c o n n e c t i o n s r e i n f o r c e t h e e n c o d i n g o f 

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

p e r c e p t i o n . As K o s s l y n and K o e n i g n o t e : 
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T h i s i d e a a l lows us t o understand why i t i s so much e a s i e r t o 

d i s t i n g u i s h the sounds speakers make when t h e y a r e s p e a k i n g a 

f a m i l i a r language. As an a s i d e , an i n t u i t i v e u n d e r s t a n d i n g of 

t h i s e f f e c t may be the r e a s o n why p e o p l e t e n d t o t a l k l o u d l y 

t o someone who does not speak t h e i r language v e r y w e l l ; the 

speaker knows t h a t the p e r s o n w i l l have t r o u b l e e n c o d i n g the 

s o u n d s , and u n c o n s c i o u s l y t r i e s ' t o g i v e him o r h e r every 

o p p o r t u n i t y t o hear them. (p. 220) 

More fo rmal c o r r o b o r a t i o n of the d i f f i c u l t i e s encountered by second 

language l e a r n e r s i n e n c o d i n g the speech sounds o f t h e t a r g e t 

language can be found i n a s tudy by Danhauer , C r a w f o r d , and 

E d g e r t o n (1984) . They d i s c o v e r e d t h a t p r e d o m i n a n t l y S p a n i s h 

speak ing s u b j e c t s ( those w i th o n l y a min ima l knowledge o f E n g l i s h ) 

p e r f o r m e d s i g n i f i c a n t l y more p o o r l y on an E n g l i s h language based 
i : 

nonsense s y l l a b l e t e s t than e i t h e r E n g l i s h m o n o l i n g u a l s o r 

E n g l i s h / S p a n i s h b i l i n g u a l s , making them s u s c e p t i b l e t o be ing judged 

h a r d o f h e a r i n g . 

I t has been demonst ra ted t h a t even i n e a r l y i n f a n c y , humans can 

d i s t i n g u i s h phonemes as c a t e g o r i e s , hence i t would appear t h a t 

exper ience i s not necessary f o r t h e i r p e r c e p t i o n (Koss lyn & K o e n i g , 

1992, p . 221) . What e x p e r i e n c e w i t h a f i r s t language d o e s , 

t h e r e f o r e , i s t o enhance the p e r c e p t i o n o f phonemes and complex 

g r o u p i n g s o f phonemes which a re o f v a l u e i n the l e a r n e r ' s 

environment . I f a p a r t i c u l a r phoneme i s not used i n t h e language a 
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c h i l d i s exposed t o , i t l a t e r becomes d i f f i c u l t t o p e r c e i v e , and 

t h i s p r o c e s s o f t h e weeding put o f v a l u e l e s s phonemes t a k e s p l a c e 

w i t h i n the f i r s t year of l i f e (Werker & T e e s , 1984; Werker , 1991) . 

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

K o s s l y n and Koenig (1992) comment t h a t " [ a ] p p a r e n t l y , our a u d i t o r y 

systems deve lop c e r t a i n insensitivities (which l e a d us not t o make 

d i s c r i m i n a t i o n s ; i . e . , t o group w i t h i n a c a t e g o r y ) because t h i s i s 

u s e f u l " (p. 222) . A p o s s i b l e mechanism f o r t h i s type o f s u p p r e s s i o n 

o f c e r t a i n s y n a p t i c connec t ions may be l o n g - t e r m d e p r e s s i o n (LTD) . 

Church land and Sejnowski (1992) s p e c u l a t e t h a t homosynapt ic LTD may 

"have a r o l e i n c u l l i n g out low-grade o r ' d o n ' t c a r e ' i n f o r m a t i o n " 
I i i ! • . !• 

(p. 291 ) . J e n k i n s (1991) g i v e s a b r i e f and c o h e r e n t overv iew o f 

what i s happen ing i n a c h i l d ' s b r a i n d u r i n g t h i s e a r l y p e r i o d o f 

exposure t o a f i r s t l a n g u a g e 7 : 

The baby does not have t o "break i n " t o the a c o u s t i c stream i n 

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

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

t h e f i r s t y e a r o f l i f e , the s e n s i t i v i t i e s a r e s e l e c t i v e l y 

enhanced o r s u p p r e s s e d t o y i e l d a p a t t e r n t h a t s e l e c t s the 

s p e e c h sounds t h a t the c h i l d h e a r s i n the community. E i t h e r 

7 The f a c t t h a t the c u l l i n g out o f s e n s i t i v i t i e s t o p h o n e t i c 
u n i v e r s a l s i s o c c u r r i n g i n the f i r s t y e a r o f l i f e i s i m p o r t a n t i n 
t h a t t h i s i s a p e r i o d o f v e r y h i g h p l a s t i c i t y i n the b r a i n , and 
whatever sounds a re g i v e n a h i g h importance r a t i n g d u r i n g t h i s t ime 
w i l l p r o b a b l y be d e s i g n a t e d as such f o r t h e l i f e t i m e o f t h e c h i l d . 
N e v e r t h e l e s s , i t i s e v i d e n t t h a t the development o f i n s e n s i t i v i t i e s 
i s by no a b s o l u t e s i n c e i t i s p o s s i b l e t o l e a r n o t h e r l a n g u a g e s , 
even t h o s e u s i n g v e r y d i f f e r e n t s e t s o f phonemes, i n t o a d u l t h o o d . 
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peaks a r e f o r m i n g , o r v a l l e y s a r e b e i n g pushed down, t o use 

P i s o n i ' s metaphor . There i s , o v e r a l l , a s h a r p e n i n g o f 

d i s t i n c t i o n s t h a t count , and a g roup ing t o g e t h e r or c o l l a p s i n g 

o f the sounds t h a t a r e not . important i n t h e c h i l d ' s 

e n v i r o n m e n t , (p. 436) [ 

Whatever the mechanism, t h e n , . a s a r e s u l t o f l i n g u i s t i c e x p e r i e n c e , 

c e r t a i n combinat ions of sounds a r e s t o r e d as v a l u a b l e w h i l e o t h e r s 

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

r e p r e s e n t a t i o n s can s u b s e q u e n t l y be p e r c e i v e d p r e f e r e n t i a l l y and 

u n d e r s t o o d th rough the semant ic a s s o c i a t i o n s t h a t have been 

s i m u l t a n e o u s l y p i c k e d up d u r i n g t h e i r encoding and s t o r a g e . K o s s l y n 

and Koen ig (1992) p o s i t t h a t i f a word i s f a m i l i a r , i t w i l l t r i g g e r 

a c t i v a t i o n o f the l a r g e s t p o s s i b l e u n i t s t o r e d , t h a t i s t h e word 

i t s e l f . I f the word i s u n f a m i l i a r , however, i t w i l l be matched t o 

i t s component sounds i n a sea rch f o r r e c o g n i t i o n . In the case o f an 

u n f a m i l i a r l a n g u a g e , even i n t e r m e d i a t e g r o u p i n g s , no t t o ment ion 

c e r t a i n phonemes, may not be a v a i l a b l e , and the p r e p r o c e s s i n g 

subsystem w i l l be f o r c e d t o l e a r n new g r o u p i n g s o r t o encode 

p r e v i o u s l y suppressed phonemes (pp.223-226) . S i n c e second language 

l e a r n e r s would have d i f f i c u l t y i n r e c o g n i z i n g t h e speech sounds o f 

t h e second l a n g u a g e , i t can be s a i d t h a t , d u r i n g the l e a r n i n g 

p e r i o d , they have temporary p h o n o l o g i c a l d e f i c i t s . T h i s would 

e x p l a i n t h e r e s u l t s ment ioned e a r l i e r o f Danhauer , C r a w f o r d , and 

E d g e r t o n (1984) . In s p i t e o f the f a c t t h a t speech p r o c e s s i n g 

s u b s y s t e m s a r e s p e c i a l i z e d t o p r o c e s s speech s o u n d s , K o s s l y n and 
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Koenig c o n s i d e r t h a t " there i s s u f f i c i e n t c o n t i n u i t y between speech 

and nonspeech sounds f o r t h e same subsystems t o encode b o t h " 

( i b i d . , p. 226) , an o p i n i o n which i s suppor ted by speech p e r c e p t i o n 

r e s e a r c h (see Darwin , 1991; L i n d b l o m , 1991) . T h i s i s an impor tan t 
j 

p o i n t , s i n c e i t i m p l i e s t h a t what happens t o the speech p r o c e s s i n g 

system may a f f e c t t o some degree the a u d i t o r y p r o c e s s i n g system i n 

g e n e r a l . 

As was t o u c h e d on b r i e f l y above , however, t h e a u d i t o r y p r o c e s s i n g 

sys tem i s not t h e o n l y s e n s o r y system i m p l i c a t e d i n speech 

l e a r n i n g . I t has been shown t h a t t h e v i b r a t o r y and t a c t u a l 

i n f o r m a t i o n o f the neck and f a c e d u r i n g a r t i c u l a t i o n , as w e l l as 

t h e v i s u a l i n f o r m a t i o n of the f a c e and mouth, can communicate 

language (see J e n k i n s , 1991) . V i s u a l i n f o r m a t i o n appears t o be 

p a r t i c u l a r l y important t o speech p e r c e p t i o n . For i n s t a n c e , Danhauer 

and h i s group (1984) found t h a t t h e r e was an improvement i n s c o r e 

on t h e nonsense s y l l a b l e t e s t f o r a l l g roups when t h e t e s t was 

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

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

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

S p a n i s h s p e a k i n g g r o u p ; whereas the improvement i n s c o r e s f o r the 

m o n o l i n g u a l E n g l i s h and b i l i n g u a l S p a n i s h / E n g l i s h s p e a k e r s was o f 

t h e o r d e r o f 6%, the improvement f o r the S p a n i s h s p e a k e r s was 

approx imate ly 14%. I t w i l l be argued l a t e r (as was i n t i m a t e d i n the 

l a s t s e c t i o n ) t h a t second language l e a r n e r s i n the e a r l y s t a g e s of 

l anguage l e a r n i n g become more dependent on the v i s u a l system f o r 
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p r o c e s s i n g i n f o r m a t i o n , i n c l u d i n g speech i n f o r m a t i o n , t h a n f l u e n t 

s p e a k e r s o f t h e t a r g e t l a n g u a g e . 

In o t h e r c r o s s - l a n g u a g e s t u d i e s on a d u l t s , i t was d i s c o v e r e d t h a t 

v i s u a l i n f o r m a t i o n not o n l y a f f e c t s speech p e r c e p t i o n , but can 

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

v i s u a l and a u d i t o r y i n f o r m a t i o n do not c o r r e s p o n d a p p r o p r i a t e l y . 

F u r t h e r m o r e , the a l t e r a t i o n o f a u d i t o r y p e r c e p t i o n i n second 

language l e a r n e r s r e s u l t i n g from such u n c o r r e l a t e d v i s u a l 

i n f o r m a t i o n i s i n f l u e n c e d s t r o n g l y by f i r s t language p r o t o t y p e s 

(see Werker , 1991) . The weight g i v e n t o v i s u a l i n f o r m a t i o n i n 

speech p e r c e p t i o n s h o u l d n o t , b e s u r p r i s i n g i n l i g h t o f the a b o v e -

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

a u d i t o r y a t t e n t i o n t o a sound s o u r c e . Once a sound i s w e l l l e a r n e d , 
i 

t h e r e f o r e , i t i s t o be expected on the b a s i s o f n e u r a l c o n n e c t i o n s 

t h a t e i t h e r a u d i t o r y i n p u t a l o n e , or v i s u a l i n p u t a l o n e ( i . e . a 

degraded i n f o r m a t i o n a l i n p u t ) might be s u f f i c i e n t t o comple te the 

p a t t e r n and reproduce what I w i l l c a l l a "speech" image, due t o the 

f a c t t h a t t h e r e i s c o n s i d e r a b l e debate i n speech r e s e a r c h c i r c l e s 

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

p e r c e p t i o n 8 . The main p o i n t b e i n g made h e r e , i s t h a t , under normal 

8 In t h e o p i n i o n o f many speech r e s e a r c h e r s , what a r e 
p e r c e i v e d a re " p h o n e t i c g e s t u r e s " which have been d e f i n e d by Fowler 
and Rosenblum (1991) as " o r g a n i z e d movements o f one o r more v o c a l -
t r a c t s t r u c t u r e s t h a t r e a l i z e p h o n e t i c d i m e n s i o n s o f an u t t e r a n c e " 
(p. 34 ) . However, i n the o p i n i o n o f L iberman and M a t t i n g l y (1985) , 
t h e s e g e s t u r e s "must be s e e n , not as p e r i p h e r a l movements, but as 
t h e more remote s t r u c t u r e s t h a t c o n t r o l the movements. These 
s t r u c t u r e s c o r r e s p o n d t o the s p e a k e r ' s i i n t e n t i o n s " (p. 2 3 ) . 
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c i r c u m s t a n c e s , t h e a u d i t o r y and v i s u a l systems work i n c o n c e r t i n 

l o c a t i n g and p e r c e i v i n g sounds , i n c l u d i n g speech s o u n d s 9 , and , 

g i v e n t h i s f a c t , i t seems reasonab le t o propose t h a t , when a u d i t o r y 

i n f o r m a t i o n i s d e f i c i e n t i n some way (low i n t e n s i t y , o r g a r b l e d , o r 

even no t p r e v i o u s l y encounte red and s t o r e d ) , c o r r o b o r a t i n g v i s u a l 

i n f o r m a t i o n would be sought t o b o o s t the s i g n a l l e a d i n g t o 

p e r c e p t i o n and i d e n t i f i c a t i o n , and v i c e v e r s a i n t h e c a s e o f poor 

v i s u a l i n f o r m a t i o n . Moreover , i n eve ry c i r c u m s t a n c e , the s t o r e d 

r e p r e s e n t a t i o n which i s a c t i v a t e d w i l l be s t r o n g l y dependent on the 

b a l a n c e o f i n f o r m a t i o n a l i n p u t from the two s y s t e m s . Fowler and 
l . i 

Rosenblum (1991) have commented i n t h i s r e g a r d : 

I 

I ' .1 
S u b j e c t s ' i d e n t i f i c a t i o n s of s y l l a b l e s p r e s e n t e d i n t h i s t y p e 

o f exper iment [a v i d e o d i s p l a y o f a f a c e mouth ing sounds 

s y n c h r o n i z e d w i th an a c o u s t i c s i g n a l o f a speaker ] r e f l e c t an 

i n t e g r a t i o n o f i n f o r m a t i o n f rom the o p t i c a l and a c o u s t i c 

s o u r c e s . F u r t h e r m o r e , as L iberman . . . p o i n t e d o u t , the 

i n t e g r a t i o n a f f e c t s what l i s t e n e r s e x p e r i e n c e hearing t o the 

e x t e n t t h a t they cannot t e l l what c o n t r i b u t i o n t o t h e i r 
i i 

p e r c e p t u a l exper ience i s made by the a c o u s t i c s i g n a l and what 

by the v i d e o d i s p l a y , (p. 37) 

Indeed , D r i v e r and Spence (1994) r e p o r t t h a t , i n an exper iment o f 
I 

9 Wi th r e s p e c t t o s p e e c h . Fowler and Rosenblum (1991) no te 
t h a t "bo th s o u r c e s o f i n f o r m a t i o n , the o p t i c a l and t h e a c o u s t i c , 
a p p a r e n t l y p r o v i d e i n f o r m a t i o n about the same event o f t a l k i n g , and 
t h e y do so by p r o v i d i n g i n f o r m a t i o n about t h e t a l k e r s ' p h o n e t i c 
g e s t u r e s " (p. 37 ) . 
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the type mentioned above, the re was "a power fu l e f f e c t o f S p e a k i n g -

v e r s u s C h e w i n g - l i p s " (p. 318)' i n a word r e c o g n i t i o n t e s t , and t h a t 

the b e n e f i t was e v i d e n t even when the a u d i t o r y and v i s u a l speech 

i n f o r m a t i o n were coming from d i f f e r e n t l o c a t i o n s . G i v e n the 

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

p r o c e s s i n g of speech , i t becomes comprehensib le t h a t , under c e r t a i n 

c i r c u m s t a n c e s , e s p e c i a l l y t h o s e i n which the i n f o r m a t i o n f rom the 

v i s u a l system r e g i s t e r s s t r o n g l y w i t h a w e l l l e a r n e d s t o r e d 

r e p r e s e n t a t i o n o f a speech sound w h i l e t h a t f rom t h e a u d i t o r y 

sys tem does n o t , v i s u a l i n f o r m a t i o n might o v e r r i d e a u d i t o r y i n 

s p e e c h p e r c e p t i o n as Werker and h e r c o l l e a g u e s d i s c o v e r e d . T h i s 

would be p a r t i c u l a r l y l i k e l y t o occur i f t h e r e was a p r e d i s p o s i t i o n 

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

a t t e m p t i n g t o p e r c e i v e the sound . 

I n t e g r a t i o n o f a t t e n t i o n and l a n g u a g e : l e a r n i n g model 

The d e s c r i p t i o n of speech l e a r n i n g j u s t d e t a i l e d g i v e s some n o t i o n 

o f what changes and p r o c e s s e s a r e o c c u r r i n g b i o l o g i c a l l y i n a 

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

l a n g u a g e . I t i s u s e f u l , however, t o couch t h e s e c o n c e p t s i n terms 

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

i n te rms o f where a t t e n t i o n i s g o i n g and whether t h e l e a r n i n g i s 

s u p e r v i s e d o r u n s u p e r v i s e d . G i v e n t h a t , i n t h e v e r y e a r l y s t a g e s , 

a b a s i c s o r t i n g of sounds i n t o meaningfu l "chunks" i s t a k i n g p l a c e , 

a job f o r which unsuperv ised l e a r n i n g w i t h i t 's a b i l i t y t o seek out 

" s y s t e m a t i c i t i e s " i n the i n p u t d a t a would be e m i n e n t l y s u i t e d , i t 
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seems r e a s o n a b l e t o s u g g e s t t h a t , d u r i n g t h i s p e r i o d o f language 

l e a r n i n g , t h e predominant l e a r n i n g mode would be t h e u n s u p e r v i s e d 

one, though, o f c o u r s e , s u p e r v i s e d l e a r n i n g would a lways be a c t i v e 

t o some e x t e n t i n the form o f g e n e t i c a l l y encoded b e h a v i o u r a l 

p r e d i s p o s i t i o n s . Focused or d i r e c t e d a t t e n t i o n t o language based on 

e x p e c t a t i o n and i n t e n t i o n t o a c t , t h e n , would be o n l y weakly a c t i v e 

i n t h e s e e a r l y s t a g e s 1 0 , but would 1 g r a d u a l l y b u i l d up as the 

e x p e r i e n c e base o f t h e l e a r n e r becomes b e t t e r i n f o r m e d , and would 

be o b s e r v e d t o be a c t i v e once unused phonemes a r e no l o n g e r 

p r o p e r l y heard by the l e a r n e r . As was ment ioned a b o v e , a t t e n t i o n a l 

a l l o c a t i o n d u r i n g t h i s t ime would be d i r e c t e d l a r g e l y by g e n e t i c 

p r e d i s p o s i t i o n s more c o n c e r n e d w i t h s u r v i v a l t h a n l a n g u a g e . T h u s , 

t h e language l e a r n i n g mode would p a s s g r a d u a l l y f rom b e i n g 

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

b i a s e s ) t o g e n e r a l l y s u p e r v i s e d as exper ience i s ga ined and systems 

o f knowledge d e v e l o p . The more knowledge g a i n e d , t h e more 

s u p e r v i s e d the l e a r n i n g becomes, and t h e r e f o r e , the more incoming 

i n f o r m a t i o n i s s u b j e c t e d t o s c r e e n i n g . A i d i n g and a b e t t i n g t h i s 

p r o c e s s , would be i n f o r m a t i o n from the e x t e r n a l env i ronment which 

would p r o v i d e no t o n l y the n e c e s s a r y l i n g u i s t i c i n p u t , bu t a more 

g l o b a l form o f e v a l u a t i o n o f p r e l i n g u i s t i c a c t i o n s i n terms o f 
i 

emot iona l and l i n g u i s t i c feedback: a c t i v e t e a c h i n g from c a r e g i v e r s , 
i ' '• 

s u c c e s s f u l and u n s u c c e s s f u l a t tempts t o mimic s p e e c h s o u n d s , and 

1 0 Research has shown t h a t as e a r l y as a few days a f t e r b i r t h , 
i n f a n t s w i l l show a p r e f e r e n c e f o r t h e i r n a t i v e l a n g u a g e , 
i n d i c a t i n g t h a t language e x p e r i e n c e b e g i n s i n u t e r o (see Werker , 
1991, p . 103) . 
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e n v i r o n m e n t a l r e a c t i o n s t o t h e s e c o u l d a l l be c o n s i d e r e d t y p e s of 

s u p e r v i s e d l e a r n i n g i n which a t t e n t i o n i s b e i n g g u i d e d more 

d i r e c t l y t o favour some sounds over o t h e r s . Whi le the p r o c e s s i n g o f 

l anguage i s t a k i n g p l a c e , o f c o u r s e , i n f o r m a t i o n from the senses 

which r e l a t e s t o the l i n g u i s t i c i n f o r m a t i o n , t h a t i s , g e n e r a l 

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

i n f o r m a t i o n , t o ment ion o n l y the b e t t e r known o f the s e n s o r y 

m o d a l i t i e s (see Ganong, 1991, p . 107 f o r a more comple te l i s t ) , 

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

and w i l l be v a l u a b l e i n both the development o f meaning , and the 
! 

c o n c o m i t a n t e v a l u a t i o n o f the impor tance o f t h e l a t t e r f o r the 

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

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

language system i n the b r a i n , one which c o n t i n u e s t o be r e f i n e d 

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

whether one l e a r n s two o r many l a n g u a g e s , and by what means. 

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

development such t h a t i n f o r m a t i o n on the o r g a n i z a t i o n o f language 

i n t h e b r a i n i s now a v a i l a b l e . Hence, i t i s t o a b r i e f s u r v e y of 

t h i s i n f o r m a t i o n t h a t we t u r n n e x t . 

The m i c r o a r c h i t e c t u r e o f language i n the b r a i n 

The p r o c e s s i n g of language input produces a h i g h l y o r g a n i z e d system 

o f knowledge i n the b r a i n made up o f s p e c i a l i s t subsystems o r 

modules a t bo th c o r t i c a l and s u b c o r t i c a l l e v e l s . I ndeed , as has 
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been ment ioned above , the speech p r o c e s s i n g system i t s e l f would 

appear t o be a module w i t h i n the a u d i t o r y p r o c e s s i n g s y s t e m . In a 

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

i n v e s t i g a t i n g language o r g a n i z a t i o n i n the b r a i n , George Ojemann 

(1991) has concluded, t h a t , i n l i g h t o f t h i s new d a t a , some r e v i s i o n 

s h o u l d be made t o the t r a d i t i o n a l model o f language o r g a n i z a t i o n i n 

wh ich " language i s p r o c e s s e d s e r i a l l y f rom d e c o d i n g i n the 

p o s t e r i o r temporal c o r t e x (Wern icke 's area) t o motor e x p r e s s i o n i n 
i 

t h e p o s t e r i o r i n f e r i o r f r o n t a l l o b e ( B r o c a ' s a r e a ) " (p. 2281) . He 

goes on t o comment ( i b i d . ) t h a t 

i ; 

Whi le the newer data agree w i th the o l d e r on the importance of 
i 

t h e p e r i s y l v i a n c o r t e x of the l e f t hemisphere (of most 

i n d i v i d u a l s ) f o r the g e n e r a t i o n of language, they suggest t h a t 

models o f c o r t i c a l language o r g a n i z a t i o n s h o u l d i n c l u d e 

separa te systems f o r d i f f e r e n t language f u n c t i o n s . Each system 

i n c l u d e s l o c a l i z e d f r o n t a l and t e m p o r o p a r i e t a l a r e a s as w e l l 

as neurons w i d e l y d i s p e r s e d e lsewhere i n t h e c o r t e x , w i t h the 
i 

e n t i r e system b e i n g a c t i v a t e d i n p a r a l l e l . In many r e s p e c t s , 

t h e s e new f i n d i n g s r e l a t e d t o language i n man a r e s i m i l a r t o 

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

p r i m a t e a s s o c i a t i o n c o r t e x However, two a s p e c t s o f 

c o r t i c a l language o r g a n i z a t i o n d i f f e r s u b s t a n t i a l l y from o ther 

f i n d i n g s made i n the p r i m a t e c o r t e x : t h e long-known 

l a t e r a l i z a t i o n of language t o one hemisphere ( d e s i g n a t e d as 

"dominant" ) , and r e c e n t f i n d i n g s o f a s u b s t a n t i a l v a r i a n c e i n 
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the i n d i v i d u a l p a t t e r n of o r g a n i z a t i o n w i t h i n t h a t hemisphere . 

S e v e r a l a s p e c t s o f Ojemann's c o n c l u s i o n s u p p o r t c o n n e c t i o n i s t 

c o n c e p t i o n s o f language l e a r n i n g and o r g a n i z a t i o n : f i r s t , the 

compar tmenta l i za t ion o f language l e a r n i n g i n t o s e p a r a t e systems o f 

s p e c i a l i z e d knowledge, f o r example, naming i n g e n e r a l , naming 

d i f f e r e n t c a t e g o r i e s o f o b j e c t s , r e a d i n g i n g e n e r a l , s y n t a c t i c 

a s p e c t s o f l a n g u a g e , a l l o f which have been found t o be s u b s e r v e d 

by separa te systems t o some degree , though i t i s assumed t h a t t h e r e 

i s some manner o f i n t e r a c t i o n between them which i s as y e t 

u n d e t e r m i n e d ; s e c o n d , the p a r a l l e l a c t i v a t i o n o f a l l a r e a s i n a 

system r a t h e r than s e r i a l p r o c e s s i n g ; and t h i r d , t h e f i n d i n g t h a t 

t h e r e i s s u b s t a n t i a l v a r i a n c e i n the o r g a n i z a t i o n o f language from 

i n d i v i d u a l t o i n d i v i d u a l , a f e a t u r e which may speak t o the 

impor tance o f e x p e r i e n c e , though i t may e q u a l l y w e l l be dependent 

on g e n e t i c p r e d i s p o s i t i o n . The two p o s s i b i l i t i e s a r e not m u t u a l l y 

e x c l u s i v e , however, and i t seems r e a s o n a b l e t o assume t h a t , as i s 

s u g g e s t e d by D a m a s i o ' s work, they i n t e r a c t . Tha t e x p e r i e n c e can 

have a major impact on b r a i n o r g a n i z a t i o n can be seen from d a t a 

d e m o n s t r a t i n g t h a t , a f t e r major i n j u r y t o t h e l e f t hemisphere o f 

t h e b r a i n i n i n f a n c y , language w i l l d e v e l o p i n t h e r i g h t 
•i 

h e m i s p h e r e , and t h a t language i d e f i c i t s may change o v e r t ime a f t e r 

a p a t i e n t has s u f f e r e d a p a r t i c u l a r b r a i n l e s i o n (Ojemann, 1991, 

p p . 2283-2284) . 

