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CHAPTER TEN

The Brain, the Me, and the I
&

KARL H. PRIBRAM
RAYMOND BRADLEY

W¢ have mnertted from our foretathers the keen
fonuinyg for umned. ail embracing knowiedge. © ..
But tne spread. Dot i width and depth. of fne
muittrarious brancnes of knowiedes durnine the lase
hundred odd vears as contronted us with a gueer
ditemnma. We reel Cleariv that we are oniv now

hewmnning o acauire reliabie materal for wetding
rogether the sum totai or aff that is known into 4
whole: Dut. on he other Jand. it has become nexe
0 impassibie ror & sinele muind fuiiv to command
more than 1 smath specalized porton or

[ set A0 other sseape from s Jdilemma Liest
SUL TTUC M B lost forever! Than that ~some of us
~hould wenture 0 ¢mBark on . avnenesis of 1ces
and theones, sibawith second hand and
neomplete Knowiedge of some of them=——and 1t
the risk ar making roois ot oursetves.

—SCHRODINGER 1 1944, 5, T8}

PREAMBLE

When Ravmond Bradlev 119875 had finished a book relating his longirudi-
nal studies of communes. Lois Erickson, a mutual friend of Bradlev and
i§arl Pribam, asked Pribram to read it. hoping a recommendarion for pub-
ication might deveiop. Pribram read the manuscript and was impressed
With what appeared to him some basic commonality between the function-
4l structures of social and neuronal collectives. between collectives of dit-
&rent leveis or scaies of svstem organization. Over the vears. this common-
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274 DEVELOPNMENT OF SELF-AWARENESS ACROSS THE LIFESPAN

abiry has become more and more striking—and, ac the same time, more
challenging.

The challenge is the following: General systems theory is based on the
finding that otren collectives of different scales can be shown to operate ac-
cording to the same—or, at least, verv similar—principles of organizadon.
This is an intriguing tinding bur does not tell us how-—the process by
wintch—-such operagions come about.

fn order to determine the “how™ of processing, it becomes necessary
roadentiny the transter functions that make it possible for operations at one
seite to mrluence those at the adjacent higher- and lower-order scales. A
“waile™ or Tlevel™ s defined as a “description” of the organization of the
siements ina svstem chat is simpier chan 1 descripoion of the elements
shemselves.

The recognition of muitiple levels of organization in a system, is nor,
1 Robert Hinde 11992, p. 1019) righely poines out, an argument for reduc-
sonisim, because each ievel “must be thoughr ot nor as an entity bur rather

~wesn degels.” Such an approach, which requires sciennsts to “cross and re-
crossy T the houndaries berween levels (Hinde's phrase. guoted in Bareson,
T99 1 p. 14 thus demands integration between adjoining disciplines.
Witn respect to the challenge posed by relating social collectives o
neural collectives, it thus became imperative, as a first step, to delineate
-Caivs intermediate berween those describing the operations of communes
citd those describing the operations of the brains of the persons composing
e communes. 1nis chaprer artempts such a delineation.
fn chis artempt. we were immediatelv taced wich the problem of a
~tethora of different terms used in different scientitic enterprises. It became
mitical to v to develop a unirorm vocabulary for processes that seemed to
> to characrerize the same operations.! However. in doing this we may be 3
sreading close to what in philosophy is called theoretical reduction. But we
are nof reductionists in the sense char if we just knew everything there is to-
xnow at a particular level of inguiry, we would be able to explain.every-
ining at the next higher level. Rather. as Lévi-Strauss {1963) pointed out,
mms tvpe of reduction mav work for very simple systems (systems con-
zrofled by rew variabiesi. But for more diverse (complex) systems, a souc-
tural approach becomes necessarv. The structural method places emphasis.
on the arrangement of relations among elements rather than on the elgh' E
ments per se. The classical example of this emphasis on relation is the pen-
odic table in chemistrv. Compounds—such us water—are composed of
atoms joined in particular relations called bonds. The bonding is largely
accounted for by the structure of—the number of protons in—the aroms-
<omposing the compound. Bur chemical science is basically a science qf re-
lations —of the nature of the bonding structures that compose molecules.
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Another example is language, which is composed of some 20-30
phonemes. [t is not these phonemes per se, however, that characrerized a
language. Rather. it is the relarional structure, the ordering, and contextual
embedding that make possible linguistic meaning.

Our approach, therefore. is based on the structural premise of trans-
posable invariance: thar “structure indicates an ordered arrangement of
parts, which can be treated as transposable. being relatively invariant,
while the parts themselves are variable™ {Nadel, 1957, p. 8: see also Piager,
1970). This 1s what makes it possible, for example. to describe the “struc-
ture of a tetrahedron without mentioning whether it is a crvstal. a wooden
block. or a soup cube™ (Nadel, 1957, p. 7). Here. we are pursuing just such
a structural approach. At the same time, we are nonetheless svmparhetic to
and uneasv with theoretical “reduction.” which for us might berer be
called theoretical translation. In short. what we aim for is a translation of
the conceprs essential to understanding relations at one leve! or inquiry in
order to articulate the meaning of concepts at an adjacent level.

INTRODUCTION

A rew vears back. one of us iKHP), during a seminar. noted that the lert
arm of 1 graduate studenr was moving somewhat awkwardly in arranging
papers on the table in front of her. KHP asked the student. Ms. C.. ir she
was all right. while pointing o her left arm. She repiied. ~Oh. that’s iust
Alice: she Joesn't tive here anvmore.™ At the end of the semester. Ms. C.
presented a deraiied account or her experiences wich Alice, which is pre-
sented under “Some Case Histories. ™

Shortly therearter. KHP was asked ro supervise a graduare student at
another university who was examining a boy unable to recount his experi-
ences.

The rwo case histories provided the seed that provoked us to crvstaiize
some larent ideas based on a wide range of data obtained on brain-iesioned
monkeys. on brain electrical acrivirv and the development of seif in hu-
mans, and on factors leading to stability in social refationships and stabiii-
v in social collectives. Our presentarion is tentative bur intrigues us surfi-
clently to venture it here. '

The case histories describe nvo distinct modes of coping thar are dis-
rupted by brain iniury: one articulates the organism—in egocentric space—
and locates it—allocentrically—in its environment: the other evaluates and
monitors experience. We proceed to suggest that these two dimensions of
coping are embodiments of Piaget’s processes of assimilation and accom-
modarion. As accommodation is “the source of changes [that| bind the or-
8anism 1o successive constraints in the environment” (Piager 1936/1954. p.
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3321, we explore the source in the consequences ot behavior and the result-
ing changes in the organism’s competence in assimilating (coping with) its
enviconment.

Next, we note that this development of competence in assimilation en-
tails chree additional dimensions, dimensions char also have been shown to
mvoive distinguishable brain svstems: arousal-tamiliarization; activation-
seieetive readiness: and etfort—omrtorr. We 2o on ro suggest thac these di-
mensions are the same as those obrained by Sternberg ( [986) in his analysis
o1 the dimensions that lead to competence and stabiiity in loving relation-
\ips: passion wrousal): commirment isetective readiness); and intimacy (ef-
-art-comrorry. Finallv, we relate rhese dimensions to those that Have been
siown to operate in producing stabiiiey in competent social collectives: flux

passion): control rcommitment:: and coilaboration (intimacy).

SOME CASE HISTORIES
Yrom Ms. Cu

i was doing wundry about midmorning when [ had 4 imigraine. [ fele a
\NACR DA N myolert tempte, and my et arm teir funny. | fimshed my
faundry toward midarrernoon and cailed my neurologist. He told me to
20 70 the emerzency room. [ packed 1 tew things und Jdrove abour 85
‘niies tu the nospieal where fe s on sttt ithe nearest was 13 minutes
awave. in the ER. the same thing happened again. And again. the next
morming arter | was hospialized. oniv :t was worse. The diagnosis of a
SITOKC CAMe 38 4 compiete surprise (o me because | teit rine. and [ didn’t
Aotice Anvehing different about myseif. | remember having no emotional
response 0 fhe news, | et annoved and more concerned about gerring
home. because [ was in the process ot moving.

Not unui severai davs fater. whiie | was in rehabilitation, did [ no-
tice strange things happening to me. | was not frightened. angry, or an-
noved. [ didn't reel anvehing—notning at all. Fourteen davs after I was
admitted to the hospitai. | became extremeiv dizzy, and [ fele [ was falling
out or my whieeichair. The tioor was titng to my left. and the wheeichair
was silding off the fioor. Any simuius on my left side or repetirive move-
ment with my fert arm caused g disturbance in my relationship with my
cavironmenc. For instance. the room would silt down to the left. and [
feit mv wheeichair sliding downhiil on the floor. and [ was talling out of
my chaie. [ would become disoriented. could hardly speak. and my whole
being seemed to ¢nter a new dimension. When my lert side was placed
next to a wail or away from any stimuii. this disturbance would gradual-
lv disappear. During this period. the left hand would contract. and the
arm wouid draw up next to my body. It didn't feel or look like it be-
longed to me. Harrison moved the ieft arm repeatedly with the same
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movement. and a similar behavior occurred, excepe [ started crving. He
asked me what was [ feeling, and [ said anger. In another cest he started
giving me a hard rime until the same episode began to occur, and I began
to crv. He asked me whar { was feeling, and [ said anger. Actually, [ didn't
feel the anger inside. bur in my head when [ began to crv. Not undil |
went back to schooi did [ become aware of having no internal phvsical
teelings.

