" DOCUMENT RESUME

. * ~ v v
v ¥ L ad : < @

i{?, 1n 215 z%g

| INSTITUTION *Bolt -Beranek -and" Newman, Igz., Cambridge,- Mass.,’
- - "11linois Univ., u:bana. Ceneer for the Study of
,‘Readzng.\- K =
.~National Lcademy of Educatxon Washzngton,,n C.p
' "National Inst. of Educatxon (ED),,weshzngton, DC.

DESCRIPTORS ) *onlngcal Inflﬁences, *Cogn1t1ve Processes,
e " .*Comprehension; Epistempology; -Memory:; Md&e15° :
. . *Neutolznguxstzcs* *Psycholznguxst1CS° Readxng N\
‘ __« Research; Tﬁeorxes\ b T
IDENTIFIERS~\A“ *Schemata R L = A .
A“asmAcr SR ‘v"v;‘; e - . . "
‘? T s S QPropo ng a shzft in the locus. of theoretxca

) ana1y51s of cognztxonL this’ papetoargues that cognztxve functio

' may be’ more readily. chgracterized without the mediation of long-te
“w- mental assoczatzons and structufe. An account of cognition is
propos@ﬁ nrwhzch mengaL relations are t;ana&ent functxonal
relatnons eand in which psthologzcal permanence is-a-functional
- gharacterzstxc of the’ neuronal system, making cognition a

;B psychob131091ca1"”phenomenon.ﬁgge lztetatuée relevant to . this .

3%' .psychobzolog1ca1 ‘character of cdgnition is dizcussed,® and the central
' concept- in-this approach to cognxtzon--the\pchema-of-the-moment--xs
exaniined, empha51zzng a functional organization. creat by the-
adtzvzty of agdtomxgally distributed conste}latzons of neuronal . “ .
elements, Comprehension, remember&ng, learning, awareness, and affect
v, alsp are 'discussed briefly in terms of thi active neuronal

schema-of- the-moment and the direct role oF the nervous system in
N cognztxve functzonxng. (Author/RL) -\ - -

~ oy * .. -7 cs0068602 - - O
}g ; Ry = . ,‘..»_ : g ; ’ - ‘ . 1 (‘gb v F-] ’
HEN AUTHOR {.: 1 welran-uejad Asghar° Ortony, Andrew NP N I
%— E TITLE. -~ '"Cognition: A Functibdnal View." N " R

. écsa-Ta-zal e oo
5&. opun narz - Feb 82:-, -, | St D -3 .
=CONTRAGT . -400-76-0116, - RN L
»'eNOTE - \ SUNEN 83p. , f o o el e
‘ et * :\, ’ e R
*EDRS pnxcs“"; MFOI/P¢04 Plua Posta%e. R L >

[

~ ******************#******************************************k*********

T - Reproductions supplied by ‘EDRS are the best that can be nade *
A . from the original document. - ¥
- ***********************************************************************

N
. .
. N . » .




L.
»
LI
’
™

e £ % ', / L - : U:3. DEPARTMENT OF EDUCATION ;
v . PN - . - * . NATIONAL INSTITUTE OF EDUCATION
, - ¢ e T . - . A . EOUCATIONAL RESOYRCES INFORMATION
O ™ - “ TMTE DA e - CENTER IERICI L
o N . CENTER®FOR THE STUDY OF: READ NG Ths document has been reproducgd Bs,
RN * M . . ’ . o received from the person of organizaton .
TN i~ .- t ’ S onginating it. - L
* t o N * ‘ "} Minor changws have been made 3o mptave “° v
m . RN . ’ * ‘.\\ ", )  reproducton quality. - “
H - o \ s ’ ret - ° [ ] Pomxsnlvmvoroomonssmedmthrsdoc\l ‘.‘ =,
N . ¥ . B h ; ment do rot necessarily tepresent otficial N!E o
2 N © o# E - N 2 ° * positior or policy. *
: Q ¥ ‘o \ ~ ‘» - - . . - y
ST, Techni tal Report No, 231 . .
. [ . . . . \ .
: > N ' < o - * \/ $ ’ . R
ST o4 . o COGNITION: A FUNCTIONAL VIEW > . . . e
S T - -
. o S e - .
oy ;. Asghar lran-NeJad and Andrew Ortony : e
- S .‘\ ‘ ’ - X . ) ' ‘ L.
=L T Umversxty of IHmoas at Urbana-Champalgn : J PO
S . : ‘ .
N b i !< N A . . - ‘
. . s February 198__2_‘ . i
N N R . N AN - - .. .
. €« R N . - . . -~ P
. R » .’ ' 4//l - ’_;,
Dol S s Fe
; T e , - 4
; . s 7 - g » L & ]
] . v , . = »’“;
' ENY ' ) . . > ) LY . ) " ) ! ’ ) "7.
S REY s . . .' . ’
, U R .\ s
N Lo, M N . - - L :
~ N University of I11inois * ‘ . A _ y
, at’ Urbana ~Champaign Bolt Beranek and Newman Inc._ ’ , :
- 51 Gerty Drive : 50 Mdulton Street ' :
Champaign, !11inois 61820 - Cambridge, Massachusetts 02138, 4
- ~ b . ~
€ - . ] )
N - - . .‘ ¥
L \ S " 4
E ’ Rt ) | \ . ' . "2
. . - i ‘ . . ¢
N ' . * y . . —t‘l
N { . N i |
> S . m K
- * ' N L4 - .
. o ) 3 — B i
- r !
\ ) i«
P »“\\ , e . N , .
A\ ; LA - “ z e . . ) 41
(( The research reportec herein was supported in part by the National .
< Institute of Education under Contract No. HEW-NIE-C-400- -76-0116, and ~ =
. . in part by a Spencer Fellowship awarded to the' second author by the |
N P Natnonal Academy of Education. - - o A .
\9 ] * , . i .
3° * ‘ \ ¢ ; © " v i
‘O . ‘ - ~
¢ ‘JO * - - . M h s .e'
b é,/ ] - o ‘ \
E ic - : 2 -
- 7 \ & . . ) .. 4 i ., . ] -
oos - s Ny N e ret » -




: I : 5 T 7T - ;“ e ¥
- - % - < . } :, % x e
P ' . se # L o e Y ¥
b « f < RS s - : i - w7 -
< LIRS P . .
S ~ : . -~ % .
v - L * . x ) .
F . . AR . Iy 4
R L B L ' E o L Yt ey
v ‘\\:‘3 ’ « . , * .J“:‘
- a\ S Q'k
- N " B » PUEETEE SN
- . . - 4
<? . . ’ . e . - - e . ..
* :}{3‘ =3 , 4 , ot , - . t
. - = " e . > "’ . 0 - .
F - ® . “ - - P . . , 5 - :.-
. - - - .
- ? o ® . sy
- N - .,
. ' : e
* L] ad = X . B ) 3
. , . ;
" - PN ! R
’ . ¢ N - . » -
. s, EDITQRIAL BOARD~ o : &
. e ° L . >
. N . [ O ¢ N
" , Lo \ , . i A
¥ * a,
. .' Paul Joseqand Jim Mosenthal »
: A Co~Editors ‘ ’ : N
. - : . A . o L 5, N N
- Harry Blanchard ;o fAsghar Ixan-Nejad ‘*‘%
N < ) < ~ ; @ o, "'. i <
:;Iancyu.Bryant i Jill La?ansl_sy- ¢ A
. -, MO ) ' ) : < E
Larry-Colker. =~ ——— Ann Myers L
. - , . \r"\:, LT . . - )
‘Avon Crismore : Kathy Starr ,
Roberta Ferrara = ' Cindy Steinberg )
’ . ‘ ) N . ~ Ty
Anne Hay - N William Tirre . N -
__— : i . A .
. L Paul Wilson "
. . . R RN
. Michael Nivens, Editorial Assistant -
s > . . . . ,
b . ~ L.
(¥ . . -
. 9 - [ ) . . . ) ".(:
- . . X, 7
t | -
£ 5 . .
> - - - - - - -~ e e e ot e .
3, eem - . . s
. N )
. | ) |
< + - ) ~ * ’ b
~ - ‘,
+ - .
e -
= R ) Ll
T > \ « '
- B
. N ) 5 . :
- - \ b * S -
4 = *




- - /f', )
@ . ‘,‘V . ¢
. N\‘;\v ' ) :
. - T - s Cognition:
VL When psycho ogical theories
representation, and

explanations of psychologi ally interesting phenomena that

step in theory construction the use of theoretical terms at a leVel close

ks e

;A Functional View -

*

employ theoretical terms

result

i

—

like

structure, they oftenado,so because the descriptions and

are at a

) sufficiently abstract level to be informative End intelligible. As a first

to

the phenomenological level of description is a very helpful, and probably

e indispensable strategy,,

»However, there are good reasons to suppose” that one

e
should—strive to eventually account for the phenomena of interest in terms of

N

%&,

7‘

L

 more concrete constrdcts. . .
. 'ﬁOne'reason*for attempting.to'employ concrete constructs:in psyghological
. ;enplanations is that it helps'to clarify the\distinction hetween artificial
intélligence (AI) and cognitive psychology as ‘Teing more than  simply

methodological variants

Al

cqgnirion and intelligence in abstracto, its goal is ‘a

specificatior .of the cognitive

RN

LT

LY

have-to be more constrained.

- -

on one another.

P2 1
software.

.

They need to take- o‘nto account not

AI is concerned with characterizing
machine—independent"

Theories in cognitive ps&chology

-

only the

constraints imposed by people ] behavior, but--also the sort of constraints

1
<,

likely ‘to be imposed by the hiologi”al hardwa"e, since it is these

v v

that give

memory, *

o

EY

/ Cognition its uniquely human quality. In fact, Eliashberg (1981), by

' examining the properties of hypoth%tical machines, has shown that ". . a/.

popular

Ve has but little to do with- thi

thesis

that the proble

R

7/
/

the

of the algorithms performed by the brain

problem of brain hardware" is

5

inadequate.

’

+
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Furthermore, support foc “this contention can be found in other domains. A

striking example is provided™by the recent advances (e.g. Berlin & Kay, 1959;

"

. Kay & McDaniel 1978) in understanding the relationship between the perception

- . of celor and the meaning of color terms in different languages. It now seems '

e

that, all the basic color categories of the languages of the world are based——» R

on « . . six fundamenthi~neura1 response categories, whose ‘structures are . ™

determined by the firing patterns of . .. cells in the visual pathway" (Kay,

<

AN 1981,*p. 64) Thus, only after taking accofnt of the physiology, of color

o perception did it become possible to give a coherent explanation of the

£

.principles g0verning the way in ggich people in different cultures speaking

different languages talk about the world of color. , o Tee T s .
. A . Y r‘( ¢

« Another more important reason for attempting- to explain cognitioa’ in

e ’

. terms¢ of relatively concrete constructs has to dg,wifh the ontological status *

g 4 “ !

of the ‘theorotical terms employed. j Terms like memory and

L3y

knowledge-representation are highly complex abstractions, and it is not. at. all

4

' »
S

’ clear to what they refer. In AL this is not a problem because the functional

‘oA b:h‘ / R . . ’
: ‘ characteristics of'.the hardware in which these - abstract, conceptions are .
3 > PR .
K /
instantiated -are sufficiently well’hnderstood. ﬁowever, *when we . turn -our

-

o - S -
attention to people the indeterminate reference of ‘theoretical terms cadizive .
R

, v rise fo ambiguity; VaguenessJ and misleading implications_m_Ihiscpoint_canﬂaben-—-_-——

illustrated by conside"ing the long-term memory metap s WB talk about mental -

»a,

- T
+ T

represen ations being stored in memory% These representations are searched

. ) for and retrievedz It is easy to. see how,/if taken literally,~such ideas can ¢

& 3

~
* - . *

lead to the conclusion that people s. hea“;/gge populated with a huge number of p

» < * -
, F 2 = - A “ A
, )
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.,pre-packaged permanent structures gorresponding to* everything we know. This,
0 = - ‘ 3 Lo T4 %
- An turn, leads to guest onS’about the organization of memory. what kind of °
: ’ ~search mechanisms operate on what &ind of global structure to permit efficient
) ':ﬂccess to. encoded representations? ;Psychologists .have from time .to time
BT objected Oto the heavy theoretical bu;&en imposed upon such terms (e.g.
R 3 ~ 1 ~ . . -
. . ; . . .
ih : Bartlett 1932; Bransford McCarrell Franks & Nitscz, 1977;  Jenkins, .1977;
<. v > L L.
’Palmer, 1978; Pylyshyn "1973) ’ Given the merits of the argufients, these

N /. 5 3 -
objections have had- diprpportionately little influence, perhaps’ because of

b N 1

the absence oﬁ\an alternative set of more concrete concepts in terms of which.

.
.

.a coherent view of human cognition might be achievedﬁ . g -
. :

’ ' . - ¥ . . . N '
) R & It 1is our contentisn that moré attention needs to be devoted to "the

of interest. In fact e we believe that ideally the goal of cognitive

’ : K

functional characteristics of the physical sysKEms that exhibit the pbenomena

v,

.. psychologv.ought to be the specification-cf*thoseqfunetional—praperties of the .
1 - %

[N ' * .-h./f/
. ; nervous system that make cognition possible. Suchﬁa £unctiona1 account might

)

-

. -, It can treat cognition as a functional phenomenon involving, not’ permanently

- .
- . LR - N . . .
% LT B R ~ - -
. - . . N
. .

.- ." "' show how mental properfies are emergent propertie??of biological functioning.
i . It would eschew the wholesale use of complex const %gcts of unclear referential
. e ‘_,-Mo_lh,___,m- ~ *

{‘ - status until _they have themselves been charactetized in terms “more closely .

’ tied o the biological hardware. ‘i' ; ’gi -~ . . . ) :; 7

' Whereas it is easy'to assume that the patterning aspect’ >

based , on’ 1ongjterm khow]edge' structures (schgmata,\frames,uscriptif etc.)

’"stored" in memory;-an approach that we shall henceforth refer - to - . ‘the
['. ': structural" approach--the alternative approach need make nec such assumption. l




~

e,

i;the functioning of the biological hardware.

,j_eanalysis of mental

. of %farches for and changes to permanentlybstored knowledge structpres. But

r. A . ’
L L e L ;e S
- Rl '. t e . ¢ - : “ .

e . s <

. . ° - -—
RPN LN . R E P

:stored mknowledge‘ structuresh;but only transieht'patterné created directly by -
This sort of approach cén already

be found in James

KU L w, -Cognition

‘psychobiology.

-~

e

wa; aof dealing with the dynamic aspects of cognition. There may not be any¢

permanent cognitive structures to find or change.

P

structures

,‘:

v

(p. 304)

(1890),‘and in Bartlett (1932) who was concerned with "a

'study of the conditions of organic and mental functions, rather than e ¢« an

N

-

It is also widespread in modern-

»
)
~ ~-

”he structural view deals with the dynamic aspects of cognition in . terms

I3

L

¢
If cognition 18 ‘regurded as

- a functional phenomenon, the solution td the static~dynamlc problem resolves

itself in the specification of the functioning system:

will naturally,

although indirectly,

productss

S ’Z *

) airect uescription~will~be unnecessary.

be viewed as transient phenomena and meaning can be conceptualized as a

o amrrann
o

Such a description
lead "to a characterizationuhf mental

Cognitive patterns can

* -

y
',since we question the need to postulate such structures, we try to avoid this:

momentary o e o pattern (Bransford

’

Nitsch

& Franks,

1977,.

" p. 45).

"
In

_;short

along with Bartlet

.

' we argue that people do not function by seiecting templates, rather they

* . .
‘function by creating and recreating transient cognitive patterns.