A n o t h e r f i n d i n g t h a t i s o f i n t e r e s t t o c o n n e c t i o n i s t t h e o r y i s 
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t h a t , w i t h r e s p e c t t o naming, the t o t a l c o r t i c a l s u r f a c e a r e a 

d e v o t e d t o t h i s s p e c i a l i z a t i o n was s m a l l e r i n s u b j e c t s w i t h a 

h i g h e r v e r b a l IQ than i n t h o s e w i t h a lower v e r b a l IQ. T h u s , 

n [ t ] h e r e i s a r e l a t i o n between o r g a n i z a t i o n o f t h e language c o r t e x 

and language a b i l i t i e s " ( i b i d . , p . 2284) . S p e c u l a t i n g on t h e r o l e 

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

o r g a n i z a t i o n , Ojemann n o t e s : 

A l t h o u g h t h e s e f i n d i n g s ' do not i n d i c a t e a t o p o g r a p h i c e f f e c t 

o f l i n g u i s t i c e x p e r i e n c e , p a t t e r n s o f l o c a l i z a t i o n o f two 

l a n g u a g e s i n t h e same s u b j e c t do s u g g e s t some such e f f e c t . 

E s s e n t i a l a r e a s f o r naming i n a l a t e r - a c q u i r e d language i n 

which t h e s u b j e c t was l e s s f l u e n t were l a r g e r t h a n t h o s e f o r 

naming i n an e a r l i e r a c q u i r e d , more f l u e n t language, (p. 2285) 

Thus i t would appear t h a t , as i s t h e c a s e for. t h e s e n s o r y s y s t e m s , 

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

t h e p r o x i m i t y becomes g r e a t e r the more s t r o n g l y r e l a t e d the 

i n f o r m a t i o n . The f i n d i n g s on the o r g a n i z a t i o n o f language i n 

b i l i n g u a l s be ing of p a r t i c u l a r i n t e r e s t t o t h i s t h e s i s , e x p l a i n i n g 

t h i s lower l e v e l o f o r g a n i z a t i o n o f a l e s s f l u e n t second language 

i s i m p o r t a n t , as i s e x p l a i n i n g how i t i s t h a t , i n p o l y g l o t s , 

d i f f e r e n t languages form d i s c r e t e systems t o t h e e x t e n t that> as a 

r e s u l t o f b r a i n l e s i o n s , "on ly one of t h e i r m u l t i p l e languages [may 

be l e f t ] i n t a c t , one t h a t may not be t h e mother t o n g u e , the 

language most f r e q u e n t l y used by the s u b j e c t , o r t h e language o f 
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the s u b j e c t ' s environment" ( i b i d . , p. 2282). i n the next s e c t i o n on 

s e c o n d language l e a r n i n g , t h e n , an a t tempt w i l l be made t o 

e l u c i d a t e mechanisms by which such s e p a r a t i o n o f f u n c t i o n might 

come a b o u t . 

3.2.3 L e a r n i n g a second language i n immersion s i t u a t i o n s : Towards 

a c o n n e c t i o n i s t h y p o t h e s i s of the c o g n i t i v e consequences of 

b i l i n g u a l i s m 

S i n c e second language l e a r n i n g can take p l a c e i n a m y r i a d o f 

d i f f e r e n t venues, each hav ing i t s own p a r t i c u l a r s e t o f c o n t e x t u a l 

f a c t o r s and thus spawning a p a r t i c u l a r l e a r n i n g r o u t e , a c h o i c e 

must be made as t o which second language l e a r n i n g c i r c u m s t a n c e t o 

examine h e r e . In t h i s d i s s e r t a t i o n , o n l y second language l e a r n i n g 

i n immersion s i t u a t i o n s w i l l be c o n s i d e r e d . There a r e t h r e e major 

reasons f o r t h i s s p e c i f i c i t y o f f o c u s : t o beg in w i t h , the T h r e s h o l d 

H y p o t h e s i s o f J i m Cummins, which p r o v i d e d the i n i t i a l impetus f o r 

t h i s t h e s i s , was based l a r g e l y on r e s e a r c h i n language immersion 

s i t u a t i o n s ; s e c o n d l y , the d i s p u t e as t o the c o g n i t i v e consequences 

o f b i l i n g u a l i s m c e n t r e s around second language l e a r n i n g i n 

immersion s i t u a t i o n s - no one suggests t h a t c o g n i t i v e d e f i c i t s w i l l 

r e s u l t f rom second language l e a r n i n g i n non - immers ion s i t u a t i o n s ; 

t h i r d l y , t h e term " immers ion s i t u a t i o n s " c o n s t i t u t e s a c l a s s o f 

l e a r n i n g s i t u a t i o n s i n i t s own r i g h t , g i v e n t h a t t h e r e a r e e a r l y 

and l a t e immersion s i t u a t i o n s , and what have come t o be known as 

" s u b m e r s i o n " s i t u a t i o n s , s i t u a t i o n s i n which l e a r n e r s a r e 
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s u r r o u n d e d by t h e second language i n both t h e s c h o o l and the 

dominant c u l t u r e of the s o c i e t y and i n which the f i r s t language o f 

t h e l e a r n e r s i s n e i t h e r used nor promoted i n t h e s c h o o l , hence t o 

d e v e l o p a model o f second language l e a r n i n g f o r t h i s one group o f 

s i t u a t i o n s w i l l be a d i f f i c u l t enough t a s k i n i t s e l f . The s a l i e n t 

c h a r a c t e r i s t i c s o f an immersion s i t u a t i o n , t h e n , a r e t h a t the 

l e a r n e r (a) has no or ve ry l i t t l e knowledge o f the t a r g e t l anguage , 

(b) i s s u r r o u n d e d a u d i t o r i l y by t h e l a n g u a g e , (c) r e c e i v e s l i t t l e 

d i r e c t i n s t r u c t i o n i n the language which i s e x p e c t e d t o be l e a r n e d 

t h r o u g h c o n t e n t , and (d) i s expec ted t o f u n c t i o n i n a " n o r m a l " 1 1 

f a s h i o n i n t h e l e a r n i n g env i ronment . 

A c c o r d i n g t o the model o f language l e a r n i n g g i v e n above and the 

i n f o r m a t i o n from Ojemann's r e v i e w , the t a s k which t h e b r a i n must 

under take i n l e a r n i n g a second language i n o r d e r t o f u n c t i o n i n a 

s o c i e t y i s the development of a second language system o r module , 

i n d e p e n d e n t o f t h e f i r s t language s y s t e m . A major q u e s t i o n which 

a r i s e s h e r e , i s whether or not t h i s would t a k e p l a c e v i a t h e f i r s t 

language system o r e n t i r e l y i n d e p e n d e n t l y . I t w i l l be a rgued t h a t 

the most l i k e l y s c e n a r i o would be t h a t t h e development o f the 

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

t h r o u g h t h e f i r s t . No mat te r how the development o f t h e second 

language o c c u r s , the f a c t remains t h a t the a u d i t o r y s p e c i f i c i t y o f 

the speech module f o r the f i r s t language must be broken down, o r a t 

1 1 By "normal" f a s h i o n , I mean t h a t he o r she w i l l be e x p e c t e d 
t o c a r r y out t a s k s and t h e r e b y s o l v e problems d i c t a t e d by someone 
o r some c i r c u m s t a n c e s i n the env i ronment . 

279 . ,. 



l e a s t opened o u t , i n o r d e r f o r the speech sounds o f t h e second 

language t o be p r o c e s s e d and p e r c e i v e d a d e q u a t e l y . And s i n c e f l u e n t 

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

a s p e c t o f second language l e a r n i n g w i l l be d e a l t w i t h f i r s t . 

As was d i s c u s s e d p r e v i o u s l y , the f i r s t language speech system 

f u n c t i o n s such t h a t the p r o c e s s i n g o f c e r t a i n phonemes, sound 

c o m b i n a t i o n s , p a t t e r n s o f i n t o n a t i o n , p i t c h , and pauses i s 

s e l e c t i v e l y enhanced by a t t e n t i o n a l mechanisms i f t h i s a u d i t o r y 

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

not thought t o be impor tan t i s s e l e c t i v e l y s u p p r e s s e d . G i v e n t h i s 

system of o r g a n i z a t i o n , a l e a r n e r immersed i n an u n f a m i l i a r second 

language w i l l not o n l y be unable t o r e c o g n i z e the u n f a m i l i a r speech 

sounds but w i l l be u n a b l e t o hear them p r o p e r l y even though h i s 

a u d i t o r y system i s f u n c t i o n i n g p e r f e c t l y a d e q u a t e l y . In o r d e r f o r 

t h i s s i t u a t i o n t o be c o r r e c t e d , the a t t e n t i o n system o p e r a t i n g on 

the speech module must be r e c a l i b r a t e d t o v a l u e phonemes which were 

p r e v i o u s l y d e v a l u e d , as w e l l as sound c o m b i n a t i o n s and p a t t e r n s o f 

s p e e c h sounds which have not been e n c o u n t e r e d i n t h e p a s t . 

A t t e n t i o n may be i n i t i a l l y drawn t o the new sounds because of t h e i r 

v e r y n o v e l t y , but n o v e l t y ' i s d e c i d e d upon i n r e f e r e n c e t o 

background i n p u t . When e v e r y t h i n g , or n e a r l y e v e r y t h i n g , i s n o v e l , 

t h e n , n o v e l t y (except f o r n o v e l t y or abruptness o f onset) c e a s e s t o 

be a good c r i t e r i o n f o r a l l o c a t i n g a t t e n t i o n . I t must be remembered 

t h a t the purpose o f a l l o c a t i n g a t t e n t i o n i s t o impose t e m p o r a l 

o r d e r on the p r o c e s s i n g of i n p u t , and t h a t t h i s o r d e r i n g i s d e c i d e d 
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upon i n r e f e r e n c e t o the importance o f the i n p u t s i g n a l . New i n p u t 

has o n l y i t s n o v e l t y t o g i v e i t i m p o r t a n c e , and i f a l l i n p u t i s 

n o v e l , t h e r e i s no b a s i s upon which r e l a t i v e impor tance can be 

judged . Another aspec t o f i n f o r m a t i o n p r o c e s s i n g t h a t must be t aken 

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

a t t e n t i o n demanding, l i m i t e d c a p a c i t y , c o n t r o l l e d p r o c e s s i n g r o u t e . 

I t i s h i g h l y l i k e l y , t h e r e f o r e , t h a t t h i s r o u t e w i l l q u i c k l y become 

overburdened by speech i n p u t i n a language immersion s i t u a t i o n . The 

q u e s t i o n t h a t must be broached now i s "Where does a t t e n t i o n go i n 

o r d e r t o make d e c i s i o n s on which sounds a re important i n the second 

language i n p u t ? " 

To answer t h a t q u e s t i o n , i t i s n e c e s s a r y t o c o n s i d e r j u s t how 

c l o s e l y t h e a u d i t o r y and v i s u a l systems a r e l i n k e d i n speech 

p e r c e p t i o n . As was noted above , the c o n n e c t i o n s between the 

i n f e r i o r and s u p e r i o r c o l l i c u l u s b r i n g about a s y n c h r o n i z i n g o f 

a u d i t o r y and v i s u a l a t t e n t i o n t o the s o u r c e o f t h e speech sound , 

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

i n f o r m a t i o n i n the encoding o f speech . I t was a l s o p o i n t e d out t h a t 

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

c o n t r o l l i n g ou tpu t would change a c c o r d i n g t o c i r c u m s t a n c e s , but 

s i n c e each type of inpu t g i v e s ' e q u i v a l e n t i n f o r m a t i o n w i t h r e s p e c t 

t o " s p e e c h " g e s t u r e s , p h o n e t i c g e s t u r e s a c c o r d i n g t o many (see 

M a t t i n g l y & Studder t -Kennedy, 1991), the one can s u b s t i t u t e f o r t h e 

o t h e r t o some extent a t l e a s t . An immersion s i t u a t i o n i n which the 

a c o u s t i c i n p u t i s l a r g e l y n o v e l and , t h e r e f o r e , d i f f i c u l t t o hear 
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p r o p e r l y i s e s s e n t i a l l y the same as a s i t u a t i o n i n which ex t raneous 

n o i s e degrades the a c o u s t i c speech s i g n a l . In such a c i r c u m s t a n c e , 

t h e n , v i s u a l i n p u t would become v e r y v a l u a b l e and may even be 

we igh ted more h e a v i l y i n impor tance than i n normal f i r s t language 

s p e e c h p e r c e p t i o n . Summerf ie ld (1991) has p o s t u l a t e d t h a t , i n 

n o i s e , ' " [ t ]he f a c t t h a t t h e s e [ v i s u a l and a u d i t o r y a r t i c u l a t o r y ] 

changes a r e o c c u r r i n g on the same t ime s c a l e i n t h e two m o d a l i t i e s 

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

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

t a l k e r ' s speech from background sounds" (p. 127) . In a r e c e n t 

p a p e r , N i e b u r and Koch (1994) have p r o p o s e d a model o f s e l e c t i v e 

a t t e n t i o n i n v i s i o n based on j u s t such a t e m p o r a l c o r r e l a t i o n o f 

f i r i n g i n neurons i n the v i s u a l s y s t e m . I t seems r e a s o n a b l e t o 

suggest as Summerf ield does , t h e r e f o r e , t h a t a tempora l c o r r e l a t i o n 

o f n e u r o n a l f i r i n g i n the a u d i t o r y and v i s u a l systems coming from 

t h e same l o c a t i o n i n space would s i m i l a r l y t i e t h e i r a c t i v i t i e s 

t o g e t h e r through the a t t e n t i o n system. On t h i s b a s i s , t h e n , i t a l s o 

seems r e a s o n a b l e t o s u g g e s t t h a t , i n a second language l e a r n i n g 

s i t u a t i o n , v i s i o n would d i r e c t the l e a r n e r ' s a u d i t o r y a t t e n t i o n t o 

r e l e v a n t a s p e c t s o f the speech sounds t h e r e b y e n s u r i n g t h a t t h e 

i n f o r m a t i o n from the two m o d a l i t i e s i s encoded s y n c h r o n o u s l y and 

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

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

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

The v i s u a l i n f o r m a t i o n a v a i l a b l e t o an o b s e r v e r o f a s p e a k e r ' s 
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f a c e , however , i s not r e s t r i c t e d t o j a r t i c u l a t o r y g e s t u r e s . Mood, 

e x p r e s s i o n , i n t e n t , sense of g o o d w i l l towards t h e l i s t e n e r , a l l o f 

t h e s e and more can be g l e a n e d from a f a c e . N o r m a l l y , o f c o u r s e , 

s i m i l a r i n f o r m a t i o n can be g a r n e r e d from t h e a u d i t o r y i n p u t o f 

s p e e c h . But t h e d i s t i n c t i o n between the a c c e s s i b i l i t y o f the 

i n f o r m a t i o n f rom the two m o d a l i t i e s , i s t h a t knowledge o f the 

complex code upon which the v i s u a l i n f o r m a t i o n i s dependent i s l e s s 

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

v i s u a l g e s t u r e s d i v u l g i n g i n f o r m a t i o n about t h e p e r s o n do d i f f e r 

f rom c u l t u r e t o c u l t u r e , t h e s e d i f f e r e n c e s a r e nowhere near so 

d i v e r s e nor as c o m p l i c a t e d as i n speech systems. What t h i s means i s 

t h a t the i n f o r m a t i o n from the s p e a k e r ' s f a c e ga thered by the v i s u a l 

system w i l l be much more f a m i l i a r ( i . e . have more meaning and thus 

va lue) t o the second language l e a r n e r than the a u d i t o r y . S i n c e t h i s 

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

p r o c e s s i n g r o u t e , t h e r e b y l i g h t e n i n g ;the l o a d on the n o v e l / n a i v e 
i 

r o u t e t aken by u n f a m i l i a r i n f o r m a t i o n and making t h e i n f o r m a t i o n 

p r o c e s s i n g t a s k more manageable . Moreover , t h e f a m i l i a r i t y o f the 

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

p r o c e s s i n g and draw i t away from a u d i t o r y i n f o r m a t i o n , e s p e c i a l l y 

g i v e n t h e p o o r communicat ive v a l u e o f t h e l a t t e r . The same 

arguments w i t h r e s p e c t t o communicat ive v a l u e and f a m i l i a r i t y can 

be made f o r g e n e r a l v i s u a l i n f o r m a t i o n r e l a t i n g t o a g i v e n 

s i t u a t i o n o r t a s k . I f one i s shown what t o d o , words a r e o f t e n 

s u p e r f l u o u s , and body g e s t u r e s and " language" i n g e n e r a l tend t o be 

more f a m i l i a r a c r o s s c u l t u r e s than 1 language s y s t e m s . S o , f o r 
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r e a s o n s o f 

a) h e l p i n g t o encode a r t i c u l a t o r y g e s t u r e s 

b) g a t h e r i n g m e a n i n g f u l i n f o r m a t i o n 

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

i t i s p o s t u l a t e d t h a t , i n a second language l e a r n i n g s i t u a t i o n , 

a t t e n t i o n s h o u l d be drawn t o the v i s u a l system more o f t e n than i t 

would be i f the l e a r n e r ' s f i r s t language i s b e i n g s p o k e n , and i n 

t h e b e g i n n i n g s t a g e s o f l e a r n i n g much more o f t e n , f o r as l o n g as 

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

As has been d i s c u s s e d i n the s e c t i o n on g e n e r a l l e a r n i n g , t h i s 

shou ld mean t h a t v i s u a l i n f o r m a t i o n p r o c e s s i n g would be s t i m u l a t e d 

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

and might be suppressed d u r i n g t h i s low comprehens ion p e r i o d . T h i s 

i n t u r n would p r e d i c t t h a t l e a r n i n g v i a the v i s u a l system would be 

enhanced , w h i l e l e a r n i n g t h r o u g h t h e a u d i t o r y system would be 

i n h i b i t e d . S i n c e o t h e r a s p e c t s of v i s u a l i n f o r m a t i o n , not j u s t 

t h o s e r e l a t e d t o the e n c o d i n g of s p e e c h , would be o f v a l u e under 

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

and s e m a n t i c s f o r example, i t seems 1 l i k e l y t h a t s e v e r a l a r e a s 

w i t h i n t h e v i s u a l system would be s e l e c t i v e l y a c t i v a t e d . In the 

case of the a u d i t o r y system, however, i t i s p o s s i b l e t h a t o n l y the 

speech module would be a f f e c t e d d i r e c t l y by w i t h d r a w a l o f 

a t t e n t i o n , and t h a t o ther a u d i t o r y i n f o r m a t i o n w i l l be p r o c e s s e d as 
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usual. Music, for example, could be processed i n the normal way due 

to i t s f a m i l i a r content and discreteness from language. But given 

that most immersion language learning s i t u a t i o n s take place i n a 
i 1 

classroom, and that i n most classrooms, speech noises are by far 
i i i 

the most prevalent, i t seems l i k e l y that, over time, a systematic 

strategy of a l l o c a t i n g attention to the v i s u a l system would be 

b u i l t up because of the higher value of the information obtained 

through i t . This i s assuming, of course, that the capacity of the 

v i s u a l system to process information i s not already at maximum 

under normal f i r s t language classroom circumstances 1 2. In other 

words, attention i t s e l f w i l l have been trained to s t r a t e g i c a l l y 

choose the v i s u a l "channel" over the auditory because i t i s more 

ene r g e t i c a l l y economic to do so. 

But, i t may be protested, i f t h i s i s so, how do learners ever learn 

the new speech sounds well enough to form a coherent and d i s c r e t e 

system as brain research has indicated they do? To answer t h i s 

question, i t i s necessary to remind ourselves of the two modes of 

learning postulated by connectionism: supervised and unsupervised 

learning. When the attention system selects information for further 

processing on the basis of f a m i l i a r i t y , i t i s e s s e n t i a l l y engaging 

1 2 Such a s i t u a t i o n seems unl i k e l y , however, since i t i s the 
capacity of the attention system that appears to be the l i m i t i n g 
factor i n processing information, and under normal f i r s t language 
classroom circumstances, attention capacity would be divided 
between several sensory and other information processing systems. 
In the case of immersion in a second language, therefore, i t would 
simply be a matter of consolidating resources and d i r e c t i n g them 
towards the v i s u a l system. 
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the s u p e r v i s e d l e a r n i n g mode. That i s , e x p e c t a t i o n and i n t e n t i o n t o 

a c t a r e w e l l i n fo rmed and pr ime the p r o c e s s i n g o f c e r t a i n s t i m u l i 

over o t h e r s . T h u s , the l e a r n i n g t h a t goes on t h r o u g h the v i s u a l 

system on t h e b a s i s o f f a m i l i a r i t y o f i n p u t would be p o s i t i o n e d 

towards t h e s u p e r v i s e d end o f the u n s u p e r v i s e d / s u p e r v i s e d 

cont inuum. In the case of the a u d i t o r y speech i n f o r m a t i o n , however, 

e x p e c t a t i o n and i n t e n t i o n would be i l l - i n f o r m e d i n t h a t t h e y would 

be p r i m i n g sounds and combinat ions o f sounds e x p e c t e d i n t h e f i r s t 

language, and s u p p r e s s i n g many sounds and combinat ions of sounds i n 

the second language from i n d i v i d u a l phonemes on up t o words. Hence, 

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

and a r e t u r n t o u n s u p e r v i s e d l e a r n i n g would appear t o be mandated 

so t h a t a new v a l u e system can be b u i l t up i n t h e speech module . 

T h i s may r e q u i r e an a c t i v e w i thdrawa l o f v o l u n t a r y a t t e n t i o n from 

t h e a u d i t o r y system i n o r d e r t h a t a t t e n t i o n a l s e l e c t i o n of 

i n f o r m a t i o n f o r f u r t h e r p r o c e s s i n g can become more s t i m u l u s d r i v e n 

f o r a t ime i n o r d e r t o a i d the s o r t i n g t h r o u g h by the a u d i t o r y 
l 

system o f new s y s t e m a t i c i t i e s i n the second language i n p u t . Of 

c o u r s e , t h i s w i thdrawa l c o u l d be a c c o m p l i s h e d a u t o m a t i c a l l y by a 

s w i t c h t o the v i s u a l system as the p r i m a r y i n f o r m a t i o n p r o c e s s i n g 

mode, hence a move of focused a t t e n t i o n t o the v i s u a l system c o u l d 

k i l l s e v e r a l b i r d s w i th one s t o n e . As i n a l l u n s u p e r v i s e d l e a r n i n g 

s i t u a t i o n s , v a l u e would once a g a i n be b u i l t up out o f the new 

s y s t e m a t i c i t i e s ( i . e . f e a t u r e s t h a t a r e p e r s i s t e n t l y p r e s e n t ) i n 

t h e i n p u t a n d , as knowledge o f the n o v e l i n p u t i s a c q u i r e d , the 

l e a r n i n g would become more and more s u p e r v i s e d , e v e n t u a l l y f o r m i n g 
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n o v e l systems o r networks t o p r o c e s s the f o r m e r l y u n f a m i l i a r 

i n f o r m a t i o n . 