{ cail thar arm Alice (Alice Joesn't live here anymorei—the arm |
don't iike. It doesn’t look like my arm and doesn't feel fike my arm. |
think 15 ugiy, and [ wish it wouid go away. Whenever things 2o wrong,
[} siap it and say, “Bad Alice™ or ~It's Alice’s fault.” | never know what
i's domng or where it is in space unless [ am looking at it. [ can use it, but
[ never do consciousiy. because ['m unaware of having a left arm. [ don't
neglect my lere side. just Alice. Whatever it does. 1t does on its own, and
most of the ume. { don't know it’s Joing it. I'll be doing homework and
then I'Hl cake a sip of cotfee. The cup wiil be empev. [ was drinking coftee
with that hand and didn’t know it Yer | rake classical zuttar lessons. |
Jon’t teel the strings or trets. [ don't know where mv fingers are, or what
they are domny, bur sail | plav.

How do I live with an iilness 'm not aware of having? How do |
funcuion when ['m not aware thar | have denacs? How do | stay sare
whnen I'm not aware of being in danger?

Ms. C. is obviousiy intelligent. attending leczure material, asking inter-

‘esting guestions. Sne is a widowed !adv in her mid-30s. enrolled in aduic

education. majoring in clinical psvchology. She gets around spiendidlv de-
spite Alice and despite a history of 4 temporary lert hemiparesis. The diag-
nosis was Jamage of che right temporai~parietai cortex confirmed bv an
abnormal clectroencephalogram (EEG) recorded from that location. The
damage was not surficiently extensive to show in a positron-emission to-
mography {PET) scan.

Contrast Ms. C.’s storv wirth the following observations made on an $-
vear-old bov by Chuck Ahern as a parr of a thesis program cthat KHP su-
pervised:

T] had an agenesis of the corpus callosum with 4 midline cvst at birth.
During the tirst six months of his life. two surgical procedures were car-
ried out to drain the cvst. Recentlv perrormed Magnetic Resonance
Imaging : MR} showed considerable eniargement of the trontal horns of
the lateral ventricie—somewhat more pronounced on the right. The or-
bital part ot the rrontal lobes appeared shrunken as did the medial sur-
tace ot the temporai pole.

TJ appears to have no ability tor quantitving the passage of time
{what Bergson (1922/63} called durée| and no experiential uppreciation
ot the meaning of ume units. For exampie. 1 few minutes arter rutoring
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beins, he cannot sav—even remotelv—how long it has been since the
session started. He is as apr to answer this question in vears as in min-
utes. He does always use one of seven terms of time quantification isec-
onds. minutes, hours, davs. weeks, months or vears) when asked to esn-
mate the duration of an episode but uses them randomly. He can pur
these terms in order. bue does not have any sense of their meaning or
their numericai relationships to one another.

When T rerurned trom a trip o che Buhamas he did recall that he
had heen on the rrip: however. the dezaiis he could recount about che trip
aumbered fewer than 3. His esaimaces of how fong 1o had been since his
trip were tvpicai in chat they were snaccurate and wildly inconsistent on
repeated trials. Also. the riest nive ames back ac tutoring he stated that he
had not been at turoring since his trip. e appears that he s unabie to
piace in sequence those tew past =vents that he can recall. Nonetheless,
he can answer guestions correctiv based on his appiication of general
knowiedae about devetopment, ¢.2.. ne knows he was a baby before he
could rafk because “evervone starts as 1 baby.” But. one dav he asked his
rutor if he Rnew lum when he was a kid. indicating, [ think, his incom-
prehension of the duration of caca of these Jdevelopmental pertods and
nis wnawareness of what cvents coastiruted such 1 period ror him.

T} 1s aware that iwe 7as 4 past. hat events have happened to him but
fre cannort recottect those events. He aiso spontaneously speaks ot events
n fus future such as driving an cutomobtie and Jdating and growing a
beard. He has ptav-acted on weparate occasions his own old age and
death. TJ 1s capabie ot excirement about the immediate tuture. On the
very dav that he was zomng o the Banamas he was verv excited as he ex-
Jaimed repeatedly: “U'm coing :o :he Bahamas.™ Bur when his rtutor
asked nim when. he sard blanklv: ~{don’t know.™ He also displaved keen
anncipanon witen one day he saw 3 heticoprer prepaning to take otf from
the hosprral. The helicopter cnuines revved approximately 13 minutes
berore it took oft and T} become increasingly more vocai and motorical-
iv acnive. laughing as he repeated. ~When's it going to take off?” He also
anucipates ruture punishment when he is “bad.” He is aware. on some
level. ot the immediate future in his constant question ~What's next,”
which he asks his mother at the nd of each activicy.

There are a variety of other »ccasions on which he demonstrated
this capacity regarding tempo :as opposed to evaluaring the duration of
an experience!. There have been <everal breaks in his usual thrice weekly
tutortng schedule. Each of tour atmes this schedule has been interrupted,
he has run to meer his tutor when he approached rather than waitng in-
side as he usually does. Also. on chese occasions he has rypically asked if
his tutor missed him. However he states he does not know how long it
nas been since his last session. and there was no evidence that he knew it
had been longer than usual. _

TJ compares who walks taster or who draws taster. He has at leasta
basic sense ot sequencing as when he says. "I'll take a turn and then vou
take a turn.” He also uses terms iike "soon ™ and ~quick” correctly in con-
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versation. For example. when he wanted to do a drawing at the beginning
of a session, and his tutor said that we needed to begin to work and he
countered. “This will be quick.” Unsurprisingiv, he finished his drawing at
his normal pace. He somehow seems to use such terms correctlv without
any experiental appreciation of them. {Modified from letter written by
Chuck Ahern on March 19, 1995, addressed to Karl H. Pribram

These two case histories illuminate two very important dimensions or
seif. One dimension, portraved bv Ms. C.. locares us in the world and also
with respect to our body’s contigural integricy. The other dimension. high-
lighted bv TJ, monitors our experience. Withour such monitoring. the
events comprising the experience tail to become evaluated und encoded
into memory. Location is kin to—but more primitive than—a spatial di-
mension-: monitoring is kin to—but more basic than—a temporal dimen-
sion.’

Arrer 1 KHPY read Ms. C.'s paper and zave her a well-deserved A~
and showed her Ahern’s descripoion or TJ. we discussed Dan Dennert’s
views—expressed in his book modestly enritied Consciousness Explained
(199 1i—on ~the Cartesian Theater™ and on ~Narrative Consciousness.”™
She agreed thar the paper she wrote was indeed 4 narrative. but it had k-
en her a good while to piece together the various episodes thart she had ex-
perienced into a coherent storv. Meanwnile, and this was stll the case. her
experience was and is dramaticaily locational. thar is. chearrical. What
could provide better theater than ~Alice Joesnt five here anvmore™ with
the emphasis on the “live here™ Despite the current vogue to trash
Descartes isee. e.z.. Antonio Damasio’s Descarres” Error [1994]*), manv
persans do. in fact. experience themsefves as actors on the stage of lite, Js
Shakespeare so eloquently expressed ir.

Ms. C. experienced devastations o her locational tnregriry. Other pa-
tienrs, atter injuries to their occipital lobes. demonstrate “blindsight.” the
ability to visually identify objects in the "biind” tield despite the facr that
they fail to be consciously aware of these objects. Patients such as those
who are blindsighted and Ms. C.. who might be considered to have a tac-
tile and kinestheric blindsight. both have damage to the cortex of the pos-
terior convexiry of their brains. Thus. thev surter disruption of their ego-
centric (essentially tactile and kinestheric! and allocentric (essentially visual
and audirory) organization. [ (KHP! have called this a distuption of ~ob-
Jective™ awareness because it relates the patient to his or her impairment as
if it were a relationship among objects. The relationship is “intentional™ in
Brentano’s {1874/1914) sense of an ability ro ditferentiate the perceiver
from the perceived (Pribram. 1976). Note that in such patients. narrative
abilities do not sutfer—as vou can judge for vourself irom Ms. C.'s report.

Contrast this with the bov’s disabiiitv: This bov's episodic memory is
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severely deficient. But, as compared to Ms. C.. he has no problem with hjs
cgocentric space, not is he blindsighted —he has no difficuley in experienc-
ing his allocencric whereaboues. Despite his disability in monitoring, he
continually defines his location both in space and in clock-time. However,
nis narrative self is severely limited by his inability to moniror evenrs and
piace them into sequences of episodes. The narrative self is composed of
such sequences of episodes. TJ's attempts to do so are contrived and de-
nend on his intacr ability to deal with egocentric and allocentric experi-
enee.