Bransford and his' colleagues, and Minsky. (1980),7w

N P S b

The view we are proposing is based upon one elementary construct cat  the

level of biological hardware in terms of which another more, abstract, mental~

construct is characterized. The biological construct is that of a physically

unitary and funttionally autonomous element which we will refer to, perhaps

. N




3 - R . - P - 4 - &

v
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too loosely, as”a neuronal element. The mental "construct is that of the

~
.~ . . . -

h schemajgffthe;moment,t‘which ‘is’ defined in terms of the functional properties

R PN

~ %

of neuronal elements. We use ,the ‘term schema—of-the—moment for two. main

’

reasons. ?irst, as we will argue throughout this ‘paper, it is in’terms of

v

ped

» >

« this "functioning mass of the moment," as Bartlett; (1932) and Head (1920)
called it, that® all cognitive activity (including perception, affection,

learning, etc ) takes place. . Second, the schema~of-the-moment is. assumed to

~
A ,

* be the only structural cognitive pattern in existence in a given individual at

- . . K
£ & e

a particular time-~everything else is’ neuroanatomic. ’

0

. ! ¢
’

° "/‘\
Over the yeats ; a great deal of empirical data has” been , gathered

%%

e supporting various aspects of the structural approach. The functional view is

‘~less fortunate in this respect. However, it mhst be emphasized that the major

Y

functional assumption that starkly contrasts the structural and the functﬁonal

%y 1, -

J
perspectives is unequivocally supported by neurophysiological evidence ;?d is .

shared by all current neuroscientific theories (e.g., Anderson, Silve stein,

L]

Ritz, & Jones, 1977; Arbib, 1980; Edelman, 1978; John, 1967, 1972; Kachalsky, .

o

Rowland, & Blumenthal, 1974 Sperry, 1976; Uttal 1978). This assumption is

that cognition is a transient phenomenon created _by the .§QP§51°R198w”§§i_,

— .

distributeq components of the nervous system. The following quotation from

<

Uttal (1078) illustrates the point" ’ ’

_The major conclusion of this book (as well as what I belleve will be the
. major guiding theme of psychobiology.in the century to come) 1s that the

-

essential neural aspects of mental function are to be found in the’
' Te * 7 - /,

organiaation of the networks into which either individual neurons,or

/

i

d

Y - s

5
s

Q




.___seem to be’f?hﬁf;@?ﬁﬁPFQV of biologically plausible theories. Such theories

- o R . Co e , Cognition

- P 7
t B > - - 2 . > » ~
A i . . . Lo . . e 7
. - K L R - R .

macroscopic brain nuclei are arranged It is in the momentary States of

-

- +

Z‘activity within these networks that the .true equivalents of mental

» rd @ . 2

processesﬁﬁre to be féund. (P. 683). L -,
. R s . Rl ’ . .. .. * N e 'Q

Sy

. Although one might think thét compatibility of psychological theories

N s T ET

exist in the work of Arbib?(eaga 1980),:Freeman (e.g., -1975), John (e.g.l{

with what is known ‘about the human nervous system is an obvious minimal
'L . GOy

> .

. requirement, such compatibility is frequently consplcuously absent. For

—

example, Schmitt (1978) complains. - . g o

»
- 'y . ¥ " > . » : *

Fany theories of higherwbrain function (learning, memory, ‘perception,

X . v . .

self-awareness, consciousness) have bain proposed' but in general they -

. o Y e

;lack cogency with respect to established anatomical and physiological

facts and are‘without biophysical ‘and biochemical plausibllityl/ (p. 1) -

% - 4 IS . \

Again Gallistel (1°80) in discussing a psychological model of the control of
T
limb movenent (Adams, 1977) claim§ that modern neurobiological work on the

e,

mechanisms of/coordination render the theory untenable.o The message is clear .

a

enough‘ psychologists necd to attend more closelv to neurobiological,research. -

y 1

The problem as it relates to psychological research, therefore, does- not

N

°

<

oohn~——l942**iohn—&—%ehwartz*—l9?87*'and‘UttﬁI’(l 787‘ ‘Rafhef, 1n "some subtle

- {
way* thj problem seems to relate to-the deep~seatedness of the influence of

-
LY

the structural paradigm in cognitive psychology. The structural bias, we °
believe, bas drawn attention avay from existing neuroscientific theories that
&

are in essence functional. ‘Forsinstance, Jenkins (1981) noted that structural

Cow sr & - ~
i “< ’ N N

S




. s - . 2 e 5 L
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psychology’fgequently cites William James treatment of habit formation and

“
- L e 1
s

L ignores'his “true functionalism. : -: e e

B
: « . . . e
¢ . . P . LRI Y * Ta ],

-
* . ‘ :

;K‘ conceptual gap that results from the absence of a common 1angusge betweén

.

cognitive psychology and neurophysiology. This gap cannot be filled by merely

\. Tl S

-translating structural psychological ‘concepts into neurological concepts g

-

. (e g., groups of neurons process the input information and pass “it.on to »the ..

"
1

next grOup) or- vice versa (e.g.‘ neuronal centers represent psychological

< ) - . N

) uniLs) A truly functional cognitive psychology is. needed in "the« style of . S
L g ) -
ceL the braim (see Arbib 1980) and it must be consiSttnt with findings in

S kS * ..‘.' ' - ;;‘
% e neurosciences. Such a.functional app&oach must . rovide the conoepts and the "y -

N ‘e~ Yo x

N

language tnat would relate  two. p enomenal domains. The domain aof the x\

‘«‘behavioral structures (Maturana, 1978). o \ N

The first section of this paper discusses important aspects of the

ok

[

schema~of~the-moment and compares it" with the notion of schema current in -

" e

- . .cognitive psychology.: In the 1atter part of this section, we will present an

overvieWﬂof the neuroscientific research directly bearing on the problem. The

———— secondisection discusses the creation and the development of _the schema—of- oo

S m—— e e e

the—moment in - terms “of .the ﬁunctional properties oF ~neuronal elements. .,
_ . _ . I U e
Specific and nonspecific relations and functions underlying the creation and

. N ,/ . - - -

developmen* of the schema-of-the—moment are also discussed in this section.

. - - LR S > N .t

Finally, brief accounts of compnehension, remembering and learning, aware ness{ 'fr .

T

~and affect are presented in an attempt to illustrate he different

s N . . _
. \ it . - . -

B n T n > o
g .

BT
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useﬁthe ternm schema-of-the-moment instead of schema.

v . .
‘is schematic functioning different from“information proizéssing?

~entities

b s e e

. . ' o, + Cognition

-
t
1

% . ) ¢ 9
- . R 5 - ®
-4 +

¢

psychological?phehomena can be treated in term of 4 unified account of mental

functioning.: ) “
- * N 5 " .

- N

. *
> ~ '
VN P \ ~

N

-t

Some Preliminary Issues

The Schema~of—the-Moment.

- In” order to distinguish the notion

. -

ocganization from the concept of a schema as a stored mental template, we will

:§4

.

describe important asgects.of this central .concept: What is a schema—of-the-

moment? Just how is it differen from more standar notions of .a_schema? How

el
5 ‘
.~ .

*

. .
<

The Schema~of-the-ﬂoment and the &nput-Output Metaphor - y

P

AN
A basic.tenet of the function 1 view is that the-dynamic aspect of mental

3

‘e

.

functioning,is not, an information rocessing system in any Literal sense. The |
v i ’ 4 ‘ fy
neuronal system cgiates and recreites “krfowledge,” whicI is a transient

®

epiphenomenon and lasts only while the underlying neuronal elements are

functioning.
\\ ! ’ f
or relations. Cdgnition begins with initiation of functioning, and

\
mental relations are established only \aﬁter such initia ion (i.e.,
e ) .

functionally) \ - SN ’ i

post-

A .\ .
T It is our, aim to demonstraté in’ this papet” that “recreLtion" is a-: better

N

—way__ho_conceptualize_hrain_functinning_than__prncessing__oz__reconstruction

of a schema as a transient functional

Aepir Smare? v -

The present section will

Tpere are no pre functional (pre—activat}on, psvchological :

A

=

Y

Recreatlon eliminates the need for the bf in to

have to deal~ with - the

difff:&tt problems of’ganalysis, synthesis, storage, and organization of

knowledge. . It allows the neuronal systel\ to conform structurally to
- ~ . &
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: neuroanatpmic organizational constraints rather ‘than to the organizatio@a}.
AN - - .- LIS . Sy | YR . >
) constraints imposed by abstract knowledge s’&'uctures. S TR O
E ‘s
> A

uoncm“n of cognition In termq of "creation eliminates the t‘}ged ‘ﬁor

the] input-transformz?tion-output metaphotr which domin?tps current ps);chdlogical.

. - L3 “ ‘- .

R - thinking--»the same typrof"industriau plam;.,metaphor which haunted Ga}_enian -
, ta ! \

- physiology (see Miller, -197%)-. An analogy based on th functioning of the

endocrine g],’andular system may s%rve to clarify the contrast betweenc -
R ™~ . o : P

-

e

-

. recreatioxl apd input-output transfoxmation?\{here is a group of celyls located - 2 ?._]

L]

;‘ < * \ ) N
g._ . . in the cort\ical part of the adrenal glands. These cells, when activated, / o
! :

AN

- produce ﬂ hormone - ca]‘led cortisol. Thwlls ‘themselves get ac'l:ivatﬂd by ’ . ' N
; e another hormone, ca11ed AC,‘TH (aarenocorticotropic /hormone) re“eased in the

<, A * - - - y

e e anteriot _part . of 'the pituitary gland. The ;z/rucial point is that there is . S

5 . X 3, . -

- . absolutely 8o input-t*ansfotmation-output relationship between the’ stimulator -

C. ACTH ‘and ,the produced~ ‘cortisol. «Adrenal cortical ce'l,ls, orice activated .
create the cortisol through,’ for example, biochemical- operations pased on L

- L. [

substances other than those conta‘ined 'in ACTH. It is t’his disso"iation o,
between the input and the outpqt that renders im‘; systom-independ"ent ACTH-,to-
; \ cortisol»‘ t%‘ansfm:mation»«- rules, or any pf.‘eci\e formal descrifption of. 'the -
produc‘t b;sed on them, inap‘propriate. QSimilarly, 'neuronal echani,sms ‘active .

vk ;
- *

F
e
M 3

dependent; in. _the - senseh T

Su‘_h~  38_dynamdic ﬂnctjznaﬁ o;:;;anization s znput-i

described above--that there exists an dinherent dissociation— betg‘een the
. ﬁ e _

v characteristics of the external stimulation and functional properties of the . e

,i' . at a given time combine functionally to crgate axansient cognié'ive system N RS

»
t

. . neuro;ta]i system. Ned ther 1is there any ‘?;tructu,ral isomorphism betwgen exterQal
e, 4 -

I‘ N L
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R stimulation patterns and created mental structures. There is no  invdriant .
7 '_‘( v . AU I »:,‘ \ R Q s « h\‘ . ‘:‘ . < N ‘ '

spectfiahle *stimulps pr input pattern to correspond to the constantly

e u- ~ Y . . N -
"“l e :3_ ? '. .\A \.u. ‘p £ \? LonF ’ ' .

Heveloping schema—of-the:poment.‘ There is 51 ays a great deal more going on
v v . .

3" '3
. * N < ‘. ey T ¢

N T |;i

e

\» .~ [N
%!

than‘ can be accounted for just by the. contributions of_ the. external

»
«. o3 “‘ ‘.\45 . R

stimulation, ortinput’ Fuzthermore,’contributions of external stimulation are

A
(N i(',:‘ K ! ) .

\x aybays s ordinate to. the functioning of organismic mechanisms.

.
foox . . .o - B

TN '.

L Eunction Le sus Structure *,‘. St Co
S _\f, R ‘

" »

Jits structure is analogous to . that of a

. .
t 'l » 4 r
- ‘

. :,fountain. As used here, the word functional means "in'action" and contrasts
. T : ;e - - ‘ :

Qith the _tern at rest. The ﬁerm funntion differs from the word process (see

o_ [ \ .;

Iranﬁhejad 1980).: The laqter requires an object, something to get p.ocessed
. . X

while the former does not. " Function .must also he differentiated from

I N “" §~ -~

’ \
operation (e.g., addition as intA + B = C) as used by Pifget. _The verb

. T

o

function is an agent-specific term‘“"Biological funct on ... . implies the'

* R ] . ~

existence of -a system " (Pihget, 1971, P, 54) It means that where there is

fungtion, or perhaps dysfunction or malﬁunction, one would\necessarily expect
i~ Y

. \ ’ v B « v

an agent-system (e. g.' a neuron} that would do the functioning. Conversely,‘

~ v

jOperations ‘are agent—in@ependent and cad exist in the world 0f abstractions.
. . .- Q - . ‘lq . B
They are processes per se. The; plase emphasis On actions ratner than on the

b3
RN L3 \

oo~ EACY

system(s) which makes thoée actions possible.2 Function must also be

.

differentiated from transformaﬁion as used in structural psychology, which is

-

'essentialiy synonymous with opera\ion even though,some transformations might
——-—-ﬂ-——n»—_

X —““‘\ /- > 0 P
be * readily translated iato onrganismic functions f(e.g., activation = or
. . g ‘
{

".inhibition):. : " ﬁ , -\\




v
i
1

Iy connections) which functions to create the functional patqern as has been
\\‘
X‘suggested, foc example, by Feldman/,(1979)@_ In fact, \our view*is not a

connectionist onevat all. l;eoretically, in order for two AF more neuronal
1

‘From’the functlonal\perspective, a spegific group of'neuronal elements in -

t

2 s \. N

fnumber'bf possible patterns. “This vs not. simply saying\ that there, is a..

o . -~ (, s

specific ‘ neuroanatomic structure (consisting of elements and neural

‘“‘ ™ ' ° ' \

RS i - "7

. T

elements to join functiona it is not ewen necessary that they be related
b ’ ! { &

through specific neuronanatomic connections, although normally they will be.
\ oL

All that is nece sary for a anctional pattern to form is that a group of

af

elements be in action simultaneously How‘énd whenl\each element began its

/

- Y

\\
activity or whefh:r it &id so independently or in relation with other elements

e \
in the pattern is\beside the point- Consider another‘ analogy. - Imagine ;a

constellation bf l}ghtbulbs each having a uni 1e color' 'When a Subset of them

PEEd N \.

L

. is on, a unique'pattern is generated. It does not matter when each individua1'f

|
light went on or whetﬁer it did’ so independently of other lightbulbs. The

Ne s,
N

lightbulbs need not be physically connected The characteristics "of the
- \ :

. pattern are determined by the participating elementsgand not‘by‘the history of

- R}

their participationi, In sum;'while in a structural pattern, it is the long-
‘ . .

term “r%lations among elements that counts” (Piaget, 1970, p. 9), for a:

., functional " pattern what counts "is  the elements i themselves--their
\ < .

\ ’ :
. . i ] -

; - ,
-

produce an' internally consistent system. . . -

" characteristics, how they function, "and ‘how they-functionally combine to -

‘action creates /a unique s;;Eém; an actual instance of an indefinitely large«"
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Post-Functional Mental Relations and Pre~Functional Brain Connrections o

N o . ~
N LN . . . 4
N « s 1

Once the notion of long~term cognitive associations is disavowed, the |

R ] , .
question -arises as to theﬂrelation between the neuroanatdhic organization and

. »

§

the cognitive organization In particular, it becomes necessary to consider
. ~ A\ LS *
N o the extent to which, if any, there is structural conformity between the two
/ i

> . Systems. Minsky (1980) draws attention to the problem of specifying . this

‘»interrelationship and refers to it as the "crossbar" problem. According to

: Y

\ , . ‘.' . N
Minsky, "this problem confronts every brain theory that tries to explain how

the mind is capable of any great range of associations'" (p. 124) -

In theory, there are at least three solutions. uThe first possibility is

t

. )  to, postulate a particular (pre-existing or, rather. ‘pre-functional)

A

. neuroanatomiC‘pattern, partial or complete, corresponding to every cognitive
&

pattern. This essentially amounts “to mapping the structural,eognitive’netWork

fnto an isomorphic neuroanatomic__network}"’gtrict isomorphism is . often

-

- \ —
v =

b attributed to Gestalt structuralists. Their position is summarized in the
. foIlowing quotation from Uttal (1978): . o

%\J' . -~ . A o -

% o . - o .
{ - . \ - . .