D u r i n g t h e p r o c e s s o f f o r m i n g t h i s hew s y s t e m , i t i s l i k e l y t h a t 

the a l r e a d y e s t a b l i s h e d speech system w i l l be shaken up . A f t e r a l l , 

p r e v i o u s l y s u p p r e s s e d a c c e s s t o phonemes may have t o be 

r e a c t i v a t e d , and many o f the phonemes needed f o r t h e f i r s t 

language, as w e l l as many of the c o m b i n a t i o n s o f s o u n d s , w i l l a l s o 

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

i n e v i t a b l e . T h i s s h a r i n g o f r e s o u r c e s , 1 however, may mean t h a t new 

c o n n e c t i o n s must be made, or a t l e a s t t h a t o l d c o n n e c t i o n s t r e n g t h s 

must be a l t e r e d , a l l o f which s h o u l d have some e f f e c t on t h e 

p r o c e s s i n g o f i n f o r m a t i o n by the f i r s t language system, though t h i s 

may be m i n i m i z e d by a s u b d i v i s i o n o f l a b o u r t h r o u g h t h e use o f 

s p e c i a l i s t m i n i n e t s (see C h u r c h l a n d and S e j n o w s k i , 1992, p p . 125-

130). The beauty o f t h i s u n s u p e r v i s e d / s u p e r v i s e d l e a r n i n g system i s 
i , 

t h a t b o t h can be g o i n g on a t the same t i m e : w h i l e a t t e n t i o n i s 
i 

b e i n g a l l o c a t e d t o the v i s u a l s y s t e m , whether t o encode v i s u a l l y 

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

c o n t e x t u a l c l u e s t o h e l p make sense out o f the language spoken, the 

a u d i t o r y system can be work ing away i n a low a t t e n t i o n , n o n -

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

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

h e r e , i t i s expec ted t h a t knowledge c o m p i l e d t h r o u g h t h e two 

l e a r n i n g modes w i l l c r o s s - c o r r e l a t e b o t h t e m p o r a l l y and 
[ 

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

With r e s p e c t t o the q u e s t i o n o f whether t h e second language system 

i s b u i l t upon the f i r s t language system o r d e v e l o p s e n t i r e l y 

autonomously, i t seems l i k e l y t h a t whatever i n f o r m a t i o n can be used 

by t h e second language w i l l be used q u i t e a u t o m a t i c a l l y . F o r 

example , semant ic o v e r l a p o f the l e x i c o n s would mandate some form 

o f a s s o c i a t i o n between words s i n c e , i n t h e b e g i n n i n g a t l e a s t , 

words can be c o n s i d e r e d p r o t o t y p e r e p r e s e n t a t i o n s o f a c l a s s o f 

o b j e c t s o r s i t u a t i o n s , and any new way o f naming a c l a s s o r member 

o f a c l a s s would be drawn by i t s semant ic a s s o c i a t i o n s towards the 

a l r e a d y formed " s t a t e space" of the f a m i l i a r word . T h i s a t t r a c t i o n 

would change as the second language word became more t i e d 

l i n g u i s t i c a l l y t o the sounds and s t r u c t u r e o f the second l a n g u a g e , 

bu t i t seems u n l i k e l y t h a t a l l a s s o c i a t i o n between t h e f i r s t and 

second language r e p r e s e n t a t i o n s o f a c o n c e p t c o u l d be r u p t u r e d due 

t o t h e semant ic l i n k s . What t h i s a u t o m a t i c a s s o c i a t i o n would 

appear t o s u g g e s t i s t h a t t h e r e s h o u l d be a p r o g r e s s i o n from a 

heavy dependence on t r a n s l a t i o n i n the b e g i n n i n g s tages of l e a r n i n g 

t o a l e s s e r , o r even n o n - e x i s t e n t dependence as f l u e n c y i s 

a c q u i r e d . A c c o r d i n g t o Ojemann's f i n d i n g s on t h e r e l a t i o n s h i p 

between v e r b a l IQ and language o r g a n i z a t i o n d e t a i l e d a b o v e , the 

l e v e l o f f l u e n c y would appear t o r e f l e c t the l e v e l o f o r g a n i z a t i o n , 

and t h e r e f o r e , the degree t o which the l i n g u i s t i c system i s 

s p e c i a l i z e d f o r t h a t l anguage . However, an i n depth i n v e s t i g a t i o n 

o f t h e s e i s s u e s i s beyond the scope o f t h i s d i s s e r t a t i o n . 
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S i n c e t h e i n t e r e s t he re i s i n g a i n i n g some i n s i g h t i n t o p o t e n t i a l 

i m p l i c a t i o n s f o r e d u c a t i o n , i t i s impor tan t t o c o n s i d e r what some 

o f t h e consequences o f a s h i f t t o a p r e f e r e n c e f o r v i s u a l 

p r o c e s s i n g , bo th language and n o n - l a n g u a g e , might mean f o r the 

second language l e a r n e r . Be fore g o i n g i n t o t h e s e m a t t e r s , however, 

i t i s e q u a l l y impor tan t t o remember t h a t , though o n l y immersion 

s i t u a t i o n s w i l l be examined, w i t h i n t h i s c a t e g o r y t h e r e a r e s e v e r a l 

d i f f e r e n t s i t u a t i o n s each o f which w i l l c a r r y w i t h i t i t s own s e t 

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

p i c t u r e . A l l o f t h e s e w i l l not be d e a l t w i t h . Indeed , t h e o n l y 
i 

p r o b l e m t o which the h y p o t h e s i s of second language l e a r n i n g 

o u t l i n e d above w i l l be a p p l i e d i n t h i s t h e s i s i s t h a t o f 

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

achievement by m i n o r i t y and m a j o r i t y group second language l e a r n e r s 

i n immersion s i t u a t i o n s . That i s , o n l y an a l t e r n a t e e x p l a n a t i o n o f 

the d a t a which gave r i s e t o the T h r e s h o l d H y p o t h e s i s p r o p o s e d by 

Cummins w i l l be sought f o r r e a s o n s which s h o u l d be e v i d e n t : t h i s 

one prob lem i s i n and o f i t s e l f h i g h l y complex . 

To summarize t h e a rgumenta t ion o f t h i s s e c t i o n , t h e n : 

I t i s h y p o t h e s i z e d on the b a s i s of a c o n n e c t i o n i s t p e r s p e c t i v e 
i 

on how t h e b r a i n p r o c e s s e s i n f o r m a t i o n t h a t , d u r i n g the 

i n i t i a l s t a g e s o f l e a r n i n g i n immersion s i t u a t i o n s , l e a r n e r s 

o f a s e c o n d language w i l l a d o p t , whether c o n s c i o u s l y o r 

s u b c o n s c i o u s l y , a s h i f t i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y 
. i 
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such that v i s u a l processing of information w i l l be favoured 

over auditory processing, and that t h i s s h i f t w i l l bring about 

an increased a b i l i t y to learn v i a the v i s u a l system while i t 

i s i n e f f e c t . 

This hypothesis w i l l be termed the shift in information processing 

strategy hypothesis13. In the following sections, support f o r i t s 

premises w i l l be sought in the second language learning l i t e r a t u r e , 

and i t w i l l be examined for i t s a b i l i t y to explicate s a t i s f a c t o r i l y 

d i f f e r e n t i a l academic achievement for minority and majority group 

second language learners. 

1 3 Although the s h i f t i n information processing has been 
termed a "strategy," i t should not be assumed that t h i s s h i f t i s 
the r e s u l t of a voluntary decision on the part of the learner. The 
strategy may be better conceptualized as stemming from decisions 
made by the brain i t s e l f and may or may not be accessible to the 
conscious perception of the learner. 
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3.3 An E x a m i n a t i o n o f the E x p l a n a t o r y Power o f the S h i f t i n 

I n f o r m a t i o n P r o c e s s i n g S t r a t e g y H y p o t h e s i s 

3 . 3 . 1 I n t r o d u c t i o n 1 

In t h e p r e v i o u s s e c t i o n , i t was p o s t u l a t e d t h a t , f o r r e a s o n s 

r e l a t i n g t o t h e m u l t i m o d a l c h a r a c t e r o f l anguage 1 and i n f o r m a t i o n 

p r o c e s s i n g p r i o r i t i e s , s t u d e n t s i n an immers ion s e c o n d language 

s i t u a t i o n would adopt a s t r a t e g y o f a l l o c a t i n g a t t e n t i o n more 

f r e q u e n t l y t o t h e v i s u a l system i n t r y i n g t o make sense out o f 
i I i 

t h e i r e n v i r o n m e n t a l c i r c u m s t a n c e s , b o t h l i n g u i s t i c and n o n -
' : 1 i i i 

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

l e a r n i n g through the v i s u a l system w i l l be o p t i m i z e d a t the expense 

o f l e a r n i n g th rough o t h e r s e n s o r y s y s t e m s , most n o t a b l y the 

a u d i t o r y system as i t concerns speech p r o c e s s i n g . In o r d e r t o l e n d 

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

from the second language l i t e r a t u r e which i s c o n s i s t e n t w i th i t (as 

w e l l as any which i s i n c o n s i s t e n t ) s h o u l d be p r e s e n t e d . B e f o r e 

d o i n g t h a t , i t i s n e c e s s a r y t o work ou t what t h e consequences o f 

such a s h i f t might be i n i n f o r m a t i o n p r o c e s s i n g t e r m s . Both o f 

t h e s e t a s k s , t h e n , w i l l be t a c k l e d i n ; t h i s s e c t i o n . 

1 J a c o b s (1988, p . 312) has n o t e d : "Language depends on 
l i n g u i s t i c i n f o r m a t i o n and, as a multimodal sensory system, i s n o t 
p a r t i c u l a r about the mode o f input i t r e c e i v e s ; i t w i l l make use o f 
what i s a v a i l a b l e . In the absence o f one mode ( e . g . , a u d i t i o n ) , t h e 
o t h e r ( e . g . , v i s i o n ) w i l l s u p p l y t h e n e c e s s a r y l i n g u i s t i c 
i n f o r m a t i o n . Language i s s u b s e r v e d by t h e s e n s e s i n s o f a r as i t 
depends on t h e l i n g u i s t i c i n f o r m a t i o n t h e y p r o v i d e , bu t i t a l s o 
t r a n s c e n d s them because i t i s not m o d a l i t y s p e c i f i c " (p. 312 ) . 
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3 .3 .2 Information processing consequences of an a t t e n t i o n a l s h i f t 

towards the v i s u a l system 

The basic premise upon which a s h i f t ito a greater dependence on 

v i s u a l processing has been proposed i s that, f o r second language 

learners i n an immersion environment, the auditory information 

r e l a t e d to speech does not make sense because i t i s to a large 

extent unfamiliar, the degree of u n f a m i l i a r i t y being dependent on 

the p a r t i c u l a r f i r s t and second languages involved. In other words, 

the general hypothesis proposes that, during the period of time 

that the a b i l i t y of the l i s t e n e r to comprehend second language 

speech i s low, i t i s to be expected that the dependence on v i s u a l 

processing for information gathering purposes would be higher than 

normal f o r that person while the learner i s i n the immersion 

environment. As the comprehension l e v e l of the learner increases, 

then, i t i s equally to be expected that dependence on v i s u a l 

processing would diminish accordingly. Whether i t would return to 

pre-second language learning l e v e l s i s d i f f i c u l t to p r e d i c t . There 

i s good reason to believe i t would not, however, since a persistent 

learning strategy with respect to atten t i o n a l a l l o c a t i o n may have 

developed during t h i s prolonged learning period, and since, due to 

the enormous p l a s t i c i t y of the brain, new information processing 

pathways would almost c e r t a i n l y have been formed, or at the very 

l e a s t old pathways would have been altered, to favour a higher 

degree of v i s u a l processing. 
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A c o r o l l a r y t o t h i s h y p o t h e s i s i s , o f c o u r s e , t h a t p e r s i s t e n t 

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

b r a i n ' s a t t e n t i o n system would r e s u l t i n h i g h e r n e u r o n a l a c t i v i t y 

i n v i s u a l c o r t i c a l a reas and hence l e a r n i n g would be expected t o go 

on a t a f a s t e r than normal r a t e ( f o r t h e i n d i v i d u a l ) v i a t h i s 

s y s t e m d u r i n g the p e r i o d o f t ime t h a t language comprehens ion i s 

low , and might c o n t i n u e t o o p e r a t e a t a r a t e h i g h e r than the 

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

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

changes i n t h e b r a i n . T h u s , f o r each immersion s t u d e n t , t h e r e 

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

i n f o r m a t i o n v i s u a l l y and h i s o r h e r l e v e l o f language 

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

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

immersion s i t u a t i o n , i t i s r e c o g n i z e d t h a t the dynamics o f such an 

i n f o r m a t i o n p r o c e s s i n g change would v a r y f rom i n d i v i d u a l t o 

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

p a t t e r n o f change o v e r t ime would be s i m i l a r i n e v e r y c a s e t o the 

p a t t e r n shown i n f i g u r e 3.1 (p .294 ) . The g e n e r a l t r e n d p o s t u l a t e d , 

t h e n , i s a g r a d u a l i n c r e a s e i n the dependency on v i s u a l i n f o r m a t i o n 

p r o c e s s i n g as the l e a r n e r becomes accustomed t o the c o n s i s t e n t l a c k 

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

e n v i r o n m e n t , f o l l o w e d by a g r a d u a l d e c r e a s e i n dependency as 

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

dependency w i t h t h e a t t a i n m e n t o f an a d e q u a t e l y h i g h l e v e l o f 

c o m p r e h e n s i o n . I t i s t o be u n d e r s t o o d , however , t h a t t h i s 
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Figure 3.1 - SHIFT IN INFORMATION PROCESSING 
STRATEGY HYPOTHESIS 
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"s teady" dependency would i n f a c t be a s teady average use o f v i s u a l 

p r o c e s s i n g , a s , under normal c i r c u m s t a n c e s , t h e l a t t e r would be 

engaged by the b r a i n i n a h i g h l y t r a n s i t o r y f a s h i o n , as would o t h e r 

s e n s o r y s y s t e m s , when a p p r o p r i a t e . F i g u r e 3.2 (p . 296) shows the 

dynamics o f the development o f the r e l a t i o n s h i p between v i s u a l 

p r o c e s s i n g a b i l i t y and l e v e l o f comprehens ion o f t h e second 

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

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

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

s e c t i o n s , g e n e r a l d e f i c i t , n o r m a l , and b e n e f i t r a n g e s 2 as might be 

d e c i d e d upon by s t u d i e s based on l a r g e numbers o f s u b j e c t s . T h i s 

has been done i n o r d e r t o f a c i l i t a t e compar isons a t a l a t e r s t a g e 

between t h e o r i e s o f second language l e a r n i n g and the development o f 

c o g n i t i v e a b i l i t y . In every case shown i n f i g u r e 3 . 2 , i t i s assumed 

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

i n i t i a l l y ( i . e . a t the b e g i n n i n g the immers ion language l e a r n i n g 

process ) a t the m i d - p o i n t o f the normal r a n g e . As can be s e e n , the 

g e n e r a l shapes o f the graphs i n a l l c a s e s a r e s i m i l a r t o t h a t i n 

f i g u r e 3 . 1 . 

Case 1 o f f i g u r e 3 .2 , t h e n , shows the development pa th of a l e a r n e r 

whose a b i l i t y t o p r o c e s s i n f o r m a t i o n v i s u a l l y undergoes a s h a r p 

2 The d e s i g n a t i o n s o f " d e f i c i t " and " b e n e f i t " ranges h e r e a r e 
i n t e n d e d o n l y t o a p p l y t o the b r a i n ' s a b i l i t y t o p r o c e s s 
i n f o r m a t i o n v i s u a l l y , and s h o u l d not be equated w i t h g e n e r a l 
c o g n i t i v e b e n e f i t s o r d e f i c i t s . I t w i l l be argued l a t e r t h a t any 
" c o g n i t i v e " b e n e f i t s o r d e f i c i t s t h a t might a c c r u e a r e e n t i r e l y 
t a s k dependent , w i th a l l o f the i n t e r a c t i o n s t h a t t h a t p r e s u p p o s e s 
between s o c i o l o g i c a l f a c t o r s and language l e a r n i n g . 
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r i s e , r e a c h e s i n t o the g e n e r a l b e n e f i t a r e a , and s u b s e q u e n t l y 

decreases somewhat b e f o r e l e v e l l i n g o u t , though i t s t i l l remains i n 

t h e g e n e r a l b e n e f i t a r e a f o r v i s u a l p r o c e s s i n g a b i l i t y . Case 3 

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

i s l e s s sharp than i n c a s e 1. The l e a r n e r i n t h i s c a s e may be 

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

p r o c e s s i n g , o r may be more dependent on a u d i t o r y p r o c e s s i n g o f 

s p e e c h t h a n the l e a r n e r i n c a s e 1 t o b e g i n w i t h . In b o t h t h e s e 

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

p r o c e s s i n g a b i l i t y as a r e s u l t o f l e a r n i n g a second l a n g u a g e . The 

course of case 2 f o l l o w s the same g e n e r a l p a t t e r n , but t h e g e n e r a l 

b e n e f i t a r e a f o r v i s u a l i n f o r m a t i o n p r o c e s s i n g i s never a t t a i n e d , 

and i n d e e d , though the l e a r n e r has made g a i n s i n v i s u a l i n f o r m a t i o n 

p r o c e s s i n g a b i l i t y , t h a t a b i l i t y never r e a c h e s o u t s i d e t h e normal 

r a n g e . N e v e r t h e l e s s , t h i s l e a r n e r can be s a i d t o be i n a p e r s o n a l 

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

a b i l i t y as second language comprehension i n c r e a s e s . Of c o u r s e , 

c o l l a p s i n g the graphs o f a l l t h r e e c a s e s (and p e r h a p s more o f the 

same type) i n t o one i n t e g r a t e d group s t u d y would p roduce a graph 

such as t h a t i n f i g u r e 3 . 1 . , 

D i f f e r e n t i a l pathways f o r m i n o r i t y and m a j o r i t y group second 

language l e a r n e r s 

I t was s u g g e s t e d above t h a t , w i t h i n a p a r t i c u l a r group o f second 

language l e a r n e r s , i n d i v i d u a l d e v e l o p m e n t a l pathways would d i f f e r 

a c c o r d i n g t o p r e d i s p o s i t i o n s towards i n f o r m a t i o n p r o c e s s i n g 



i n h e r e n t i n the l e a r n e r 3 . E s s e n t i a l l y , t h e s e p r e d i s p o s i t i o n s would 

a c t as c o n s t r a i n t s on the d e v e l o p m e n t a l sequence o f i n f o r m a t i o n 
i 

p r o c e s s i n g . In l i k e manner, i t i s e n t i r e l y p o s s i b l e , and even 

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

d i s c r e t e groups would d i f f e r a c c o r d i n g t o d i f f e r i n g group 

c o n s t r a i n t s . That i s , g i v e n two groups o f l e a r n e r s w i t h e q u i v a l e n t 

a b i l i t y and e d u c a t i o n a l b a c k g r o u n d , i t i s t o be e x p e c t e d t h a t the 

pathways c a r v e d out d u r i n g the language l e a r n i n g p r o c e s s would be 

shaped d i f f e r e n t l y a c c o r d i n g t o e x p e r i e n c e d e n v i r o n m e n t a l 

d i f f e r e n c e s which i n t e r a c t w i th the language l e a r n i n g . N e e d l e s s t o 
i 

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

d i s p a r i t y between the two pathways would b e . I t a l s o goes w i t h o u t 

s a y i n g t h a t i f t h e two groups were no t e q u i v a l e n t i n a b i l i t y and 

e d u c a t i o n a l background the d i f f e r e n c e s would be e x a c e r b a t e d . F o r 

s i m p l i c i t y ' s sake , t h e r e f o r e , l e t us c o n s i d e r t h e d i s p a r i t i e s t h a t 

might a r i s e between two groups o f l e a r n e r s w i t h i n the same s o c i e t y , 

where the o n l y d i f f e r e n c e between them i s t h a t one group speaks the 

h i g h p r e v a l e n c e m a j o r i t y language o f t h a t s o c i e t y and seeks t o 

l e a r n a low p r e v a l e n c e m i n o r i t y l a n g u a g e , w h i l e t h e o t h e r speaks a 

low p r e v a l e n c e m i n o r i t y language and seeks t o l e a r n a h i g h p r e v a l e n c e m a j o r i t y l anguage , bo th 

immersion s i t u a t i o n s . 

i n e q u i v a l e n t l y s t r u c t u r e d 

3 N o t i c e t h a t t h e r e i s no s u g g e s t i o n t h a t t h e s e " i n h e r e n t " 
p r e d i s p o s i t i o n s a r e n e c e s s a r i l y " i n n a t e , " though t h e y may be s o . 
Such p r e d i s p o s i t i o n s towards a p a r t i c u l a r p a t t e r n o f i n f o r m a t i o n 
p r o c e s s i n g may be e a s i l y p i c k e d up t h r o u g h e n v i r o n m e n t a l c o n t a c t . 
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T a k i n g t h e c a s e o f the m a j o r i t y group l e a r n e r s f i r s t , t h e low 

s t a t u s o f the t a r g e t language would r e n d e r m o t i v a t i o n towards 

l e a r n i n g low, though t h i s c o u l d be a i d e d by p a r e n t a l v a l u i n g o f the 

l a n g u a g e 4 . T h u s , the e f f e c t 'of t h e s t a t u s o f t h e language on 

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

p r e v a l e n c e o f the t a r g e t l a n g u a g e , however , would be t o r e n d e r i t 

u n l i k e l y t h a t t h e l e a r n e r s would have had much exposure t o the 

( m i n o r i t y ) second language b e f o r e b e g i n n i n g t h e i r l e a r n i n g , hence 

t h e language would be a lmost c o m p l e t e l y u n f a m i l i a r , i f not 

c o m p l e t e l y s o . T h i s u n f a m i l i a r i t y would t e n d t o promote a v e r y 

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

language immersion s i t u a t i o n ( i . e . t h e c l a s s r o o m a n d , t o some 

e x t e n t p e r h a p s , t h e s c h o o l i n g e n e r a l , though t h i s may n o t be the 

c a s e i n s c h o o l s i n which immersion c l a s s e s a r e mixed i n w i t h 

r e g u l a r f i r s t language c l a s s e s ) . A l s o , once a g a i n because o f the 

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

the p e r i o d o f i n t e n s e dependency on v i s u a l i n f o r m a t i o n p r o c e s s i n g 

w i l l be f a i r l y p r o t r a c t e d , thus t h e r e s h o u l d be a r e l a t i v e l y s low 

r e t u r n t o a more normal dependency on v i s u a l p r o c e s s i n g (see c a s e 

3, f i g u r e 3 . 2 , f o r example ) . O u t s i d e the c l a s s r o o m , however, 

m a j o r i t y group l e a r n e r s w i l l have ample o p p o r t u n i t y t o e x p e r i e n c e 

and use t h e i r f i r s t language. D u r i n g such t i m e s , t h e dependency on 

v i s u a l p r o c e s s i n g shou ld r e t u r n t o normal l e v e l s f o r the i n d i v i d u a l 

4 In t h e c a s e o f F r e n c h immersion programs i n Canada , f o r 
example, p a r e n t s o f t e n a c c o r d h i g h v a l u e t o t h e l e a r n i n g o f t h e 
second language f o r p o l i t i c a l a n d / o r economic r e a s o n s , as was t h e 
c a s e i n t h e S t . Lambert Exper iment d i s c u s s e d i n c h a p t e r 1. 
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l e a r n e r . Hence, t h e e x t e r n a l env i ronment w i l l e x e r t a m i t i g a t i n g 

e f f e c t on t h e tendency t o adopt a g e n e r a l i n f o r m a t i o n p r o c e s s i n g 

s t r a t e g y i n f a v o u r o f a h e a v i e r dependency on t h e v i s u a l s y s t e m . 

F o r m a j o r i t y language l e a r n e r s i n t h i s t y p e o f s i t u a t i o n , 

t h e r e f o r e , though the exper ience of immersion would c e r t a i n l y cause 

some o v e r a l l changes i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y due t o the 

q u a n t i t y o f t ime spent i n c i r c u m s t a n c e s which promote v i s u a l 

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

s t r a t e g i c changes would be a s s o c i a t e d w i t h , and t h e r e f o r e cause 

them t o be c o n f i n e d t o , the c l a s s r o o m . 

M i n o r i t y group second language l e a r n e r s whose f i r s t l anguage i s o f 

low p r e v a l e n c e and f o r whom t h e t a r g e t language i s a m a j o r i t y 

language o f h i g h p r e v a l e n c e w i t h i n t h e s o c i e t y can be d i v i d e d i n t o 

two major g r o u p i n g s : t h o s e who have been brought up w i t h i n the 

m a j o r i t y language s o c i e t y ( e . g . f rancophone s t u d e n t s i n E n g l i s h 

s p e a k i n g Canada ) , and t h o s e who have e n t e r e d t h e c o u n t r y r e c e n t l y 

( e . g . Span ish speak ing s tudents from South A m e r i c a who e m i g r a t e t o 

the U n i t e d S t a t e s o r Canada) . Whi le i t i s r e c o g n i z e d t h a t t h e r e a r e 

many subgroups e x p e r i e n c i n g V a r y i n g e n v i r o n m e n t a l c i r c u m s t a n c e s 

w i t h i n t h e s e g r o u p i n g s , i t • i s c o n s i d e r e d t h a t some u s e f u l 

g e n e r a l i t i e s which would have i n f o r m a t i o n p r o c e s s i n g consequences 

can be i d e n t i f i e d w i t h i n each. 1 F o r l e a r n e r s who have been brought 

up w i t h i n t h e second language s o c i e t y , t h e h i g h p r e v a l e n c e and 

s t a t u s of the t a r g e t language would mean t h a t t h e r e would be a h i g h 

degree o f f a m i l i a r i t y w i t h c e r t a i n a s p e c t s o f t h e s e c o n d language 
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even i f i t i s not f a m i l i a r as a means o f communicat ion. A t the v e r y 

l e a s t , p h o n o l o g i c a l a s p e c t s o f the language would be w e l l encoded 

b e c a u s e o f the v e r y p r e v a l e n c e of the language i n s o c i e t y . I t i s 

h i g h l y l i k e l y , however, t h a t most o f these l e a r n e r s would have some 

command o f the language as a communicative t o o l b e f o r e e n t e r i n g the 

immers ion l e a r n i n g s i t u a t i o n due t o i t s h i g h s t a t u s and 

p r e v a l e n c e . As a r e s u l t , t h e h y p o t h e s i z e d s h i f t towards v i s u a l 

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

depending on the l e v e l o f e x p e r t i s e i n the second language, may not 

o c c u r t o any s i g n i f i c a n t e x t e n t . Case 2, f i g u r e 3.2 may be a 

reasonab le r e p r e s e n t a t i o n . o f the t y p i c a l course taken f o r t h i s k i n d 

o f g r o u p . 

As f o r m a j o r i t y group l e a r n e r s , m i n o r i t y group s e c o n d language 

l e a r n e r s who have not been l o n g i n the c o u n t r y and have l i t t l e o r 

no knowledge o f the t a r g e t language shou ld undergo a r a p i d s h i f t t o 

a heavy dependency on v i s u a l p r o c e s s i n g . In c o n t r a s t t o the 

m a j o r i t y language group, however, t h e i r f i r s t language would not be 

n e a r l y as p r e v a l e n t i n the g e n e r a l s o c i e t y as t h a t o f the m a j o r i t y 

language l e a r n e r . In f a c t , because o f t h e low p r e v a l e n c e o f t h e i r 

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

language i n the s o c i e t y a t l a r g e , t h e s e l e a r n e r s would be i n a 

5 See B a i n and Yu (1987) f o r some i n s i g h t on t h e s e m a t t e r s . 
They comment t h a t c o n c e r n e d m i n o r i t y p a r e n t s o f t e n f i n d " t h a t by 
p r e s c h o o l age the lingua communis ( the predominant community 
l a n g u a g e , i n t h i s c a s e E n g l i s h ) has become so dominant t h a t i t i s 
but a s e n t i m e n t a l f i c t i o n t o c o n s i d e r the language f i r s t spoken as 
the 'mother t o n g u e * " (p. 221) . 
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s i m i l a r s i t u a t i o n w i t h r e s p e c t t o c o m p r e h e n s i b i l i t y o f language 

b o t h i n and out o f the c l a s s r o o m f o r much o f t h e t i m e . Hence, the 

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

p r o c e s s i n g would be e x a c e r b a t e d f o r t h e s e s t u d e n t s . Due t o the 

q u a n t i t y o f t ime spent i n the v i s u a l ; i n f o r m a t i o n p r o c e s s i n g mode, 

t h e n , the l i k e l i h o o d t h a t these l e a r n e r s would deve lop a p e r s i s t e n t 

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

system i s enhanced . S i m i l a r l y , the l i k e l i h o o d t h a t t h e y would not 

pay enough a t t e n t i o n t o a u d i t o r y p r o c e s s i n g i s a l s o enhanced . 