To summarize this part ot the chapter: Two dimensions of self can be
distinguished on the basis of selective damage to different parts of the
Hrain. These dimensions concern an objective “*me™ and a narrative “1.73

The objective “me” is characterized as spatiotemporally articulated
-egocentricallv) and located in the world tallocentricallvi. The narrative

" by contrast. is consttuted by 1 hermeneutic monitor of episodes and
svents thar chemselves are the conseguences ot the monitoring, and thus
seif-organizing. Next. let us look into how these two dlmcnslons of the self 3

velop.

THE DEVELOPMENT OF A STABLE SELF
Piager tormuiated two complementary processes that guide cognidve
zrowth. One process he labels “accommodation™: the other, “assimila- 2
non.” *ln their imual directions. assimilation and accommodation are ob~:
stously opposed to one another since assimilation is conservative and
zends to subordinate the environment to the organism us it is. whereas ac:
commodation is the source of changes and bends the organism to the suc-3
cessive constraints of the environment” (Piaget 1954, p. 352) Thus,

the nurshngs psvchic activity is at first only simple assimitation of the
external cnvnmnmcnr to the tuncrioning of the organs. Through the
medium of: ASSlmllator\ schemara. ar first fixed. then mobiie, the child
proceeds frdm chis clementary assimilation o putring means and ends
into relationships such that the assimilation of things to personal activity

and the accdmmodation of schemara to the external environment find an
increasingiy stable balance. The undifferentiated and chaotic assimila-
tion and accommodation which characterize the first months of life are
superseded by assimilation and accommodation simultaneously dissoci-
ated and complementary. (Piager 1954, p. 219)

With respect to the brain funcrions described here. assimilation 3
pears to be attecred by the process of locating the child in egocentric aB
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allocentric space-time schemara; accommodation resembles the effect that
a self-organizing, neurologically based monitoring hermeneutic process
would be expecred to exert.

Assimilation and accommodation are ordinarily complementary, and
Piager’s developmental stages reflect this complementariry. Nonetheless. as
Piaget points out in the preceding quotation. one can discern differences in
balance: The sensorv-motor stage is more assimilative than accommoda-
tive: the various operational stages employ both processes in a complemen-
tarv tashion and more or less equally: and the postoperational stagets) are
primarily accommodative. In both assimilation and accommodanon, bio-
logical and experiential factors interact. and the maturation of brain elec-
trical activity reflecrs the resultant of this interaction. During infancy. mat-
uracion centers on the sensorv-motor regions ot the convexal cortex. In
childhood and adolescence, two stages of “growth spurts.” as they are
called. can be discerned. each stage beginning posteriorly and ending
frontallv. Of great interest. and surprise. to us :Hudspeth & Pribram.
1992} was the discoverv of a major increment in the marturation of the
trontal cortex during the ages 17-21! This is the age at which we send our
children to college {or to the armed services in case or war:. Their accom-
modation is critically vulnerable. and how they mould their frontoiimbic
hermeneutic monitoring svstems during these vears will determine therr cit-
izenship for the rest of their lives.

This nice sequence of consequential events :events: Latin. «x verre:
out-come) is, on occasion, interrupted. {nterruption leads to a dirferent
process: The organism becomes aroused. demarcating an zpisode. but if
the interruption is repeated, the organism habituates to it: the marked
episode becomes familiar. When we remove one or the components of the
frontolimbic forebrain (the amvgdala), the organism’s clock-like oscilla-
tions flatren out and familiarization fails to occur (reviewed by Pribram &
McGuinness. 1975, 1992\. Episodes become recurrent. distracting from
the progressive development of competence through commirment; the or-
ganism has become hung up, treating each occurrence and reoccurrence ot
the distracring event as arousing. [nterestingly, a kirten raised for 8 weeks
in darkness and in an otherwise also restricted environment will. in the
first few weeks of release, show svmproms identical to those of amvgdaiec-
tomized cars: failure of visceroauronomic responses. continual and repeti-
tious investigation of the environment (behavioral orienting), and a low
threshold to startle (Konrad & Bagshaw, 1970).

Schore (1994), in an aptly titled volume, Affect Regulation and the
Origin of Seif, reviews additional evidence for the importance of the amyg-
dala and related orbitofrontal svstems in the development of the infant.
Schore bases his analysis on the importance of the dvadic relationship be-
tWeen an infant and the primary caregiver. Through social bonding with
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the infant (touching, holding, feeding and especially murual [eve] gazing,
etc.), the primary caregiver creates a relarionship with the infant thar, ac-
cording to Schore, involves interaction along two dimensions. The first is
the stimulation of positive affect bv the primary caregiver: this dimension
-eems 10 us to correspond to our arousal-familiarization dimension.
Arousal involves establishing contexts to facilitare the dyadic murual posi-
cive arfect that becomes the conduir through which. according to Schore,
cne infant’s worldly experience is channeled. The second dimension of this
nreraction s the regulation by the primary caregiver of the infant’s behay-
-ot: This corresponds to what we have called a ~readiness to selectively re-
spond ™ svstem. which is centered on the basal zanglia of the brain. Schore
describes interactions of the brain structures that become involved in these
WO processes: '

In line with the principie that information is processed in stages. the en-
are temporal sequence invoives sensorv-perceptual encoding of a so-
coartective facial sumulus n zhe posterior cortex. cognitive appraisal in
the rrontolimbic antenior cortex. ampiification of the signal during corti-
co—subcortical rransmussion along the visuoiimbic pathwav, activation of
hvpothalamic mouvationai svstems which ntluence internal states and
Jenerate vmotion—specific acrion tendencies, activation of the ascending
vencral reemenral mesocortical dopamine circuit. and tinallv activation
ot pretrontal areas and rrontal cortical motor regions responsible for fa-
ciai and bady ¢motion response expression. ipp. 193-1961°

Schore extensively reviews the evidence chat “enviroamental stimull ;
rezulate the anatomical. cellular. and even the molecular organization of .
he developing nervous system™ ip. 161). With regard to the (dopaminer
zi¢! functions of the posrnatal infant frontal cortex. the stimuli are primar-
ity social. Thus, in situations where the primary caregiver's nurturing love
has broken down during a critical period (approximately the first year of
life) and the intant is subjected to prolonged exposure of heightened nega
zve affect. the growth and organization of the infant’s developing frontal |
cortex can be atfecred with enduring pathological consequences. This re-
suits in'structurally detective neurobioiogical organization, which, in rurn, &
aroduces disturbances in social attachments. These funcrional impairments-
o the neural circuitries result in a persisting susceptibility to further pae
terns of pathophvsiological growth that are associated with later forming”
osvchiatric disorders (see the review of the evidence bv Schore, pp:
L59-167).

To ctranslate into the terms of this chaprer, the requisite neurobiologt
cal organization for the development of a stable self is prompted by the in-
“eractions in the mother-infant dvad. which entail affect stimulation and
modulation/regulation. Affect stimulation entails uccommodation by the
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infant to the egocentric and allocentric assimilation of his or her relation
with the external world and corresponds to arousal-familiarization. Ac-
commodative modulation/regulation via the mother produces this egocen-
tric and allocentric assimilation of the environment and corresponds to se-
lective readiness. Often, it takes effort to disengage from the disposition to-
ward arousal, thar is, to rerurn to commirment. Still another parr of the
forebrain (the hippocampal formation) is crirical to determining the dura-
tion of engagement (Pribram & McGuinness, 1975, 1993). Whar is in-
volved is the matching of the cvcles of the clockwork to registrations in
memopad. A model has been developed to derail how such a marching
process might be articulated (Pribram, 1996). Thus. the infant’s develop-
ment of competence for (eventual) autonomous socio-emotional atrach-
ment corresponds to an etfort—comtort dimension. More on this shortly.

Two further commonalities with Schore’s findings should be norted.
The first is thar there is some evidence that the significance of these two di-
mensions of interaction continues bevond intant development to also be
important in the development of the voung child. Drawing from a study of
aggression among 4-vear-oids in preschools, Robert Hinde {1992} reports
[on the basis of “three repiications™] that aggression was tound to iower
when “marternal warmth™ and “marernal control” in the mother—chiid re-
lationship were “more or less in balance™ (see pp. 1025-1026. especially
Figure 5). The second is a commonality with Piaget’s ideas on the role ot
affect in intellecrual development. In his final lectures. Piaget 1 1983 links
the development of the individual’s intelligence and creativity as an adult
to a nurturing fabric of loving relationships as a child.