3 - The Gestalt mode of descriptionm of mental activities has much to offer to
N ~ 1 a

those interested in global pattern effects and the action of aggregates
& [,

and may be ‘a more meaningful apnroach to psychobiological processes than

‘ . the tomistic approdach proposed by many alternative psycholoegical

- s -~

g ’ theories. / However, when thée Gestalt psychologists -. proposed
e

neuroph)s ogical 'theories of perception, they turned to simpliqtic

’ modeli’that had considerably less to offer thap did their descriptive

7

P stagéments. Their main psychobiological premise was isomorphism, the
VT R . !

.o VAN b !

. . / K © B .

<

b S
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~ . 1dea that spacial neuroelectric patterns in cﬁE Prain‘were geometrically
~ 'Y ’ ) ‘~ . 4 \
identical to corresponding mental states. The only concession (and for

~

isomorphism dny concession may in fact be irretrievably damaging) that

RN
L
’

the stri~ isomorphists would make on this issue was that the neural
representation. might. be topological, i.e., that the geometrical,

relationships® « betwéen the/parts might not be congruent to the perception_.

. although the general arrangement must still be maintained (pp. 24-25)

-~ 1

’
~ -
-

' ‘IA . -. While isomorphism is no longer tenable in the face of ’current '

psychophysiological evidence, "the” propensity to glorify apparently isomorphic’

. data (even though it may be illusory) is ubiquitous in modern psychobiology
' (Uttal 1978, p. 360). Isomorphism is alco implicit in those structural ‘

psychological theories (e. \Y Feldman, 1979) that\ attempt to translate

\

directly structural constructs “to neural terms and try to identify the "links T~ e
/ : o« s
between concepts with neural conmections. . ' '

.
.- . [ .

\
The second possibility is that the neuronal network is analogous to some

I
\ ) sort of sophisticated telephone network. By all8wing directional hard-wiféd
: routes between elements,vthe nervous system would somehow génerate two~unit or
multi-unit (transient) communication patterns A telephone networh is

”~

& ) > - |
/directional because the inifiating unit must know the "address (see No

!

man,

-~ ‘ )
19&0) of the target unit(s). Directional connectionist models imply "that
\ "
“remembering” ,requires the discharge of those particular cells which ’

’

constitute the new line, and -those of the cells to which the line is‘dikected"

v

(John; 1972). John (e 28+, 1967, 1972 John & ochwartz, 1978) has d}scussed

the connectioniat models and has concluded that they are suspect ‘on logical

Qo . . ' ’ o , —/ﬂ ) . -
ERIC ™ - A : 16 A .
7 c < . . ’ . . .
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psychophysiological and neurophysiclogical grounds.". For instance, John and

his associates (see Thatcher & John 1977) reviewed numerous .

. - - [

5lectrophysiological studies. All the evidence demonstrates that reéponses to
the most elementazy stimuli (e.g., a flash of'Light or-a click) are made by
cells anatomically ‘distributed throughout the brain and that a givon cell

participates in Amany functional patterns. In order to accommodate this and
similar data proponents .of the connectionist view have used “the .term

» 7

“connection” in a functional sense, cautiously defining it 1in terms of
relationships while explicitly disclaiming any literal connotaion of .a new,
anatomical juncticn." Hoyever, "more recently, new responses have commonly

. . - /
‘been assumed to depend upon the establishment or facilitation of a new pathway
(or pathways) of synaptic connections between\input and output ... " (John,

-

1972, p. 850). . . - ~ N

N -
¥ #~ ¥ L3

A
\,

" Thus, according to the connectionist models, if mental ;elations are

variable and plastic .80 must synaptic connections be. However, the large
\\ L . -~

conceptnal gap between synaptic plasticity (defined in terms: of synaptic

) weights, strengths, facilitaion levels, etc.) and mental plasticity renders

-

synaptic connectionism implausible, at least for the time being:

-

3

' Although synaptic plasticity has been the object of °research attention
for many years, the synaptic e;fects studies; without e;cepticn, are
propoaed as analogs of only the ,himpler forms of learning, such * as
classicél‘ conditioning,~'rather than of cogniti;e learning. This is an-

-

importantﬁconstraint, for the~ synaptic hypothesis must transcend an

v

2 g “
.enormous conceptual gap. at this point to be linked to more complex mentai

-
~




» hypothesis must depend upon the logical assertion that any concept no.

- rejestion of the idea of‘concatenated conditioned refiexes in atoms of

2 ,A
>

Ccgnition

o
<,

16

processes. . . . In the absence of a specifically understood 1ink

T~

_between cellular plasticity and learning, the generalization of synaptic

. matter how complicated,‘can be represented by a sufficiently large number
' of elemental apd discrete processes. This assertion is a major theorem

bl

of modern mathematics, but in the brain it still represents a statement

- Al o
of faith that in some fundauental way* runs counter to the current. B

Y

learning._ That a serious dilemma is thus, generated 1s obvious. That

» )

- there are, yet, no resolutions ‘to "this dilemma is also undeniable. e

(Uttaly 1978), p. 540-541) ° ; , - e

v
*
- 4 - > f b

- -
* ~

The fact that neuronal elements are capable of interacting with other

»

distant, neuronal elements suggests that there must exfst within the nervous . ;?

- <

&
system some sort of a relational medium to make such interaction~at-a-distance

L3

possible, independently of isomorphic synaptic conﬁections. The third.

possibility, therefore, and the one we find most plausible, is that in

addition to a directional medium, the/neuronal etwork also constitutes an

allrspreading nondirectional relational mediup. Such a medium would allow

'_(within amplitude, etc., constraints) nondirectional conductance of electrical

or chemical energy in addition to directional element—to-element int>pactiops.

In a totally nondirectional network everything can, potentially, ,reach !

everything ‘else and _nothing is aimed at anyfhing directly. Thus, the ) A

initiating unit does not need to know the address “of the target unit. Rather,
. hd t
target units are specialized to get " activated in response to (or "to

L8 - &
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recognize’ ) the functioning of the initiating unit and to remain indifferent

<

to the functioning of any other. Particularly relevant - examples of

specialized systems functio?ing in_ aj,nondirectional environment are the

auditory and visual systems of animals. While both of these mechanisms

-
"function in the same envlfonment--filled with sound and Iight waves--the ears

respond to sound .waves | but are deaf to light waves while the eyes perceive

,light waves but are blind to sound waves. One can. imagine that the same
- . R R X -

' principle. holds througho?t the neural network. Thus, it is possible"that

- * \ N
neuronal elements are uniquely specialized to .respond to some partigular

functional patterns while remaining indifferent to ot. ers.

.

Clearly, a non—directional model is by necessity localizationist, but it
P ~ . N
is also consistent with the global approach developed by 'John and: his

/ 14

colleagues. It isblocalizationist because it must assume the .existence' s of o

y

/

7

/ -
,/ neuronal elements that a7 physically unitary, functionally autonomous, and -

uniquely specialized.’ It 14 consistent with John s anti-localization bias and

| his globa1 approach beczfse, having rejected as John does, both "geometric"
”
i/

and "relational"’ isomorph sm, we can'no longer assume that single cells (or )
/ /

) any other unitary local e1ements) represent “meaningful” (complex, molan,

[ eté.) mental patterné'such as features, concepts, or percepts.
{ ’ " ' )

- & A neuronal element nust be physically unitary because it must be an

‘e 'y

inﬂevnally coherent neurological system, rather thaa- only a nerve fragment or

a melecule. It must be functionally autonomous in prder to participate in an

indefinite number of functional combinations.\ “And it must be uniquely
.,..,k.""L* b

"‘u—-—-{-‘», - e S

P

speciaiized in order to be able .to preserve its own. identity while functioninge &

. . .;
ve O . - .
LN ..

y
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:An consonance with other active elements-of the 'moment and in order to so
B W - .
selectively. in the bresence‘ of some particular éiobal electrical and/or
chemical pattern an;L not inﬁthe presence of any other- -While John and his
s

4coi1eagues have criticized current localizationis” models, they have also

emphasized - that any solution to the problem of Jthe Interface between the mind

and the brain must come from some compromise between localization: and

antilocalization-concepts: , . ’ .

R . * . . /

.

. Localization of fhnctiondwithin any area of the brain'must be evaluated

] . h -
with great caution, even when .apparent physiological- correlates of
* ° function havegbeen demonstrated .in as great detail as has been the case

o'

with the elegant studies of "featnre extractor” cells of the visual

- gcortex. It should go without saying, but we will nontheless state for‘

the record; that sihilar'caution must  be exercised with respect to. qur
%

{ N N

own arguments in this Volume against 10ca1ization.~ We , voice  a stron§

Yarning against overenthusiastic “proponents of eitherc positicn,
\;’ %ocaliz ticnist or antilocalizaticn; who ignore or shrug ‘off ‘ th%
. \ contradictions. It is precisely from the. reconciliation of the apparent
contradictions that wegstand to 1earn.most about how the brain processes

H

~ o

information. ~(Thatcher & John, 1977; p. 211) . !

~

»
-

Tae evidence gathered b] Hubel and Wiesel (1959, '1962, 1965) and others

clear ¥ demonstrates that the brain is not a homogeneous mass, as once.was

’ L

-

-

i
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B . We have hypothesized an. all—spreading medium in order to -clarify, at

. Ieast.l conceptually, the, problem of interaction~at-a~distance. An, allf

- /

spreading environment however, does not ° mean that electrical or "chemical
. /
conductance takes place in a vacuum, even though"some ,sort of extracellular

propagation may play an important role/(see Nicholson, 1979). 'Neither should .

I

’ . this mean nonspeciﬁicity or impre;ision in the pattern of“actual neural

connections. The, neural network as a whole may serve. d4s a common network.
o . .

The two ° ty:is//of physical relational vehicles (directionalJ and non-
b

. -

directional) m
. and endderine glandular systems. Exocrine glands (e.g., the saii‘ary glands)
,/

release their products into specific ducts which direct them to, target organs.

e illust*ated Yy an analogy to theifunctioning of exocrine

i

These would correspond. to directional element-to~element (neuroanatomic)'

X - connections. Endocrine glands, on the other hand secrete their products into

the extracellular fluid/ surrounding capillaries,, thus, the hormones they ,
/= ~ Ve

produce enter the blood circulation’ system, which is itself “an all-spreading

4 environment. This éould correSpond to any all-spreading relational role
. L ‘g ] .
played by the neural network. -
, . ; . e
%’As an example of how functional relations can be established via a common
nondirectional/medium, as opposed ‘to specific and‘direct anatomic connections,[

consider -the functional relation between the pituitary and the adrenal glands ’
(

- referred to earlier. The ACTH released.Ain vhe antertor pituitary)gland,
. 7 )

-

located on the lower surface of the brain, 'serves to stimulate (activate)

/

princfple; that a dixect point-to-point duct could have been physically -
/ /f*’ . ‘ V Y K ‘ < -
B N ' " /

cortical adrenal cells located above the kidneys. It is conceivahle, in .

7

kS

O

-~
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!’.
I .available to carry ACTH from the pituitary to the adrenal glands. HOWever, if

{

;f

[ a tybe were to be available from every endocrine gland ra its target organ,
Instead, ACTH enters the blood-

{ organisms would become monstrously complex.
ne to. other- irrelevant )

This, of course, takes the hormone

circulation system.
_as well (hence, all—spreading aj d nondirectional), but it is also sure
2

to get activated by 1it,
)

RN

organs
to ,reach the adrenal *ells which are- specialized

\_\\\

connected, to- ‘the blood

- ——— - >
»

receiving mechanism, specific for each individual muscle.
view, the central nervous system is “endowed with the capacity for discharging

+ e < - @

%

for every muscle .receptor. . Every.

yould possess the . power to respond
‘ [
central impulses'

as many different modes or forms of impulses as rhere are different 6uscles in

the’ limb." There is a specific impulse
muscle Areceptor,, on the other hand
selectively" to its proper impulse.

for ji limb~ muscle were ‘circularized in

Consequently, i1f ™“the

the whole limb" the mechanism of

every call be answered by th

S
selectivity of function would ensure that
‘correct muscle, even though the 1atter may have béen displaced re—innervat d

bhe

Ry
s

by strange nerves, and prevented from sending informative messages back, to
Weiss”s resonance principle is no longer

centers" (Weiss, 1936, pp. 511- 512)

-~

.
- - »~

/ . because: these cells like everything -else are
circulation network. .\ -

‘The possibility that'the/”;ervous system is also; '+in nart,g\an ali- .

j’ * spreading environment analogous to the blood,circulation system ca nnot be :
f: .; ruled out. - As early as the 1920.s, Paul Weiss concluded based_ on existing
f evidence that » “the central nervous system ahd the non-nervous periphery
g entertain their mutual correspondence 'by means of  some  sort of sending;
According to this

'
g
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generally accepted by developmental neuroscientists. But we believe, his ideas

-

concerning indiscriminate synaptic connectivityz successfully'challenged by
i l ~ ) - -

Sperry_and his associates (see Attardi & Sperfy, 1960, 1963; Meyer & °Sperry-,

*

l92§), must be distinguished from his suggestive element-implulse specificity ‘

-
'\

hypothesis wKich has yet to be directly tested.

An all-spreading functional environment ould imply that a giyen

. : z . - 1
functional pattern could stimulate. relevant neuronal elements elsewhere in the

nervous system regardless of itg place of°origin in the neural network and

e ) regardless ofJany pre—established blueprints. Thgre are definite indications«; el

that this may ba the case. Consider a letter recognition (identification)

taSk.'\ Images ordinarily begin on the retina and presnmably stimulate
&

-

correSponding centers or elements somewhere in the hrain‘ It isg couceivable-

¥
N L3 . -
that .specific image-to—center connections aé.well as long-term graphemic -~

patterns could mediate’ recognition. Howeveri recognition need not depend on

i —n -

specific connections or on * pre~existing long-term patterns. Blindfolded

subjects are capable of correctly identifyingﬂ,letters ffingerfwritten"__on
)‘ )

their skin. White,’ Saunders, ﬁcadden,;Bach-Y-Rita,\and Collins (1970) used a.

o ‘ ‘ .
‘visuaI’substitution‘apparatus which converted optical images into tactile s

displays uhich blind or blindfolded subjects were able to “"see with the*r‘

skin- It was. shown that subjects are able to perceive certain simple

. g
e e e

'displays o« o almost" as sc soon ak " they- have been introduced"‘(p- 23) and that ,

¥ 4 ‘
e e -

with minimal amounts of training th‘y are able “to identify familiar objects I

and to describe their arrangement in dépth" (p. 25).

»
- -
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. . The hypothesis ofs functional communication between distinctively .

’ ~ . —

-specialized neuronal elements also f£inds support ‘in the evidence that »
. N § - - t «
H *‘ " - ; T e g
{ establishment of functional relétions is possible even after specialized cells |

° ‘e . ol

are surgically  redoved from’ their original site and regrowa at a diﬁferent

part of the body. If a piece of skin is removed from the belly ‘region of a

— L]
=

salamander and planted on its back and 1if, aft‘?\regeneration, this skin, now

-

.on the back, 48 stimulated the animal proceeds to scratch its belly, the
origindl . site. §uch seemingly maladaptive responses, extensively studied by .,

Sperry and others, are often discussed in the light of the nature/nurture ) :
- : \
. issue (see, e.g., Rose, 1976). However, moxe basic than whether something is

¥ inrate or acquired is the problem of how it works. One may simply assume that
o - - N ‘lfv/
o regeneration only connects the pre-Specialized skin receptor cells to £w all-

spreading mneural network. Tﬁere is no need * for the establishment of}

-

particular nerve fibers to wind their path, through some mysterious innate

guiding mcchanism, all the way to the related central cells. Once specialiiéd

+

receptor cell’ are merely connécted to the neurai network {or perhaps to the o

-

partisular brain region), the/ ecan . activate the 1individual ~target cells >
"' through generation of uniqhe enetoy patterns. ;he energy patterns, generated

by the central cells ean, in turn, activa e _the muscles involved in the

scratching of the bellf Because the elly receptor cells function in tha

> . ‘e

n Same unique fashion regardless of where ;}ey are Jlocated and because this

e b g <o

functioning is reco_gnized by the.xelate?-central c$e11s as "belly" stimulatiOn,

the animal responds maladaptively. ‘/Sperry (e o, 1943) explained these )
; ’ results “in terms of reestablish‘ent of sgpecific anatomical associations
LY . N ’ N A )

) .
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rather than in terms of specific nerve-energ» and resonance phenomena.” But
\ . .

he also . emphasized that "the latter possibility is by. no means excluded” (p.