• • i 

What might such s h i f t s i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y mean f o r 

these l e a r n e r s ? To repea t a p o i n t t h a t cannot be made o f t e n enough, 

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

d i s c u s s e d would not mean i s t h a t t h e l e a r n e r s a r e i n some way, 

e i t h e r " c o g n i t i v e l y " or i n terms o f g e n e r a l i n f o r m a t i o n p r o c e s s i n g 

a b i l i t y , d e f i c i e n t . As was noted by C l a r k (1989) i n r e f e r r i n g t o 

the b r a i n ' s " k l u d g e - l i k e " c h a r a c t e r , and J a c o b s (1988) i n comments 

w i t h r e s p e c t t o the " m u l t i m o d a l i t y " o f language p r o c e s s i n g , the 

b r a i n i s above a l l a p r a g m a t i c o rgan which t a k e s whatever 

i n f o r m a t i o n i t can get and uses i t as e f f i c i e n t l y as p o s s i b l e . And , 

as has been i l l u s t r a t e d by language s t u d i e s , v i s u a l i n f o r m a t i o n and 

a u d i t o r y i n f o r m a t i o n (and presumably i n f o r m a t i o n from o t h e r s e n s o r y 

m o d a l i t i e s ) can o f t e n f e e d i n t o an i d e n t i c a l c o m p u t a t i o n a l module 

a t t h e t o p end o f an i n f o r m a t i o n p r o c e s s i n g sys tem o r s u b s y s t e m . 

The h y p o t h e s i z e d s h i f t s shou ld ^mean t h a t l e a r n e r s w i t h a pronounced 

m o d a l i t y p r e f e r e n c e f o r the v i s u a l system as t h e predominant mode 
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of i n f o r m a t i o n p r o c e s s i n g would be b e t t e r a t a c c o m p l i s h i n g v i s u a l l y 

t a x i n g t a s k s t h a n t h o s e w i t h o u t such a b i a s . I t might a l s o mean 

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

a u d i t o r i l y , a t l e a s t as f a r as language t a s k s a r e c o n c e r n e d , than 

t h o s e w i t h o u t such a b i a s . F u r t h e r m o r e , such s t u d e n t s might have 

d i f f i c u l t i e s w i th t a s k s t h a t a re o p t i m a l l y promoted by a p a r t i c u l a r 

b a l a n c e between a u d i t o r y and v i s u a l p r o c e s s i n g . As has been no ted 

p r e v i o u s l y , one o f t h e s e t a s k s which i s e s p e c i a l l y i m p o r t a n t t o 

academic ach ievement i s r e a d i n g . I t i s c r u c i a l , t h e r e f o r e , t o 

examine any e v i d e n c e from s t u d i e s o f second language l e a r n e r s 
i 1 

' ! I 

academic o r c o g n i t i v e per formance which might be b e t t e r e x p l a i n e d 

by the s h i f t i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y h y p o t h e s i s and t h u s 

l e n d v a l i d i t y t o i t s p r e m i s e s . I f t h i s h y p o t h e s i s does have 

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

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

da ta w i l l be examined, the f i r s t b e i n g a s t u d y r e p o r t e d by Cummins 

h i m s e l f . 

3.3.3 An e x p l a n a t i o n o f s t u d i e s on the academic o r c o g n i t i v e 

c o n s e q u e n c e s o f second language l e a r n i n g f rom the p e r s p e c t i v e o f 

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

(1) An e x a m i n a t i o n o f the n a t u r e o f c o g n i t i v e t e s t s commonly used 

f o r second language l e a r n e r s 

In an attempt t o understand the r e a s o n s why m i n o r i t y s t u d e n t s were 
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seen as u n d e r a c h i e v e r s and were f r e q u e n t l y recommended f o r 

assessment , p s y c h o l o g i c a l , r e a d i n g , o r speech and h e a r i n g , Cummins 

(1984a, c h a p . 2) under took an a n a l y s i s o f t h e r e f e r r a l and 

assessment forms f o r 428 ESL s t u d e n t s f rom a m i x t u r e o f e t h n i c 

b a c k g r o u n d s . 46% o f t h e s e s t u d e n t s had been born i n Canada , w h i l e 

56% came from a v a r i e t y o f c o u n t r i e s and s o c i o e c o n o m i c s i t u a t i o n s . 

H i s q u a n t i t a t i v e a n a l y s i s of the 11 WISC-R s u b t e s t s g i v e n t o t h e s e 

s t u d e n t s showed u n e q u i v o c a l l y t h a t they s c o r e d much b e t t e r on t h e 

per formance (PIQ) than on the v e r b a l (VIQ) s u b t e s t s : 

S e v e r a l t h i n g s emerge c l e a r l y f rom t h e p a t t e r n s o f WISC-R 

s u b t e s t s c o r e s . F i r s t , s t u d e n t s p e r f o r m much c l o s e r t o the 

average range on Per formance as compared t o V e r b a l s u b t e s t s . 

There i s r e l a t i v e l y l i t t l e v a r i a t i o n among Per formance 

s u b t e s t s . . . In c o n t r a s t t o the Performance s u b t e s t s , t h e r e i s 

c o n s i d e r a b l e v a r i a n c e among V e r b a l s u b t e s t s . A r i t h m e t i c and 

D i g i t Span appear t o be somewhat l e s s c u l t u r a l l y / 

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

V e r b a l s u b t e s t s , (p. 24) 

On c l o s e e x a m i n a t i o n , t h e s e "per formance" s u b t e s t s p r o v e t o be 

t e s t s h i g h l y dependent on v i s u a l p r o c e s s i n g : p i c t u r e c o m p l e t i o n , 

p i c t u r e ar rangement , b l o c k d e s i g n , o b j e c t a s s e m b l y , and c o d i n g . 

Hence, i f as has been proposed i n t h i s d i s s e r t a t i o n , t h e s e s t u d e n t s 

have adopted an i n f o r m a t i o n p r o c e s s i n g s t r a t e g y which f a v o u r s t h e 

v i s u a l s y s t e m , i t i s not s u r p r i s i n g t h a t t h e y s h o u l d do b e t t e r on 
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these s u b t e s t s . N e i t h e r shou ld i t be unexpected t h a t t h e s e s t u d e n t s 

performed b e t t e r on the a r i t h m e t i c and d i g i t span v e r b a l s u b t e s t s . 

N u m e r i c a l symbols a r e a l s o e a s i l y u n d e r s t o o d v i s u a l l y and would 

t h e r e f o r e be r e l a t i v e l y e a s i l y l e a r n e d and m a n i p u l a t e d by t h e s e 

s t u d e n t s , and any v e r b a l d i r e c t i o n s g i v e n would r e q u i r e a m in ima l 

v o c a b u l a r y f o r c o m p r e h e n s i o n 6 . T h u s , though Cummins a t t r i b u t e s t h e 

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

" c u l t u r a l l y / l i n g u i s t i c a l l y " b i a s e d a g a i n s t ESL s t u d e n t s , the 

i n f o r m a t i o n p r o c e s s i n g demands o f t h e t a s k s may be an e q u a l l y 

i m p o r t a n t e x p l a n a t o r y f a c t o r . That t h e ESL s t u d e n t s may be 

p r o c e s s i n g these s u b t e s t s d i f f e r e n t l y f rom t h e i r m o n o l i n g u a l p e e r s 
j i • '! 

i s s u g g e s t e d by the f a c t i t h a t , in* g e n e r a l , t h e r e i s a low 

c o r r e l a t i o n between a r i t h m e t i c andj d i g i t span s c o r e s and t h e 

performance s c a l e , and, f o r a r i t h m e t i c , a h i g h c o r r e l a t i o n w i t h the 

i n f o r m a t i o n and v o c a b u l a r y s u b t e s t s ( S a t t l e r , 1982, p p . 174, 179) . 

In the s tudy c a r r i e d out by Cummins, however , a r i t h m e t i c and d i g i t 

span were t h e h i g h e s t o f the v e r b a l s u b t e s t s c o r e s f o r ESL 

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

(Cummins, 1984a, p . 25 ) . 

C e r t a i n l y , i n n e a r l y a l l t h e sample assessments c i t e d by Cummins 

t h e r e was a d i s c r e p a n c y between t h e ; V I Q and t h e P IQ, t h e l a t t e r 

b e i n g h i g h e r than the former i n a l l c a s e s , w i t h many d i s c r e p a n c i e s 

6 T h i s argument w i t h r e s p e c t t o t h e r e l a t i v e ease w i t h wh ich 
mathemat ica l concepts can be u n d e r s t o o d v i s u a l l y w i l l be s u p p o r t e d 
below by data from another i n f l u e n t i a l s tudy c a r r i e d out by C o l l i e r 
(1987). For more i n s i g h t i n t o the mathematics achievement o f second 
language l e a r n e r s see Carey (1993c) . 
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i n the " s i g n i f i c a n t " range (around 19 p o i n t s ) as w e l l as s e v e r a l i n 

t h e "extreme" c a t e g o r y ( r a n g i n g from 32 t o 44 p o i n t s ) 7 . The p o i n t 

t h a t Cummins i s making i n t h i s a n a l y s i s , i s t h a t i f t h e s e s t u d e n t s 

c a n a c h i e v e w e l l on t h e s e per formance s u b t e s t s , t h e y s h o u l d 

c e r t a i n l y not be c o n s i d e r e d low i n g e n e r a l i n t e l l i g e n c e . On t h i s he 

and I a re i n p e r f e c t agreement. Something must be i n t e r f e r i n g w i t h 

t h e s e s t u d e n t s ' a b i l i t y t o p e r f o r m w e l l on t h e v e r b a l s u b t e s t s , 

however , a n d , as was d i s c u s s e d i n c h a p t e r 1, t h e r e i s no s h o r t a g e 

o f p o t e n t i a l i n t e r f e r i n g f a c t o r s . As n o t e d a b o v e , Cummins b e l i e v e s 

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

i t does seem l o g i c a l t h a t they s h o u l d p l a y an i m p o r t a n t r o l e . 

N e v e r t h e l e s s , an a l t e r n a t e e x p l a n a t i o n f o r t h e low s c o r e s on the 

v e r b a l s u b t e s t s of the WISC-R f o r E S L , s t u d e n t s may be t h a t , because 

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

v i s u a l s y s t e m , the a c t i v i t y o f the a u d i t o r y system i s r e d u c e d and 

t h e r e f o r e the p r o c e s s i n g o f i n f o r m a t i o n by means o f t h i s system i s 

l e s s e f f i c i e n t 8 . Some a n e c d o t a l e v i d e n c e s u p p o r t i n g t h i s 

7 I t s h o u l d be n o t e d j t h a t no s p e c i f i c r a n g e s f o r the 
s i g n i f i c a n t and extreme c a t e g o r i e s were g i v e n . The r a n g e s shown 
have been taken from comments made by a s s e s s o r s w i t h r e s p e c t t o 
c e r t a i n d i s c r e p a n c i e s . 

8 A l t h o u g h t h i s compensatory a c t i o n between s e n s o r y systems 
c o u l d be c o n s i d e r e d t o be a " b a l a n c e e f f e c t " o f s o r t s , i t has no 
k i n s h i p whatsoever w i t h the " b a l a n c e e f f e c t " h y p o t h e s i s o f 
Macnamara (1966), which s t a t e s t h a t , f o r b i l i n g u a I s , a development 
i n competence i n one language w i l l l e a d t o a decrease i n competence 
i n t h e o t h e r . However, the move t o g r e a t e r dependence on v i s u a l 
i n f o r m a t i o n g a t h e r i n g f o r the second language l e a r n e r does l e n d 
some suppor t t o Macnamara's (1974) s u g g e s t i o n t h a t n u r s e r i e s s h o u l d 
be u s e d as models f o r language c l a s s r o o m s i n t h a t " u s i n g f a c i a l 
e x p r e s s i o n s , exaggerated tones o f v o i c e , 1 g e s t u r e s and a c t i o n s " (p. 
92) as a mother does a u t o m a t i c a l l y w i t h h e r c h i l d s h o u l d a i d the 
second language l e a r n e r i n e n c o d i n g the meaning and sounds o f t h e 
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i n t e r p r e t a t i o n can be found i n comments made by b o t h t e a c h e r s and 

p s y c h o l o g i s t s d e s c r i b i n g the per formance o f s t u d e n t s recommended 

f o r a s s e s s m e n t . A p a r t f rom t h e u n i v e r s a l d i s c r e p a n c y i n VIQ and 

PIQ, s p e c i f i c r e f e r e n c e was made i n c e r t a i n c a s e s t o prob lems w i t h 

a u d i t o r y memory: 

a) He speaks I t a l i a n f l u e n t l y and E n g l i s h w e l l . . . . H i s 

a t t e n t i o n span i s v e r y s h o r t . He i s a lways v e r y e a s i l y 

d i s t r a c t e d . H i s a u d i t o r y memory and d i s c r i m i n a t i o n s k i l l s seem 

t o be below average but h i s v i s u a l memory i s b e t t e r , and h i s 

v i s u a l d i s c r i m i n a t i o n s k i l l s seem t o be f a i r l y g o o d . (p. 33) 

b) W h i l e she i s p r o g r e s s i n g i n E n g l i s h , she i s s t i l l b e h i n d , 

r e s u l t i n g i n a low o v e r a l l v e r b a l s c o r e . Per formance (score) 

was w i t h i n the average range and t h i s may w e l l be a measure o f 

t h e g i r l ' s p o t e n t i a l . . . . No r e a l d i s a b i l i t y i s o b v i o u s o t h e r 

t h a n a u d i t o r y memory and a r a t h e r i m p u l s i v e manner o f 

a t t a c k i n g h e r work. (pp. 52-53) 

c) H i s o n l y s t r e n g t h was speed i n c o p y i n g d e s i g n s . H i s 

a u d i t o r y memory i s q u i t e ' w e a k which may be h o l d i n g back h i s 

E n g l i s h deve lopment , (p. 54) 

S i n c e o n l y a s m a l l number of excerp ts from the r e f e r r a l and t e s t i n g 

documents were c i t e d , i t would be i n t e r e s t i n g t o f i n d out j u s t how 

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

d i s c r i m i n a t i o n d i f f i c u l t i e s a r e as they may be i n d i c a t i v e o f the 

f a c t t h a t the r o o t o f the " l i n g u i s t i c " prob lems f o r t h e s e s t u d e n t s 

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

l e a s t as f a r as speech i s c o n c e r n e d . 

A n o t h e r i n t e r e s t i n g f i n d i n g w i t h r e s p e c t t o V IQ/P IQ d i s c r e p a n c i e s 

brought out by Cummins d u r i n g h i s a n a l y s i s o f t h e s e r e s u l t s f o r ESL 

c h i l d r e n i s t h a t 

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

a r e c h a r a c t e r i z e d as s u f f e r i n g from a s p e c i f i c r e a d i n g 

d i s a b i l i t y , man i fes t low s c o r e s on t h e V e r b a l s u b t e s t s o f the 

WISC-R a l t h o u g h no impairment i s u s u a l l y d e t e c t a b l e i n the 

s u r f a c e a s p e c t s o f i n t e r p e r s o n a l communication s k i l l s , (p. 50) 

U s i n g t h e l o g i c t h a t a VIQ/PIQ d i s c r e p a n c y may denote a s h i f t i n 

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

f o r the problems exper ienced by t h e s e m o n o l i n g u a l s t u d e n t s i s t h a t 

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

s y s t e m . U n d o u b t e d l y , among the ESL s t u d e n t s , some o f t h e c a s e s o f 

the most extreme VIQ/PIQ d i s c r e p a n c i e s c i t e d by Cummins have been 

r e f e r r e d f o r t e s t i n g because o f r e a d i n g prob lems (see Cummins, 

1984a, p . 4 5 , c a s e s 9 and 11, and p p . 5 0 - 5 2 ) . As a consequence o f 

t h i s w e l l r e c o g n i z e d l i n k between VIQ/PIQ d i s c r e p a n c i e s and poor 

r e a d i n g a b i l i t y (see Cummins, 1984a, p p . 4 9 - 5 1 ) , i t seems 
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reasonab le t o assume t h a t any s i t u a t i o n which would promote such a 

d i s c r e p a n c y would a l s o tend t o p roduce r e d u c e d r e a d i n g a b i l i t y and 

h e n c e , p o o r academic ach ievement , among l e a r n e r s . T h i s p o i n t w i l l 

be t a k e n up a g a i n l a t e r . 

To r e t u r n t o the main th re a d o f t h i s d i s c u s s i o n , Cummins has shown 

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

p rob lems f o r i n t e r p r e t a t i o n because o f t h e p o s s i b i l i t y o f 

" l i n g u i s t i c " demands b i a s i n g r e s u l t s . I t i s p r e c i s e l y f o r t h i s 

reason t h a t many r e s e a r c h e r s use " n o n v e r b a l " measures o f c o g n i t i v e 

a b i l i t y f o r a s s e s s i n g second language l e a r n e r s . As R e y n o l d s (1991) 

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

a v a i l a b l e , some of them are "used much more f r e q u e n t l y than o t h e r s , 

f o r example the Peabody Picture Vocabulary Test and t h e Coloured 

Progressive Matrices" (pp. 159-160) . C l o s e r e x a m i n a t i o n o f the 

C o l o u r e d P r o g r e s s i v e M a t r i c e s t e s t shows t h a t , a p a r t f rom an 

i n i t i a l v e r b a l e x p l a n a t i o n , no language knowledge i s n e c e s s a r y t o 

comple te t h e t a s k s s i n c e they a r e based on t h e match ing o r 

c o m p l e t i o n o f v i s u a l l y p r e s e n t e d p a t t e r n s . R e y n o l d s (1991) n o t e s 

t h a t t h e b e s t c o r r e l a t i o n between t h i s t e s t and t h e Wechs le r 

P r e s c h o o l and P r i m a r y S c a l e o f I n t e l l i g e n c e i s found w i t h the 

P i c t u r e Complet ion s u b t e s t ( .43 ) , and t h a t " [ b ] e c a u s e a r e s p o n d e n t 

can adopt e i t h e r a v e r b a l / a n a l y t i c approach t o t h e t e s t o r s o l v e 

t h e m a t r i c e s th rough v i s u a l p e r c e p t u a l d i s c o v e r y , t h i s i s no t a 

• p u r e ' t e s t " (p. 161) . The f a c t t h a t many o f t h e c l a i m s f o r 

" c o g n i t i v e advantages" have been based on t h i s t e s t i s i n t e r e s t i n g , 
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therefore. Any putative advantages that may be emerging may simply 

be an a b i l i t y to process information more e f f i c i e n t l y through the 

v i s u a l system. Hence, whether or not t h i s constitutes an 

"advantage" rests on the c h a r a c t e r i s t i c s of the task to be 

analyzed. 

To summarize b r i e f l y , i t i s clear that second language researchers 

have recognized that second language learners are much more adept 

at t e s t s which have a minimal dependence on the target language 

and/or culture. What they may not have realized f u l l y i s the extent 

to which these t e s t s are dependent on an a b i l i t y to process 

information v i s u a l l y , and therefore the extent to which second 

language learners are adopting, whether consciously or 

unconsciously, a learning strategy which favours v i s u a l processing. 

(2) A study by Rafael Diaz on " B i l i n g u a l Cognitive Development" 

A prime example of a study, which claims to have discovered 

"cognitive" advantages for ESL students based i n part on CPM 

r e s u l t s , and one which rel a t e s to the debate on the Threshold 

Hypothesis proposed by Cummins (see Hawson, i n press-a), i s that 

conducted by Diaz (1985). In t h i s research, Diaz was s p e c i f i c a l l y 

interested i n t e s t i n g the e f f e c t of degree of bi l i n g u a l i s m on 

cognitive a b i l i t y , as well as exploring the cause-effect 

r e l a t i o n s h i p between the two. Arguing from the l o g i c of the 

Threshold Hypothesis, he drew up the following hypotheses: 
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As s u g g e s t e d by p r e v i o u s r e s e a r c h f i n d i n g s , i t was 

h y p o t h e s i z e d ' t h a t t h e r e e x i s t s a p o s i t i v e r e l a t i o n between 

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

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

p r o f i c i e n c y . No r e l a t i o n o r a n e g a t i v e r e l a t i o n was expec ted 

f o r c h i l d r e n o f low s e c o n d - l a n g u a g e p r o f i c i e n c y . I t was 

h y p o t h e s i z e d a l s o t h a t degree o f b i l i n g u a l i s m a t t ime 1 would 

p r e d i c t c o g n i t i v e a b i l i t i e s a t t ime 2, s u p p o r t i n g a c a u s e -

e f f e c t model i n which degree o f b i l i n g u a l i s m i s t h e c a u s a l 

f a c t o r a f f e c t i n g c h i l d r e n ' s c o g n i t i v e a b i l i t i e s , (p . 1378) 

The c h i l d r e n t e s t e d i n t h i s s tudy were H i s p a n i c i n b a c k g r o u n d , and 

were a t t e n d i n g k i n d e r g a r t e n and grade one c l a s s e s . They were 

d i v i d e d i n t o two g roups , a low E n g l i s h p r o f i c i e n c y (LEP) group and 
i 

a h i g h E n g l i s h p r o f i c i e n c y (HEP) group. Both groups had been p l a c e d 

i n b i l i n g u a l programs due t o t h e i r " i n a b i l i t y t o p a r t i c i p a t e i n 

mainstream c l a s s e s conducted i n E n g l i s h " (p. 1378) . They were n o t , 

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

P e a l and Lambert (1962) and o t h e r s t u d i e s which c o n s i s t e n t l y 

r e p o r t e d p o s i t i v e compar isons w i t h m o n o l i n g u a l p e e r s . S t u d e n t s i n 

the LEP group were indeed very low i n E n g l i s h a b i l i t y , the m a j o r i t y 

of them a t the beg inn ing of the s c h o o l y e a r b e i n g a b l e t o "produce 

o n l y i s o l a t e d E n g l i s h words , as judged by t h e i r per fo rmance on a 

s t o r y - r e t e l l i n g t a s k , " w h i l e the HEP group " c o u l d p r o d u c e comple te 

s e n t e n c e s but o n l y few w i t h c o r r e c t use o f p r e p o s i t i o n s and v e r b 

t e n s e " ( D i a z , 1985, p. 1378) . 
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T e s t s o f c o g n i t i v e a b i l i t y were a d m i n i s t e r e d t o the c h i l d r e n on two 

separa te o c c a s i o n s , one a t the b e g i n n i n g and one a t t h e end o f the 

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

t h r e e o f m e t a l i n g u i s t i c awareness , and t h e CPM t e s t . The r e s u l t s 

were i n d e e d i n t e r e s t i n g and complex . However, i t s u f f i c e s h e r e t o 

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

i s c a u s a l i n i t s e f f e c t on c o g n i t i v e a b i l i t y as i t was d e f i n e d by 

t h e t e s t s , and t h a t , w i t h i n bo th the LEP and t h e HEP g r o u p s , 

E n g l i s h p r o f i c i e n c y a t t ime 1 p r e d i c t e d s i g n i f i c a n t p r o p o r t i o n s o f 

the CPM t e s t performance a t t ime 2 (p<.001 and p<.01 r e s p e c t i v e l y ) . 
i i 

In h i s summary, D iaz commented: 

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

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

p r o f i c i e n c y . On the o ther hand, the r e l a t i o n between degree o f 

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

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

(p.1384) 

He n o t e d l a t e r (Diaz and K l i n g e r , 1991, p . 178) t h a t t h i s 

a t t e n u a t i o n i n the p r e d i c t i v e a b i l i t y ! o f degree o f b i l i n g u a l i s m f o r 

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

l o n g i t u d i n a l s t u d y by Hakuta (1987) . T h u s , t h e p r e d i c t i o n s o f 

Cummins' T h r e s h o l d H y p o t h e s i s were no t s u p p o r t e d by D i a z ' s s t u d y , 

nor H a k u t a ' s . In f a c t , the r e s u l t s were q u i t e t h e r e v e r s e o f 

e x p e c t a t i o n s . As f a r as the c o n c l u s i o n w i t h r e s p e c t t o t h e 
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d i r e c t i o n o f t h e c a u s a l arrow i s c o n c e r n e d , t h i s can be e x p l a i n e d 

by t h e dependency o f t h e t e s t s on v i s u a l p r o c e s s i n g a b i l i t y , an 

argument which w i l l be e l a b o r a t e d be low. 