THE ACCOMMODATIVE PROCESS

We have learned a good deal about the way accommodation is achieved.
Reinforcement theorv has made solid contributions to understanding, as
have the results of neuropsvchological experiments. In experimental psy-
chology, reinforcemenrts {and deterrents) are conceived as those conse-

quences of behavior that influence an organism to increase {or decrease!

the recurrence of the behavior that generated the consequence. Two sepa-
fate processes are apparently involved: One is a biologically based. clock-
like oscillaror. the other a register or “memopad” that keeps track of the
consequences per se. Many of the oscillations displav an appetitive and a
consummarory phase and are critical to organizing the accommodative
process. The memopad registers an environmental event when it matches,
that is, resonates with, the appropriate moment on the clock cycle. Recur-
rence of the consequential behavior is determined by the density of regis-
trations {see Killeen, 1994, for review and derails).
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A ready way to conceprualize the reinforcement (or deterrent) process
is as tollows: (1) initiallv consequences are those sequences of behavior
that fic into the conrext of prior registrarions (thereby becoming conse-
auential); (2) atr a certain point, the density of such consequences arttain a
sufficient probability that the recurrence of the behavior will produce a re-
tiable match. so that cthe organism becomes confident in its competence to
serform in this context. At this point, the laws of learning are replaced by
chose that characterize performance isee Pribram. 1971, Chap. 16). The
dJensity of consequences engenders “atfluence.” which leads to such a
means—ends reversal:

Whart happens when a man. or tor that matter an animal. has no need ro
work tor a living? . .. The simplest case is that ot the domesticated cat—
a paradigm ot atfluent living more extreme than that of the horse or the
cow. All basic needs of the domesucated cat are provided tor aimost be-
fore they are expressed. It is protected against danger and inclement
weather. [ts tood is there berore it s hungry or chirsty. What chen does it
dor How does it pass tts ume?

We mught expect that having :aken its tood in a pertuncrory way it
would curl up on s cushion and sleep until faint internal stimuiation
zave some informarion of the need for another perfuncrory meal. But no,
1t does not just sieep. [t prowis the zarden and the woods kiiling voung
birds and mice. [t ¢njovs lire in 1ts own wav. The fact chat life can be en-
joved. and is most enjoved. by manv living beings in the state of afflu-
ence qas Jetined) draws attention to the dramaric change chat occurs in
zhe working of the organic machinerv at a certain stage of the evoiurion-
ary process. This is the reversal of :he means—end relation in behaviour.
In che state of nature che cat must kill to live. In the state of arfluence it
itves to kiil. This happens witn men. When men have no need to work
for a living there are broadly only nwo things lett to them to do. Theyv can
“plav™ and thev can cultivate the arts. These are their two wavs ot enjoy-
ing lite. [t is true that many men work because they enjov it. but in this
case “"work” has changed its meaning. It has become a tform of “play.”
“Play™ is characteristically an acaivity which is engaged in for its own
sake—uwithourt concern for utiiiey or anv further end. “Work ™ is charac-
teristically an activity in which ctfort is directed to the production of
some utility in the simplest and easiest wav. Hence the importance of er-
gonomics and work studv—rthe objective of which is to reduce difficulty
and save time. In plav the activiry is often directed to attaining a point-
less objective in a difficult way, as when a golfer. using curious instru-
ments. guides a small ball into a not much larger hole from remote dis-
tances and in the face of obstructions deiiberately designed ro make the
operation as difficult as may be. This involves the reversal of the
means—end refation. The “end”—gerting the ball into the hole—is set up
as a means to the new end. the real end. the enjoyment of difficult activi-
ty for its own sake. {Mace. 1962, pp. 10-11)



The Beain. the Me, and the | 283

A somewhar similar statement has been presented by Robert W. White
(1960). He emphasizes the role played by the progressive achievement ot
competence in the mainrenance of behavior and makes a strong case that
the “feeling of efficacy” is an important guide to behavior.

Etfectance is to be concetved as a neurogenic motive, in contrast to a vis-
cerogenic one. [t can be informally described as what the sensorv-
neuro-muscular system wants to do when it is not occupied with homeo-
static business. [ts adaptive significance lies in its promotion of spare-
time behavior that leads to an extensive growth ot competence, well be-
vond what could be learned in connection with drive-reduction. ( Whte.
1960. p. 103)

White is concerned with the implications of effectance in clinical psvcholo-
gy; here. our concern is with whar the sensory-neuromuscular system
“wants.”

According to the foregoing analvsis. the common problem for
means—end theory and effectance theoryv is thar activities of a certain vpe
appear to be self-maintaining. The consequences of the actions must pro-
vide their own ser within which a subsequent evenr will be consequent.
that is. reinforcing.

In many respects. what has been discussed is the development of be-
havior differenuation. thar is. skill. Effectance and comperence. play and
gamemanship. demand precise timing of actions within larger sequences or
actions. 5o that consequences—sequences in context—will torm a harmo-
nious production. And a great deal is known about the neurology of skiil.
Here. perhaps. more than anvwhere cise. the modei of “sequence in con-
text” can pe realized in tissue—and in ract. the model was originailv de-
vised to handle some new neurological racts in this area (Miller. Galanter.
& Pribram. 1960).

At the retlex level. conrtrol of muscular contraction can no longer be
conceived simply in terms of the retlex arc (some excitation ot receprors.
transmission of the signal aroused by such excitation to the cenrtral nervous
system. and back again to the muscle in question!. The change in concep-
tion is necessitared by the discovery thar the activiry ot the v efferent fibers.
tibers thar transmit signals from the central nervous svstem o the receprors
. in the muscle imuscle spindles), acts as a teedback. that is. controls the
amount of activiry recordable from the atferents that signal the state of the
recepror to the central nervous svstem. The presence of this feedback loop
makes it difficult at any moment in time to assess the origin of a particuiar
amount of activity in the atferent nerves, and thus the state of the recepror.

at state could reflect the state of contraction (isometric or isotonic) of its
muscle group or it could retlect the amount of activity of the v efferent sys-
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tern, or both. Only a comparison between states at successive moments, in
the contexr of vy efferent acrivity, will give a signal of the state of contrac-
tion of the muscle group. The vy etferent acrivity provides the serting, the
context, the bias on the muscle recepror. (On occasion, the reverse may
well be the case. The bias mav be set by the muscle contraction and
changes in y efferent activiry computed.)

Sherrington. in his classic lectures, The [ntegrative Action of the Ner-
rous Svstem (1911/1947), was not unaware ot the problem, and his state-
ment of it is worth repeating (his solution s cast in simple, associative
rerms—reinforcement tor Sherringron occurs through immediate spinal in-
Jucrion {[summation through increased intensity and coextensity ot conver-
zent tnputs)):

We note an orderly sequence of actions in the movement of animals, even
in cases where every observer admits thar the coordination is merely re-
flex. We see one act succeed another without contusion. Yet. tracing this
sequence to its external causes. we recogmize thac the usual thing in na-
ture is not for one excinng sumuius to begin immediately after another
ceases, but tor an arrav of znvironmental agents acting concurrenty on
the animal ar any moment 0 exhibit correlative change in regard ro it. so
thar one or other group of them becomes—uyenerally bv increase in inten-
sitv—temporariiv prepotent. Thus cthere dominates now this group. now
thar zroup in turn. [c mayv happen that one stimulus ceases coincidentally
s another begins. but as a rule one stimulus overlaps unocher in regard
to ume. Thus each reflex breaks in upon a condition of relative equilibri-
am. which latter is uself reriex. In the simultaneous correlanion of retlex-
25 some retlexes combine harmoniousiy, being reacrions chat mutually re-
intorce |Sherringron. 191171947, p. 120: emphasis added].

At the cerepral level. also. neurology has a grear deal to say abour
skill. Removals of the precentral “motor™ cortex of primates tincluding
mani certainly results in awkward performance (Pribram et al.
1955-36). [t follows thar in the cerebral mechanisms in control of action
e¢xcitation “breaks in upon a condition of reiative equilibrium.” ... This
has been shown bv John Lillv {1959). Prolonged trains ot excitation
:supliminal to those that would produce movement) were delivered to
the precentral motor cortex whenever the lever was depressed by the
subject {a monkev). Lever pressing had to be paced so the on—-off nature
of the excitation could be mainrained. The monkey learned to perform
such paced lever pressing behavior and spent many {may [ sav “happy™?)
hours at this occupation.

This has been a long way from means—end reversal to effectance to
skill. The poinc is simply that these areas of interest pose a common
problem: how is it that selective behavior is mainrained in the absence of
guides from drive stimuli—or, in the extreme, when behavior apparentiy
goes in a direction contrary to one plausibly related to drive stimuii? The
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suggestion made in this section is that the consequences of actions are
truly stimulus events thar occur in sequence and thar, once some order
has been initiaced in this sequence of stimuli, this order per se can pro-
vide the ser or context for the occurrence of the next or sub-sequent
event. Actions have consequence and the consequences of actions are re-
inforcers. Behavior, thus, becomes its own guide. (Pribram, 1963, pp.
1537-141)

The means—ends reversal based on confidence in one’s comperence can
thus be detined in terms of the density of consonant consequences generar-
ed in a particular context. Other things being equal. the organism becomes
committed to organize its actions not just to reduce dissonance but to ac-
tivelv produce consonance. The production of consonance is no haphazard
affair—consequences will be registered when thev march the organism’s
repertoire of behaviors relevant to its biologically based “interests™ such as
drinking or running. The more denselv consonant become nested within
the context. the tramework. of the less denselv consonant. (For a dezailed
review of the data upon which these ideas are based, see Pribram. 1980:
1995.) This nested hierarchical arrangement commirts the organism 0 a
Plan or program. The importance of Plans to the organization of behavior
has been discussed fullv in Miller et al. :1960). [n addition. however. as
noted here. consequential behavior is self-organizing, a theme thar has
been stressed by Konrad Lorenz (1969 and by Bandura (1991).