\

67) In fact, it is still -not clear that a resolution between Sperry’s
. \
direetional connectionism and Weiss element-impulse specificity model has yet

been achieved (see Meyer & Spercy, 1976; Sperry, 1966' 'Wall, 1966; Weiss,-
1966). As Wall §1966) argued, "the so-called specificity of neuronal function -

ves may mean that specificity of iunction “can’ be at\ained without a

. microscopic determination of the exact morphological structure of some parts

-of the nervous system {p. 230) - '\ )

. 1

. Given the concept of an all—spreading relational vehiele, the most

.
»” \ i

efficient way of relating the cognitive* system and the neuronal sy c@m seems
to be by'assuming (a) that the former is comprised of trahsieng functional

relations and Tb)- that pcst—functional patterns are indepepdent of any \-\
‘\. - . “. - . -
isomorphic pre—functional neufal associations. Independence: of post~ ,.

- « . -

functional (mental) relations also resolves Minsky”s crosstar problem. Asg,

Minsky (1980) put it “if the smechanisms *f thought can be divided into

specialists that intercommunicate only sparsely, then the.crossbar problem may

-1
need no general solutioh For then Tost "pairs of agents will have no :real

need to ,talk to one another* indeed, since they: speak o o different -

-~
‘ . et

lahguages, they could not even understand each other" (p.125)a " And, ., to

continue' the metaphor, if they can understand each other, they will do so°
I ~

\\ regardless of where they are located*or whether they -are connected directly S0

2, §

\ lodg as they can "hear” ‘each, other . e.; S0 long as they are part of the

s 3

2
L

‘overall nepral netbork).ﬁ oo . Y
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Creation_and Development of the Schema-of—the-voment4-< ’

; This section attempts <0 draw a cdherent plcture of how the schema-of-

2 .

the-moment *ls created based on the activity of functionally autonomous‘ . ) :
“
- v -~ ':'1\ ¢
s netironal elements. A iew assumptions are made concerning the functional
. \ ,
prop.rties ot physically unitary neuronal elements and abdur the way *hey e
‘ v . -

- interact, and it is shown how such assumptions may make it possible to glve a

-,

-

coherent - account of the creation and the space-time development of the
- N : . . N w N y _'\'J
‘&\ - Ny
‘schema—of-the~momstv These assumptions, while speculative in ‘detafl, are .

generally supported by exiscing neurophysiological evidence bearing on
“» localized and distributed functional properties of. the nervous system. W
" Because of the emphasis on the cpherence of the functieonal model, we‘will not

2 " N ~

interrupt the discussion to suostantiate every claim. The interested reaher .

is encouraged to consult the highly readable discussions of the relevant
s T research byjﬁubel and Wiesel (1980), T::tcher and John (1977), and by Uttal . ;

(1978) HuBEI and Widsel argued that ”whgtever any given region of the brain p

[ does, it does locally, . in terms of neurons specialized to respond to highly ) -

I

. specific stimulus 'characteristics. Thatcher and John, on the other hand#i >

discussed the developmental properties of the, ”dynamic global representational T

*t

-

system. _ Anong the propefties considered were expansion (i.e., inclusion of

. e ’ - *

. » more brain structure), ing (i.e., enhanced activity in those parts of the e

N LI
F " NN - .

%rain that are most concerned with the performance of ;he response),‘

-«

reorganization (i e., turning on of certain neuronal populacions and turning} .

[N ¢

. off of others), and coherence' (i.e., synchronous actiyity of distrihuted» . .

}
\Qeuronal populations). -Finallz, yttal discussed the microscopic ' and \ \\

. e 3 -
’ . ~ v -

macroscopic physiological‘equivalents bf.psychological\structuresz ) Voo
\ ' -- X .

» 1
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vy .'“ Are Pre-Exis ing Long-Term Patterns Necessary? g y .
: v Y. e - * : A : oo » U
A - As -We have said, current approaches to cognition and comprehension'
-’\;' - , A s i 9 RS ¢ N :
v E presuppoge the existence of long~tetm underlying blueprints for cognitive
s i } . N
o - & »” S N
O functidhing to take placep3 .For instance, it is often claimed that in e
e : comprehension various aspects of the input are assimilated to preformed
;.“ N - C . S Al Lo o B R ,_4._
RN schemata. Accordingly, in a pa'ticular'situation, a suitable set of schemata
;t s ,ﬁ’ ‘is found to account for qhe inpuq data (e.g., Rumelhart & Ortony, . 1977). It
N ‘\ A .- o .
* L A
- PO istthesg instantiated schemata which constitute the {nter retation of the
. . ‘- e - . ’ 1‘;. a fi‘ e . o
TR input. - ’ : . - [ . L . e
L . -~ 4 . : . * - ) i " ! c oA
v J One motivation for hypothesizing long—term mental'structures is the fact
& M ¥ K ° L SR . ." Y
B . . K R ‘, . - t
R thac bdeas seem to come to mindf (to be recalled,\etc ) together, or in .
\ X , ) P [
gg . relation to one another. LIt is thep assumed that they ssay together, in some
c Yy : . L3N . ;
5,f; cognitive warehouse, even when they are not Operative. Thus, ‘the structural
) approach maintains that ideas are. related before they become operative._Q
o ¥ 4 . - -; R * - ° L} ~\~r ~
) HOWever, from 'the . functional ~perspective, relations among ideas are
; o= . 5 ¥ )
T establiahed only after,they become operative, cognitive patterna are thus
T . 3 . - . - . . .
3 N . o . ' . . . .
Cmg e e transient and unstable’. oo - . -
. P . Y . v : X .
R . ) The only requirement for two (or more) elements to combine ’ functfonally
-t i that. both be _ in a, sﬁate of simultaneous functiohing.' "The lighté
ca . ‘
.. . <
- : constellation analogy once again provides an illustration, Two or* more
Y ‘ I . : °
L 1ightbulbs ip: "the constellation may have absclutely no connection wich one
“m e g
& .- o .
‘ another,,hdt oncelthey araion,mxheyccan_givev~risc-_to-a——unique—'pattern of -
L - - N - . ’ -

'f? }ight. ) They need not go on in relation to oge another or even at the'same
O, time. It ig the eiements and not the structural connections among _ them that
e » - . 4 ' ’ ' - 5

- . ) " N * o
.- ’ - l .,. ’ N . - . R ‘ . ’ L v - N ' R
: g - T . N . : ' .
EMC A o ’§ ”~ ‘, ] - 2? v " - C ‘
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"%gcount: I 3 fdct, a given (functional) pattern could result frdm a long series
A .o~ x' N A

.\ -

of steps dn which some lights would go on, some would go off, and . some - ~would

A3

[ «.

i

an '%.t -

~

gain in brightness while others Become ﬁimmer. ' ’i.a »x;ﬂ
' The assumption of post-functional xelations.raises a new set of problems o
J about the nature of psychological patterns and their formation. We now -have ‘ %
~ to ask such questions as. Wh;t ’gre the .fungtional \properties of neuronal - N
ff %elements° What types oﬁ functional relations exist between elements’ How do .
< 1 3;-' . e - .
o neuronal elements initiate functioning9 ;Fhat is the role of already active :gﬁ
= elements in the initiation of functioning of other elements? What is the role ;
o ,\ Ed . 2 _‘.»“
of external stimulus patterns? end 80 ‘on. . - f P T
- Some'ﬁefinitions L e T RN 9
e . !
N In: qrder to demonstrate how cognitive functioning 1s posgible in terms of
. - * .\\ N i

1 v

hY
simultaneous activity of functionally independent neuronal elements, we must

take ‘a closer look at some key concepts. For the sake of clarity, we will"®
. 1 /

continue ‘to use the light~constellation analogy. Let us suppose that.our

array of lightbulbs contains ,two broad categories of 1lightbulbs, namely,

- colored and uncolored ones. We will
: i

call the colored‘bulbs "specialized
_ - elements."”

The uncolored bulbs we will call  “raw elements," implying that
they can become

In this

array, each bulb can "perform"”'a few feats always in the same unique fashion:

o

it can go on or off, it can become brighter or dimmer,«and if it is not

) already, it can become specialized. Furthermore, combinations of specialized

4

elements generate unique patterus of light. Simiiarly (and now we are out of

the analogy), the neuronal network can be assumed to consist of a great number

{

specialized by getting painted a particular color. : A

.

TSR
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. of elements, each of which can become specialized and each of whic;i:;;\EZE“\\~\l\\\\
SRR - ) . :

S e

~abtivated‘or inhibited. Each specialized element (a) produces a unique

¥

pattern of energy, (b) initiates functioning consistently in the presence of
(3 AN

pattern of internal-or ex*ernal energy, and (c) can generate, when

e feeling of awareness. So, a'specialized element is a
,,,,, N
» discrete, functionally independent unit with quite specific but very limited

functioning,

properties. This assumption is consistent with ‘the view that "neurons, in the
/ <

course of diffegwntiation and development and in_-processing of information

N Nl N ' EN . v ’
over the span oga'the organism”s lifetime, develop unique identities: '
. . (R

enetically and expe‘ientially determined individualities" (Schmitt, 1970, \°
8 e n atit

A
P+ 208). .
%

.

Two or more simultaneously functioning neuronal elements may combine

“ post—functionall; to constitute a functional organization. We will refer to

v

such a group of elements as a constellation. Constellations' differ ‘from_l \ !
elements in several~ respects. Unlike ‘elements, they cannot be considered
specialiged. This is because ’they contain autonomous elements which can
'\participat\.iniother constellations. Elements are assumed to be localized and

physically unitary while, given the all-spreading environment, constellations .
¥ - A
_can have elements scattered throughout Chg_ngjyQus_system¢__ﬂhile_indigidua1

I

elements possess Specific functioral properties ‘that ‘theoretically are.

X

unambiguously traceable to some unitary physical entity--the element Ry
o s !
itselfﬁ—constellations have nonspecific properties--properties which cannot be

]

! traced to any unitary physical entity because they are different from those -

~ %
s

possessed by any one of the particlpating elements.

’
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As‘we are-using it, the wofrd combine in the present context refers to the
AN 2

-

establishment of transient'funétional relations among anatomically distributed

neuronal elements. It also refers to the merging of specific energy or

awareness patterns resulting in novel nonspecific energy and " awareness

-

patterns. In thevcase of energy, pattern combinations can be conceptualized
in terms of interference patterus. The existence of interference patterns in
the functioning brain has been hypothesized by John Eccles and“h;-karl Pribram
(see, e.g., Goleman, 1979). Simflarly, the emergent and combinatorial nature
of awareness has been hypothesized by Sperry (1969, 19}6). Awareness is
interpreted by Sperry "to be a_ dynamic emergent property of cerebral
excitation. As such, conscious ~xperience becomes- inseparably ‘tied to the
material brain process” (1969, p. 523).° And, finally, with respect to the
functioning of'individual neuronal elements, combination may be conceined as

H

"acting in concert.™ ,; Evidence gathered by John and Killam (1960) supports

>~

this notion. These authors found that as iearning progﬁ;ésed; evoked

potentials from wide areas of the brain became more similar.

. -

It is now possible to see how cognitive functioning might <be determined

‘and constrained solely by thé functional propertiﬁs ot independent neuronal

elements without the need for pgs;u1aLing__1nng_temn_Junnuunuzdﬁ—xelations

When a person hears, for {nstance, the word "caw,” the unique pattern of
external energy which reaches the ear activates not an isomorphic pre;existing

/

structure but nany functionally independent neuronal elements in the auditory
f - ’

cortex. These elements combine post—functionally into a unitary .interacting

4

constellation of neuronal elements and, consequently, a functional

-
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organization. The latter, having constituted a momentary independe@g,pattern,

will, in turn; activate (6} inhibit) other (perceptual, affective, etc.)

[y ® . \

the jubt-activatedwconstellation is a transient organization that constitutes

e autonomous elements in various other sections of the brain. The totality of

the idea of a cow and, of course, a great deal more (or less) depending on the

schema-of-the-moment (i;e., depending on the functional state of the system

when .the word “"cow” was heard).

- Thus comprehension need neither draw upon nor result Iin the construction

of permanent mental representations.%Nyut, now, if no long-term representation_

is preservédi how are such things as recognition possible? One answer is that

recognition need not be explained in terms of the relations between~e1ements,

’

as preservation of mental gepresentations would inply.' Recognition can"be

~explained ,in terms of elements only: It can occur to the extent that the

ARPE - - :
schema-of~the-moment contains the same fungtional elements that were involved

— . -
~in sone previous schema—of—the—moment.a. This glves neuronal elements

/
functioral independence—-freedom to participate in other functional patterns.
It’/further eliminates the need to claim (a) that the elements initiate
functioning together, in relation to one another, or in the ‘same original

/
y

order, (b) that the mental pattern is preserved in the interim, and (c) that

L
H

s

the_pnderlying neuroanatomic structure somehow uniquely corresponds to the

generated cognitive pattern.

S,
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Types gfﬁFunctional ﬁelations~ . ' o ) o "
- - ) * & . . )
. Directional and all—spreading relational vehicles and specialized

‘ * neuronal elements provide the basis for specifying the different types of

functional relations\that can exist among neuronal elements.

d -

consequence of allowing an all—spreading relational medium is that it makes it
\

An important

possible to see how cognitive functioning, while being  a direct result _of .

l neuronal activity, can also be considered somewhat independently of the actual

.

neural fibers. Thus, it eliminates the need to trace, in theory or in

practice, ‘neuroanatomic connections. It draws the -Xine between psxchology as

RS by pemer T, e

R

a science concerned with mental functioning %Pd neusoanatomy as -a science

= .
- v, »

dealing with neural archi%ecture.
is, therefore, specification~of possible functional relations (as opposed to

neuroanatomic connections) among neuronal elements. : ¢

, . ‘ ) B 4

the

1

Pt Relevant co this problem is system of relations -postulated by

" Festinger ~(1957). Three types of relations are assumed to exist among

cognitions (cognitive units): \consonance, dissonance, and
- . R 17 r

Toaat
IS

According to Festinger, cognitions X and Y are consonant if one follows from

When, two cognitions have nothing to do with each other,«

the other. the

relation 1s irrelevance. And; finally,

\ »

A basic problem in the\psychological domain

two elements are in'a dissonant .

irrelevance: - |

vt

relation, 1f considering these two alone, the  obverse of one element would

"' follow from thetother” (p. 13).

anslated _into

’ ~ Festinger”s system of basic relations may be °readilyw

’

" functional terms: In fact, the notion of dissonance giian inconsistent
(} N " -

relation between two cognitions is only meaningful if it

is conceived as a

z v N
v
£

( ‘ - :

-~




)

b e e . - U

. Cognition "

- ’ .- 31

functional‘relation._ This is because no'contradiction should arise when not-Y

»

does actually foddow from X. As the erpression follow from suggests, the,

latter 1s a consonant relation. Contradiction should arise if the‘relation

‘between not-Y and X is consonant and if,tin some particular situation, X and Y

- *
.

compete for,activation.‘ T . - ) -

A functional definition of dissonance,would also eliminate a potential

‘ - H N -
:ﬁisinterpretation of * Festinger”s definition. Aronson (1968), for instance,

states'that “dissonance is a negative drive state which . cccurs whenever an

individual simultaneously holds two cognitions o o e which are psychologically

inconsistent" (pp. 5-6) But simultaneously "holding inconsistent beliefs

oA
Wi P, i
L

. —.need __not muecesSarily give( rise to dissonance (i.e., to experiencing

3

~

contradiction or a negative‘drive state) An iﬁdividual may truly believe~

that smoking is, hazardous' but this does not necessarily nean that every time

a cigarette is 1lit dissonance and/or‘unpleasantness is experienced. Based on

the functional assumption, Two or more elements glve rise to dissonance only

if they are dOmpeting for simultaneous . functioning. 1In other words,

dissondnce 1s a post-functiOnal\phenomenon.

iHow can Festinger's system of relations be translated into long~term

characteristics of peuronal elements? The basic property of neuronal elements.

is specialization. This concept directly implies consonance amnd — frrelzvance;

-

and indirectly implies dissonance.