Though the v a l i d i t y o f these r e s u l t s was marred by the i n t e r f e r e n c e 

o f s o c i o e c o n o m i c v a r i a b l e s w i t h degree o f b i l i n g u a l i s m i n between 

group compar isons (a c o n f o u n d i n g which D i a z a t t r i b u t e d t o 

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

r e s i d e n c e i n the U n i t e d S t a t e s , and degree o f s t a b i l i t y i n t h i s 

h i g h l y mobi le p o p u l a t i o n ) , the r e s u l t s o f w i t h i n group compar isons 

were c o n v i n c i n g enough t o l e a d him t o f o r m u l a t e a new t h r e s h o l d 

h y p o t h e s i s , "namely , t h a t degree o f b i l i n g u a l i s m w i l l p r e d i c t 
: ' I i ' ! 'I 

s i g n i f i c a n t p r o p o r t i o n s o f c o g n i t i v e v a r i a n c e o n l y before a c e r t a i n 

l e v e l o f s e c o n d - l a n g u a g e p r o f i c i e n c y has been a c h i e v e d " ( D i a z , 
j ; 

1985, p . 1386) . D iaz summarized t h e two t h r e s h o l d h y p o t h e s e s 

g r a p h i c a l l y as shown i n f i g u r e s 3.3 and 3.4 (p. 314 ) . I t i s 

immediate ly e v i d e n t t h a t the shape o f the g r a p h i c r e p r e s e n t a t i o n o f 

D i a z ' s t h r e s h o l d h y p o t h e s i s i s v e r y much i n k e e p i n g w i t h t h a t o f 

the s h i f t i n i n f o r m a t i o n p r o c e s s i n g h y p o t h e s i s i n f i g u r e 3 . 1 . T h i s 

correspondence between the two graphs may h i g h l i g h t an i n f o r m a t i o n 

p r o c e s s i n g answer t o a q u e s t i o n r a i s e d by D i a z i n h i s summar iz ing 

comments, and r e p e a t e d by Hakuta a few y e a r s l a t e r : 
i 

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

b i l i n g u a l i s m f o s t e r s the development o f c o g n i t i v e a b i l i t i e s , 

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

• ! I 
l 
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l e a r n i n g . These f i n d i n g s , a l though impor tan t , a re o n l y a f i r s t 

s tep i n unders tand ing the i s s u e s a t hand. The q u e s t i o n remains 

as t o how b i l i n g u a l i s m a f f e c t s c o g n i t i v e a b i l i t i e s , e s p e c i a l l y 

when c o g n i t i v e a b i l i t y i s measured by performance on nonverba l 

t e s t s such as the R a v e n ' s P r o g r e s s i v e M a t r i c e s [CPM]. ( D i a z , 

1985, p . 1387) 

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

a c t i v i t y , have an impact on nonverba l c o g n i t i v e a c t i v i t i e s and 

not on m e t a l i n g u i s t i c per formance? (Hakuta , 1987, p . 1385) 

In r e s p o n s e t o h i s own q u e s t i o n , D i a z l a t e r d e v e l o p e d an 

e x p l a n a t o r y model o f the i n t e r a c t i o n between b i l i n g u a l i s m and 

c o g n i t i v e development (Diaz & K l i n g e r , 1991) . To t h a t same 

q u e s t i o n , however , the s h i f t i n i n f o r m a t i o n p r o c e s s i n g h y p o t h e s i s 

would p r o p o s e t h a t , f o r s t u d e n t s newly immersed i n l e a r n i n g a 

l a n g u a g e , t h e p r o p e n s i t y t o depend on t h e v i s u a l system f o r the 

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

who a l r e a d y have a work ing knowledge o f t h e l a n g u a g e . As a r e s u l t 

o f t h i s , t h e i r s c o r e s on a t e s t such as t h e CPM w h i c h , i t has been 

a r g u e d , a s s e s s e s t h e i r a b i l i t y t o a n a l y z e prob lems v i s u a l l y would 

be o n l y i n d i r e c t l y r e l a t e d t o t h e i r degree o f b i l i n g u a l i s m . The 

p o s t u l a t e d " b e n e f i t s " which have been o b s e r v e d would t h e n come 

about i n t h e f o l l o w i n g way: the low l e v e l o f a b i l i t y i n (and 

p a r t i c u l a r l y the low comprehension of ) the language c a u s e s an 

i n c r e a s e i n a t t e n t i o n a l l o c a t i o n t o the v i s u a l s y s t e m , and t h i s i n 
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t u r n causes an apparent i n c r e a s e i n " c o g n i t i v e " a b i l i t y if this is 

measured using tests dependent on or analyzable by visual analysis 

of tasks. S i n c e the boost i n a t t e n t i o n t o t h e v i s u a l system s h o u l d 

be o n l y temporary due t o the temper ing o f t h e a t t e n t i o n e f f e c t by 

t h e g r a d u a l i n c r e a s e i n language a b i l i t y , s l o w l y but s u r e l y the 

b e n e f i t s i n v i s u a l ( "cogn i t i ve" ) p r o c e s s i n g shou ld d e c r e a s e , though 

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

a u d i t o r y systems r e t u r n t o p r e - s e c o n d - l a n g u a g e l e v e l s i s u n c e r t a i n . 

Data on ESL s t u d e n t s ' academic achievement t o be examined next t e n d 

t o argue a g a i n s t such a r e t u r n (see* C o l l i e r , 1987 and t h e 

argumentat ion i n s e c t i o n 3) , as do some d a t a on t h e per formance o f 

b i l i n g u a l s on a S t r o o p t e s t (Biederman & T s a o , 1979; see b e l o w ) . 

Thus , the t a p e r i n g o f f o f " c o g n i t i v e " b e n e f i t s f o r the HEP group i n 

D i a z ' s s t u d y may r e f l e c t a t ano ther l e v e l the t a p e r i n g o f f o f the 
i. 

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

i n c r e a s e i n speech comprehens ion . 

What i s b e i n g sugges ted , o f c o u r s e , i s t h a t the observed " c o g n i t i v e 

a d v a n t a g e s " a r e e v i d e n c e d because o f how c o g n i t i o n and advantage 

have been d e f i n e d by the t e s t , land a r e t h e r e f o r e c i r c u l a r i n t h e i r 

c o n c e p t i o n and u n h e l p f u l i n t h e i r e x p l a n a t o r y power . 

(3) The "Age and Rate o f A c q u i s i t i o n o f Second Language f o r 

Academic P u r p o s e s " s t u d y by V i r g i n i a C o l l i e r (1987) 

T h i s s t u d y " a n a l y z e d the l e n g t h o f t ime r e q u i r e d f o r 1,548 

a d v a n t a g e d l i m i t e d E n g l i s h p r o f i c i e n t (LEP) s t u d e n t s t o become 
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p r o f i c i e n t i n E n g l i s h f o r 1 academic; p u r p o s e s w h i l e r e c e i v i n g 

i n s t r u c t i o n i n E n g l i s h i n a l l s u b j e c t a r e a s " ( C o l l i e r , 1987, p . 

617) . I t was an Amer ican s t u d y which was i n t e n d e d t o t e s t the 

v a l i d i t y o f the BICS/CALP d ichotomy o f language p r o f i c i e n c y 

proposed by Cummins, and i t s g e n e r a l c o n c l u s i o n s suppor ted Cummins' 

t h e o r i z i n g . What were a n a l y z e d were d a t a on t h e academic 

ach ievement o f t h e s e s t u d e n t s i n s e v e r a l s u b j e c t a r e a s a t v a r i o u s 

g r a d e s , and the r e s u l t s were broken down t o show how Age on A r r i v a l 

(AOA) and Length o f R e s i d e n c e (LOR) a f f e c t e d per fo rmance (see p p . 

628 and 629 f o r g r a p h i c r e p r e s e n t a t i o n s o f t h e r e s u l t s ) . One v e r y 

i n t e r e s t i n g and unexpected outcome o f t h e s t u d y was t h e f i n d i n g 
i 

t h a t LEP s tudents d i d extremely w e l l i n m a t h e m a t i c s . C o l l i e r no ted 

t h a t "Math achievement o f ESL g r a d u a t e s i n t h e 11th g rade was much 

h i g h e r than 11th grade achievement i n o ther s u b j e c t a r e a s , r e a c h i n g 

above n a t i o n a l averages (53rd-59th NCEs) but s t i l l lower than 4 t h - , 

6 t h - , and 8 t h - g r a d e LEP s t u d e n t s math ach ievement" (p. 631) , and 

l a t e r commented: 

I t i s encouraging t h a t advantaged 9 LEP s tuden ts can p e r f o r m so 

w e l l i n mathemat ics , even when p o r t i o n s o f t h e exam i n c l u d e 

9 I t s h o u l d be noted t h a t the meaning o f the term "advantaged" 
here i s s p e c i f i c t o the c o n t e n t o f t h e s t u d y . C o l l i e r e x p l a i n e d 
t h a t "approx imate ly 65% o f the subset o f language m i n o r i t y s t u d e n t s 
who r e c e i v e d s p e c i a l ESL i n s t r u c t i o n q u a l i f i e d f o r f r e e o r r e d u c e d -
p r i c e l u n c h e s , i n d i c a t i n g t h a t upon e n t r y , a m a j o r i t y o f t h e s e 
s t u d e n t s came from low- income f a m i l i e s as measured by U . S . 
s tandards" (p. 620) . The advantaged d e s i g n a t i o n seems t o have been 
d e c i d e d upon i n c o n s i d e r a t i o n o f the f a c t t h a t t h e m a j o r i t y o f 
t h e s e immigrant f a m i l i e s were i n the u p p e r - o r m i d d l e - i n c o m e 
c a t e g o r y i n t h e i r c o u n t r y o f o r i g i n . 
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math concepts and problem s o l v i n g / which r e l y more h e a v i l y on 

language s k i l l s . A l t h o u g h the remarkab ly h i g h mathemat ics 

achievement was the e x c e p t i o n t o o t h e r c o n t e n t - a r e a 

a c h i e v e m e n t , ESL g r a d u a t e s ' s c o r e s s t i l l f o l l o w e d t h e same 

p a t t e r n as t h a t found i n the o t h e r f o u r c o n t e n t - a r e a t e s t s , 

(p. 637) 

Even more i n t e r e s t i n g than the h i g h achievement i n mathemat ics was 

the f a c t t h a t t h e r e was a c o r r e l a t i o n i n the p a t t e r n o f mathematics 

r e s u l t s a c r o s s a l l grades (with t h e s l i g h t e x c e p t i o n a l r e a d y no ted 

f o r g rade 11 s t u d e n t s ) . Not o n l y were t h e math r e s u l t s f a r h i g h e r 
i 

than the r e s u l t s i n o ther areas f o r a l l grades as C o l l i e r remarked, 

but f o r t h e 4 t h , 6 t h , and 8th g rades t h e s c o r e s were a t t h e i r 

h i g h e s t average f o r s t u d e n t s w i t h the s h o r t e s t LOR, 1-2 y e a r s . 

F u r t h e r m o r e , as the LOR i n c r e a s e d , t h e average s c o r e s s l o w l y 

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

o t h e r s u b j e c t a r e a s . 

The e x p l a n a t i o n t o the c o r r e l a t e d p a t t e r n i n g o f t h e s e r e s u l t s f o r 
• 1 I 

mathemat ics may b e , f i r s t , t h a t due t o t h e dependency o f 

mathemat ics on u n i v e r s a l l y i r e c o g n i z a b l e c o n c e p t s m a n i p u l a b l e 

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

means o f v i s u a l system p r o c e s s i n g , and s e c o n d , t h a t , i n k e e p i n g 

w i th the s h i f t i n i n f o r m a t i o n p r o c e s s i n g towards t h e v i s u a l system 

h y p o t h e s i s , s tudents who are new t o the count ry and u n f a m i l i a r w i t h 

t h e language p r o c e s s i n f o r m a t i o n p r e f e r e n t i a l l y v i a t h e v i s u a l 
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system, e s p e c i a l l y d u r i n g the i n i t i a l few y e a r s i n t h e c o u n t r y but 

p e r h a p s on a c o n t i n u i n g b a s i s . The j u s t i f i c a t i o n f o r s u g g e s t i n g 
i 
i 

t h a t the p r e f e r e n c e shown t o v i s u a l p r o c e s s i n g c o n t i n u e s beyond the 

f i r s t two y e a r s comes from t h e e v i d e n c e t h a t n o t o n l y do t h e s e 

s t u d e n t s c o n t i n u e t o do w e l l i n mathemat ics , but t h a t r e a d i n g 

s c o r e s are c o n s i s t e n t l y the lowest o f a l l academic measures t e s t e d 

no m a t t e r what the LOR o f the s t u d e n t s . G i v e n t h e l i n k between 

V I Q / P I Q d i s c r e p a n c i e s and poor r e a d i n g a b i l i t y f o r m o n o l i n g u a l 

s t u d e n t s , i t seems r e a s o n a b l e t o p r o p o s e t h a t t h e poor r e a d i n g 

ach ievement may be i n d i c a t i v e o f a c o n t i n u i n g d i s c r e p a n c y o f t h i s 

s o r t f o r t h e ESL s t u d e n t s . Thus the p a t t e r n o f r e s u l t s f o r t h e s e 

s t u d e n t s would t e n d t o s u p p o r t a d e v e l o p m e n t a l pathway f o r 

i n f o r m a t i o n p r o c e s s i n g i n keep ing w i th the g e n e r a l p a t t e r n shown i n 

f i g u r e 3 . 1 . 

To speak t o C o l l i e r ' s comments w i t h r e s p e c t t o t h e n e c e s s i t y o f 

some language s k i l l s i n problem s o l v i n g , the amount and t y p e o f 

language used i n mathemat ics problems t e n d t o be v e r y l i m i t e d and 

would e a s i l y be l e a r n e d g i v e n adequate m o t i v a t i o n , t h e s o r t and 

amount o f m o t i v a t i o n which might v e r y w e l l be s p a r k e d by i n i t i a l 

s u c c e s s i n t h e s u b j e c t a rea w i t h i t s consequent t e a c h e r and 

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

m a t h e m a t i c a l c o n c e p t s which t h e s t u d e n t s would u n d o u b t e d l y t a k e 

i n t o t h e c l a s s r o o m a t whatever the grade l e v e l o f e n t r y i n t o the 

c o u n t r y would r e d u c e the i n f o r m a t i o n p r o c e s s i n g l o a d , f r e e i n g up 

the h i g h a t t e n t i o n , c a p a c i t y - l i m i t e d i n f o r m a t i o n p r o c e s s i n g system 
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t o t a c k l e b o t h the language and t h e p a r t i c u l a r m a t h e m a t i c a l 

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

a rea chosen by Lambert and Tucker i n t h e i r 1972 s t u d y o f immersion 

s t u d e n t s was mathemat ics p r e c i s e l y because i t was a "nonlanguage 

s u b j e c t ma t te r " (p. 152) . In t h e i r summary o f t h e f i n d i n g s on the 

grade 2 c l a s s e s , they commented: "What was p a r t i c u l a r l y i n t e r e s t i n g 

about the comparison was t h a t the P i l o t and F o l l o w - u p E x p e r i m e n t a l 

c l a s s e s s c o r e d as w e l l as the E n g l i s h c o n t r o l s on problem 

a r i t h m e t i c and s i g n i f i c a n t l y b e t t e r on c o m p u t a t i o n a l a r i t h m e t i c " 

(p . 105) . 

That the exper imenta l c l a s s e s d i d b e t t e r than t h e E n g l i s h c o n t r o l s 

i n c o m p u t a t i o n a l a r i t h m e t i c would have been p r e d i c t e d by the 

p r e m i s e s o u t l i n e d above , namely t h a t m a t h e m a t i c s , e s p e c i a l l y the 

language r e d u c e d components, i s a c o n t e n t a r e a which i s e a s i l y 

a n a l y z a b l e v i s u a l l y , and t h a t second language l e a r n e r s i n immersion 

c i r c u m s t a n c e s d e v e l o p a h e i g h t e n e d c a p a b i l i t y t o p r o c e s s 
1 

i n f o r m a t i o n by means of the v i s u a l s y s t e m . 
i 

(4) A no te on b i l i n g u a l s ' per formance on the S t r o o p t e s t 

A s e a r c h f o r d a t a which might speak more d i r e c t l y t o t h e v i s u a l 

p r o c e s s i n g a b i l i t i e s of b i l i n g u a l s brought up an i n t e r e s t i n g s t u d y 

on the St roop e f f e c t . The study i t s e l f (Biederman & T s a o , 1979) was 

concerned w i t h the d i f f e r e n c e s i n p r o c e s s i n g Ch inese ideographs and 
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E n g l i s h words under S t r o o p c o n d i t i o n s 1 0 . In t r y i n g t o e x p l a i n the 

r e s u l t s o b t a i n e d , the au thors examined da ta from two exper iments by 

d i f f e r e n t a u t h o r s i n which t h e r e were f i v e d i s t i n c t g roups o f 

b i l i n g u a l s u b j e c t s o f a p p r o x i m a t e l y e q u a l p r o f i c i e n c y i n both 

l a n g u a g e s . T h e i r c o n c l u s i o n s were t h a t " b i l i n g u a l s g e n e r a l l y show 

less S t r o o p - t e s t i n t e r f e r e n c e than m o n o l i n g u a l c o n t r o l s " (p . 128) . 

S i n c e t h i s a b i l i t y t o p e r f o r m t h e S t r o o p t e s t more q u i c k l y than 

m o n o l i n g u a l s means t h a t the b i l i n g u a l s a r e r e a d i n g t h e word and 

then s u p p r e s s i n g i t more q u i c k l y , i t may c o n s t i t u t e a s m a l l p i e c e 

o f e v i d e n c e t h a t b i l i n g u a l s can in d e e d p r o c e s s c e r t a i n k i n d s o f 

v i s u a l i n f o r m a t i o n more q u i c k l y than m o n o l i n g u a l s even a f t e r 
: 1 l l 

becoming f l u e n t l y b i l i n g u a l . L i k e w i s e , the s h i f t i n i n f o r m a t i o n 1 i i 
p r o c e s s i n g s t r a t e g y h y p o t h e s i s may b r i n g g r e a t e r i n s i g h t i n t o why 

i t i s t h a t b i l i n g u a l s have t h i s a b i l i t y . 

1 0 The normal S t r o o p t e s t c o n s i s t s o f t r y i n g t o name t h e 
c o l o u r o f a p a r t i c u l a r p r i n t e d word when the c o l o u r e d i n k s p e l l s 
t h e name o f a c o n f l i c t i n g c o l o u r . T h i s c o n d i t i o n u s u a l l y b r i n g s 
about a r e d u c t i o n i n speed o f r e s p o n s e due t o t h e i n t e r f e r e n c e 
e f f e c t o f t h e p r i n t e d word. 
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3.4 R e l e v a n c e and I m p l i c a t i o n s o f the S h i f t i n I n f o r m a t i o n 

P r o c e s s i n g S t r a t e g y H y p o t h e s i s f o r Second Language L e a r n i n g and 

Academic Achievement 

3.4.1 G e n e r a l i m p l i c a t i o n s 

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

p r o c e s s i n g s t r a t e g y h y p o t h e s i s p resented i n the p r e v i o u s s e c t i o n i s 

by no means c o n c l u s i v e , i t does lend some suppor t t o the c o n t e n t i o n 

t h a t s e c o n d language l e a r n e r s i n immersion s i t u a t i o n s d e v e l o p an 

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

s y s t e m , and t h a t t h i s l e a d s t o both an enhancement o f t h e a b i l i t y 

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

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

The importance o f such an i n s i g h t stems from t h e d i a g n o s t i c v i s i o n 

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

i n t e g r a t i v e n a t u r e o f b r a i n p r o c e s s i n g , any a l t e r a t i o n i n the 

ba lance o f the c o n t r i b u t i o n s of the v a r i o u s sensory m o d a l i t i e s w i l l 

have r e p e r c u s s i o n s on what i s l ea rned and how w e l l t h a t l e a r n i n g i s 

encoded . Knowing which systems a r e l i k e l y t o be a f f e c t e d under 

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

w h i c h k i n d s o f s t r e n g t h s and d i f f i c u l t i e s may o c c u r a t the 

b e h a v i o u r a l , l e v e l . On the p o s i t i v e s i d e o f t h i n g s , due t o the 

i n c r e a s e i n a c t i v a t i o n o f the system r e s u l t i n g from i n c r e a s e d 

a t t e n t i o n a l l o c a t i o n , second language l e a r n e r s i n immersion 
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s i t u a t i o n s may be expec ted as a group t o be e x c e p t i o n a l l y good a t 

s u b j e c t s o r a c t i v i t i e s which can be a c c o m p l i s h e d by v i s u a l 

a n a l y s i s , f o r example, a t mathemat ics , c o m p u t e r i z e d l e a r n i n g , a r t , 

and v i s u a l o b s e r v a t i o n t a s k s o f any k i n d . On t h e n e g a t i v e s i d e , 

they shou ld be expected t o behave as i f t h e y a r e a l i t t l e "hard o f 

h e a r i n g " as s u g g e s t e d by K o s s l y n and K o e n i g (1992, p . 222) a n d / o r 

i n a t t e n t i v e t o a u d i t o r y i n s t r u c t i o n s ; t h e y would a l s o be e a s i l y 

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

r o u t e and perhaps g i v e n t o "daydreaming" , t h a t i s w i t h d r a w a l o f 

a t t e n t i o n f rom e x t e r i o r s e n s o r y i n p u t because t o o much o f i t i s 

u n f a m i l i a r . A t a more s e r i o u s l e v e l f o r academic ach ievement , 

however , a pronounced imbalance between v i s u a l and a u d i t o r y 

p r o c e s s i n g would p r e d i c t a b l y have an e f f e c t on r e a d i n g which has 

been shown t o depend on both a u d i t o r y and v i s u a l system p r o c e s s i n g . 

Though t h e o r i g i n a l n o t i o n p u t fo rward by A l v i n L i b e r m a n , among 

o t h e r s , i n t h e l a t e s i x t i e s and e a r l y s e v e n t i e s t h a t the 

a c q u i s i t i o n o f r e a d i n g r e q u i r e s some e x p l i c i t r e p r e s e n t a t i o n o f the 

p h o n o l o g i c a l s t r u c t u r e of u t t e r a n c e s was r e c e i v e d w i t h s c e p t i c i s m , 

K l ima (1991) notes t h a t more r e c e n t l y " i t has come t o be c o n s i d e r e d 

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

r e a d i n g and l e a r n i n g t o r e a d " (p. 4 1 4 ) 1 1 . The i n i t i a l v i s u a l i n p u t 

s t i m u l a t e s p r o c e s s i n g i n two d i s t i n c t r o u t e s , c a l l e d the 

p h o n o l o g i c a l and semant ic systems by H i n t o n e t a l . (1993): "Two 

pathways i n the b r a i n are r e s p o n s i b l e f o r the mental p r o c e s s i n g and 

1 1 I t shou ld be noted t h a t K l i m a ' s c l a i m would o n l y be r e l e v a n t 
t o a l p h a b e t i c w r i t i n g s y s t e m s . ! 1 

323 



p r o n u n c i a t i o n o f w r i t t e n words . One ( the p h o n o l o g i c a l route ) 

d e r i v e s p r o n u n c i a t i o n from s p e l l i n g , the o ther (the semant ic route ) 

f rom meaning" (p. 7 8 ) . 

A n o t h e r v e r s i o n o f the p r o c e s s i n g o f w r i t t e n words , however , has 

i n f o r m a t i o n from bo th a u d i t o r y and v i s u a l word form r o u t e s b e i n g 

i n t e g r a t e d w i t h i n the "semant ic sys tem" (see McShane, 1991, p . 289 

f o r a g r a p h i c r e p r e s e n t a t i o n o f the two r o u t e s ; a n d , f o r a more 

complex v e r s i o n , see K o s s l y n and K o e n i g , 1992, p . 192) . In r e c e n t 

t i m e s , c o n s i d e r a b l e e v i d e n c e has accumula ted f rom s t u d i e s o f 

a c q u i r e d d y s l e x i a and c h i l d r e n w i t h r e a d i n g d i f f i c u l t i e s t h a t the 

p h o n o l o g i c a l r o u t e i s ex t r eme ly impor tan t i n the development of 

good r e a d i n g (see McShane, 1991, p p . 306-315) , and i t has been 

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

p h o n o l o g i c a l awareness . B e r t e l s o n and de G e l d e r (1991) have noted 

no t o n l y t h a t o r t h o g r a p h i c r e p r e s e n t a t i o n i n f l u e n c e s how l i t e r a t e 

p e o p l e r e p r e s e n t spoken language l e a d i n g t o phenomena such as 

" ' s p e l l i n g p r o n u n c i a t i o n ' , i n which the p r o n u n c i a t i o n o f words w i t h 

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

match w i th the o r t h o g r a p h i c r e p r e s e n t a t i o n " (p. 406) , but a l s o t h a t 

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

p e r c e p t i o n a c c o r d i n g t o the d i r e c t i o n o f t h e w r i t i n g system o f the 

language. These examples once a g a i n i l l u s t r a t e t h a t a u d i t o r i l y and 

v i s u a l l y encoded i n f o r m a t i o n a r e h i g h l y i n t e r a c t i v e i n language 

p e r c e p t i o n . 
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Hence , l e a r n e r s who f a i l t o encode the p h o n o l o g i c a l a s p e c t s o f a 

language adequate ly may be i n d o u b l e j e o p a r d y l i n g u i s t i c a l l y ; t h a t 

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

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

t h e i r p e r c e p t i o n o f l a n g u a g e . Of c o u r s e , not all second language 

l e a r n e r s i n immersion s i t u a t i o n s w i l l become poor r e a d e r s . A f t e r 

a l l , even s tudents w i th h e a r i n g impairments can l e a r n t o read w e l l . 