. To summarize: Development concerns primarily the etfect of changes
occurring in the accommodative process 4s they aiter assimilation. Accom-
modation is achieved by a process in which con-sequences tsequences of
behavior that are consonant within the context created bv prior conse-
quences) become denselv registered by virtue of their consonance. This
process leads to confidence. which is based on the development of a behav-
loral competence in that context. The means—ends reversal commits the or-
ganism to pursuing the development of this comperence. Commirtment.
therefore, is not to the status quo of current egocenrric and allocentric. in-
tentional competence but to a selective readiness to modify competence in
accord with continuing assimilation of experience.

MODIFICATION OF ASSIMILATION
BY ACCOMMODATION

In order for an assimilated content to be influenced by and to intluence an
accommodaring context, sensorv channels must be tlexible in their organi-
zation. Evidence (from event-related brain electrical recordings. reviewed
by Pribram, 1991. Lecture 10) indicates that updaring occurs and thus calls



288 DEVELOPMENT OF SELF-AWARENESS ACROSS THE LIFESPAN

into question the notion thar processing capacity is inflexible. Additional
evidence makes it unlikely that limitations in processing span are due to
limitations imposed by some tixed channel capacity. Briefly, the evidence
runs as follows:

Two million input nerve fibers converge by way of the central nervous
svstem onto 350 thousand outpur fibers. Sherrington (1911/1947) concep-
tualized a restriction on performance due to this convergence in his doc-
crine of a “limited tinal common path.” However. Donald Broadbent
t1974) showed thar with regard ro cognitive operations such as artention,
limited span is not so much a tunction of the finai common path as it is a
runcrion ot the central processing mechanisms in the brain. Broadbent re-
viewed this aspect ot his work in the Neurosciences Study Program III
:1974), and Pribram devoted a whole section of this program to the topic :
enttled “How Is It Thar Sensing So Much We Can Do So Lirtle.” S

The issue of limited span is usually discussed in terms of a fixed chan- 7~
nel capacity. But as reviewed by Pribram and McGuinness (1975, 1992), a
<onsiderable volume ot work has shown that the central processing span is
not fixed. Thus Miller 119363, Garner (1962), and Simon (1974, 1986),
among others, have clearly shown that information-processing span can be
¢nhanced by reorganization such as that provided by “chunking.” In fact,
the limitations in processing can be overcome o such an extent that one is
fard put to defining anv “uitimare” limit. These data and others have led
us 0 conceprual limitations in processing span as limitations in channel
<ompetence rather than in channel capacity (Pribram & McGuinness,
19755, a view also expressed bv Matfei (1983). Thus. the conceprion of a
fimited capacity depending on some fixed “exoskeleron” constraining
<nannels becomes untenabie. An increase in processing capability, in com-
petence. becomes possible by way of challenges to a flexible “endoskele-
ton” supporting processing channels. Chunking has been shown, by neu-
robehavior experiments, to be influenced bv resections of the far frontal 3
cortex. Furthermore, electrical excitation of the trontal cortex changes re-
cepuive field properties of neurons in the sensorv channels of the primary
visual cortex. These changes are directly related o the ability to parse or
chunk the inpur.

The parricular experiments that demonstrate top-down neurophvsxo— .
logical processing—processing that implements changes in channel struc-
ture and, therefore. in egocentric and allocentric processing capablhf}’"’
were performed on the ceceprive field organization of single neurons in the
lateral geniculare nucleus and the primarv visual cortex of cats and mon= .
kevs. Receprive fields of visual cortex neurons were mapped by disPla}'ing
a small moving dot on a contrasting background. The locarion and mouon
of the dot were compurer controlled. Thus, the computer could sum (in 2
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matrix of bins representing the range over which the dot was moved) the
number of impulses generated by the neuron whose receprive field was be-
ing mapped. This was done for each position of the dot, because the com-
puter “knew” where the dot was located (Lassonde, Prito, & Pribram,
1981: Spinelli & Pribram, 1967).

The map obrained for the lateral geniculate nucleus (the halfway
house berween retina and cortex) is usually called the “Mexican har™ func-
tion for obvious reasons. The brim of the hat represents the spontaneous
background ot impulse activity of the neuron. The crown ot the hart repre-
sents the excitation of the cell by the dort ot light shown to the animal when
the cell is located at the center ot the visual field. Where che crown meets
the brim, there is a depression indicating that the outpur of the ceil has
been inhibired.

It is this inhibitorv surround that can be augmented or diminished bv
elecrrical excitation of other parts of the forebrain. Saimulation of the far
trontal cortex or the head of the caudate nucleus diminishes the inhibirory
surround: stimulation of the posterior intrinsic {association) cortex {specit-
icallv. in this case. the interotemporal portion of this cortex) or of another
of the basal ganglia, the puramen. produces an augmentation of the in-
hibitory surround.

Receprive tields ot adjacent neurons overlap to a considerabie extent.
Thus. when the excitatory portion of the receprive fields becomes enlarged.
the dendritic tields essentially merge into a more or less contnuous tunc-
tional rield. Bv contrast. when the excitatory portion of the receptive rieids
shrinks. each neuron becomes runctionally isolated trom its neighbor.

This moditiabiiity of the competence ot the primary visual svstem was
supported by testing the etfects of the same clectrical sumulations on the
recovery cvcles of the svstem as recorded with small macroelectrodes. Far
trontal stimulations produce a slowing of recovery, whereas posterior stim-
ulations result in a more rapid recovery as compared with an unstimuiated
baseline. Slow recovery indicates thar the svstem is acring in unison: rapid
recovery indicates that the system is “multipiexed”—char its channeis are
separated and not encumbered bv a more extensively interconnected svs-
tem with consequent greater inertia. .

. Further conrirmation of the importance of frontal accommodarive
processing on posterior assimilatory funcrions has been provided bv Tuck-
er. Potts. and Posner (1995), who, recording on a 128-ciectrode geodesic
array, used visual event-related brain electrical acrivity to study the course
ot this electrical activity in the brain. After an initial activitv produced in
f_he primary visual cortex in the occipital lobe, the frontal lobes became ac-
tivated only to have the occipital correx once more involved. This
“reprise,” as Tucker calls i, rakes about 200 msec to occur, As vet. we do
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not know the pathways by which this occipital-trontal-occipital interac-
tion takes place, nor whether the shape ot the occipirtal reprise is altered by
the frontal activicy—but these issues are currently being invesugared.

[n summary, commitment entails accommodation of the comperence
of processing channels to assimilate progressively grearter differentiation of
the organism’s egocentric and allocentric relationship to its environment.

STABILITY IN LOVE RELATIONSHIPS

So much tor a top-down “deconstruction” of the accommodarion~assimi-
lation processes. We now take a bottom-up look to see how these process-
=s intluence social structures. Drawing on Sternberg’s work on love rela-
sionships (1986: Sternberg & Barnes, 1983; Sternberg & Grajek. 1984),
we now consider how the three dimensions we have just distinguished in
brain svstems—arousal-tamiliarization. acrivation-selective readiness, and
ctfort-comrort—uare, in essence, the same as the three dimensions thar
Sternberg has identitied in his social-psvchological research.

Grounded in the resuits of a series of empirical studies (Levinger,
Rands. & Talaber, 1977: Rubin. 1970: Scernberg & Grajek, 1984; Stern-
berg & Barnes. 1985: and Swensen. 1972, among others), Sternberg
19867 has proposed a triarchical dimensionality to account for stability in
love relationships. According to his “triangular theorv,” love has three
components or dimensions. One is passion, which leads to romantic and
ohvsical attraction. and sexual intercourse. A second is ‘decision/commit-
mnent., 3 cognitive component that involves two temporal considerations: a
short-term decision that one loves someone eise, and a long-term commit-
ment to maintain that love. The third is intimacy, which refers to feelings
ot closeness, connectedness. and bondedness, feelings that give rise to the
axperience ot warmth in a loving relationship. While the passion compo-
nent of a close relarionship is “relatively unstable,” commitment and inti-
macy are “reiatively stable” {Sternberg, 1986, pp. 119-122).

Constructing a taxonomy of eight kinds of love from the different (log-

ical) combinagions of the presence or absence of the three components in 2 "

relationship; Sternberg characterizes “consummate love,” the caregory that
involves the *full combination” of all three. as the ideal toward which most
people strive in romantic relationships {1986, p. 124). And while noting that
it may be easier to achieve consummate love than to maintain it on a long-
term basis. he points out thar the results from his empirical research (Stern-
berg & Barnes, 1985) suggest thar the “ability to communicate effectively is
almost a sine qua non of a successful loving relationship™ (p. 134; emphasis
added). The significance of this finding will become clear in the next section.