" Consider three elemeﬁts,» A, B, and C. Suppose that "element A is

specialized to generate a unique encrgy pattern, E(A).  Element B {is

-

specializéd to get activated in the presence of E(A). This means thit there

-
‘




“

~ eliminated.

Cognition

* W , ' o - 32

- v

is an A-to-B consonant functional relationship. E(A) is a ’sufficient

»

- .

condition for activation of B. On ‘the other’ hand, Specialization of elements

»

other than B could be such th\ti\;e presence of E(A);would have no-effect on
t

them. This would mean /an A-to~NON-B irrelevant functional relationship.

Similarly, a C-to-B activation-inhibition\consonant relationshi% would imply a

[}

‘ . 2 * N )
"C-to-Nog-B irrelevant functional'rglﬁtion: E(C) would constitute a sufficient

condition for inhibition of B and no other eiement.

€

Now subpose that&A'and C are active'at the same time. E(A) will‘tend to
activate B while E(C) will tend to innibit it. Such® dissonance will bring

about an unstable state of dissolution' it will tend to break the A-to-B’

activation~activation relationship and/or the C-t6-B a%tivation~inhibition

PRSIV

relationship. Resolution can be achieved if E(A), E(C), or both ,are

In theory, there can be at least three types of consonance. .In the first
AN

P ens
type, activatlon of A aIWays leads to activation of B. We will refer to this

as logical consonance. In the second type, A does_not necessarily: activate B.

For instance, E(A) would activate B only if B wis not already in a state of

..

inhibition. If B were in a state cf inhibition, then E(A) would activate c,

as an alternative to B. We wiil refer to this type of consonance as pragmatic

onnqonan09~(0f. ﬁrewer’ 1977).

>

In logical and in 'bragmaticv consonancg, one element generates the

conditions for the initiation and/or maintenance of fuuctioning in another

element. In the thirdﬂtype of consonance, while initiation cannot take place

merely asg a consequence of the functioning of the first element, the elements
. % N
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can combine once each of them is independently activated. This type of

a?

consorance may ‘be referred to as pure consonance.‘

~

With respect to initiation of functioning,‘therefore, logical d%nsonance

can be referred to as single—source dependeat consonance, while botb pragmatic -

and pyre consdnance ‘are mdltiple~source dependent. This means that. in the

latter cases, activation of the second element must depend on sources of

+ . .

_initiation other than ‘the first element. 1f this analysis 15" correct, it

means that if A’is related to seve: al alternatives it does not make very much

sense to ,characterize the situation by assigﬁing probabilities to . the

¢
alternatives. Doing . so would, in effect, mean trying to explain the

relational set in termSwof the characteristics of A alone or in terms,of some

long-term relations’' (e.g., strength of association) In functional terms,.A

does ali it can do by behaving alwsys in the _same fashion. While in. logical

consonance, this is a sufficient condition for the activation of B, in

pragmatic and'bure consonance, it is not. Contributions of other sources than

"J o .‘
the first eclement are also necessary for initiation of functioning in the

second element. Assignment . of probabilities makes the least sense with

* v

respect to pure consonance, because while this type of consonance seems to

play a central role especially in novel situations, the probability of the

I

first element activating the second is theoretically s;ro.

Y

“ »

-

s w

1 4

The concept of multiplé—source dependence is consistent with the way

organismic nervous systems are. designed to interact with the environment. It
£

seems as though, in order for the nervous system to function the way it does,

nature has found it profitable to relste organisms to the world through more

- s

o
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than one sense organ, each serving as an independent sourcc of functional ’;

initiation.- . - . . p . ST o

v I ", - — ! . f,o
. Multiple-source dependence 1nevitab1y results, at some' ?ime or other, in

3

p A
dissonance. Ia general terms dissonance can be defined as. an unstable™ “state. s
. ! t e »,‘.:"/

. "; of functioning in which elements will end to behave in th7/opposite direction - _"i
from their consonant functioning under tge*lnfluence of in ependent initiation .

sources, For instance, under conflicting stimalation fron différent sources, . “,:
au A—to-B activation—activation consonant relation ecomes dissonant if B A_f *

tends to- undergo inhibition. - However, conflicting situ tions,would simply not

- / 2

arise in a single—source functional system.5 : ) f «' i

While. it is presumably at the level of neuronal elements that functidnal

relations operate, one may’ speak of the same /relations holding among
. R . 1t 1

N * ' ) ' ! (\I
constellations. Two or more constellations .may be Qaid to relate by pure,

]
I

. loglcal, or pragmatic consonance to form more cdgplex patterns® It must be -

12 4

p » ) . / . - BN
c emphasized, however, ' that constellations do got relate through direct "
N - - * ‘ A ] ’ N v
B ’ constellation-to—constellation relations. Rather combining takes place at the L

. 1 o Lo * - N
o level of individual elements. To illustrate how this might week, let ds  go
) . . - ) i ) T .
U back to -the corcept of interference patterns. Imagine throwing a handful of

pebbles into a pond. Each individual pebble.plays"its Yole as 'a specific.
' ‘: . I L g r :
4 1ndependent ~element in the creation of the nonspecific overall wattern. Now

£l

imagine throwing two or more handfuls at adjacent spots. . While, once _again’,
- " A . - N

» . .

P T U DV

. . . / -
the . separate wave patterns merge to constitute a{more glohal,combination, it_ ity

1s stifl at the level of individual pebbles that the nature of the interaction -

is determined. Similarly, the- totality of a11 the functioning nenronal \5‘

’, ! »
R .

-
AL




o 5' - S " o . ¢ :Cognition .

. . “ -
. . . L .. :

C constellations forms a nonsnecific unitary H;attern' but it is.the functioning

Ca :: ’ of the autonomous individual‘elements which determines the interaction. i itﬁf
_‘; . ;,‘ The concepts of consoqance, dissonance, and irrelevance clarify how

R functioning~ neuronal elemints might interact. It also becomes more evident

¢

“‘fﬁ" othat the development pf the schema-o f~-the-moment is not a .straightforward
. . N - ' v . = . g

o Ah” .combination of  functioning elements. Rather, since the “complexity of
of - L ’s%hematic’ formation<means'that‘many pbjects, many stimuli, many reactions,
L5 -, s . ) o ) ? ¢ T B
. - M . - > . PR . -
B get* organized simultaneously into different “schemes,” . . . they tend to set
; t

% -
,into activity various c:ossﬂstreams of organized influences" (Bartlett 1932,

P 302), many of which may’ “be_in anLagonistic (dissonant)nrelations. - e e,

Endogenous qu Exogenous Sources&of Functional Initiation . -

I - A . - . *

-
- o~

The terms endogenous and exogenous have * two connotations. A static

. connotation, meaning internal and external, and a dynamiy connotation, meaning N

0 "

outward" and “inward" from an internal or an external’ origin (source or

<

-~

el cause), respectively. We :atend to imply both of these connoEations. . ’

- - B 1 .

‘-ffw - The schemanof-the-moment is the combined totality of the already-active

relevant neuronal elements. This constellation of elements may be referred to
as the endogenous constellation. It is endogenous to the unitary organization
v * -
. (and experience) of the moment. However, what is already occurring in the ‘
. > b -

t

schema—of-the-moment will,. of course, be affected by what happens to elements

-

- which are not yet, active.. For instance, when a neuronal element gets
IR . o : \
. activated, it may relate, not directly and immediately to endogenous elements,

. but- to other elements outside the schema—of~the~moment, i.e., other non-active

elements or other active elements which are (by themselves) irrelevant to the




"% aclaim that mental relations are. established only post—functionally, raises La

»
"

.o e o y 'ikpgnit%on; ,:; 8
. _ R ~ T : T .38 ::EQEY e
) endogenous organization. éonsequently, a local exogenousjeonstellation—is . 4

B 3 » )

formed, exogznous, that is, with respect to’ the schema-of-the—moment. ~Such—ah.f

exogenous 'constellation may or may not combine with,the schema—of—the~moment—
- - e

and must be distinguished from i; An important exogenous constellation is ~\}i‘f'

-

the just—activated constellation—-one whose elements have just started

G = . - . x -
N B v . - <3

' functioning. R - - ) : e :
¢ - 7&" - ) - LA

o What causes initiation of functioning in inactive elements’»r The -

»

assumption t t pre-functional blueprints ao not exist, and the complementary

Q basic problem. How do neuronal elements come to be in a state of. functioning

to begin with’ The answer to this question must be sought, not in some pre-

»

functional arrangement of elements in a mental Store, but in the fact. that the
‘fr.-

~

neuronal system is a mnultiple-source dependent system with respect to

g functional initiation. kirst, there are endogenous gources. A,large number

FN

of neuronal elements in the schema-of-the?moment are always in .a functional .
. . . '/‘r ~
state (at least dutiné waking hours); they are specialized to maintain a.
particular functional rhythm or cycle. The element constellations creating
" - e

the ' foncept of self, of time, and of space are examples. Sec¢ondly, there is

what might be called the combinatorial source. . As elements combine, they set

g < .

the Stage for the initiation of functioning in other elpnnnts_thrsugh—emergent

¥ -
=

o logiéal and pragmatic functional relations. And finally, there are the most

14

impottant exogenous sources--those external energy patterns which constantly

influence the neuronal system through several independent sense organs. .
‘ N . e N
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s s “e Some Traditional Problems Reconsidered

oo

T

* e

[

This section diScusses, in an intentionally perfunctory feshion, how thet

functional view causés a réQonceptualization of such traditional problems ash

comprehension, remembering and learning, awareness, and affect.

Its aim is .
only to foer an impressionistic account b; way of illustrating how*theséﬁ .
issues can be approached in terms of a unified, global account of cognition, :
e Comprehensfon o : *

4

\initiation and combination,

=

.- 3
o
2

o'*

¥

‘f

¢ Given the»Endogenous, emergent (combinatorial), and exogenous sources of

specifiable. Comprehension will prosper~to the extent that these sources play;
. *‘k

their indispensable role and will suffer to the, degree that they do- not.

oral lfnguage cogprehension, for instance, there are at least two independent

external sources ‘of initiation (auditury and visual), in reading comprehension
there is one (visual)s

In the absence of a relevant schema-of~-the-moment, comprehension remains
highly impoverished or does not take

.
-

.
.

- !

' !

P

¢

what happens during comprehension is readily

In .

‘m\

/:'>'
1 R

'3

place at all. 1In

-

. - s
vonstellation do not contain mutually-relevant elenents.

. -/
other words, .
comprehension will suffer to the extent that the schema-of-t“ermoment and 'the
just-activated

. r‘

something else;
betWeen endogenous and exogenous

)

fail to establish post-functional relations with the schema-of—the~moment.

t 11!18.
FESHS to, be the caSe, for example, when a reader goes through the motions of .
. reading but

dtimuli do activate sensory neuronal elements, the resultin

g irrelevant JUS e
R
activated constellatipns sooner or later drop out - of activation since they

is preoccupied with

there-is no interaction
functioning.

. Presumably,

. R
textual -

A

while

»

-
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e . . <This claim~i§ slmllar to, but ndt the same as, " the . one implied by

AP trad{tional theories of compregehsion. " It ’is similar insofar as it finds

3 - P

Lorwg support in t e research*motivated bg the influence of toP-down high-level

\‘!" x o

.

omprehension. »It is uifferent because it does not appeal to

¥ p;e-functional laéions, nor does it imply that comprehension ﬁakes‘place in
e ]

. N N v
y av e some“mental loca on such as a short-térm memory bu;fer &e.g. Kintsch & van*®
L !

,1& A S
Y A

EREN Dijk 1973) or a message center (Rumelhart,,1977)' nor dnes it have to face

= i >

2, 'phtterns ow

- - .o ¢

{ -

R L the schema~se1ection and other related problems. Comprehension fails to the

jextent that active neuronal elements consonant with the just-activated pattern
B - ‘ .

o i are not present in the schema-of-the-moment.“ This can happen either because
r{~: . “ . - Y
B ey such elements are not’ present in- the nervous system at - all, or’,because *the

g . 2 ., .

T current~ endogenous,* exogenous, and emeggent ssour~es yof imitiation cannot*

RPN | L - . ™ . N - [

.. ) . o } :, ¢ . ~ ¢. . R .
Lo activate’them- 3 . AL e “\\\v el

- 's * . [} M -

S _ - .:k PRy . - - 0~ - . . .

. That local functional patterns do, in, 1

LA 4 - ® . ? [

v 7 'the extent that the schema-of-thej;oment and the just-activated constellation
. <, N ," Tox e < . Y . .
i o e do not contain mutually-relevapt elements s supported by the results of an
. v v @ " »
e often*cited1rexperiment by, Etansford and Johnson (1972) Subjects readeell-

AN 3

fact, remain merely momentary £o «

R B S a— e

P e - ey

e s -

!

RN formed passages about, say-\oing the laundry. %oWEver, -the passages were - -

¥,

. *' oor for those vho were told that thes:passage was about "washing clothes

,‘.‘74' constructed in such a way thét it was ‘mpossible to figure out what they vere ., -
fL L emt st =k R
. lwl}%;'i about without being told’.~ Thole who only saw the passages found them
giwlﬁ";_v - difficult to unders*and, and showed popr recall. 'Recall was also aImost as

mmﬁ-_— - e o a—

%,1:? tafterl the} had-,fi1ished reading ie.* Howevet, subjects who were givenﬂthis

i - .

o "f ; ‘s ¥ ]
. J}toplc‘before reading<showed greatly; facilitated comprehension and recall.

3
]
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e*This experiment illuﬂtrates the essential role simultaneous functioning plays :
o~ 8 o "‘% s ) *
e in the establishment of psychological relations. ¥ Only when the ~schemaiof-

»

St the~moment contains relevant elementﬁ _cam post“ﬁunctional relations with

4 .

e elementa activated by textual stimuli be established. Only then can emergent,

5

51Q ) o sources of initiation ‘work properly, and only then can coherent mental

~ - . A

e patterns result, novel ideas emerge, andsbetter codprehension take place. -

f"h K ' Different scnemata-of-the-moment can\lead to different interpretations of

o - . R N
-the, ‘same tekt (e.g., Anderson, Reynolds QSchallert &. Goerz, l977-‘Pichert &

P, » - ¥ A

o Anderson, 1977 Schallertg 1976) This is because ar any given instant during-~
, . = .
< o comprehension, ‘the schema-of-the~moment combines with that portion of the
- - °

v R B >

just-activated pattern which is relevant and ignores the ‘irrelevant.r " In

'1

q.u —Pichett and Anderaon, for instance, different groups of subjects were 2
< <t
-t instructed to read the same passages while keeping in mind differedt

perspectives. One e_of the passages was abour two boys playing hooky from‘

[y

school who took a tour through the house of “orie of the %ovs. The paseage ‘was -

- i " read from rhe perspective of a ‘burglar, a homebuyer, Ote no directed

LY -

perspective.: Unlike previous studies,jwhich had reported high correlations

among importance ratings by different -groups of subjects reading the same
e -

passage, “the presenffstgdz,shewed’a’mean intercorrelatjon of .11 among the

. - :hree~ groups. Importance ratings for a gdven perspective also correlated

higher with the recall from that per3pective than with' that of readers- who had

. N v
’

taken othernperapect&ves.

' Kncwing the mntive\(having a relevant coastellation activated) of the '
¥

character of a story has also been ahown to affect its comprehension. ‘In a

-y
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‘f.,;: study §§\0wens Bower, and Black reported in Bower (1978), subjects read five

“

-

o iy ’l

neutral sequences representing five scripts.