N e v e r t h e l e s s , as was ment ioned above , t h e r e i s e v i d e n c e i n 

C o l l i e r ' s s tudy (1987) t h a t r e a d i n g achievement f o r ESL l e a r n e r s i s 

low, i n d e e d , the lowest o f a l l achievement measures r e c o r d e d , w e l l 

below s c h o o l system means, a c r o s s a l l g r a d e s even a f t e r f o u r t o 

f i v e y e a r s r e s i d e n c e i n the c o u n t r y . N e i t h e r shou ld i t be sugges ted 

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

i n language. But if they do, a t l e a s t one p o t e n t i a l r o u t e t o b e t t e r 

per formance , a t tempt ing t o i n c r e a s e p h o n o l o g i c a l awareness i n t h e s e 

s t u d e n t s , i s s i g n - p o s t e d . 
i i 

3 . 4 .2 On the i n t e r f e r e n c e e f f e c t s o f s o c i o c u l t u r a l f a c t o r s 

A l t h o u g h a s h i f t i n i n f o r m a t i o n p r o c e s s i n g towards t h e v i s u a l may 

e x p l a i n why many second language l e a r n e r s i n immers ion s i t u a t i o n s 

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

s t u d e n t s , i t does not e x p l a i n why t h e r e a r e d i f f e r e n c e s i n 

ach ievement among the former g r o u p . In o r d e r t o e x p l i c a t e t h e s e 

e f f e c t s , s o c i o c u l t u r a l f a c t o r s of the type d i s c u s s e d p r e v i o u s l y f o r 

m a j o r i t y and m i n o r i t y second language l e a r n e r s must be c a l l e d upon. 
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It should be evident, nevertheless, that; these sociocultural 
factors are in intimate interaction with ling u i s t i c factors due to 
their determination of not only the quantity and type of input 
available to the learner, but also where attention i s directed. In 
the case of majority group second language learners, the prevalence 
of their f i r s t language as well as the value accorded to i t by the 
society at large would tend to counterbalance any swing towards 
visual processing which is automatically initiated during class 
time. For the minority student, however, the reduced ava i l a b i l i t y 
combined with the experienced lack of importance or meaningfulness 
of the native tongue within the community would promote the 
allocation of attention towards the learning and use of the second, 
more socially meaningful language. What is being suggested, 
therefore, i s that the learning of the high value of the majority 
language coupled with the learning of the lack of worth of their 
f i r s t language which would be absorbed through myriad societal 
interactions, including educational, i s encoded "inside the head" 
of these students in a very real way, and causes them to turn their 
attention away from the learning of their own f i r s t language. Both 
these sociocultural factors, then, would consolidate the tendency 
to process information preferentially via the visual system, a 
tendency which, i t has been argued, i t would be better to avoid i f 
high academic achievement i s sought after. From a sociocultural 
perspective, therefore, i t would seem particularly important for 
the school system to promote the upkeep of the f i r s t language and 
culture of minority students as a general ploy for tempering or 

• 326 



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

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

C o r r o b o r a t i o n o f the wisdom o f t h i s approach can be found i n the 

academic s u c c e s s o f the p r i v a t e b i l i n g u a l Cuban e t h n i c s c h o o l s i n 

Dade County , F l o r i d a . G a r c i a and Otheguy (1985) found t h a t , as w e l l 

as employ ing " v e r y e x t e n s i v e use o f S p a n i s h " (p. 1 1 ) , 

t h e s e s c h o o l s p r o v i d e c o n t i n u i t y between t h e home and the 

s c h o o l by r e c o g n i z i n g and r e s p e c t i n g n o t o n l y t h e c h i l d ' s 

language but a l s o , most i m p o r t a n t l y , t h e p a r e n t ' s c u l t u r e and 

b e h a v i o u r a l norms. What these s c h o o l s " s e l l " t o p a r e n t s , t h e n , 

i s a sound and familiar e d u c a t i o n , (p. 12) 

From t h e i n f o r m a t i o n p r o c e s s i n g p e r s p e c t i v e , t h i s would indeed 

a p p e a r t o be a sound p l a n , s i n c e t h e abundance o f f a m i l i a r i n p u t 

and the e v i d e n t emphasis on the worth o f t h e language and c u l t u r e 

o f the s tudents would not o n l y enab le the c h i l d r e n t o p r o c e s s much 

o f t h e i n f o r m a t i o n v i a the low a t t e n t i o n demanding r o u t e , f r e e i n g 

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

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

a l l o c a t e a t t e n t i o n t o the l e a r n i n g of t h e i r own language w h i l e a l s o 

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

a t t e n t i o n a l swing t o the v i s u a l s y s t e m . 

Is the answer t o h e l p i n g second language s t u d e n t s a c h i e v e b e t t e r , 
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t h e n , s i m p l y t o l o a d up the s c h o o l and c l a s s r o o m w i t h c u l t u r a l l y 

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

language? I t would be n i c e i f the problem were t h a t e a s i l y s o l v e d . 

U n f o r t u n a t e l y , t h e r e i s no one answer which would s a t i s f y the g r e a t 

d i v e r s i t y o f second language group s i t u a t i o n s . F o r one t h i n g , i n 

i n n e r c i t y s c h o o l s i n bo th Canada and the U n i t e d S t a t e s , t h e r e i s 

no one language o r c u l t u r e common t o a l l t h e ESL s t u d e n t s . In 

C o l l i e r ' s (1987) s t u d y , f o r example, the d a t a g a t h e r e d i d e n t i f i e d 

75 d i f f e r e n t languages and over 100 c o u n t r i e s o f o r i g i n f o r the 

approx imate ly 1500 s tuden ts i n c l u d e d . To t r y t o do j u s t i c e t o even 
l 

a few o f t h e s e c u l t u r a l and l i n g u i s t i c backgrounds w i t h i n a 

c l a s s r o o m o r a s c h o o l would be a l o g i s t i c a l n i g h t m a r e . But t h e 

b a s i c p r e m i s e o f t h i s d i s s e r t a t i o n i s t h a t , by a p p r o a c h i n g the 

s t u d y o f second language l e a r n i n g from a c o m p u t a t i o n a l 

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

u n d e r s t a n d i n g o f the f a c t o r s i n v o l v e d i n second language l e a r n i n g 

can be ga ined so t h a t problems which have r e s i s t e d s o l u t i o n from a 

more t r a d i t i o n a l approach can be brought t o h e e l . The q u e s t i o n t h a t 

must be posed i s the f o l l o w i n g : How can t h e c o n n e c t i o n i s t 

p e r s p e c t i v e h e l p the second language immersion s t u d e n t i n the more 

r e p r e s e n t a t i v e m u l t i - e t h n i c c l a s s r o o m ? Some r e s p o n s e s t o t h i s 

q u e s t i o n w i l l be forwarded i n the next s e c t i o n . 

3.4.3 G e n e r a l recommendations f o r a i d i n g second language l e a r n i n g 

i n immers ion s i t u a t i o n s based on t h e s h i f t i n i n f o r m a t i o n 

p r o c e s s i n g s t r a t e g y h y p o t h e s i s 
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S i n c e the b a s i c p r e m i s e o f the s h i f t i n i n f o r m a t i o n p r o c e s s i n g 

s t r a t e g y h y p o t h e s i s i s t h a t second language l e a r n e r s i n immersion 

s i t u a t i o n s w i l l b e g i n t o depend more on v i s u a l p r o c e s s i n g o f 

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

t h a t t h i s dependency may become a l o n g term s t r a t e g y which works 

a g a i n s t academic achievement by a f f e c t i n g r e a d i n g a b i l i t y , the 

e s s e n t i a l prob lem t o be a d d r e s s e d here i s how t o temper the s h i f t 

t o v i s u a l p r o c e s s i n g . The answer t o t h a t q u e s t i o n does no t l i e i n 

d i s c o u r a g i n g the use o f the v i s u a l system i n my o p i n i o n , because 

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

v i s u a l l y i s a s o u r c e o f academic s u c c e s s f o r them, as has been 
• i 

s e e n , f o r example , i n the c a s e o f mathemat ics . On t h e c o n t r a r y , 

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

g i v e them an advantage s h o u l d be encouraged so t h a t t h e i r s e l f 

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

comprehend and use the second i language i s low, a p e r i o d which f o r 
i 

most s tudents w i l l be d i s o r i e n t i n g , d i s c o u r a g i n g , and m e n t a l l y v e r y 

t i r i n g due t o t h e e x c e s s i v e q u a n t i t y o f new i n f o r m a t i o n t h e b r a i n 

i s r e q u i r e d t o p r o c e s s . N e v e r t h e l e s s , t o a v o i d t h e b u i l d up of a 
! 

l o n g term dependency on the v i s u a l s y s t e m , t h e s t u d e n t s must be 

encouraged as much as p o s s i b l e t o a t t e n d t o a u d i t o r y i n f o r m a t i o n . 

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

i n c l i n a t i o n i s t o a l l o c a t e a t t e n t i o n e lsewhere? Some s u g g e s t i o n s 

f o r promot ing a t t e n t i o n t o the a u d i t o r y system a r e d e t a i l e d be low. 

As was s t a t e d i n the g e n e r a l I n t r o d u c t i o n , t h e i n t e n t he re i s 

m e r e l y t o s u g g e s t g e n e r a l approaches t o second language t e a c h i n g 
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t h a t might r e d r e s s an a u d i t o r y / v i s u a l imba lance i n i n f o r m a t i o n 

p r o c e s s i n g , not t o c r i t i q u e second language t e a c h i n g p r a c t i c e s . 

Such a c r i t i q u e i s beyond the scope o f t h i s d i s s e r t a t i o n . 

1. Because i t i s p o s s i b l e t h a t the whole a u d i t o r y system may 

be suppressed by an i n t e n s e f o c u s on v i s u a l p r o c e s s i n g , t a s k s 

which a re dependent on h e a r i n g , whether l i n g u i s t i c o r m u s i c a l , 

o r a combinat ion of the two, shou ld be s e t f o r t h e s e s t u d e n t s . 

In a c o m b i n a t i o n t a s k , i t would be h e l p f u l i f t h e mus ic were 

f a m i l i a r so t h a t the i n f o r m a t i o n p r o c e s s i n g demands would be 

r e d u c e d w h i l e , a t the same t i m e , a t t e n t i o n would be drawn 

a u t o m a t i c a l l y t o the a u d i t o r y s y s t e m . 

2 . C o m b i n a t i o n t a s k s i n which both the v i s u a l and a u d i t o r y 

systems must be employed t o r e a c h a s u c c e s s f u l c o n c l u s i o n may 

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

t h i s c a s e , i t would be h e l p f u l i f t h e v i s u a l i n f o r m a t i o n were 

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

p r o c e s s i n g ( i n c l u d i n g a t t e n t i o n a l ) r e s o u r c e s c o u l d be 

c o n c e n t r a t e d on the a u d i t o r y component. A v e r y s i m p l e example 

o f such a t a s k would be the match ing o f an a u d i t o r i l y 

p r e s e n t e d word or sentence t o one of s e v e r a l f a m i l i a r p i c t u r e s 

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

3. I t shou ld be remembered t h a t these l e a r n e r s a re not h e a r i n g 

many f e a t u r e s o f the second language speech sounds v e r y w e l l 
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( f o r i n s t a n c e , phonemes and s y l l a b l e s ) i n t h e i n i t i a l s t a g e s , 

and t h e r e f o r e t h e r e i s a need f o r the i n t e n s i t y o r loudness o f 
i 

t h e speech sounds d i r e c t e d towards them t o be i n c r e a s e d f o r 

some t ime i n o r d e r f o r them t o be p e r c e i v e d a d e q u a t e l y , even 

i f not u n d e r s t o o d . The r e a d j u s t m e n t o f t h e p e r c e p t u a l 

c a t e g o r i e s o f speech which must be undergone i n t h i s i n i t i a l 

l e a r n i n g p e r i o d may a l s o be promoted by p r e s e n t i n g language 

i n p u t t o the s t u d e n t s i n an " u n s u p e r v i s e d l e a r n i n g " t y p e o f 

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

a t t e n t i o n i s d i r e c t e d e lsewhere w h i l e the a u d i t o r y i n f o r m a t i o n 

i s b e i n g encoded . Such a s i t u a t i o n c o u l d be c r e a t e d i f 

s t u d e n t s were g i v e n a t a s k dependent on v i s u a l i n f o r m a t i o n 

w h i l e b e i n g exposed t o good q u a l i t y s p e e c h 1 2 (on a t a p e o r a 

r a d i o ) t h a t t h e y were not r e q u i r e d t o a t t e n d t o . Because o f 

t h e low a t t e n t i o n a l l o c a t e d t o the a u d i t o r y i n f o r m a t i o n , the 

s p e e c h would be p r o c e s s e d by the b r a i n i n an " u n s u p e r v i s e d " 

manner such t h a t r e g u l a r i t i e s i n the speech i n p u t , f o r example 

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

phoneme d u r a t i o n as w e l l as o t h e r p h o n o l o g i c a l a s p e c t s of 

s p e e c h , c o u l d be drawn out as v a l u a b l e due t o t h e i r h i g h 

p r e v a l e n c e . 

1 2 I t s h o u l d be remembered t h a t many o f t h e s e s t u d e n t s may 
come f rom f a m i l y a n d / o r s o c i e t a l backgrounds i n which e i t h e r the 
t a r g e t language i s not spoken, o r i s not spoken w i t h a h i g h degree 
o f competence. T h u s , exposure t o an adequate q u a n t i t y o f good 
q u a l i t y l a n g u a g e , as f a r as the t a r g e t language i s c o n c e r n e d , may 
be m i n i m a l . 
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4. S p e c i f i c i n s t r u c t i o n of the t y p e g i v e n t o m o n o l i n g u a l poor 

r e a d e r s shou ld be p r o v i d e d f o r t h e s e second language l e a r n e r s 

t o i n c r e a s e p h o n o l o g i c a l awareness 1 3 , thereby h e l p i n g w i th both 

t h e e n c o d i n g o f speech sounds and r e a d i n g . However, s i n c e 

p h o n o l o g i c a l awareness i s not a u n i t a r y phenomenon, a l l 

a s p e c t s of i t may not be e q u a l l y important t o improved r e a d i n g 

per formance. I t has been shown, f o r i n s t a n c e , t h a t Por tuguese 

i l l i t e r a t e s "performed ve ry p o o r l y i n a l l t a s k s i n which they 

had t o d e a l w i t h segments, i r r e s p e c t i v e o f the form o f the 

t a s k . . . They a t t a i n e d more s u b s t a n t i a l l e v e l s o f per formance, 

t h o u g h s t i l l i n f e r i o r t o t h o s e o f e x - i l l i t e r a t e s , i n rhyme 

judgment . . . and i n t a s k s i n v o l v i n g the m a n i p u l a t i o n o f 

s y l l a b i c t a r g e t s " ( B e r t e l s o n & de G e l d e r , 1991, p . 399) . I t i s 

p o s s i b l e , t h e r e f o r e , t h a t more emphasis s h o u l d be p l a c e d on 

segmental a n a l y s i s i n t h i s p h o n o l o g i c a l i n s t r u c t i o n o f second 

l a n g u a g e l e a r n e r s . I t a l s o seems r e a s o n a b l e t o s u g g e s t t h a t 

r e a d i n g shou ld be taught t o t h e s e s t u d e n t s u s i n g methods t h a t 

a r e dependent on sound s t r u c t u r e o r p h o n i c s t o encourage 

development o f t h e i r weaker c h a n n e l as w e l l as by v i s u a l 

methods which t ake advantage o f t h e i r s t r o n g e r c h a n n e l . 

In c o n c l u d i n g t h i s s e c t i o n , I would l i k e t o re -emphas ize t h a t under 

no c i r c u m s t a n c e s s h o u l d s t u d e n t s i n second language immersion 

1 3 The term " p h o n o l o g i c a l awareness" i s t a k e n as meaning an 
" e x p l i c i t r e p r e s e n t a t i o n o f the p h o n o l o g i c a l s t r u c t u r e o f 
u t t e r a n c e s " i n accordance w i th g e n e r a l p r a c t i c e (see B e r t e l s o n & de 
G e l d e r , 1991, p . 395) . 
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s i t u a t i o n s be c o n s i d e r e d " c o g n i t i v e l y " d e f i c i e n t , o r even d e f i c i e n t 

i n i n f o r m a t i o n p r o c e s s i n g a b i l i t y , because t h e y may r e q u i r e 

p a r t i c u l a r t e a c h i n g a p p r o a c h e s . Any " d e f i c i e n c y " a s s i g n e d t o them 

i s p u r e l y a p r o d u c t o f the r e q u i r e m e n t s o f the e d u c a t i o n s y s t e m , 

and i t i s t h e r e f o r e up t o the e d u c a t i o n system t o c a t e r t o the 

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

u n d e r l y i n g t h e i r i n a b i l i t y t o . a c h i e v e t o r e q u i r e d s t a n d a r d s . 
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C h a p t e r 4. CONCLUSION:A RE-EXAMINATION OF THE THRESHOLD 

HYPOTHESIS FROM THE PERSPECTIVE OF THE SHIFT IN INFORMATION 

PROCESSING STRATEGY HYPOTHESIS 
i . , 
• • !' 
I 

4.1 I n t r o d u c t i o n 

S i n c e t h i s d i s s e r t a t i o n s t a r t e d w i t h an e x t e n s i v e a n a l y s i s o f the 

c r i t i q u e s aimed a t the T h r e s h o l d Hypothes is proposed by Cummins, i t 

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

r e t u r n t o the h y p o t h e s i s . The i n t e n t o f t h i s c h a p t e r , t h e r e f o r e , i s 

t o g i v e a f i n a l h e a r i n g t o the t e n e t s o f t h e T h r e s h o l d H y p o t h e s i s , 

but t o do so i n the l i g h t o f the knowledge g a i n e d from 

connec t ion ism on how l e a r n i n g o c c u r s i n the b r a i n . The a n a l y s i s of 

t h e c r i t i q u e s i n c h a p t e r 1 uncovered some s e r i o u s c o n c e r n s of 

language r e s e a r c h e r s w i t h r e s p e c t t o t h e p e r s p e c t i v e s p u t fo rward 

by t h e T h r e s h o l d H y p o t h e s i s . These were l i s t e d as a s e r i e s o f 

c h a l l e n g e s which f a c e d the e x p l a n a t o r y power o f any a l t e r n a t e 

h y p o t h e s i s o f second language l e a r n i n g i n immers ion s i t u a t i o n s . In 

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

h y p o t h e s i s was developed a long the l i n e s of c o n n e c t i o n i s t r e a s o n i n g 

and some o f t h e c h a l l e n g e s f a c i n g the h y p o t h e s i s were d e a l t w i t h . 

Some i m p o r t a n t c o n c e r n s o f c r i t i c s , and i n d e e d , Cummins' h i m s e l f , 

r e m a i n u n c l a r i f i e d , however, namely whether c l a i m s t h a t the 

T h r e s h o l d H y p o t h e s i s i s i n f a c t a d e f i c i t h y p o t h e s i s f o r second 

language l e a r n e r s who have a c q u i r e d o n l y a low l e v e l o f l i n g u i s t i c 

a b i l i t y can be u p h e l d , and whether l i n g u i s t i c t h r e s h o l d s a r e r e a l 
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and what t h e i r na ture might be . In the o p i n i o n o f t h i s a u t h o r , the 

e l u c i d a t i o n o f t h e s e m a t t e r s can be most r e a d i l y a c c o m p l i s h e d by 

compar ing t h e d e v e l o p m e n t a l pathways p r o p o s e d by t h e two 
i 1 

hypotheses , as w e l l as the models o f c o g n i t i o n which u n d e r l i e them. 

To t h i s e n d , t h e n , the f i r s t t a s k under taken w i l l be t o make 

e x p l i c i t t h e deve lopmenta l pathway t h a t i s i m p l i c i t i n the 

T h r e s h o l d H y p o t h e s i s . T h i s w i l l be done i n terms m i r r o r i n g t h o s e o f 

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

t a s k w i l l be the comparison of the two models o f c o g n i t i o n f o r the 

purpose o f c l a r i f y i n g d i f f e r e n c e s and s i m i l a r i t i e s between the two, 

and h i g h l i g h t i n g t h e b e n e f i t s o f a c o n n e c t i o n i s t v i s i o n o f 

c o g n i t i o n . F i n a l l y , c h a r g e s t h a t the T h r e s h o l d H y p o t h e s i s i s i n 
j !, 

f a c t a " d e f i c i t t h e o r y i n the making" ( M a r t i n - J o n e s and Romaine, 

1986, p . 31) f o r second language l e a r n e r s a t the low end o f the 

competence s c a l e w i l l be reexamined , and some i n s i g h t i n t o the 

r e a l i t y and n a t u r e o f l i n g u i s t i c t h r e s h o l d s w i l l be a f f o r d e d . 
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4.2 An Assessment o f the V a l i d i t y o f D e f i c i t H y p o t h e s i s Charges 

L e v e l l e d a t t h e T h r e s h o l d H y p o t h e s i s 

4.2.1 An examinat ion o f the deve lopmenta l pathway s u g g e s t e d by the 

T h r e s h o l d H y p o t h e s i s 

As has been s t a t e d p r e v i o u s l y , t h e r e i s no doubt t h a t i n p r o p o s i n g 

h i s T h r e s h o l d H y p o t h e s i s , J i m Cummins was e n d e a v o u r i n g t o h e l p 

second language l e a r n e r s by t r y i n g t o make sense out o f the body o f 

c o n f l i c t i n g d a t a which had l e d t o b i a s e d i n t e r p r e t a t i o n s o f t h e i r 

a b i l i t i e s . Whi le acknowledging t h a t soc ioeconomic and s o c i o c u l t u r a l 

f a c t o r s were h i g h l y i n t e r a c t i v e w i t h l i n g u i s t i c f a c t o r s i n 

d e t e r m i n i n g the outcome o f second language e d u c a t i o n i n immersion 

s i t u a t i o n s , he b e l i e v e d t h a t t h e r e was a p s y c h o l i n g u i s t i c f a c t o r 

c a p a b l e o f b e i n g t e a s e d out o f o t h e r i n f l u e n c e s t h a t had a major 

r o l e i n b r i n g i n g about academic s u c c e s s o r l a c k t h e r e o f . H i s 

t h i n k i n g appears t o have run a l o n g t h e l i n e s o f "w i thout an 

adequate g r a s p o f the r i g h t k i n d or l e v e l o f l a n g u a g e , c o g n i t i v e 

f u n c t i o n i n g w i l l be i m p a i r e d , and hence academic achievement w i l l 

be compromised." Thus , he o f f e r e d the n o t i o n t h a t a lower t h r e s h o l d 

o f language a b i l i t y ( the s o - c a l l e d B a s i c I n t e r p e r s o n a l 

Communicat ive S k i l l s (BICS) l e v e l ) must be a t t a i n e d t o ward o f f 

c o g n i t i v e d e f i c i t s , and t h a t a second h i g h e r t h r e s h o l d l e v e l o f 

language a b i l i t y ( the C o g n i t i v e / A c a d e m i c Language P r o f i c i e n c y 

(CALP) l e v e l ) must be b reached b e f o r e t h e l e a r n e r w i l l g a i n 

c o g n i t i v e advantages due t o improved c o g n i t i v e f u n c t i o n i n g as a 
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r e s u l t o f hav ing l e a r n e d two languages w e l l . That he c o n c e p t u a l i z e d 

t h e c o g n i t i v e invo lvement n e c e s s a r y f o r BICS t o be l e s s than f o r 

CALP i s i n h e r e n t i n h i s use o f the l a b e l " s k i l l s " f o r t h e one and 

" p r o f i c i e n c y " f o r the o t h e r . 

Because t h e i n s and o u t s o f t h e T h r e s h o l d H y p o t h e s i s and the 

c r i t i q u e s aimed a t i t , as w e l l as t h e c o n c e p t s o f s e c o n d language 

l e a r n i n g which have emerged as a r e s u l t o f t h i s c h a r a c t e r i z a t i o n o f 

t h e s e c o n d language l e a r n e r , have a l r e a d y been d e a l t w i t h i n 

c o n s i d e r a b l e depth i n chapter 1, the i n t e n t here i s not t o d w e l l on 

them. R a t h e r i t i s t o t r y t o see them t h r o u g h a new l e n s , a 
l ; 

c o n n e c t i o n i s t one, o r , more s p e c i f i c a l l y , the l e n s o f the s h i f t i n 

i n f o r m a t i o n p r o c e s s i n g s t r a t e g y h y p o t h e s i s d e t a i l e d i n c h a p t e r 3. 

To f a c i l i t a t e t h i s , a more d e t a i l e d g r a p h i c r e p r e s e n t a t i o n o f 

Cummins' n o t i o n s o f the deve lopmenta l pathway f o r second language 

l e a r n e r s t h a n was drawn up f o r h i s h y p o t h e s i s i n t h e l a s t c h a p t e r 

has been d r a f t e d ( f i g u r e 4 . 1 , p . 338) . In t h i s g r a p h i c 

r e p r e s e n t a t i o n , i t has been assumed t h a t , because t h e a c q u i r i n g o f 

a second language i s a p r o g r e s s i v e , dynamic p r o c e s s , t h e change i n 

c o g n i t i v e a b i l i t y may l i k e w i s e be r e p r e s e n t e d as a p r o g r e s s i o n . I t 
i 

s h o u l d a l s o be no ted t h a t , i n the f i g u r e ( s ) d e a l i n g w i t h Cummins' 

T h r e s h o l d H y p o t h e s i s , the v e r t i c a l a x i s r e p r e s e n t i n g c o g n i t i v e 

a b i l i t y has been d i v i d e d i n t o t h r e e s e c t i o n s , a d e f i c i t r a n g e , a 

normal r a n g e , and a b e n e f i t r a n g e , as the h y p o t h e s i s p r o p o s e s i t 

can be . T h i s m i r r o r s the d i v i s i o n o f t h e v i s u a l p r o c e s s i n g a b i l i t y 

a x i s i n t h e g r a p h i c r e p r e s e n t a t i o n s o f t h e s h i f t i n i n f o r m a t i o n 
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\ I 
p r o c e s s i n g s t r a t e g y h y p o t h e s i s shown i n the p r e v i o u s c h a p t e r . S i n c e 

i t seems c e r t a i n t h a t Cummins would no t s u g g e s t t h a t second 

language l e a r n e r s f rom any background a r e i n a c o g n i t i v e d e f i c i t 

s i t u a t i o n t o b e g i n w i t h , and Cummins (Cummins and Swa in , 1983) has 

even a rgued s t r o n g l y a g a i n s t any assumpt ion o f t h i s s o r t , t h e 

c o g n i t i v e a b i l i t y s t a r t i n g p o i n t f o r t h e s e s t u d e n t s has been taken 

t o be t h e m i d - p o i n t o f the normal r a n g e . 