Translating Sternberg’s dimensionality into our terms, there is a match
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between the “I” that becomes totally accommodarive (the arousal-famil-
iarization dimension), as developed here, and the “passion™ dimension as
portrayed in Sternberg’s analysis. In a like manner, we would propose that
commitment (by “me” to egocentrically and allocentrically assimilate—via
selective readiness—the situation) as outlined in this chaprer is equivalent
to “decision/commitment” as developed in his analysis. Sternberg (1986, p.
134) indicares that this component is “most subject to conscious control”
bv an individual. Note that this rype of conscious control corresponds to
Brentano's {1973) intentionaliry and Searle’s (1983) intencion, as discussed
earlier. Finally, there appears to be a close correspondence berween the er-
fort—comtort dimension. worked out on the basis of neuropsychological
analysis, and the “intimacy” dimension in Sternberg’s work. Intimacy ot-
ten entails effort and can lead to comfort. [numacy involves matching pas-
sion to commitment.

Bv way of summarv, we have used Piaget’s concepts of accommoda-
rion and assimilation as a tramework of common terminoiogy to translate
concepts describing the operations ot a particular scale or level or organi-
zation into the terms of those at an adiacent level. Thus. in describing, so
far. operations at the neurobiological. neuropsvchological. and sociai-
psvchological levels. we have endeavored to show correspondences in the
organization of behavior that produce a stable. comperent, social seif. As
we move to the final level. the sociological level of collective organization.
it is worth noting that our approach is consistent with the strategy that
Robert Hinde has orten advocated (e.g.. 1979, 1987, 1992: see Bateson.
1991. tor examples), and our etfort can be seen as an attempt to describe.
in substantive terms. linkages berween phvsiological. psvchological. and
sociological organization thar Hinde (1992) identifies in his “levels of so-
cial complexity” framework.

[n the next section, data from a longitudinal analysis of the tacrors
leading to a stable order of collaboration in communes offer support for
the correspondences we have established eartier. Interestingly enough, the
dara are also consistent with the notion of cooperartion thar Piaget develops
in his essay, “Logical Operations and Social Life” (Piaget. 1965/1995a). Pi-
aget’s concept of cooperation, a “system of operations carried out in com-
mon” {p. 153) thar is based on reciprocal interactions within'the conrext of
a common system of language, values, and social norms. is analogous to
our conceprt of collaboration.”

STABILITY IN SOCIAL COLLECTIVES

Following up on previous analyses of the communes that Bradley studied
(1987; Bradley & Roberts, 1989a, 1989b: Carlton-Ford, 1993; Zablocki.



292 DEVELOPMENT OF SELF-AWARENESS ACROSS THE LIFESPAN

[980). we (i.e., Bradlev and Pribram) have developed an empirically based
model of the endogenous processes of communication by which stability is
generated in (small) social collectives (Bradley & Pribram, 1995, 1996). By
communication, we mean a process by which informartion abour the collec-
tive’s internal organizarion is gathered, processed, and distribured through-
out the collective as a whole. A “social collective™ is defined as a durabie
arrangement ot individuals distinguished bv shared membership (a bound-
arv) and collaboration in relation to a common purpose or goal. Stabiliry is
the degree to which structural integrity and tunctional viability are sus-
:ained by a collective over time.

The results trom this eariier body ot work have shown that two pat-
terns of social relations form rthe communicarive structure in stable com-
munes. As shown tor the stable communes (groups surviving ac least 24
months bevond measurement of their social structure; see Figure 10.1),2
one pattern is 2 dense web of mutual relations of positive affect intercon-
aecting virrtually all members. This web is organized as a field. a distrib-
uted. massively parallel order of svmmetrical monitoring processes in
witch individuals are essenuallv interchangeable. The second pawern is a *

STABLE COMMUNES
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FIGURE 10.1. Sociomerric structure ot “loving™ (flux) and “power” (control)
lations for selected stable and unstable communes.
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densely interlocking order of power relations thar also extends to connect
virtually all individuals. This is a hierarchy, a highly stratified system of
asymmetrical, transitively ordered relations that define, for each individ-
ual, a location thar is spatially and temporally identified and, therefore,
unique. The relationship berween the two orders was found to be associat-
ed with group survival (see Bradley 1987, Chap. 7; Bradlev & Roberrts,
1989a)." In following up on these earlier findings that describe what the
communicative structure was composed of. we sought to understand how
the interaction berween field and hierarchy operates as an informarion pro-
cessing svstem that in-forms (gives shape toi the producrion of stable col-
lective order.

The collaborations'? within the collective that form the communica-
tion svstem are formed by the interpenetration of necworks of endogenous
monitoring processes organized along two dimensions in which the values
allocated in each dimension define points within a social field (Bradley &
Roberts. t198%a). The values ascribed ro the horizontal dimension represent
flix, the amount of activation of potentiai energy (passion) in a social coi-
lective. The vaiues ascribed to the vertical dimension represent the amount
of control (commitment)—the degree to which individuals are inrercon-
nected by a transitvelv ordered necwork of relations—exercised ar that io-
cation (see Figure 10.2). The coordinates representing the dimensions
bound a phase space within which each value represents an amount or in-
formation—a quantum of informartion in Gabor’s (1946) terms see Ap-

pendix B)—that characrerizes the communicative strucrure and in-rorms
.~ the collective's expenditure of energy. Thus. 2ach guantum of information.
a conriguration of tlux and control. is associated with a potential tor suc-
cesstul collaboration and. hence. stability of organization.

Using data from Bradley's {1987) nationwide longitudinal study of ur-
ban communes, we found strong correspondences berween observed pat-
terns of communication and group stabiiity (see Figure 10.2). Sociomerric
dara mapping all possible dvadic ties among aduit members within sach
commune were used to construct structural measures (following Bradley &
Roberts. 1989b) o flux (triads of mutual ties of positive affect: “loving,”
or “exciting,” or “improving” relations) and control itransitively ordered
triads of “power” relations); group stabilitv (the minimum funcrional re-
qQuiremnent ot successful collaboration) was measured by survival status 24
months bevond the measurement of sociomerric structure (for details. see
Bradley & Pribram, 1995, 1996). .

The scarterplot for the 46 communes in Figure 10.2 (the measure of
control is plotted on the vertical ordinare. and flux is piorted on the hori-
Zontal ordinate; unstable, nonsurviving groups are shown as hollow dots)
shows that the communes form a triangular pattern, and that those locared
In the peripheral areas are more likely to be unstable. This triangular re-
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FIGURE 10.2. Scarterplot ot communes on flux and control at Time 1. Stability
survival statusi ar Time 3 i 24 months fater} shows partitions for stability.

nigh instability. Bevond the zone of instability, in the apex of the triangle,
are five communes, four of which had a charismaric leader in residence
:shown with a circle in Figure 10.2) and were intent on achieving a radical
restructuring ot social order: the fifth group is a noncharismaric commune
whose members expressed a strong desire tor charismatic leadership as &
means to facilitate their efforts at social change. The differences berweemr
these four groupings of communes in Figure 10.2, in terms of their parterns=
of tlux, control. and stability, were found to be statistically significant
{Bradley & Pribram, 1996).

A second, striking finding is thar flux and control are predicrive of s&- |
ble collective organization (successtul cotlaboration): thar the relarionship:.
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berween flux and control at a given point in time was found to predict the
survival status of communes 24 months in the furure. This also is evidenr
trom the partern of data in Figure 10.2. It is clearly apparent that the com-
munes tend to cluster in the midregion of the field formed by flux and con-
trol. the area theoretically expected to be associated with efficient informa-
tion processing. This region of oprimal stability is consistent with thermo-
dvnamically inspired connectionist models ot neural nerworks {e.g.. Hop-
field, 1982: Hinton & Sejnowski. 1986). In such models, efficient pattern
matching is found to occur in a region between total randomness and total
organization—in our terms, berween rapid tlux and rigid control. More-
over, it can be seen that tocation in the midregion (the area characterizing
successtul collaborarion) is associated with a high probability of survival in
the tuture.'' However, this tinding should not be taken to mean thar the
data generated by flux and control. at a given moment, necessarily enfoid
long-term information about collective order many months in the future.
Rather. it is more likely thart the efficiency ot information processing in the
i midreglon operates as an artractor.

To summarize: Our data concern the communicative structure formed
by endogenous networks of interaction that monitor the activation and
expenditure ot energy bv the collective. These endogenous processes are
conceived to be based on the biological potential ot the individuals com-
posing the collective to engage in phvsical work. measured as energy.
i When activated by the collective. this biological energy is made availabie
i for the accommodation necessarv tor collaboration as a field of porentiai
{passionare) energy. We have labeled this dimension of the endogenous or-
der, tlux.

In che other dimension. individuals are connected hierarchically. We
have labeled this dimension conrtrol {commirment), because it appears to
direct and assimilate the activarion of the energy to the needs of the collec-
tive. Controls over the activation and distribution of flux result in social
communication bv wav ot quantum-like units ot information (logonsi—
moment-by-moment descriptions. in terms of space-time and spectral coor-
dinates, of the collective’s endogenous organization..