. ] 3 - -

< a doctor, attending a lecture, going grocery
‘.One group of subjects read only the event sequences.

levent sequences preceded by a description of the motive of the

. ’*‘

carried out the events. Subjects who saw the motive description rec lled more

tn
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inferences than those who read the event sequences\anV..

»

‘ Such experiments are usually conuucted to demonstrate the effects of
prior knowledge on remembering and comprehension. What they actually show is

i A
L1 (AN N N \
. . .

achat context, perspective, affedtive states, motives, or in short the entire
\\. )

,'l
. functional state of the moment must be taken into account. Some theorists

- . ':

(e 8oy Bower, 1981) attempt to explain such findings in terms, of associative
R .
. _connections amon“ (tokens of) concepts
0 . t '

,Others, however, reject the theoretical underpinnings of such' accounts

inadequate  because. . _,they__~ view _them as being based ‘on an incorrect
: .

characterizationvof human memory. For e;ample, horman (1980) claims that

o "asspciations among memory coacepts c .. simply will not do." Bartlett (1932)

believes that such approaches are ) responsible for very much unnecessary

difficulty in psychological discussion,

P

L - such descriptions of stored products are fruitless (Bransfozd,
N Franks; & Nitsch, 1977; Bransford, Nitsch, -
{ \
‘ theories also imply "geometric” or “relational!

& Franks, 1977).

isomorphism, and, to

extent that they do so, they contradict

N

S ) ' , - \ L,
<

erson %ho‘

the\neurophysiologicalrevidence

o e S ] Cognition .

making a cup of coffee, visiting;
shopping, and attending a party.

A second group read the

3

]

¥
1
H
i
!

i

stored in an associative.network.f

as

i

i

i

and yet others have pointed out that:
McCarrell,
Associative

the

~

)3

-~
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discussed‘earlier. We prefer to view such results as support for the notion,

rL :: that comprehension, like remembering, is a constantly developing global

activity. As Bartlett (1932) pointed out, "the active settings [the

. schemata-of—the~moment] .« .+ are living and developing, are a complex

expression’ of the life of the moment . . . ".(p..214). Such an active mass of

l
the moment does not involve one, or two, or even several local schemata (see

Mandler, 1981) There is no countah%e mental entity. There are no complex 4

SR -b“ildiqé; blocks (see Rumeihart, 1980). There is total continuity, not only ‘f‘

with the immediate comprehension oontext; But also in time, in space, and with

C "personal history. Bransford et al. (1977) argued that past experiences set

the stage for comprehension and perception.” The stage-setting metaphoi was to

-
y Ny

¢ capture this continuity. They write:
< £ . . [ £

' Consider some possible understood meanings or significances of a

l

o statement 1ike ""I’m ‘going to drive to Minneapolis tonight." If the

b

.speaker is in St} Paul, Minnesota, the statement is not surprising. If +

~ ¢

the speaker“i; in Czlifornia, one realizes that the pecrson is in for a , 3;

long drive. And if -the speaker is in Europe, the,6 statement seems o

strange. Or. comsider reading a newspaper heading like ”Peace finally

comes to Europe.” What is the significance of this qtatement’ If one is

b

reading an old newspaper, it is a historical fact. If one is reading ;ﬁéﬁ

‘ today”s paper, it 1is understood differently. And what is the
| signifi~ance of a pkrase 1like ”todaf’s paper?” The understood

‘significance of this utterance changes everyday. {pp. 436-4375




*In spite of this total continuity, it is often readily. possible té single o

and continuous. ¥

: .
) ; .- .
. C: .
.
v
. R Y- M
, )

particular components of the schema-of-the-moment. However, £ven at the time

-

of focussing on a single "distant” cpmponent, the continuity is never lost.| A

quick excursion to a remote childhood experience

'
{
{

Cegnition

|

experience of the moment. It\scems that 1t is always fhe past that visits"

Y
L

the present (by getting recreateé when the condi ions are suitable) and not

the present that searches for t;g past. Transitions are almost always smpoth

//just-activat

1The‘ structure of tZe

interacts with the sch a-of-the—moméni is- also governed by anal?gous

consteilation and the waJ it

"plasticity. The schema—of-the—moment.does not assimilate meanings or concepts

changeable, functional relations. -
-/ : 4

4
I3

4 ,
in their intact holistic form./ kather, by the very nature of its

A

global functional properties, ag’ well ds that of the properties of its

functioning constituents, it establishes post—functional relacions with
portion of the just-activated constellation which "is most relevant tq

needs of the moment." It is possible for one individual element of ‘the

4
/

activqged constellation to get singled out, L1f that is the only el
relevant to the schema-of-the-moment. This plasticity 1s absolutely esse

i‘ one 1is to comprehend novel or metaphoric statements. In comprehension

ique

that

Just-

ntial

.of a

simile> like "A whale is like a skyscraper," there is seldom any difficul

/
singling out the elements underlying "size."” We believe all this is° pos

ty in

%ible

|

oes not destroy the

the‘

lement

-
because active neuvronal elements relate through transient, hence readily .

/
4

- o]

\ -

P
Fahar]
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‘“/! ! _ The assumption that the constituents of'the schema—othhe-moment"combine

functionally, among. themselves or with those contained in the just-activated

constellation, to create a unique global functional system with unique ] 2

- properties suggests that functional conditions and relations in the schema~

Y

.
4 o

of-the-moment (e.g.,

I

constantly change and, consequently, that ‘schema'constituents must change

. - : ]
the— character{stic energy or interference patterns)

»  gignificance accord}ngly. Emergent functional conditions set the stage for
further " new combinations, thus giving rise to new experiencesn,(ideas, -oT T

meanings,'Etc.). Mcst changes in the schema-of-the—moment do not result in
' ..‘ e

disruption of its'global properties. Rather, they are 1ocal changes involving

o .o . -]
. 50 E -

the addition and déletion of active neuronal elements. The schema~of—the~

moment survives these local changes thus maintaining its global properties.

R ..«
T R i %

Considem for example, a person walting in an airport for the arrival of a

”
s

. friend. As he waits, endogenous, exogenous, and emergent sources? of

N .
Y . . .

, (initiation of) functioning maintain continuity in space (he i{mplicitly knows

he 1is in the airport, in the town of . . ., the country of . z_., and_sdaon)wu-f .
< - (

e oo et e i e '] s ~ .

e - and-In- t&he (He knows it 1s about such and such hour in the afternoon of an :
e?tremely cold winter day). He looks up and sees in the cold but clear sxy a

- - Lol I

distant Spot., This rather impoverished externaL stimulation activates visual ?

1] 'o ‘

V;‘ elements consonant with those already active, thus creatding the idea that a

plane 4s approachinga "As the plane draws closer, there is more activity of

specialized neurons in the auditory, visual, and other areas of the nervous -

: . system (he now hears and sees the .plane clearly; he seeg it touch the ground; B

] he is almost certain that his friend 1s going to come-out appropriately . jg

*
H
v - « A
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dressed\for thc weather, and S0 on). Thefpassensers begin leaving the plane.

. L M
He sees his friend and ghe sces him; and so forth. While all these are

%

substantial changes and shifts in functioning, the ~overall schema-of-the-

moment always’ maintains its continuity and its_global properties. The gradual

phenonenological changes are a result of merely local changes in the schema-

-

of-the-monent. Some elements 'are added and some are deleted. ‘Hoyever,\the

v

glohal properties of the schema-of-the-moment remain essentially unaffected h&

[ [ T «@ .

" these local changes, restilting in a ‘continuous and unitary phenomenological

Y -

experience. _ -

Changes in glohal characteristics also oceyr, as a function of the just-

’ N

activated constellation. When such (dramatic) changes occur, surviving local

<

constituents establish new functional relations and, consequently, assume a
—%

. new significance relative to the new functional pattern with its unique global

= «

aspects. The foltlowing quotation from )%:Hugh (1968) 1llustrates-the point: ‘
-\ N ’

- M 5

We have all heard stories of someone who- has~just1nissed being "killed in

an airplane crash. Suppose the emergent item is the "airplane ride," in

that it belongs to’both a later and an earlier system [schema~of-the- :

¥

moment]. As the person is told that the airplane is full because 1t 1s
. v
oversold, the airplane ridc" assumes = the character of a missed

4 .

appointnent 1% scme other city (exemplifying the influemce of the future
on the present thwarted airplane ride) In the later system, after being
told of the crash the significance og the ride changgs, because the

_person is«now ?lucky" to have- escdped’ disaster. The meaning of the

airplane ride has changed, and it is emergent;because future programs

-
dn [
’ L
>

e e

e e
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influence the depiction of the present, just as the actual events that

occur in the future (now the present) make 1t necessary to reconstruct

the/ past, in this case from disappointment to relief for the passenger.

(pp. 25-26) : . . 4

o

< .
This passage i11lustrates how the significance of local schema constituents

(eege, th!.airplane ride) changes as a result of changes in global properties
and vice versa. The result: constant emergence (creation) of (new or old)

ideas and meanings.6 N

. Exanples of dranatic global-changes (reorganizations) are .also’ abundant

in 1literature.’ In a short story by Thurmond (1980), for instance, a nurse,

.

Marilyn, leaves the hospital where she warks afterra late night shift. She .

o
goes to a gas station for gas, and accepting the invitation of the attendant,

R

Gabriel, she goes inside his office. As they go inside he’ quickly locks the

door and takes a gun out of .a. drawerimmihe story~leads strongly to the )

e o e e
e s >

expectation of rape or mugging. However, the story ends very differently.

After recovery from her initial shock she hear° him say that he invited. her

' inside in order Lo protect.her because, while filling the tank, he had seen

someone hiding ‘on the floor in the back of her car. Comprehension of such

2

stories involves a more or less instantaneous global. reorganization. One

"would expect such reorganizations to ' be prohibited to the extent that long~

]

term pre-f{u nctional " associations connected schema constituents, and

7

facilitated to the extent that relations between elements were temporary and

,post-functional. For a psychobiological discussion of how such shifts of

activation might occur, see krhib (1980). R
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Rememberieg andeearning“ S ( ] ’ «

j Aceording to the funetional \view, remembering is 'a-sby-éroduct of
cognitive ‘fﬁnétiOningl It i1s built dinto the properties of specialized
neuronal elements.and can be deserihed enly~ indirectly in terms sf the
initiatien} of activation in nepronal elements, for instgnce. The principles

underlying remembering are essentially those which underlie other higher brain

functions such as thinking. There is no need to postulate memofy~specific

@echanisms‘(e.g.,‘fetrieval systems) or.structures (see Jenkins, 1977). In

v

other words, the functional view makes it! possible to see through .the.

construct of "menmory” and, once this is done, the components seem lesg

4

memory-like, in the traditional sense of the term.

A
s,

" The t§pe of btoblems facing different¥ kinds of memory theories are

N

'multifarious. The "storage" metaphor gives rise to severe problems of

organization aad "address"\(Norman, 1980), while the néurai-wire theory funs

P A
o e i 3 oo

into what Hinsky calls the "crossbar” problem. Norman (1980) has brought such

N

problems together in the followiné paragraph: .

r-“Associations~among memory concepts o o e ngﬁ§l§-gill not do. That

implies much too much know]edge of the wire (orx its biological
) equivalent) that is'tq sngke 1its way among the already Iexisting stuff
‘. . . eite:natives‘ to wires anehnqt easy to find, the major candidaee
hbeing nembered, labeled places . . . Then, thel associatiodl between - two
memosy structures is. done by giving each one the unique name of the

other,”tfusting to the existence of some clever maéhinery that can get

1

B
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from one\place to another if only it has this name. This problem--I ‘call

it the “address problem”--is fundamental to’ the organization of any large " if
. s : ! _ .
* gscale associative memory. (p. 22) : N .
T In rejecting the notion of a.long-term associative memory, the functional 7

view seems to create & naw proolem: If mental structures and: relations are

transient, how can people‘ememher anything? That this questioh appears -to"be
so challenging seems to us to be a reflection of the deep—seatedness of the o
permanent-gtorage metaphor. However, we are not alone in calling such models

inﬁo question. From time to time, others have also questioned the validity of
N o £y .

traditional*memory metaphors. For eAample, ransford et al. (1977) write:
.~ . A 3 ¥

.

It seems\reasonable to suggest that current uses of the term memory

LAl

frequently involve tacit or explicit assumptions not too different from

L4

those noted by Ebbinghaus [as unsuitable]: for example, that memory ‘can

Ge' broken down into a set of meinories, that these consist of - relattVely
A *

independent traces that are stored in some location, that these traces “

€

must be searched for and retrieved in order to produce remembering, and

x

that appropriate traces must be “contrasted" in order 1Yor
experiences to have their effects'on subsequent events. If memory 13 N
\ . .

past

-

. defined in this ba(‘ it becomes necessary to consider the possibility . -{

L 4

that the concept of\memory (and memoriés) is simply one of many general;

hypotheses about the processes underlying remembering.? (pp. 431-432) s

¢ P
.
N

4 -

s
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Lihe Bartlett (1932), Bransford et al. (1977) and Jen&ins’ (1977). also

provide genuine alternatives. In fact,

-

Specified the major ingredients of a functional heory of remembering They

Y have ° argued . that "memory performance is .‘.,.,no simply a fpnction‘of local

., properties of individual}traces, but 1is. rether .a

‘Q-'_ ‘characteristics of the set of acquisiticn experiences as a whole" (Bransford

et al., 1977, p. 463) Similarly, Bartlett (1932) argued that remembering is

T

Y'built out of our attitude towards a whole active mas

~ L
reactions and experiences (p. 213) L . \ .

of organized pest

Since we have defined the global properties of the schema-of~the-moment,

y we can characterize remembering as the, recreation of a schema-of—the-moment
. -0 7
with global, Jbroperties the same as those of a previous schema~of~the—moment

. but, .¢f course, with inevitable local differences. The coherent global
J <
{

totality maintains the continuity of the original experience, including its
\ .

cuntinuity in ctige, in space, and intpersonal experiences. Consider, for
. 4

example, the following simpl% experiment from Bransford et al.\(1977);

!
. ' ”
The‘experimenter approached a group of people in-a seminar and stated:

“This 1is a recognition nxperimer\t. 1 want you to, tell me whether yau
have heard these words before . . . That 18, aeard them betweev 1:00 and
1:15 yesterday." And the »xperimenter immediately began reading the

' A}

- words. (p. 441)

Ihe authors report *hat students violently obJected to this procedure, a

(//\\‘frequent complaint being "Wait a minute, I don”t know where I was." What does

- % -

e

-l
B

believe thev have essentially

unction of the global\
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.

" the recognition of the words used have to do with the place the} were used?

If the subjects did manage to remember where they were at the time, would that
improve their performance in recalling the words they used? It seems that for

these subjects the experiential continuity between the plad§ and the words

used 'was a requirement for proper recognition of the latker.

How is the global~tota1ity of past experiences recreated’ According to
i
* thé functional theory, recreation of a past schema-of~the-moment occurs to the

extent that prevailing sources of initiation of functioning manage to activate
the same constellations of uniquely speciallzed neuronal elements as were.
active at the time of the initial creatfon. These were endogenous functioning
(e.g., focussing: see the :sectiqn on awareness below), exogenous sources

"(=.g., probing, reminding), and..emergent sources ({.e., consonant and

dissonant functional relations). %

“ . .
Once the global schemaiof-the-moment .1s recreated, recall production

would require individualizat;on (Bartlett, 1932), or unique differentiation
{(Bransford et‘al., 1977) of’ the components of the schema—of-the-moment,
Acco”ding to Bartlett (1932); . this is mediated by awareness. The system
someliow manages to “turn round upon itself." The global aspect manages to
affect the functioning of 10651 components. We believe this is possible

because awarenesg enables the system to get local compdhent conste’lations of

«

neuronal elements to function ﬂcdependently\ of the overall schema~of-the-

~

moment.> That awareness can influente -the activity of neuronal elements, has
been postulated by Sperry (e.g., 1976).

ld
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We must also“say something about what happens between the first creation .
: ~ - . . ’ .-

of a schema-of-the-moment and’ its subsequent recreation. This is especially S

/

E

important because of.the’nature of functlonal relations we postulated among _* o

»* . P

In other Words, in the case of -pragmatic consonance, where N

neuronaloelements.