S t a r t i n g from a p o s i t i o n o f "normal" c o g n i t i v e a b i l i t y , t h e n , 

Cummins 1 T h r e s h o l d H y p o t h e s i s i m p l i e s t h a t , below a c e r t a i n lower 
i 

t h r e s h o l d o f b i l i n g u a l i s m , t h e c o g n i t i v e a b i l i t y o f s t u d e n t s w i l l 

drop f o r a p e r i o d o f t ime , d i p i n t o the d e f i c i t r ange , and t h e n , as 

more o f the second language i s l e a r n e d ; w i l l r e c o v e r p r o g r e s s i v e l y 

u n t i l the normal range i s r e g a i n e d w i th the a t ta inment o f the lower 

t h r e s h o l d o f b i l i n g u a l i s m . Of c o u r s e , t h e a c t u a l p a t h o f t h i s 

t r a j e c t o r y and i t s c o n t i n u a t i o n may v a r y from t h e one shown. I t i s 

i ! 
p o s s i b l e t h a t , as D iaz (1985) has p r o p o s e d , t h e r e would be no 

d e c l i n e i n c o g n i t i v e a b i l i t y f o r s t u d e n t s i n an a d d i t i v e second 
t i 

l anguage l e a r n i n g s i t u a t i o n (see f i g u r e 3 . 3 , p . 314 ) . T h i s would 

c o n s t i t u t e the upper l i m i t i n g c a s e i n Cummins' h y p o t h e s i s s i n c e 
; : i, i 
i 1 

t h e r e i s no s u g g e s t i o n t h a t the c o g n i t i v e a b i l i t y o f s t u d e n t s i n 

any c i r c u m s t a n c e s h o u l d i n c r e a s e d u r i n g t h i s i n i t i a l p e r i o d o f 

l e a r n i n g . However, i t i s d i f f i c u l t t o r a t i o n a l i z e why s t u d e n t s i n 

an a d d i t i v e s i t u a t i o n would not be s u b j e c t t o a t l e a s t some o f the 

same k i n d o f i n t e l l e c t u a l c o n f u s i o n t h a t i s p o s t u l a t e d t o o c c u r 
i i : 

w i t h s t u d e n t s i n a s u b t r a c t i v e s i t u a t i o n a s , d u r i n g t h i s e a r l y 
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p e r i o d , t h e i r a b i l i t y t o i n t e r a c t w i t h t h e i r academic env i ronment 

would be s i m i l a r l y i m p o v e r i s h e d . The segment OX o f t h e degree o f 

b i l i n g u a l i s m a x i s , t h e r e f o r e , d e l i n e a t e s t h e range o f s u b t r a c t i v e 

b i l i n g u a l i s m . Once the lower t h r e s h o l d i s a t t a i n e d , an i n c r e a s e i n 

c o g n i t i v e a b i l i t y , presumed g r a d u a l , would have t o t a k e p l a c e i f 

t h e s t u d e n t s were t o r e a c h an a d d i t i v e b i l i n g u a l i s m s i t u a t i o n i n 
i 

w h i c h c o g n i t i v e b e n e f i t s a r e a c c r u e d , ' t h a t i s , beyond t h e second 

t h r e s h o l d o f b i l i n g u a l a b i l i t y . Thus XY r e p r e s e n t s t h e range o f 

b i l i n g u a l a b i l i t y i n which no c o g n i t i v e b e n e f i t s a r e seen because 

s tuden ts a re w i t h i n the normal range o f c o g n i t i v e a b i l i t y , and from 

t h e p o i n t Y o n , s t u d e n t s would e x p e r i e n c e t h e c o g n i t i v e b e n e f i t s 

a s c r i b e d t o a d d i t i v e b i l i n g u a l i s m . I t i s i n t e r e s t i n g t o n o t e , 

however, t h a t i n the "no d i s c e r n a b l e c o g n i t i v e e f f e c t s " r a n g e , the 

s tudents must a t some p o i n t c r o s s t h e i r s t a r t i n g a b i l i t y ( the m i d -
i 

p o i n t o f the normal range) , and hence c o u l d be c o n s i d e r e d as b e i n g 

i n a c o g n i t i v e b e n e f i t p o s i t i o n from t h a t p o i n t on ( that i s f rom Y ' 

on) . What t h i s i n t e r p r e t a t i o n p r e s u p p o s e s , o f c o u r s e , i s t h a t 

c o g n i t i v e b e n e f i t s and d e f i c i t s can be r e l a t e d t o the s p e c i f i c case 

( the i n d i v i d u a l o r s m a l l group) r a t h e r t h a n t o g e n e r a l i t i e s based 

on averaged d a t a . T h i s might be v iewed as a "weak" i n t e r p r e t a t i o n 

o f Cummins' h y p o t h e s i s which i t s dependence on s t a n d a r d t e s t da ta 

does no t war ran t (see E d e l s k y e t a l . , 1983) . I t i s f a s c i n a t i n g t o 

n o t e , n e v e r t h e l e s s , t h a t i f t h i s weak i n t e r p r e t a t i o n i s a d o p t e d , 
i 

the two t h r e s h o l d s c o a l e s c e i n t o one p o s i t i o n e d a t Y ' on the 
h o r i z o n t a l a x i s , and the m i d d l e range o f b i l i n g u a l i s m i n which no 

i i 

d i s c e r n a b l e c o g n i t i v e e f f e c t s are observed drops out o f the p i c t u r e 
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( f i g u r e 4 . 2 , p . 342) . Ano ther f e a t u r e o f t h i s i n t e r p r e t a t i o n i s 

t h a t t h e c o g n i t i v e e f f e c t s o f b i l i n g u a l i s m need never p a s s out o f 

t h e norma l range (case 2 ) . In o t h e r words , the s t u d e n t s c o u l d be 

s e e n as b e i n g i n a " r e l a t i v e " d e f i c i t o r b e n e f i t s i t u a t i o n 

c o g n i t i v e l y i f the b a s i c r e f e r e n c e p o i n t i s t a k e n t o be t h e i r own 

a b i l i t y a t t h e b e g i n n i n g o f the second language l e a r n i n g , but may 

no t be p e r c e i v e d as b e i n g w i t h i n the range o f " g e n e r a l " c o g n i t i v e 

d e f i c i t o r b e n e f i t . That i s t o s a y , t h e y may be e x p e r i e n c i n g q u i t e 

normal f l u c t u a t i o n s i n c o g n i t i v e a b i l i t y , as i t i s d e f i n e d by the 

measures u s e d . 

T h e r e a r e some impor tan t i n s i g h t s t o be g a i n e d from examin ing 

Cummins' T h r e s h o l d H y p o t h e s i s i n terms o f i t s d e v e l o p m e n t a l 

pathway. F i r s t o f a l l , the g r a v i t y o f the n o n - a t t a i n m e n t o f the 

f i r s t t h r e s h o l d l e v e l o f b i l i n g u a l i s m becomes v e r y a p p a r e n t . 

A c c o r d i n g t o t h e T h r e s h o l d H y p o t h e s i s , the l e a r n e r s may become 
i i 

l o c k e d i n t o a c o g n i t i v e d e f i c i t s i t u a t i o n . However, i t i s e q u a l l y 

apparent from the d i s c u s s i o n above t h a t the p o s i t i o n o f a language 

t h r e s h o l d i s no t immutable , a n d , moreover , i s no t de te rmined by 

language a b i l i t y a t a l l but by how t h e t h r e s h o l d i s b e i n g d e f i n e d . 

In r e a l i t y , the t h r e s h o l d s i n t h i s h y p o t h e s i s a r e s p e c i f i e d by 

changes i n c o g n i t i v e a b i l i t y r a t h e r than language a b i l i t y . I t i s 

o n l y because o f the importance a c c r e d i t e d t o language as a d r i v i n g 

f o r c e i n Cummins' v iew o f c o g n i t i o n t h a t t h e two a r e seen as 

v i r t u a l l y synonymous h e r e . T h i s w i l l be d i s c u s s e d f u r t h e r be low. 

C l e a r l y , t h e n , i t becomes o f : t he utmost impor tance t o c l a r i f y t o 
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what ex tent the p o s s i b i l i t y o f a c o g n i t i v e d e f i c i t i s r e a l , a n d , i n 

o r d e r t o do t h i s , i t i s n e c e s s a r y t o examine how v a l i d the 

c o n c e p t u a l i z a t i o n o f c o g n i t i o n which u n d e r p i n s t h e h y p o t h e s i s i s , 

as w e l l as whether o r no t l i n g u i s t i c t h r e s h o l d s a c t u a l l y e x i s t , 

a n d , i f t h e y d o , what t h e i r n a t u r e might b e . 

I' 

4 . 2 . 2 Comparison o f the model o f c o g n i t i o n underp inn ing the 

Thresho ld Hypothes i s w i t h the c o n n e c t i o n i s t model 

As was d e t a i l e d i n t h e f i r s t chapter , ( s e c t i o n 1 . 3 . 2 ) , i t would 
' I-

appear from a n a l y s i s o f Cummins' work t h a t c o g n i t i o n was thought t o 

c o n s i s t o f a s e t o f " b a s i c " a b i l i t i e s which c o u l d be a p p l i e d t o the 
j ! ! 

l e a r n i n g o f p a r t i c u l a r t a s k s , I and t h a t the knowledge ga ined th rough 

e n v i r o n m e n t a l i n t e r a c t i o n c o u l d be ' f e d back i n t o t h e s e b a s i c 
j < j 

c o g n i t i v e a b i l i t i e s t o a l t e r them. C e r t a i n t a s k s were c o n s i d e r e d 

i n t r i n s i c a l l y more c o g n i t i v e l y demanding than o t h e r s , and c o g n i t i v e 

a b i l i t i e s themselves were thought t o be h i e r a r c h i c a l i n n a t u r e . The 

p r o c e s s i n g o f f a m i l i a r i n f o r m a t i o n was c o n s i d e r e d l e s s c o g n i t i v e l y 

demanding than t h e p r o c e s s i n g o f u n f a m i l i a r i n f o r m a t i o n . Language 

was seen t o be an e s p e c i a l l y e f f e c t i v e f o r c e i n a l t e r i n g c o g n i t i v e 

a b i l i t i e s , w i t h b i l i n g u a l speech a c t i o n s g e n e r a t i n g a q u a l i t a t i v e l y 
i 

d i f f e r e n t k i n d o f feedback ; f o r c o g n i t i o n t o a c t u p o n . I t was 

t h r o u g h t h e m e d i a t i o n o f language t h a t s o c i o c u l t u r a l , e d u c a t i o n a l 

and p o l i t i c a l f a c t o r s were thought t o i n t e r a c t w i t h c o g n i t i o n . In 

s h o r t , c o g n i t i o n was c o n c e p t u a l i z e d as a g l o b a l f e a t u r e o f b r a i n 

f u n c t i o n i n g which o p e r a t e s r e l a t i v e l y autonomously but can be 343 



a f f e c t e d by s p e c i f i c e n v i r o n m e n t a l i n p u t , even though the 

r e p r e s e n t a t i o n o f t h e knowledge a c q u i r e d can m a i n t a i n i t s own 

f u n c t i o n a l i n t e g r i t y . An outcome of t h i s view o f c o g n i t i o n was t h a t 

performance on p s y c h o l o g i c a l t a s k s which p u r p o r t t o t e s t a s p e c i f i c 

a b i l i t y was taken t o be i n d i c a t i v e o f g l o b a l c o g n i t i v e competence. 

Though t h e r e a re s e v e r a l a s p e c t s o f the v iew o f c o g n i t i o n i m p l i c i t 

i n t h e T h r e s h o l d H y p o t h e s i s which r e s o n a t e w i t h t h o s e o f 

c o n n e c t i o n i s t s , n o t i o n s on the p r o c e s s i n g o f f a m i l i a r and 

u n f a m i l i a r " i n f o r m a t i o n , f o r example, o r t h e a b i l i t y o f 

e n v i r o n m e n t a l i n p u t t o have a p r o f o u n d e f f e c t i n i n f l u e n c i n g 

c o g n i t i v e a b i l i t i e s , t h e r e i s much i n t h e two p e r s p e c t i v e s t h a t i s 

a t odds . On the c o n n e c t i o n i s t v i ew , f o r i n s t a n c e , a g l o b a l concep t 

o f c o g n i t i o n i s seen as p o t e n t i a l l y m i s l e a d i n g . The p e r s p e c t i v e 

t a k e n i s t h a t not enough i s known about c o g n i t i v e f u n c t i o n i n g t o 

c o n c e p t u a l i z e i t a d e q u a t e l y , and so the b e s t approach t o t ake i s 

one o f d e c o n s t r u c t i o n o f b r a i n f u n c t i o n i n g i n t o a s p e c t s t h a t a r e 

known t o be i n v o l v e d , and t o p r o c e e d c a u t i o u s l y f rom t h e r e . 

U n d o u b t e d l y , l e a r n i n g and memory a r e a t the h e a r t o f c o g n i t i o n , 

hence i t i s b e l i e v e d t h a t i n v e s t i g a t i o n o f how t h e s e f u n c t i o n h o l d s 

good p o t e n t i a l f o r e l u c i d a t i n g o t h e r a s p e c t s o f what has been 

d e f i n e d as c o g n i t i v e f u n c t i o n i n g . In t h i s d i s s e r t a t i o n , t h e n , s i n c e 

l e a r n i n g i s b a s i c t o memory, l e a r n i n g was c o n s i d e r e d t h e b e s t 

s t a r t i n g p o i n t f o r p r o b i n g how c o g n i t i o n works. Upon examinat ion o f 

how l e a r n i n g i t s e l f o c c u r s i n the b r a i n , i t was d i s c o v e r e d t h a t 

even t h i s one aspect o f c o g n i t i o n i s not a u n i t a r y c o n c e p t , but can 
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t 

be d e c o n s t r u c t e d i n t o v a r i o u s modes o f l e a r n i n g , some d i r e c t e d by 

top-down and o t h e r s by bot tom-up mechanisms depend ing on 

a t t e n t i o n a l i n v o l v e m e n t . A t t e n t i o n a l a l l o c a t i o n t o i n p u t was seen 

t o be an important determinant o f what was l e a r n e d and how w e l l i t 

was l e a r n e d . But a t t e n t i o n a l a l l o c a t i o n i n t u r n i s known t o be 

dependent on the a l l o c a t i o n of v a l u e t o i n p u t , and t h e e n c o d i n g o f 

v a l u e i n i t s t u r n i s c o n s i d e r e d dependent on p r e s e n t and p a s t 

emot iona l s t a t e , r e l e v a n c e of the i n p u t , and i t s p r e v a l e n c e i n the 

e n v i r o n m e n t . That i s t o s a y , l e a r n i n g i n one system i n t h e b r a i n 

cannot and s h o u l d not be c o n c e p t u a l i z e d as o c c u r r i n g i n d e p e n d e n t l y 

o f the f u n c t i o n of o ther systems, and the f u n c t i o n o f t h e s e systems 

c a n n o t be c o n s i d e r e d t o be independent o f l e a r n i n g . F u r t h e r m o r e , 

n e i t h e r l e a r n i n g nor i n f o r m a t i o n p r o c e s s i n g i n g e n e r a l can be 
; i 

c o n s i d e r e d f r e e from the i n f l u e n c e s of s o c i o c u l t u r a l f a c t o r s o f a l l 
1 

t y p e s q u i t e s i m p l y because t h e s e a r e s o u r c e s o f i n p u t a t l a r g e i n 

t h e env i ronment and a r e e f f e c t i v e not o n l y i n d i r e c t i n g a t t e n t i o n 

but i n d e t e r m i n i n g which i n f o r m a t i o n i s most r e a d i l y a v a i l a b l e i n 

t h e env i ronment . Moreover , i t i s e r r o n e o u s i n t h e c o n n e c t i o n i s t 

v iew t o p e r c e i v e the p r o c e s s i n g o f some t a s k s t o be i n t r i n s i c a l l y 
i 

more c o g n i t i v e l y demanding than o t h e r s . What seems t o de te rmine 

what c o n s t i t u t e s a h i g h c o g n i t i v e l o a d i n any t a s k i s whether o r 

not i t i s u n f a m i l i a r and t h e r e f o r e demanding o f a h i g h q u a n t i t y o f 

a t t e n t i o n . T h u s , i f one has adequate knowledge and p r a c t i c e i n 

d e a l i n g w i t h what are c o n s i d e r e d extremely d i f f i c u l t p rob lems, t h e y 

w i l l n o t be h i g h l y c o g n i t i v e l y demanding. T h a t i s t o s a y , t h e 

c o g n i t i v e demands o f any t a s k are r e l a t i v e t o the knowledge base o f 
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t h e i n d i v i d u a l . I t i s a l s o e r r o n e o u s from t h e c o n n e c t i o n i s t 

p e r s p e c t i v e t o s e p a r a t e mind o r menta l f u n c t i o n i n g f rom body , as 

emot iona l s t a t e , which i s i n f l u e n t i a l 1 i n d i r e c t i n g a t t e n t i o n , i s a 

readout o f body s t a t e , and c o n s c i o u s n e s s i s dependent on a t t e n d i n g 

t o what t h e b r a i n i s p r o c e s s i n g . 

The s t r u c t u r e o f c o g n i t i o n t h a t emerges f rom t h i s i n v e s t i g a t i o n 

i n t o t h e c o n n e c t i o n i s t v i s i o n o f how l e a r n i n g o c c u r s i n the b r a i n 

i s t h a t o f an immensely i n t e r a c t i v e d y n a m i c a l system o f s y s t e m s , 

s e n s o r y s y s t e m s , a t t e n t i o n a l s y s t e m s , memory s y s t e m s , motor 

s y s t e m s , p r e p r o c e s s i n g s y s t e m s , s u b c o r t i c a l s y s t e m s , i n s h o r t , 

systems of knowledge many of which would never have been c o n s i d e r e d 
1 ! i 

t o be i n v o l v e d i n c o g n i t i v e f u n c t i o n i n g i n t r a d i t i o n a l m o d e l s . 

A l t h o u g h i t would seem t h a t t h e r e i s h i e r a r c h i c a l o r g a n i z a t i o n i n 

t h e b r a i n , i t does no t appear t o f u n c t i o n a t t h e l e v e l o f the 

e x c l u s i o n o f the p h y l o g e n e t i c a l l y o l d e r s t r u c t u r e s from invo lvement 

i n c o g n i t i v e f u n c t i o n i n g . Indeed, t h e f u n c t i o n i n g o f c o g n i t i o n 
i 

c a n n o t be c o n s i d e r e d independent o f t h a t o f i t s c o n s t i t u e n t 

s y s t e m s , t h e b a s i c language o f o p e r a t i o n o f wh ich i s b e t t e r 

c h a r a c t e r i z e d i n c o n n e c t i o n i s m as s u b c o n c e p t u a l r a t h e r than 

c o n c e p t u a l o r l i n g u i s t i c as i t has been r e p u t e d t o be i n 

t r a d i t i o n a l models of c o g n i t i o n . T h u s , though language as a system 

of knowledge i s seen t o be an important i n f l u e n c e on c o g n i t i o n j u s t 

as i n the model o f c o g n i t i o n i m p l i c i t i n Cummins • work, i t i s o n l y 

i n i t s c a p a c i t y t o convey condensed i n f o r m a t i o n t o t h e b r a i n t h a t 

i t w i e l d s i t s power, and not as a p r i v i l e g e d s o u r c e o f d a t a more 



worthy o f a t t e n t i o n than o t h e r s . 

One o f the b e n e f i t s o f r e c o n c e p t u a l i z i n g c o g n i t i o n i n c o n n e c t i o n i s t 

terms i s t h a t i t can be v iewed as a s t a t e space o f a m u l t i t u d e o f 
, i 

i n t e r a c t i n g v a r i a b l e s (sys tems, and w i t h i n them m i n i - s y s t e m s ) a l l 

i n t e n t on p r o f f e r i n g i n f o r m a t i o n f o r t h e b r a i n t o a c t u p o n . Out o f 

t h i s new v i s i o n , t h e n , comes the r e a l i z a t i o n t h a t any a l t e r a t i o n i n 

t h e c o n t r i b u t i o n o f one v a r i a b l e may b r i n g about compensatory 

changes i n t h e c o n t r i b u t i o n s o f o t h e r s so t h a t t h e amount o f 

i n f o r m a t i o n f e e d i n g i n t o p r o c e s s e s such as t h i n k i n g d e s i g n a t e d as 

c o g n i t i v e may be r e l a t i v e l y unchanged, though t h e c o n c l u s i o n s come 

t o may d i f f e r f rom t h o s e based on d i f f e r e n t i n f o r m a t i o n a l i n p u t . 

F o r example , i t i s sugges ted t h a t , i n the c a s e o f second language 

l e a r n e r s i n immersion s i t u a t i o n s , , t h e change i n language s i t u a t i o n 
' i' i 

b r i n g s about an a l t e r a t i o n o f v i s u a l and a u d i t o r y f u n c t i o n i n g as 
, ' M. 

i n f o r m a t i o n g a t h e r e r s , t h e v i s u a l sys tem p r o v i d i n g a g r e a t e r 

p r o p o r t i o n t h a n n o r m a l , and the , a u d i t o r y system a l e s s e r 

p r o p o r t i o n . T h i s does not mean t h a t the c o g n i t i v e f u n c t i o n i n g of 

these l e a r n e r s i s e i t h e r improved o r d i m i n i s h e d , but o n l y t h a t the 

d e c i s i o n making p r o c e s s e s t h a t a r e c e n t r a l t o c o g n i t i o n as i t has 
i 

been d e f i n e d a r e u s i n g a d i f f e r e n t mix o f i n f o r m a t i o n t o r e a c h 
! M 

t h e i r c o n c l u s i o n s . Any b e n e f i t s o r 1 d e f i c i t s a s c r i b e d t o the 

per fo rmance o f t h e s e s t u d e n t s can then be seen t o be c o n s t r u c t e d 

out o f what have been d e c l a r e d b e n e f i t s and d e f i c i t s by s o c i e t y , 

whether the e d u c a t i o n a l , p s y c h o l o g i c a l / o r c u l t u r a l c o h o r t s t h e r e i n 
• : M 

o r s o c i e t y a t l a r g e . 
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4 . 2 . 3 D e f i c i t h y p o t h e s i s charges r e v i s i t e d 

I t i s c l e a r f rom the d e v e l o p m e n t a l pathway f o r Cummins' T h r e s h o l d 

Hypothes is t h a t t h i s t h e o r e t i c a l c o n s t r u c t i s , i n p a r t a t l e a s t , a 

d e f i c i t h y p o t h e s i s . In g e n e r a l , second language l e a r n e r s who have 

not reached the f i r s t language t h r e s h o l d a r e c o n s i d e r e d t o be i n a 

c o g n i t i v e d e f i c i t p o s i t i o n . As was d i s c u s s e d p r e v i o u s l y i n bo th 

c h a p t e r 1 and c h a p t e r 3, t h i s p o i n t o f v iew has been v i g o r o u s l y 

c r i t i c i s e d , f i r s t l y on the b a s i s o f the m e t h o d o l o g i c a l prob lems 

i n h e r e n t i n the r e s e a r c h d e s i g n s o f t h e s t u d i e s u s e d t o s u p p o r t 

such a c o n t e n t i o n (MacNab, 1979; R e y n o l d s , 1991) , and s e c o n d l y , as 

a r e s u l t o f the i n s i g h t ga ined from more r e c e n t s t u d i e s p o i n t i n g t o 

c o g n i t i v e b e n e f i t s b e i n g e v i d e n t i n t h e e a r l y s t a g e s o f second 

language immersion ( D i a z , 1985; Hakuta , 1987; D i a z & K l i n g e r , 

1991). The s h i f t i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y h y p o t h e s i s , on 

t h e o t h e r hand , does not make p r e d i c t i o n s as t o what might happen 

t o c o g n i t i v e f u n c t i o n i n g per s e , and zeros i n i n s t e a d on what might 

be h a p p e n i n g t o c e r t a i n a s p e c t s o f c o g n i t i v e f u n c t i o n i n g , namely 

v i s u a l and a u d i t o r y i n f o r m a t i o n p r o c e s s i n g . To be s p e c i f i c , i t 

p r e d i c t s an enhancement o f the s t u d e n t s * a b i l i t y t o p r o c e s s 

i n f o r m a t i o n v i s u a l l y , e s p e c i a l l y i n t h e e a r l y s t a g e s o f second 

l a n g u a g e l e a r n i n g , but a l s o a c o n c o m i t a n t r e d u c t i o n i n t h e i r 

a b i l i t y t o p r o c e s s i n f o r m a t i o n a u d i t o r i l y , p a r t i c u l a r l y as i t i s 
i 

r e l a t e d t o the second l a n g u a g e . 