The etficiency of the internal dvnamics. and its relationship to collab-
oration, was found ro display an optimal {energy conserving) combination
of flux (passion) and control (commitment) that is associated with stable
coliective organization. Qur empirical resules thus show that for the group
to survive as an effective collaborative unit. an efficient, self-maintaining
communicative structure was required. Only those configurations of flux
and control that produce a path of least action—one that entailed the
smallest amount of turbulence—resulted in successtul collaboration, and
therefore. 4 stable. effective collective.

Despite a difference in focus—we focus primarily on the movements
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of energy and information in collaborative svstems, Piager (19635/1995b)
focuses on the “operatory logic™ in cooperative systems that underlies the
development of thought and reason—a basic commonality is apparent. [n
Piaget’s system of cooperation, reciprocity in “interindividual relations”—
the tree distriburion and movement of information back and forth berween
individuals—is one of the two conditions for “equilibrium.”™ This idea of a
frez exchange among individuals is analogous to our concepr of flux. The
second condition is a “common svstem of signs and references™ (p. 148),
namely. common language. values. and social norms. According to Piager,
the system ot common signs and references acts as a constraint svstem, in
our terms, control: [t funcrions to “conserve™ the operatory logic and our-
puts iwhar Piager rerers to as “propositions ™) of prior interactions, thereby
acting to in-torm the development and evolution of subsequent “coopera-
tions.” Thus, when reciprocal interactions are coupled with the informa-
rion-conserving svsten of common sign and references, “mobile equilibri-
um” resuits, thar is. stability in cooperative interindividual relations (pp.
t+3=133). In a personal communication trom [nhelder, she stated that Pi-
aget, after becoming acquainted with the ideas proposed by Prigogine (Pri-
zouine & Stengers. 1984), agreed compiereiy with a change in terminology
‘or hus (Piager'si concepts trom “equilibrium™ to “stabiiity far from equi-
ibrium.”
We have anaivzed our data with regard to efficient communication

within a collective but have, as ver. not addressed the effectiveness of social

<oilectives with regard ro the larger communiry within which they operate.
This tascinaring topic can now be studied within the purview ot open, non-
:inear svstems dvnamics. We pian to address this important question in a
subsequent investigation.

CONCLUSION

At a time when cognitive science was just beginning to make a sdr, Bill
Estes and one ot us (KHP) were asked ro summarize a conference in Prague
then in Czechoslovakia). We looked at each other in dismay: Industrial,
social, clinical, and a variery of breeds of experimental psvchologists had
aresented a dense program that seemed to have little internal cohesion. As
we puzzled and read our notes. it suddenly occurred to us that however di-
verse the presentations seemed. they did deal with issues in psvchologys .
ind thar if we could detine these issues. we might make a real contributiom
‘n our summaries. It turned out thar there were only a half-dozen issues,
and that we could rationally organize the Babe! of discipline-speciﬁc termu-
nologies around them.
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In this chapter we have made a similar attempr. For vears, we have felt
that an affinity must exist berween what the brain is doing to organize the
behavior of organisms and the organization of socizl interactions among
these organisms (Bradley & Pribram, 1988). Each discipline develops its
own terminology; thus, the affinities must be sought in the issues the disci-
plines’ dara address, not in the terms used in the addressing. The danger is,
of course, that surface similarities will obscure a search for deeper mean-
ings, but, as in ordinary communication, a good place to start is to take the
communication at face value.

Here, we have started with nwo case histories—exemplars of many
clinical and experimental primarte observations—and given our interprera-
tion of the basic processes delineated by them. Our interpretation is
couched in terms familiar to cognitive neuroscience. Because ot our interest
in development, we related chis interpreration to that made by Piager.
whose work with Inhelder we have tollowed tor manv decades (see
Bradley. 1987: McGuinness, Pribram. & Pirnazar {including the “endnore”™
bv Inhelder]|, 1990: Pribram & Hudspeth. 1992}, The connection betwesn
accommodation and the work on motivation and emortional controis on
attention (Pribram & McGuinness. 1973, 1992) did not vccur to us untii
we were preparing this chaprer. Having made this connection, it was bur a
step to incorporarting the dara on love relarionships and collaboration in
social coilectives (Figure 10.3)—a step we had been contemplating tor sev-
eral vears {Bradlev & Pribram. 19911.

To summarize: Neuropsvchological observarion and experimentation
have distinguished two dimensions or seif: on the one hand. an objecuive
“me” that egocentrically articulates and allocentrically locates us in our
environment. and on the other. a narrative “I” chat monitors and evaiuates
that articulation. We suggest that these dimensions embody Piaget’s assim-
ilative and accommodative deveiopmental processes. As it is accommoda-
tion that changes the organism’s competence in assimilating the environ-
ment, we inquired as to how the accommodative process works. how com-
petence becomes updated. We tound the answers in our own neuropsvcho-
logical data and those reviewed by Schore: three additional dimensions
were discerned. (1) arousal~familiarization. {2) activation-seiective readi-
ness. and {3) etfort—comrfort. We turther claimed thar arousal leading to ta-
miliarization is the essence of accommodation: thar activation of selective

. readiness is the essence of assimilation: and that efforr—comforr mediaces

berween accommodation and assimilation. Finally, we became intrigued
with the similarity berween these dimensions and those developed bv
Sternberg in investigations on the stability of love relationships that were
relevant to our investigations on stability in social collecrives. We believe
that the connection berween the neuropsvchological dimensions and those
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Conation
Personal Interpersonal Social
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Obrezuve Me Narraave [ Assimuiauon Acce dation Regulauon Affect

FIGURE 10.3. Diagrams ot triarchical structures describing cognirtive and conative
Srocesses.

ontained on the sociai psvchology of love suggest the following correspon-
Jences: arousal with passion: selective readiness with commitment: and ef-
‘ort—comfort with intimacy. Moreover, based on the relarional predictors

ot stability in social collectives, we further believe that these correspon-

Jences can be exrended to include sociological dimensions of collective or-
zanizarion—to wit: arousal-familiarization to accommodation, to passion,
ind ro tlux: selective readiness to assimilation. to commitment, and to con-
~troi; and etfort—comtrort to stability, to intimacy, and to communicative
<oilaboration (see Figure 10.4). v
Though the rechniques of dara collection are to some extent different,
“ne relevance of the Sternberg data to those derived from social collectives,
because both were obtained from dvads, makes this comparison robust.
The connection berween brain science and social science through neu-
ropsvchological and cognitive-developmental investigations, such as we
make here, are more speculative, but we believe thar they will prove to
hold explanations:that cannot be arrived ar in any other way.
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FIGURE 10.4. Specuiative diagram or relations benween triarchical strucrures ac
various scales ilevelss of tnguiry and the resulrant crtects on stabiiiey

APPENDIX A2

The ubiquitous roie of guantum mechanics in neurodioiogy is obvious. Every nime
a photon enters the eve. an energy transactton obeving the faw £ = /v takes place.
The last 30 vears have increasingly revealed that the roie piaved by quantum me-
chanics in all of biology is signiticant. As Schrodinger wrote in 1946, “The mecha-
nism of herediry is closely related to. nav founded on the very basis of guantum
theorv™ {Schrodinger. 1946, p. 47).

The possibility that processes in the brain’s connection web may resuit in the
transmission of phorons ot frequencies in the 10! Hz. i.e.. far-intrared range. was
suggested bv Fernandez~Moran in 1951, and has been increasingiy borne out. In
1960 Wiener wrote: ™. . . the active bearer of the speciticity of a moiecule mav lie in
the frequency pattern of its motecular radiation. an imporrant part of which may
lie in the intrared ciectromagnetic range or even lower™ [p. 32|,

Since the late 1960’ Frohlich’s researches have contirmed collective benhavior
of assemblies of biomolecules resuiting in long-range coherent radiation in the 10!
Hz range. And in the 1980°s Adey suggested that coherent infrared radiation could
be the hasis of intraceliular signaling and cnergy transter over short distances. The
quantum role is turther addressed in the papers ot Jibu. Yasue. and Pribram (1993,
1996).

We must. however note that the phase of the undulations is conspicuously ab-

R T R
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sent from the Planck-Einstein equacions. To an extent chis missing phase is restored
in the researches ot Frohlich by virtue of his emphasis on coherence. But the ten- 3
dency in quantum mechanical circles has been to ignore the phase of the de Broglie
wave, and attribute significance only to irs frequency, wavelength. and the non-
nezative square of its ampiicude. Aside from a few great physicists such as Born,
Dirac. and Feynman. the common amtitude has been to dismiss rather naiveiy the de
Broglie wave as a mathematical “tool.”

ft was the pioneering thought of Haldane (1934) that the full-fledged de
Broglie wave with frequency, wavelength, amplitude and phasel is involved in all

anenomena in the wmverse, and thus the phase of the de Broglie wave is most ger-
mane to the understanding of cognitive processes. More precisely, whar Haldane
~roposed was that the resonances of the de Broglie wave systems ot highly orga-
mzed material svstems constitute their potential tor “mental™ prowess. His pithy
paper (Haldane. 1934) theretore merits a brief digression on our part.