+

. the activation of one neuronal element can lead to the activation of one of

an
» k' .

3

the’ several equally ‘consonant alternatives, thq_global schema—of-the-moment A

-
~ >

cannot provide the basis for determining'which of the alternative components RS

was actually active " ak the tife of * initial- creation. Given this‘ .

consideration” e’ are forced to speculate about what happens ie}.:o neuronal

N
elements from one activation to another; especially,\since we assume that a _ . . )

2

neuronal element can participate in many combinations. It seems fhat the most ‘E‘“j

parsimonious' proposals. is to assume (a) that an element can assume one of two

possible functional orientations--un excitatory orientation or an inhi&étary

- N »

orientation—-and (b) that é viven element can somehow preserve the orientation

‘of itg most racent activation."This would mean that if there fwaa an‘ A~to-B

.
“ G

. " » /
activation-activation relation at the time of initial creation, the actual A—

to-B relation at the time of recall would be the one .immediately prior— "to

.

recall activation. This would imply that in the case cf two pragmatically

‘ congonant elements or element constellations, a person would normally have no

. L

way 'of determining which of the equally-consonant'alternatives was actually-

active, in the initial schema~of-the-moment.'“-. o

-

Why -would an element chdange orientation?, The dissonance between
exogenous and endogenous functioning is one reason. Under the influence of a

dissonant just-activated pattern, 3 neuronal element may be forced to change
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—itsﬂ-orientation." Shifts in orientation mgy simply change the functional

~ e

‘relations within the same schemasof~the-moment.

‘

- *

.may ‘ replace previously active elements which now undergo inhibition.

Orientation wdanges may also result in dramatic shifts. “Ordinarily, such

’ shifts are only partial; there are always enough survivor elements’to sa{e—

- "

3
guard a’ "smooth" transition to the pOst-shift schema~of-the-moment. Among the

{ survivors may be elements that are endogenously very resistant to change, like

those involved in the concepts of self, of space, or af time. However, a;

times (e.g., during life-threatening circumstances) even these elements could.

'change their orientations.

elements, which often maintain an excitatory orientation (1if not a permanent

'functional state) to keep the individual’s ﬁersonal history alive, suddenly~

k4

‘omAy reverse this or;entation into an inhibitary state.

F

It must be reitemated that functional orientation merely

retroactive amnesia.7 \ ’ .

, affects

-initiation of fﬁnctionin§ There%ore, while it does affect remembering, itv,;

Remembering Occurs as a consequence of the post—functional

g

cannot explain it.

¥

activity of uniquely specializedo and distributed neuronal elements.

-

this uniqueness quality that determines, in combination, the remembering. (or
/F

It is

.

recreabion) of ideas.

-

In other words, .changes in orientation may be said to

influence the "episodic” relation between neuronal, elements, a Jrelation thatv

-

! may change from one episode to another.

the other hand, would depend on the unique functional properties of'individual

neuronal elements. . .

.
4

When ‘total shifts occur, a whole set of neurdnalr‘

. The result would'bet_i

The permanent memorial competence, on'

*An equally consonant element’ﬁ\i;

[N

Cognition '~
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", \~. functionaI qualitT:ive properties resposible fog. the rec. tion of mental -
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, -7 patterns(can clariﬁy the relative conrribution of synaptic interaction as .
. - ’:j -,‘: Do ¢ M
PR i compared to that of individual neurons as physically unitary and functianally .
oL Y . s
R s 1 - - P
e m’j~ autonomous systems~ In othet words, synaptic interaction may be responsible
4 L ! : Y »
L. e ‘or changéB* in»fhnctional orientacion while unique fyctioual cHaracteristics
L }- LN A W
P ’of individual .elements could account fo: \remembering itself. If rhis
‘};-" ’ N o 5= O ] < '\“ ., 4
':,{ 2” .«hypothesia here cbrrect, it wquld imply that synaptic interaction must be
?«\“‘ ep!sodic in character while not being un quely tied to the properties of -

.,‘r -,(
“'_;:'*f particular mental structures, Evideuce gathe:ed by Kandel and his colleagues

S

(see Kandel, 19ﬁ9,ii980) suggests that this may indeed be the case. In what
-~ ) ‘

>, .
.\ !? he calléd nonajg%ﬁiative learning, Kandel argued that the two antithetical

mechpnisms of hdbituation and aensitizatfon are responsible for. what might be

\

-

. . greferred to as episodic changes in synaptic interaction. .Habituation seems to
ENL 4'% - - ' : R s .
o idecrease tbe effectfveness‘of;synaﬁhic interaction while sensitization scems
x - \ DA : \ o - . . ‘
) '& go increase it. Kandei (1979) wxxteS' el P - N
_»wﬁw Thus, in\these simple instances, lea%ning does nod  involye. a dramatic
i : . '. . ¢ - >
co el e anatomic rearrangghent in the nervous system; No nerve cells or even
' :?t*“‘ ’j‘ synapses are creaced~or destroyed. khther, lea'ning of habituafion and
\"L IR . * . LR S - \j - .,
T ;sensitization changes the/jpnctional effgctiveness of previously existing

. = chemical synaptic connections and, in these instanceé, -does so simply by .

o

’ i4 - . modulating lcaIcium influx in 5he presynaptic t;rminals. Thus a new

. dimension fs intrpduced in thinking about the brain. These complex.

- .

R *:‘ pathways, which are geuetically determined, appoar.to be interrupted not
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. “ e Finallyﬁ thc'present aZCouRt of remembering also has implications for the

: problem oﬁ ‘learning. As Branaford et al. {1977) have noted the currently

x5 . . .
C e .predominant tacit assumptions {a*e] that 1earning nrnessarily results in

- B . .Yy
"o n. RN g
RN ,

memories, nnd that these stored memories are. responsible for mediating new,

;nteraotions with the world" (p. 433) L learning is not the accumulqtion,of

.“‘,-.-\. * -

more. knowledge or more highly structured knowledge representations, then.what

sy .

ix ‘v

AL ~. o ke —
% T - ;(As,...\., st P

.‘ \_':\ AT e

’ Cognig}on

e by disease but by experience, and  they ~can also be . restored by-.

B i N , . v,
"'9 is it? 1KIEhou§h?we cannot offer a detailcd discussion of this i&sue.here,mthe~— - “—"*“f

PN 7

“f“* V‘ ’;”‘ﬁuuctional vieu’ indicates i that learning must result in (a) neuron ’

C

+

. ) Viy o N

Qf tht §%hemn:qfsﬁbe~momentr and (c) facility in independent ﬁunctioning o£

s \ b
SRS ’-u.s “
"

’ 'fhdividual chpdnents of the schema~of~the~mowent. Thus, one, outcome of

L3

- - .. h-‘

‘5‘{'A 'lh%rhing Wuuld be the establishment of basic repertoires of specialized
- nenronai elaments /\in various aindependent regions ‘of the nervous

mems X

system~-vimua1, motor and so on. This type of learning 1s likely_to occur

R

- ,,~ -/,.,

A . -
“--“Q,"“ ‘b o . ‘.

basic.urepertoire~~of apocialized elements does not by itself make up the

. ~

2~:‘ digference hetweqq an expert and a novice. " If the functional theory is-

\‘a' ‘.1 5 } ¢

correct, this difference wust’ lie “in the ability to use the components

- ¥
. -

(clements ot cothellations) of the SQhema~o£—the-moment (a) in combination

and (b) independtntly. ‘ An expert can maintain a global patteun and at the

TR 3

ﬁame«time n.” local componcnts of the scbema—of-the—moment individually. The °

taék of the func;ional :heory, therefore,, is, to specify the funétional

- - - . * =
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during initial stagas ahd maj occur slowly and incrementally. But having a
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codﬂitfoné that lead to the establishment of basic repertoires of specializéd

. - P
neuronal g}gments. It yduld also have to specify what functional conditions _,

s \ lgad\to facilit§ in simultaneous functioning of >various 1local regions -and

. t
* independent funct}oning of element constellations in a particular region.

Awareness and Affect

A crucial aspect of cognition is the phenomenon of awareness. The
oo ) : ) .

functibhal approach allows an explicit account of it. It was stated earlier

» Y ; ’ ~
that the neuronal system consists of _an : unspecified--number of uniquely o

specialized neuronal elements. One cornerstone of such specializatior was the

_.=. . -assumption that a unique feeling of awareness would result from the
- -—=functioning- -of-each uniquely specialized neuronal element. In other words, a
} . N A

particular neuronal elemenl, when in_action, can generate a unique "feéling of .

- e r

knowing," that the given element is in a state of functioning. This is, as it

b

were, the element”s wvay of announcing, to the global system, that "I“m doing ;

éomething‘" Note that this claim does not presuppose a homunculus to
. : ‘ * 3 N

"perceive” the feeling of knowing and to identify it as such. It simply

L]

indicates that the active neuronal element generates a characteristic feeling

which; in combination with the feelings associated with other functioning ‘.

elements, creates thé idnitary awareness of the moment. ’ »

-

The characteristic feeling of knowing associated with a neuronal element
C would be generated only if and when that element functioned sid@ly, i.e.,
independently of any other relevant neuronal element. _ But presumably this

never héppeqs:/ ﬁéxher, neuronal elements function in unison (e.g., as part of

the scﬁqma-of—ﬁhe-moment). To the extent that they do this, they generate

| o6
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- \:\\\ . nonspecific unitary patterns of awareness, patterns unlike those which would

. 4. . \\\ “' - "'-_

'accompany independent functioning of individual components. As the number of

funcctioning elements -increases, the resulting "unitary awareness' pattern
I3 44

.
. -
- -

becomes more and ‘more nonspecific, i.e., differént from the awareness 'of

- ’ C

'individual components. Once Sagain, the light constellation analogy may be . -

» helpful. When a Eight with a unique color is on alone, it generates precisely e

its characteristic pattern of 1light. When there is a second light with a

.. .
T A
different color, a third _unitary light pattern is generated, -different from ) '

that generated by either of the two individual units alone. However, the
.characteristic color‘kof ‘individual 1light patterns is more evident (or
- explicit) in a two-unit 1light constellation"than, say, in a/hdndred—unit
conatellation. 7Similar1y, as the extent of neuronal functioning iﬁcreases the

. \ .
pattern becomes more diffuse (nonspecific) -and awareness of individual

xS

>

‘components becomes more implicit.
- . -
¢ One important consequence of this view of hwareness\is\that it provides a
way of conceptualizing tacit knowing (Polanyi, 1958). We may Enow something
* | R ] . . . . ¥,

and constantly use it, but unless we localize or individualize it we may never

become explicitly aware of it. - This naturally leads ug: to consider a

complementary functicn,.namely; that involved in individualization (1.e.,

\ . _ R
) N ' 4

independent usage) of’ the cdmponents of the sohema-ofuthe-moment.
According to Bartiett (1932), localizatiogi f schema constituents 1s an
gy \
essential aspect of cognitive functioning and it must happen even to refined

levels of differentiation’though not normally to the level of atomic neuronal

elemeats: ) - \
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1f any marked further advance is to be achieved, man must learn ‘how to

- resolve the “scheme” into ‘elements, and how to transcend the original
. < . ?

' order- of occurrence of these elements. This he doeé,_for he ~learns how

¢ to utilize the constituents of his own “schemes,” instead of being

~

determined to action by the “schemes” themselves, functioning as unbroken

-

units. He findg out how to "turn round upon his own schemata,"” as I have

. said--a reaction 1iterally rendered possible by consciousness _.and__ _the . ~~»~w~w¥~

g i < e —-,.—-«.u——-—»—.»—-—--w-*—'w‘-‘.-—- et o e o A o Yoo i e e e S o ;

one which gives to consciousness its pre—eminenk function. (Bartlett, -«

/ . 1932, p. 301) : : L - ,
1 But if individual gdnponents seldom function singly, and if a ‘component
<& . ¥ ’ ¢ N * ' - i
must function indepéndéntly for its characteristic feeling.of knowing to be
J experienced, how 15 explicit awareness of individual components possible? How

of it nt.tbé/eame time? One, and perhaps the only poseibility fg/ thét there
occurs sone changelin the functioning of a component. Explicit awareness of a
. single component is experienced when the latter undergoes a change in relation
to the global schema~of—the-moment, since this is how a compoudent can function
indepenQently of the global functioning 'sy;tem, whil maintaining its

N © continuity with it._.&fhis happens when there are increments or decrements in

the level of activation of individual conponents (neﬁtél constellations)
; _ ' !

relative» to the global level of activation of ‘the schema-of-the-moment. In

- .

this way, a functional view of cognition attempts to explain both exblicit
awareness and attention at the same, %ime. The individual becomes explicitly

ada:e of a schema component when there occurs an independent change in that
(Y , ) .

4 ool oo,
- can a component be part of the schema-of-the-moment and function independently ¢
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component. As this change ocecurs, the‘component hecomes\the focaltcenter of

-
l“

. the system, assuming it is the only one which is undergoing change. In other

o

words, the individua aftends to the component. Independent functioning,

explicit awareness, and attention become three aspects of the same phenomenon.

- . L ]

This can be the case, whether the source of the change is endogenous or

exogenous. . C . : Lt
' .

«An—example—of failure of an element to functﬂbn independently is provided
by-the tip~of—the-tongue phenomenon. We believe this happens because, while a

person is implicitly aware of a component, that component does not function

independently and, consequently, it cannot be made explicit. A second example

of independent functloning of a2 schema component was first noted by William

James (1890):

_only after it stops. Presumably, before- the. clock. stops, there is an

N

. activation-activation irrelevant relatienship in: the qchema—of—the-moment

. -
» .

9 . .
_between neuronal elements-involved in the perception of (a ticking) clock and

e S

. [
the 'rest of the schema-of-the-moment. We cannot hear the clock because the

¥ ~

i auditory elements responsible for the- perception of the sound- are not

7

functioning rndependently. However, cessation of stimulation at the time the

. .

- clock stops, causes the act-vation—activation relationship to change suddenly.

.

to an, activation~inhibition relationship., Consequently, this independent

]

i .,

f - functioning makes our awvareness of the functioning oF the neuronal elements
{

|

|
i

-

. involved explicit. ' - ‘ s

N
1

affect‘ and 1its relation to cognition. While from tlime to time, many

T

" The functional view of, awareness also suggests an alternative account of .

MO R

ER b

’ -

4 .

e et it
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influential psychologists have’emﬁhasized the prgmiﬁent role of affect in

o ’ T~ 1 . -
~organismic fhnctioning (Bartlett, 1932; Berlyne, . 1971,

s

wundt 1874, 1907), current structural and information processing theories of

~

cognition - and comprehension have either found it difficult to incorporate or

+ have simply ignored it (Zajone, 1980) Empirically, this absence of a sound

theory of affect has led to a great number of unrelatéd experiments resulting

in often inconclusive and contradiz tory data (Athey, 1976).
Perhaps the mpst*immediate'broblem .facing a,

provide a plausible account of the nature of arousal and affective valence.

\]

‘theory &f affect is to

I3

The functional view defines valence in terms of the awareness associated with

.

the attivity of uniquely specialized neuronal elements. We are 1led,

>

therefore, to ‘assume that the totalit?\of all -nEuronal‘ elements may -divide

S
‘ N -

19733 Huey, 1908; -

»,

. 4l
F3eY

g

¢

[N

. the-moment are the participating neuronal elements.

independent activity

into three_ broad categories:- Ihose generatingm a negative valence, those

- B

generating a positive valence, and those gener ting a feutral .valence.