B u t , i t may be c o u n t e r e d , i s t h i s not a l s o i n p a r t a d e f i c i t 
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h y p o t h e s i s ? The s h o r t answer i s " Y e s , i t i s . " The d i f f e r e n c e 

between the two hypotheses , however, i s t h a t Cummins' i s p r e d i c t i n g 

a n o n - s p e c i f i c cognitive d e f i c i t , t h a t i s one a f f e c t i n g t h e whole 

o f c o g n i t i v e f u n c t i o n i n g , w h i l e the o ther i s p r e d i c t i n g an auditory 

system d e f i c i t o n l y , and one which s h o u l d o n l y be o p e r a t i v e under 

c e r t a i n e n v i r o n m e n t a l s i t u a t i o n s . In t h e s h i f t i n i n f o r m a t i o n 

p r o c e s s i n g s t r a t e g y h y p o t h e s i s , moreover, t h a t p r e d i c t e d d e f i c i t i n 

the a u d i t o r y p r o c e s s i n g system i s c o u n t e r b a l a n c e d by t h e p r e d i c t e d 

enhancement o f v i s u a l system p r o c e s s i n g . I t i s no t a c a s e o f a 

d e f i c i t p e r i o d be ing f o l l o w e d by a b e n e f i t one as i n t h e T h r e s h o l d 

H y p o t h e s i s , but o f d e f i c i t and b e n e f i t p e r i o d s g o i n g on 

s i m u l t a n e o u s l y i n two d i f f e r e n t a reas o f the l e a r n e r s b r a i n so t h a t 
i 

a d e f i c i t i n o v e r a l l c o g n i t i v e f u n c t i o n i n g may no t o c c u r . Hence, 
1 - i 

once a g a i n , i t i s suggested by t h i s h y p o t h e s i s t h a t any d e f i c i t i n 

p e r f o r m a n c e p e r c e i v e d t h r o u g h t h e e d u c a t i o n a l t e s t i n g o f t h e s e 
! • - ' l 

s tudents i s a c o n s t r u c t o f what i s v a l u e d by e d u c a t o r s r a t h e r than 

a r e f l e c t i o n o f how w e l l t h e i r b r a i n s a r e w o r k i n g . 
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4.3 Some I n s i g h t i n t o the R e a l i t y and Na ture o f T h r e s h o l d s o f 

L i n g u i s t i c Competence 

I t was demonst ra ted i n the d i s c u s s i o n o f Cummins 1 T h r e s h o l d 

Hypothes is above t h a t not o n l y a r e t h e p o s i t i o n s o f t h e p o s t u l a t e d 

t h r e s h o l d s of b i l i n g u a l competence dependent on t h e i n t e r p r e t a t i o n 

o f t h e t h e o r e t i c a l c o n s t r u c t s , but they a r e d e f i n e d by changes i n 

c o g n i t i v e a b i l i t y r a t h e r than l i n g u i s t i c a b i l i t y . And s i n c e the 

c l o s e c o u p l i n g between c o g n i t i v e a b i l i t y and language a t t h e 

c o n c e p t u a l l e v e l has been d i s p u t e d , t h i s r a i s e s the q u e s t i o n o f how 

r e a l t h e s e t h r e s h o l d s a r e . Of c o u r s e , Cummins i s not a l o n e i n 

p r o p o s i n g t h e n o t i o n o f t h r e s h o l d s o f l i n g u i s t i c competence: D iaz 

has p r o p o s e d an a l t e r n a t e t h r e s h o l d h y p o t h e s i s t h a t i s l i k e w i s e 

l i n k e d t o c o g n i t i v e a b i l i t y as has been n o t e d , and even t h e s h i f t 

i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y h y p o t h e s i s s u g g e s t s t h a t a f t e r 

a c e r t a i n l e v e l o f comprehension o f the second language has been 

a t t a i n e d t h e r e w i l l be a r e d u c t i o n i n the dependency o f the l e a r n e r 

on v i s u a l p r o c e s s i n g . Does t h i s no t c o n s t i t u t e a l i n g u i s t i c 

t h r e s h o l d o f s o r t s ? And does t h i s not a l s o c o n s t i t u t e a consensus 

o f s o r t s t h a t the c o n c e p t o f l i n g u i s t i c t h r e s h o l d s as a r e a l 
i 

phenomenon has some v a l i d i t y ? 

O b v i o u s l y , the answer t o both t h e s e q u e s t i o n s i s " Y e s , i t d o e s . " 

The prob lem o f l i n g u i s t i c t h r e s h o l d s as i t emerges f rom t h e s e 

h y p o t h e s e s seems t o c e n t r e not so much around whether t h e y e x i s t , 

b u t what t h e i r n a t u r e i s (see Hawson, i n p r e s s - a ) . In t h e f i r s t 
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p l a c e , t h e d a t a seem t o s u p p o r t the e x i s t e n c e o f o n l y one 

l i n g u i s t i c t h r e s h o l d r a t h e r than the two p r o p o s e d by Cummins, and , 

a c c o r d i n g t o t h e s h i f t i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y 

h y p o t h e s i s , t h a t one would appear t o be l i n k e d t o l e v e l o f 

comprehension o f the second language r a t h e r than l i n g u i s t i c a b i l i t y 

p e r s e . S e c o n d l y , i n s t e a d o f the l i n g u i s t i c t h r e s h o l d b e i n g t i e d t o 

changes i n c o g n i t i v e competence, i t s h o u l d be r e l a t e d i n a more 

s p e c i f i c f a s h i o n t o changes i n i n f o r m a t i o n p r o c e s s i n g s t r a t e g y 

a l o n g the proposed a u d i t o r y / v i s u a l i n f o r m a t i o n p r o c e s s i n g cont inuum 

o u t l i n e d i n c h a p t e r 3. T h i r d l y , the a t t a i n m e n t o f a l i n g u i s t i c 

t h r e s h o l d may not be e a s i l y d e f i n e d t e m p o r a l l y . In t h e p a s t , t h e r e 

has been an a s s o c i a t i o n of the t h r e s h o l d s w i t h i n t h e schema o f the 

B ICS/CALP d ichotomy w i t h d e f i n i t e t ime p e r i o d s t o t h e o n s e t o f 

t h e s e t h r e s h o l d s (see C o l l i e r , 1987) . However, t h e p e r i o d o f t ime 

n e c e s s a r y f o r any i n d i v i d u a l (or i n d i v i d u a l groups) t o r e a c h the 

l e v e l o f comprehension n e c e s s a r y t o a l t e r t h e i r i n f o r m a t i o n 

p r o c e s s i n g s t r a t e g y s h o u l d depend on t h e i r m o t i v a t i o n t o l e a r n , 
5 j. 1 

t h e i r e m o t i o n a l s t a t e , t h e i r f a m i l i a r i t y w i t h t h e l e a r n i n g 
i * • i 

e n v i r o n m e n t and t h e c u l t u r e a s s o c i a t e d w i t h t h e s e c o n d l a n g u a g e , 

t h e q u a n t i t y and q u a l i t y o f '<language i n p u t they r e c e i v e , and t h e 

i n n a t e i n f o r m a t i o n p r o c e s s i n g p r e d i s p o s i t i o n s o f t h e l e a r n e r s , t o 
! i i' 

name o n l y a few o f the i n t e r a c t i n g v a r i a b l e s . Fur thermore , the k i n d 

o f language l e a r n e d d u r i n g the i n i t i a l s t a g e s s h o u l d be t h a t which 

i s most p r e v a l e n t i n the s t u d e n t s ' env i ronment and which i s 

t h e r e f o r e most u s e f u l i n comprehending what i s g o i n g on around 

them. I f t h i s i s b a s i c i n t e r p e r s o n a l communica t ion , t h a t i s what 
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w i l l be l e a r n e d ; i f i t i s academic l a n g u a g e , t h a t i s what w i l l be 

l e a r n e d 1 . In most c a s e s , o f c o u r s e , i t w i l l be a g o o d l y m i x t u r e o f 

t h e two. The p o i n t b e i n g made here i s t h a t , s i n c e t h e b r a i n does 

n o t o p e r a t e on l i n g u i s t i c but on mathemat ica l p r i n c i p l e s , i t i s 

u n l i k e l y t h a t i t would adhere t o the h i e r a r c h i c a l p r o g r e s s i o n o f 

d i f f i c u l t y i n language (or any o ther sub jec t ) t h a t has been d e f i n e d 

by l i n g u i s t s . I t l e a r n s what must; be l e a r n e d f o r adequate 

f u n c t i o n i n g i n the new env i ronment , and w i l l t a k e i t s cues as t o 

what i s o f v a l u e from the k i n d and l e v e l o f language i t i s exposed 

t o . As has been s a i d many t imes b e f o r e , the b r a i n i s n o t h i n g i f not 

p r a g m a t i c , and i t s pragmat ism i s r o o t e d i n i t s f u n c t i o n as keeper 

o f t h e mind /body f o r s u r v i v a l p u r p o s e s . 

1 For example, t h e r e was c o n s i d e r a b l e v a r i a t i o n i n t h e l e v e l s 
o f second language competence among a d u l t s who had e n t e r e d the 
c o u n t r y a t d i f f e r e n t ages and presumably had d i f f e r e n t needs and 
m o t i v a t i o n s i n l e a r n i n g the t a r g e t language (Johnson & Newport , 
1989) , and t h e r e a r e r e s u l t s showing t h a t l a t e immers ion grade 10 
s t u d e n t s s c o r e d e q u a l l y w e l l on F r e n c h language t e s t s as e a r l y 
immers ion s t u d e n t s i n s p i t e o f the l a t t e r b e i n g exposed t o 
a p p r o x i m a t e l y t h r e e t imes the number o f hours o f i n s t r u c t i o n (see 
C o l l i e r , 1989) . 
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4.4 C o n c l u d i n g Remarks i ! 
i 

A l t h o u g h t h e impetus f o r w r i t i n g t h i s d i s s e r t a t i o n was t o p r o t e s t 

t h e c o g n i t i v e i m p l i c a t i o n s o f Cummins' T h r e s h o l d H y p o t h e s i s f o r 

second language l e a r n e r s who d i d not manage t o a t t a i n a h i g h l e v e l 

o f s e c o n d language a b i l i t y , i t i s t o be hoped t h a t t h e i d e a s s e t 

out here w i l l have a longer reach than merely a l t e r i n g p e r s p e c t i v e s 

on t h i s h y p o t h e s i s , o r even a l t e r i n g p e r s p e c t i v e s on second 

language l e a r n i n g . The concep t o f c o g n i t i v e f u n c t i o n i n g t h a t i s 

emerging from computa t iona l n e u r o s c i e n c e , c o g n i t i v e p s y c h o l o g y , and 

a r t i f i c i a l i n t e l l i g e n c e as i t i s c o n s t r u e d i n c o n n e c t i o n i s m 

d e s e r v e s a w ider a u d i e n c e than t h a t . I t m e r i t s b e i n g heard 

t h r o u g h o u t the e d u c a t i o n a l w o r l d : academics and t e a c h e r s a l i k e 
: : !l ' 1 i 

would b e n e f i t from a t l e a s t some exposure t o i t s b a s i c t e n e t s . 

I t i s t r u e t h a t t h i s newer v i s i o n o f t h e s t r u c t u r e o f c o g n i t i o n i s 

complex , s t r a d d l i n g many s o - c a l l e d d i s c r e t e d i s c i p l i n e s , and 

demanding a w i l l i n g n e s s t o l e a r n a good measure o f b i o l o g i c a l and 

p s y c h o l o g i c a l , as w e l l as mathemat ica l , concepts f o r comprehension . 
i • 

I t i s a l s o t r u e t h a t as a t h e o r e t i c a l (and e x p e r i m e n t a l ) approach 

t o t h e s t u d y o f the n a t u r e and s t r u c t u r e o f c o g n i t i o n i t i s 

i n c o m p l e t e , and moreover, i s i n a s t a t e of c o n s t a n t f l u x due t o the 

e v e r - i n c r e a s i n g f l o w o f new i n f o r m a t i o n s w e l l i n g i t s d a t a b a n k s . 

Does t h i s a lone not c o n s t i t u t e good r e a s o n t o a v o i d a p p l y i n g i t t o 

e d u c a t i o n a l m a t t e r s ? Of c o u r s e , my answer t o t h i s would be v e r y 

s t r o n g l y i n the n e g a t i v e . My reasons a re s i m p l e : f i r s t l y , no t h e o r y 
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(o r t h e o r e t i c a l approach) can be c o n s i d e r e d 100 p e r c e n t c o r r e c t 

s i n c e i t i s dependent no t o n l y on t h e v a l i d i t y o f t h e d a t a base 

which s u p p o r t s i t , but a l s o on t h e c o r r e c t n e s s o f the 

i n t e r p r e t a t i o n o f the d a t a ; s e c o n d l y , the data base which u n d e r p i n s 

c o n n e c t i o n i s m i s n o t h i n g i f not d e t a i l e d , c a r r i e s w i t h i t the 
j 

p r e c i s i o n o f t h i n k i n g and c o n c e r n f o r r e p r o d u c i b i l i t y t h a t 

p r e o c c u p i e s s c i e n t i f i c r e s e a r c h , and i s t h e r e f o r e o f g r e a t e r 

r e l i a b i l i t y t h a n many; and t h i r d l y , as has been p o i n t e d but by 

C h u r c h l a n d and S e j n o w s k i , the b e s t way f o r d e v e l o p i n g t h e o r i e s 

wh ich c o v e r o v e r l a p p i n g t e r r i t o r i e s t o p r o g r e s s i s t h r o u g h c o -

e v o l u t i o n , t h e one i n f l u e n c i n g the o t h e r s . S u r e l y no one i s g o i n g 

t o deny t h a t n e u r o s c i e n t i f i c r e s e a r c h e r s , c o g n i t i v e p s y c h o l o g i s t s , 

e d u c a t o r s , and even a r t i f i c i a l i n t e l l i g e n c e r e s e a r c h e r s a r e a l l 

i n t e r e s t e d i n f i n d i n g out how the b r a i n works , how i n t e l l i g e n t 

c r e a t u r e s l e a r n . Should we n o t , t h e n , a t l e a s t be c o n v e r s a n t w i t h 

one a n o t h e r ' s p e r s p e c t i v e s on i s s u e s o f c e n t r a l impor tance t o us 

a l l ? I f i r m l y b e l i e v e t h a t we s h o u l d , i n s p i t e o f a l l the 

d i f f i c u l t i e s and h a r d work t h a t such an a s s e r t i o n i m p l i e s . 

The b e n e f i t s f o r educators t h a t an involvement i n t h e s e areas which 

have p r e v i o u s l y been c o n s i d e r e d "beyond our ken" would y i e l d a r e 

not mere ly those t h a t would a r i s e from h a v i n g a c c e s s t o a n a l y t i c a l 

t o o l s which would arm us w i t h a h i g h e r r e s o l v i n g power t o probe 

e d u c a t i o n a l p r o b l e m s . Wi th a c l e a r u n d e r s t a n d i n g o f what i s b e i n g 

s a i d w i t h i n these o ther d i s c i p l i n e s , we would be a b l e t o c o n t r i b u t e 

t o t h e d e b a t e , t o use e d u c a t i o n a l r e s e a r c h d a t a t o c o n s t r a i n 
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t h i n k i n g i n t h e s e o t h e r a r e a s and ; perhaps i n i t i a t e r e s e a r c h 

p r o j e c t s which would be t a i l o r e d t o some e x t e n t t o a d d r e s s i s s u e s 

o f c r i t i c a l i n t e r e s t t o e d u c a t o r s . T h i s would i n d e e d mark the 

b e g i n n i n g o f a new e r a i n e d u c a t i o n . j 
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GLOSSARY 

additive bilingualism: t he a d d i n g on o f a s e c o n d language t o a 
w e l l - d e v e l o p e d f i r s t m a j o r i t y language w i t h no l o s s t o t h a t f i r s t 
l a n g u a g e . 

algorithm: a s y s t e m a t i c p r o c e d u r e o r r e c i p e f o r c a r r y i n g out a 
c o m p u t a t i o n . An i n s t a n t i a t i o n o f a r u l e s p e c i f y i n g a computable 
f u n c t i o n . 

approach: t h e method used o r ' s t e p s taken i n s e t t i n g about a t a s k . 

attention: [ f o l k p s y c h o l o g i c a l ] t h e a c t o r f a c u l t y o f m e n t a l l y 
c o n c e n t r a t i n g on a s i n g l e o b j e c t , t h o u g h t , o r e v e n t , e s p e c i a l l y i n 
p r e f e r e n c e t o o ther s t i m u l i ; a s t a t e of c o n s c i o u s n e s s c h a r a c t e r i z e d 
by such c o n c e n t r a t i o n . 

attention: [as d e f i n e d i n t h i s d i s s e r t a t i o n ] a f a c i l i t a t o r y 
mechanism f o r the s e l e c t i o n of i n f o r m a t i o n f o r f u r t h e r p r o c e s s i n g . 
I t o p e r a t e s i n c o o p e r a t i o n w i t h e x p e c t a t i o n and i n t e n t i o n t o a c t , 
and can be d r i v e n by v o l u n t a r y - o r s t i m u l u s - i n i t i a t e d mechanisms. 

i 
cognition: [ p s y c h o l o g i c a l ] a ! b r o a d (a lmost u n s p e c i f i a b l y so) term 
which has been t r a d i t i o n a l l y used t o r e f e r t o such a c t i v i t i e s as 
t h i n k i n g , c o n c e i v i n g , r e a s o n i n g , e t c . ; any c l a s s o f menta l 
" b e h a v i o u r s " ( u s i n g t h a t term 1 v e r y l o o s e l y ) where t h e u n d e r l y i n g 
c h a r a c t e r i s t i c s a r e o f an a b s t r a c t n a t u r e and i n v o l v e s y m b o l i z i n g , 
i n s i g h t , e x p e c t a n c y , complex r u l e u s e , imagery b e l i e f , 
i n t e n t i o n a l i t y , p r o b l e m - s o l v i n g , and so f o r t h . 

I • i: 

cognition: [ c o n n e c t i o n i s t , as d e v e l o p e d i n t h i s d i s s e r t a t i o n ] any 
form o f menta l a c t i v i t y t h a t has l e a r n i n g ( i n i t s b r o a d e s t sense) 
as i t s b a s i s . 

i
 1 i 

cognitive: [ p s y c h o l o g i c a l ] o f o r p e r t a i n i n g t o menta l p r o c e s s e s 
such as p e r c e p t i o n , memory, judgement, complex r u l e u s e , r e a s o n i n g 
and so f o r t h ; [ c o n n e c t i o n i s t , 1 as d e v e l o p e d i n t h i s t h e s i s ] o f o r 
p e r t a i n i n g t o any menta l p r o c e s s e s t h a t i n v o l v e l e a r n i n g . 

computer: a p h y s i c a l system comput ing some f u n c t i o n where the 
i n p u t s and outputs are taken t o r e p r e s e n t t h e s t a t e s o f some o t h e r 
system by an e x t e r n a l a d v i s o r . 

connectionism: a r e c e n t l y d e v e l o p e d 'approach t o t h e phenomena of 
human c o g n i t i o n t h a t i s a t once a) n a t u r a l i s t i c , b) r e d u c t i o n i s t i c , 
and c) c a p a b l e o f e x p l a i n i n g bo th t h e ! r a d i c a l p l a s t i c i t y o f human 
c o n s c i o u s n e s s , and i t s i n t r i c a t e dependence on t h e extended 
c u l t u r a l s u r r o u n d ( C h u r c h l a n d , P. M.;, 1989, p . 130 ) ; p a r a l l e l 
d i s t r i b u t e d p r o c e s s i n g ( C l a r k , 1989, p . 8 3 ) . 

deficit: a d i s a d v a n t a g e o r h a n d i c a p ! j 
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I 

deficit theory: [ i n educat ion] a t h e o r y which p o s i t s t h a t a l e a r n e r 
o r group o f l e a r n e r s i s e d u c a t i o n a l l y d isadvantaged i n some manner, 
p a r t i c u l a r l y c o g n i t i v e l y . j ! . ; 

heuristic: an argument in tended t o s t i m u l a t e i n t e r e s t as a means o f 
f u r t h e r i n g i n v e s t i g a t i o n . 

hypothesis: a p r o v i s i o n a l theory s e t f o r t h t o e x p l a i n some c l a s s o f 
phenomena, e i t h e r a c c e p t e d as a g u i d e f o r f u t u r e i n v e s t i g a t i o n 
(working hypothesis) o r assumed f o r the sake o f argument and 
t e s t i n g . 

immersion language learning situation: a language l e a r n i n g 
s i t u a t i o n i n which l e a r n e r s are s u r r o u n d e d by t h e speech sounds o f 
o n l y t h e t a r g e t language and a r e expec ted t o be a b l e t o f u n c t i o n 
n o r m a l l y . In immersion language l e a r n i n g s i t u a t i o n s , t h e second 
language i s t a u g h t th rough c o n t e n t r a t h e r than d i r e c t language 
i n s t r u c t i o n , and i s d e l i v e r e d a t a l e v e l a p p r o p r i a t e t o the 
knowledge o f the l e a r n e r . That i s , the second language i s d e l i v e r e d 
i n a s i m p l i f i e d f a s h i o n . 

i 

information processing: t he p a s s i n g on o f messages f rom one 
c o m p u t a t i o n a l u n i t ( b i o l o g i c a l o r a r t i f i c i a l ) t o o t h e r s . The 
i n f o r m a t i o n p r o c e s s i n g approach t o t h e s t u d y o f l e a r n i n g i s an 
a t t e m p t t o s p e c i f y the p r o c e s s e s t h a t o p e r a t e t o e x t r a c t 
i n f o r m a t i o n from the sources of e n v i r o n m e n t a l : s t i m u l a t i o n a v a i l a b l e 
t o t h e l e a r n e r . 

law: a r a t i f i e d r e s e a r c h h y p o t h e s i s which has been shown t o have 
g e n e r a l i t y and has been r e p l i c a t e d i n a wide v a r i e t y o f s i t u a t i o n s . 

learning: [ f o l k p s y c h o l o g i c a l ] t h e a c t o r p r o c e s s o f a c q u i r i n g 
knowledge o r s k i l l . 

learning: [ p s y c h o l o g i c a l ] the m o d i f i c a t i o n o f b e h a v i o u r th r ough 
p r a c t i c e , t r a i n i n g , or e x p e r i e n c e ; any r e a s o n a b l y permanent change 
i n b e h a v i o u r . 

learning: [ c o n n e c t i o n i s t ] the l o n g - l a s t i n g c h a n g i n g o f s y n a p t i c 
w e i g h t s ; t h e outcome o f l o n g ^ l a s t i n g changes i n s y n a p t i c w e i g h t s . 

i , 
majority language group: a group whose language e n j o y s a h i g h 
s t a t u s and o f t e n , but not a lways, a h i g h p r e v a l e n c e w i t h i n s o c i e t y . 

minority language group: a group whose language has a low s t a t u s 
and u s u a l l y , but not a l w a y s , a low p r e v a l e n c e w i t h i n s o c i e t y . 

methodology: a s e t o r system o f methods, p r i n c i p l e s , and r u l e s used 
i n a g i v e n d i s c i p l i n e . 

model: a s i m p l i f i e d r e p r e s e n t a t i o n o f a system o r phenomenon, w i t h 
any h y p o t h e s e s r e q u i r e d t o '. d e s c r i b e the system o r e x p l a i n the 
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phenomenon. 

neurocomputation: t h e c o m p u t a t i o n a l f u n c t i o n c a r r i e d ou t by a 
neuron i n i t s c a p a c i t y as i n f o r m a t i o n p r o c e s s o r ; t h e c o m p u t a t i o n a l 
f u n c t i o n c a r r i e d out by networks o f n e u r o n s . 

neurophilosophy: a p h i l o s o p h i c a l s t a n c e which v iews t h e m i n d / b r a i n 
as a s i n g l e u n i f i e d e n t i t y ; an i n v e s t i g a t o r y approach which 
at tempts t o u n i t e b a s i c n e u r o b i o l o g y and b e h a v i o u r a l s c i e n c e s i n t o 
a s i n g l e o p e r a t i o n a l framework, ( a d j . ) neurophilosophical. 

neurophilosopher: a p roponent o f n e u r o p h i l o s o p h y . 

paradigm: a d i s c i p l i n a r y mat r ix encompassing e v e r y t h i n g s u b j e c t t o 
p r o f e s s i o n a l consensus i n a g i v e n s c i e n t i f i c community; an 
exemplary prob lem s o l u t i o n . ; 

positron emission tomography, (PET): an imag ing t e c h n i q u e based on 
d e t e c t i o n o f r a d i a t i o n e m i t t e d by r a d i o a c t i v e i s o t o p e s i n h a l e d by 
(o r i n j e c t e d i n t o ) t h e s u b j e c t . B l o o d f l o w ( c o n t a i n i n g i s o t o p e ) 
i n c r e a s e s a t t h e s i t e s o f i n c r e a s e d e l e c t r i c a l a c t i v i t y , so a 
dynamic p i c t u r e o f n e u r a l p r o c e s s i n g i s p o s s i b l e . R e s o l u t i o n i s 
l i m i t e d t o a few minutes and a few m i l l i m e t r e s . 

strategy: a p l a n o r method (not n e c e s s a r i l y c o n s c i o u s ) f o r 
a c h i e v i n g a s p e c i f i c g o a l . S t r a t e g i e s a r e e s s e n t i a l l y problem 
s o l v i n g d e v i c e s . 

• I : 1 

subtractive bilingualism: a reduced o r a l communicat ive a b i l i t y and 
w r i t t e n l i t e r a c y i n two languages due t o t h e l e a r n i n g o f a second 
m a j o r i t y language a f t e r incomplete ly ! ; l e a r n i n g a f i r s t m i n o r i t y 
l a n g u a g e . 

supervised learning: [as employed i n t h i s d i s s e r t a t i o n ] a 
c h a r a c t e r i s t i c o f some t y p e s o f l e a r n i n g a l g o r i t h m s f o r s e t t i n g 
w e i g h t s i n n e u r a l ne tworks , meaning t h a t t h e we ight change i n the 
network i s i n f l u e n c e d by an e x t e r n a l l y g e n e r a t e d r e p o r t on i t s 
performance - an e r r o r s i g n a l . Unsupervised n e t s can m o n i t o r t h e i r 
own per formance th rough i n t e r n a l f e e d b a c k . 

synaptic weight: the s t r e n g t h o f a c o n n e c t i o n between two n e u r o n s . 
j : j. 

synapse: a f u n c t i o n a l c o n t a c t between two c e l l s , c o n s i s t i n g o f a 
p r e s y n a p t i c t e r m i n a l bouton s e p a r a t e d '< by a harrow g a p , c a l l e d the 
s y n a p t i c c l e f t , f rom an a r e a o f p o s t s y n a p t i c membrane c o n t a i n i n g 
r e c e p t o r s . E l e c t r i c a l synapses a r e p h y s i c a l c o n n e c t i o n s between 
c e l l s , u s u a l l y a l l o w i n g b i d i r e c t i o n a l f l o w o f i o n s . 

i ? , 

theory: a scheme o r system, o f i d e a s o r s t a t e m e n t s h e l d as an 
e x p l a n a t i o n o r a c c o u n t o f a group o f f a c t s o r phenomena. 

weight: [ i n machine models] the s t r e n g t h o f c o n n e c t i o n between one 
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I : 

u n i t and another i n an a r t i f i c i a l n e u r a l network - o f t e n v a r i a b l e ; 
tweaking weights i s the most common method o f network t r a i n i n g . I t 
has some p r o p e r t i e s o f a b i o l o g i c a l s y n a p s e . 

I ' j, ! i 1 
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