‘_‘,.-u'

“would ° 1mp1y that the causal lodi of the affective valence in the schema-of-

L2

According to this view,

the functioning "of a' given constellation of neuronal elements has two
A domain-specific valence aspect and a
’ K . A ‘ ) - " : ( '
(arousal?). ‘While~

independent aspects:

aspect
. ¥ v

awareness of the particular constellation, which varies from one constellation

*

to do with the very aet of functioning itself,

e

to another, the latter has

v

which remains the same from one constellation to another.

This distributed account of affective functioning may be contrasted with

. 7 b ’

cthe view that affective variables such as. hedonic tohe, brefefence, and

L4

This

domain—~

the former depends on the -
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i;z;restingness are a function of the amount of actiyity( in some unitary °

usalﬂ-system5~(Berfyne, 1960 1973 Hebb, 1955)+ Optimalhlemel arousai”‘ - ,“*é

’ _— -
éneories essentially assume that moderate increments in arousal " are B

p1easurab1e and increments' beyond some optimal amount are aversive. While ‘ -

many authors have challenged the notion of an optimal—level function (e.g., -

[y

Arkes & Garske, i978), there exists no empirical evidence contradicting it.

-

Arkes and Garske have pointed out that "the problem is simply that an B

invetted~U relation allows' so many possible curves thatv the‘ theory.is | 7;

difficult to disprove" (p. 164). The fact that the inverted-U function has ‘ .

- —

grawn the attention of _so many researchers'in spite of the severe problems _it

associated with it ugges s that the prqblem may also have to dec with the L .

b
absence of an a ternative view to conceptualize the re]ationohip between:

. N ] -
—‘—“—“““‘——ErouEwt—and—affective—variabbies———fn—a—reeent—éemenstraeiea—experiment——lsan——-—-—_—7a—

~

Ne jad and Ortony (Note I) explored the utility of a framework ‘'which seems ro

‘t

_ make 1t possible ‘to test the inverted—U function. They reasoned that if-‘the

optimal-level hypothesis is correct, tnen a given level of arousal should

always be either pleasant or unpleasant "but could not, be both. They

. - X +

therefore attempted to show that under different conditions the same level of

argusal»can be both pleasant and unpleasant. Following the. -notion of the oo

”"

fg . " independence of aro&sal and valence; the .study involved separate manipufations - .

. ~.

1

".  of these variables. The degree of arousal was manipulated by _varying the

/ L
’ i g N

& degree of unexpectedness of story endings and valence was manipulated by

L4

A - -

varying story endihgs so as to invoke positive,or negative feelings. It was.

found that endings receiving identical (¢xtreme) unexpectedness ratings were

. ! 5 (R

L '61 L Cree e e
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rated at opposite ends on an (un)pleanantness séale depending on the valence
inyoked-_hy_the,euents in the story. Thue, it was shown that a giuen level of

<&
arousal can be' compatilble with both positive and negative affect, a finding

' that 1s difficult to accommodate within the ftamewotk"of—optimal-levelrarousal

AN

theories. Coe ) * , i

§

General Summary

“«

This paper has tried to draw an altetnative pictute of cognltion and

-

comptehensiOn. Statting with only one physically unitary and functionally

Autonomous construct, namely, the neutonal element, we have tried to show that

. cognition may” be more teadily conceptualized .48 a functional phenomenon. Our

x" - ———
account i{s builc around a central psychological construct the schema-of—the*

-

mpment, that is explained in terms of the functionirg of neuronal e‘ements.

(2]
"

S

[ ——

g

way interface between mental experiences'and the functioning of the nervous

~
~ -

- Insert Fiéure 1 about here

» ‘o ; .
ki

ser
.

eystem.. Changes in the activity of distributed neuronal elements serve as the

’ * el

"causal baeis for mental experiences ,of awareness and .attention. Mental

. . , 4 ‘
experfences, in turn, are .assumed to have a causal effect on the activity of

neuronal elements. - The centtal ,cells in the model are - chose of independent o

to function in concert to the extent that they are consonant. Furthermore,
. . N * «
subgroups of neuronal elements may .function independently of the background

[d

" and simultaneous functioning The totality of active neutonal elements. tend . _ .
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functioning in the ~schema-of-the-moment. Such simultaneous and independent O
: o . . -
functioning are direct causal determinants\of the experiences of awareness and
. * | . . : .
. . attention. ( ‘ ; ' ' '
- - - 4 . x ® N v ~ *

Even‘tnough they ariser frop the ‘same 'causal origin, awareness ..and

» ’ : M

,  attention themselves serve as: the causal basis for_ different 'mental

N N \

\

Jjudgenments. Attention is assumed to be the basis for the subjectiver judgment

ot -

- of interestingness, while awareness seems to give tise to the judgment of

el

valence and to judgments concerning the particular content (or meaning) of the

¢ r
” functioning consteilation. Im other words, while attention _seems to vary only

. ~
i

_with the degree of activity in a constellaticn and remains constant otherwice,

S ' awareneSS geems to vary from one constellation to. another, depending on the

© SN

. spehific properties of the functioning constellation. ' -

o rne totality of astixe_nenronal_elemsnts—ereate-a—»transient—-iuuct1onal

\
|
~ *

- organization called the schema-of—the—moment. Simultaneous functioning in

1

terms of the schema-of-the-moment 1is thWartea to the extent. that there< are

A

active dissonant or irrelevant elements in it, and to the extent that clements

N

that must enter the chain of combination are still’ inactive. Thesé factors

Al

’ provide the- causal” basis  for. such suojective judgaents as consistency,
- .

inconsistency, suspense, curiosity, expectation, compieteness, coherence, and
? ] - A !

" so on. * ' ‘ _ )
. 3‘ . " ’
- Throughout th%s.paper, we have 'tried to specify the functional properties

of the nervous, sygtem' that determine the causal paths leading ‘from the' -

'

»

activity of'neuronal elements to mental experiences and judgments.': However,

N »
.

. . ' \ [
“ the present account 1s rather vague about the functional properties that

.- B

.6




PRPNTD

. ’ : ) Cognition

- : C, - 62
. A

.
>

S -
. - . -

de}ermine the causal influence ‘of ment&l states on the functioning of neuronal

elemepts. We have assumed that the- schvma-of-the-moment, via the notion of

. . N 3

\/l .
tuning, affects the fnnc:ioning of elements. As Figure 1 shows, this‘ is

accomplished by +he causal influencc onkinactive elements of what is already

-

active. In nther words, active components of the schema—of—the-moment must be
!
utilized as a source of initiation,of functioning in inactive ‘elements. This
* ’ o T

"is possihle'because 1f 2 <2omponent of the schema—of—the-moment functions

T independently, it generates a characteristic energy pattern that can serve as

N s
a sufficient condition for activativg other elements.

. .

Two types of relational vehicles wore hypothesized to provide the basis

N for “the functioning of distributed neuronal eiements: A’Specific, element— 7

. o-element mechanism, and La nonspecific, "all-spreading” relational

-, N
3 - v
" . A Y

——-—————envirunmentTis} The  relatlons . &hong neuronal alements are consonance,

F

. .. s. : ) . . .
dissonance, or irrelevance.: Consonant . relations are purely functional,

s ; - '
logical, or pragmatic.. .Dissonant relations are either resolvable or -non-

4

resolvable. . - o s

. . -
.

- x . -_ ~ - "
- Uonlike traditional views, “the present. account. considers ° affective

» N » v ¢

functioning t6 be no different from cognitiverfunctioning. There is explicit

-

or implicit awarengss of the functioning of (positive, negative, or neutral)

.

v element . constel}ations, depending on whether or not there are independent

- N v

changes in the level of activ@tion of‘ these constellations. Affective
functioning often takes place to the extent that pre~existing connections are

unavailable and /to the extent that initiation of functioning nust depend on

external sources.
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Learning occurs when neuronal elements get specialized, when elements or

element constellations are used in new coamblnations, and when "schema

constituents are individualized, i.e., come to be used independently.

N N 64 < e

Finallx, a word about the empirical consequences of thezfunctional view'
Because the functional view, as’ outlined in this paper, 1s intended to provide
a coherent global perspective on cognition, we have made no | effort, to make

specific’ eapirical predictionai” Such'vpredictione requiﬂe more detailed-

nygotheses concerning -particularkaspects of mental functioning. Nevertheless,.
. + ’

’ we think that, aoart fzom*‘offering' an account of cog .tiof in terms of

’relatively concrete constructs, the functional view- has ‘ore other attractive

- G - ——

feature.‘ It offers thé§promise of a rapprochment among areas of the cognitive
X ) . - .

~sciences that traditionally‘haVe been not.very\closely‘related.

Jan

"

5"

o,

- e
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Footnotes

The research feporﬁed herein was 'suppqrged_ in ’part by the National

~

Institute of Education under Contract No. HEW-NIE—C—th—76—0116, and in part .

by a Spenge;,Fe116w§hip awarded to the second author by'the National Academy

[

e “of Education.
. " '

. (Y X X
1There is a striking parallel between the approach taken. by the Roman - -

» ~
L

physiologiét Galen (g.AD% 130-20}). and current information processing

péychqlggy. Galen was concerned with how inanimate matter, as the 4input to

a N .

the’ body via foodstuff, is transformed to animate matter. Internal- organs fkf

- (e.ge, the hearl, thg‘liver, the lungs) were considered relevant to the extent
that they helped carry out such transformations. In Galen s physiology, as in .o
- ’ ’ o

iﬁfofmation‘processiug p§ycbology,h“ﬁhe'dost notéble feature of the system 1is
) ~ P “ A
Il the eamphasis on manufacture and transformation. . . processes which convert

- b4

+ « . substances" (Miller, 1978, p. 187). Information processing pgycholegy

v

o takes the input—transformar%pn—output metaphar for -granted. How do we 'fq
know--what evidence is there-~that there exists some sort of pérmanent
cognitive "substance and that the brain ddq;*actualiy perform transformations

on 1t? And if there 1is no‘ permanent oﬁject-like entity, what does the

-

\
metaphor mean?
. e 2

It is perhaps this required dependence of the term fupction on an actual

functioning system which renders it unpalatable to some structuralists. Fnr

*

instance, in the: opening paragraph of a section entitled Structure and

: . -
4 . T
~a

Function Piager (1970) states that, "there are thinkeré who dislike “the

76 o
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.structuralist”s ultimate goal, tbe4dislike for the actual “subﬂect«tbecomes
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sub}ect,’ and if this subject is characterized in terms of its “lived
. ’ . NN -
experience” we admit to being among them" (p. 68). Viewed in the light of the

clear. The structuralist hopes to characterize alil possible knowledge
structures at some genegal level, structures which are not likely to exist in

totality in any individual organism. Consequently; structuralism is forced to

’

call “"for a differentiation between tbe individual subject, who does not enter'

v

at all and the epistemic subject, that cognitive nucleus which is common to§

all subjects at the same level" (Piaget, 1970, p. 139) Structuralists must

N . o

create ‘the’ epistemic subject because they assume that i: is the structural

knowledge patterns which constitute the common denominatoggm,(the cognitive

B nucleus) that the scientist must try to characterize. - &

3The notion of structural preformation has bcen carried to the‘extreme in

2

Chomskx_s, modular approach to human .méntal capacities. Accofding to Chomsky
(e.g.,. 1980 1981), there exist innately programmed mental organs for such

human capacities as comprehending a language or doing mathematics in much the
‘ *
same way as there are bodily organs like the Tiver, the heart, or even the

arme. Chomsky s major response to those who object to his strict nativism is

\,' . .

that critrcs have not  presented ‘a clearer alternative. We believe the n

3 . -4 .

s s

‘functional approach does provide a clear alternative: Innate structures may

!

only exist at tbc bilological and not at the mental level: For instance, the

nervous system may “contain highly specialized innate neuronal elements (e.g.,
sensory’receptor cells}, grossliy specialized inuate components (e.g., wvisual,

»

auditory, 'motor, etc., cortexes), as well as multi-purpose highly adaptive

-
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. : components. More - f£inely articulated speciallzation can then come with

development and learni-ng.h An organism with ‘such Annate endowment eould also

function * "{n a rich ‘and comple“ world of understanding shared ﬁith others:

P 4 L4 .~

- - similarly endowed, extending far beyond "limited and varying experience

“

(Chdmsky, 1980, P; 4), qualities _that 1lead Chomsky to hypothesize innate-\

.

: A
.mental organs. According to the functional approach, complex capacities such

}}' ' as language comprehension do not depend .on any unified knowledge organs,
‘ * 1innate ov acquired‘ Rather, mental capacities are distributed across diverse

L

e ‘biologtcal,struc%ures, nedroanatomic and otherwise. The fact that human

beings have‘a highly complex language' and other animals do not—-if this turns

out to be indeed the case--can be attributed,: for instance, to such
- - ~

-

incidentally used in eating, coughing, ‘sinoing, etc.) as well as to the

t

M . '
presence or absence of multi- urpose adaptive component%. What one need not
: . * - , ~

_ hypothesize is innate knowledge structures. Biojogical modulation, as opposed

-~

. to mental modulation, can account for both uaiversal similarity and diversity

-
. "

“in organismic.species. . . B : B

2

K - 4Recognition has at least two aspects. Re-experiencing a -past.

experience, and realizing that the axperience has occurrdd in the past~~-that

=

it is not a novel experience. We believe both of these aspect; should and can

<

iif ¢  be -specified in terms of the functionijj/of”EEHronal elements rather than in

.,

.
&

o -

teras of cognitive associations.

>

. 5Dissonant conditions may be resolvahie or mon-resolyable and resolvable

L4

dissonance may -lead to precedented or to unprecedented functional

. 4 . L
l‘. . ! -

. . -

Cognation

differences ags the shape of their mouths and vacal organs\ (which are”™

r
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x

otganizations. Specification of these concepts would’require a more detailed-
J S " picte

analysis _ of the functional relations than is necessary or epprop;iat; in the
present context. ° . . : “ !

-

6How does the- interaétion among endogenous, exogenous, . and emergent

N
. A -

sources of initiation differ £rom such‘ttaditionai cqncepts as accommodation

and assimilation? As it i{s commonly defined, accommodation, for example,

_refers to gradual developmental changes in knowledge structures. It'“display;

-

itseif in exploration, quentioning, trial and error, making expeériments or by

reflection” (Beard, 1969, p. 19) Even if we extend this concept to include

functional changes, it can only meaningfully describe incremental changes in

. B . ~’
the structure of the same schema—ofrthe-moment. It is not' clear how Piagetian

structural thegryicanaexplgin dramatic shifts of activation which seem, to
f ¢ l ) * o . R
occur eutomatically under the fnfluence of exogenous .sources. As we mentioned

3

earlier, there are two aspects to the interaction between endogenous and

exogenous functioning. First, there is. the interaction between local gnd

global aspects of the same schema-of—the—momen;. The 'just~activéted

consteliation is edither consonant, *fnlly or in part, with the global

I
Eunctioning system or it is dissonant with some local elements onlya It does

not disrupt the global functioning pattern. The schema-o f-the-moment may

accommodate and the inconsistency is resolved. Tnefeenondhpoesibility'is that
funcﬁional dissonance disrupts the global post-functional relations, the

i ] M
» &

latter temporarily "decomposes so the elements are .free to participate in a

3

new schema-of- e-moment. This functional condition sets the stage for«a%

globel reorgani..tion. It is this requirement of "decomposition .that
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e 7negessithties the involvement of transient functional relations, as opposed to
. ; ) . : ) .
r - i B
the long-term changes fmpliled by the concept of accommodation. In short,
) aceoamodation reﬁers/ to gradual structural changes. Dramatic functional
téorganiéations, on the other hand, can, in—- principle, lead, often -
2 » . i - > <
‘. autowatically, to new Functional organizatlons with new global properties
~ R - ) . - - N V_ 3 . - . i . ’9 . . .
.. . _rather M accommodated versions of an.earlier schena. . .
1/, . “ ' ’ ‘\ ) s ) ’ '
o 7We‘ are indebted to Richard Vondruska for bringing this point <o our
attention. ’ ' oL - i
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Figure Caption .
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] Figure 1. Simplified Diagram of the Principle Causal Relations in the
Functional Model of Cognition . . . .
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