_The cencral theme ot Haldane's paper is that the wave-mechanics of de Broglie
and Schrédinger can explain the phenomena ot both lite and mind. He admits as
“minng exeremes the tiiliard-ball atomism of Lucretius and Newton on the one
aund. and. on the other, the (deal world or Plato. these limits being attained as the
mnass—energy of the svstem is allowed to tend to zero or infinicy, respectively. The
zact that the universe 1s in-berween these extremes is what makes life and mind pos-
abie. Recall in this regard. that posterior and frontal lobe sumulation ot the brain
<an bring about tendencies toward cthese extremes of conscious processing (Pri-
bram. 1991: Lecture 101

APPENDIX B! .
iapor’s discovery was based on the tacr that the Fourier theorem opposes two dif-

wve became acquainted with these owo domains as characterizing the input to and’
wutput from a lens that pertorms a Fourier transform. On one side of the transtorm:,
‘ies the space-rime order we ordinarily perceive. On the other side lies a distributed’
cnfolded holographic-itke order referred ro as the trequency or spectral domain.

Gabor (1946i. as had Heisenberg and Hilbert before him. chose to represent;
-ne spectral and space-time orders bv orthogonal coordinates. thus forming at;
~hase space. Gabor was intrigued by the fact thar in psvchophysics. as in quantum
~hivsics. one could accurateiv derermine either frequency {e.g., of a tone} or tme:
“¢.Z., OF its occurrence! bur not both. Thus an uncertainty principle holds for psy=3
<hophysics as well as tor quantum physics:

In Gabor’s own words published in 1946:

Fourter’s theorem makes or description in time and description by the spectrum,
two muruaily_exciusive methods. If the rerm “frequency™ is used in the strict
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mathemarical sense which applies only to infinite wave-trains, 3 “changing fre-
quency” becomes a contradiction in terms, as it is a statement involving both time
and trequency.

The terminology of physics has never completely adapred itself to chis rigor-
ous mathematical definition of “frequency.” For instance, speech and music have
a definice “time partern™ as well as a frequency pattern. It is possible ro leave the
time pattern unchanged. and double whar we generally call “frequencies™ by play-
ing a musical piece on the piano an octave higher, or conversely, it can be plaved
in the same kev, but in differenc time.

Let us now tentatively adope the view that both rime and trequency are legic-
imate rererences for describing a signal and itlustrate this—by taking them as ar-
thogonal coordinates. In this diagram harmonic oscillation is represented by a ver-
tical line. lts frequency is exactly defined whiie its epoch is entirely undetined. A
sudden surge or “Jelra function™ (also called ~unit impulse function™, vn the oth-
er hand. has a sharpiv defined epoch, bur its energy is distributed over the whoie rre-
quency spectrum. This signal is cherefore represented by a horizontal line. ip. 431}

Changing from a tunction of either [Spacejtime or frequency |as in the Fourier re-
laton|—{taj 1 tunction of rwo variables—ispaceiume und irequency—i{we com-
pose 1 phase spacel. | Thus| we have the strange teature that. although we can car-
rv out the anaivsis with anv degree of accuracy in the [spaceiume direction or the
frequency direction. we cannot carry it out simuitaneously 1n both bevond a cer-
tain limir. In fact the mathemarical apparatus adequate for trearing this diagram
in a guantitative way has become avaiiable oniv fairiy recently ro phvsicists.
thanks co the development of quantum pnvsics.

The linkage terween the uncerrainties in che definition of “}spacejtume” and
“frequency” has never passed enurely unnouced by pavsicists. [t is the kev to the
problem ot the “conerence length™ of wave trains. . .. But these probiems came
into the focus of phvsical interest oniv with the discovery of wave mechanics. and
especially by the formuianion of Heisenberg's principie ot indeterminacy m 1927,
This Jdiscovery ied to a great simplificanon n the mathemaccai apparatus of
quanrum theorv. which was recast in a form of which use will be made in the pre-
sent paper. :p. +32)

Gabor detined his eiementary funcrion. as a logon or quantum ot information.

NOTES

L. Recently there has been a growing recognition among scientists .e.g..
Barkow. Cosmides. & Tooby, 1992: Goldsmith, 1991: Kauffman. 1995 and
philosophers te.g. Searle. 1995} of the importance of developing a common lan-
guage and set of common principles of organization by which studies in the natural
and social sciences can be integrated.

2. This locational dimension includes clock-time, what che Greeks called
chronos and Minkowski and Einstein related to space. Location for a moving or-
8anism is aiways in space-time.

3. Monitoring entails not only the experiencing of duration bur also the deci-
Slve moment: what the Greeks referred to as Kairos. The dictionary defines ~“moni-
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tor” astollows: a device to record or control a process; to check for significant con-
fent.

4. Descarres’s “cogito ergo sum™ is currently taken to mean cogito as a purely
cognitive dimension. But cogito is not cognito. As Freud described in his “Project
for a Scientific Psychology,” there are several types ot chinking chat are purely emo-
tive: for example, circular ruminarions chat give evidence of a “hang up” {see Pri-
bram X Gill. 1976). So, despice the sharp separation berween teeling and reason
Juring the enlightenment, this Jdistincrion need not have carried over to the produc-
ston of thoughe. [tis only in the late 20th century that cogiro, thought, has been ex-
ciusively identitied wich logic and cognition (see ulso Weiskranez, 1988).

As to Cartesian dualism, ies origins in propositional utterances is traced in Pri-
Sram 21963, 1971). On the issue of clemental nonphysical “substance.” our mod-
crn understanding of clectricity has sorailv undermined earlier views on “spirit.”
“Vith regard to chis, and the intimate piace ot body in mind, Damasio’s illuminarion
or Descarres’s error is, of course. correct. But we may be equaily wrong in going to
:ne upposite extreme—when we interpret radiant energy, massless bosons, to be
material substance (see Pribram. 1996i. Should current speculation on che role of
Hinsfein-Bose condensation in promorting superconductivity in neural membranes
especiaily in dendrites) be correct, a bosonic, soft photon. “nonmaterial™ aspect of
rearal functtoning in the generation of chought may ver have to be seriously con-
sdered in che phidosophy of mind  fibu. Hagan. Hamerotf, Pribam. & Yasue,
1994; fipue. Pribam. & Yasue. in press: see also Appendix A).

5. An excellent review of cthe hiscory of differentiating an objective “me”
rom 1 hermeneuric ‘interpretive: “{™ can be found in Hermans. Kempen. and Van
Loon . {992

6. We guote Schore’s paragraph in fuil so that the reader can see thar we are
=0t sze only authors who construct umnteiligible sentences to descrioe the intrica-
-wes of the :mpossibly compticated interactions among brain structures that under-
fe wvery psvehoiogical process.

T. Searie’s 1993} recenr accounrt ot the construction ot social reality is also
based oa 4 refationat logic he tinds in cooperative interactions. Seacle argues chat
“zenuine cooperative behavior” is the basis for 1 nonreductionist order of soctal
lire chat he calls “collective intentionaiity™: “The crucial element in collective inten--
aonaliy is 1 sense of doing {wanring, beiieving, <tc.) something rogerher, and the
:ndividual intentionaliey that ¢ach person has is derived from the collecrive inten-
tonaitey that they share™ (1995, pp. 24-13: emphasis in original).

3. The sociograms in Figure 10.1 were constructed from sociometric enumer-
wion ot il possible pairwise relations <dvads) in which each adult member was-

asked a set of standardized yuestions about his or her refationship with each other "%

member. See Bradley (1987) or Bradlev and Roberts (1989b) for turther details.

.\ simijar finding, documenting rhe importance of both reciprocity {moni-
oring processes) and transitivicy Hdocation in social space) in communication, was.
made by Rice (1982) in a study ot nerworking in computer conferencing systems.

10. The term collaboration is derived from the French verb collaborer and:
means working (laborer) together (colt t0 produce (Fowler & Fowler, 1964, p-
234). See Roberrts and Bradley (1991) ror a tull discussion ot collaborarion as a so~
cioiogical concepr.




R R T

The Beain, thé Me, 1nd the [ 303

L1. The chree lines shown marking the boundaries of the regions in Figure
10.2 were established by dividing the full sample of 46 communes into stable and
unstable sets such that che probability of survival tor the former was maximized,
while being minimized for the larter. Discriminanc analysis, comparing the tour
grouping of communes separated by the lines, provided a strong staustical contir-
mation of these results as 43 (98%) of the 46 communes were correctly classitied
by two canonical discriminant tunctions constructed from the measures of tflux and
control. [t is worth noting that none of the other nine sociological variables (mea-
suring aspects of ideological orientation. normative regulation. formal organiza-

tion. structural characreristics, and member commitment) investigated in chis

analysis met the statistical criteria for inclusion in the mulnvariare stepwise proce-

dure. A spiit-sample refiabiiicy analysis confirmed the generalizability of chese re-

sults {see Bradlev X Pribram. 1996].

12. From Pribram (1997, pp. 317-318). Copyright 1996 by American Mach-
ematical Society. Reprinted by permission.

13. From Pribram (1991, pp. “0-71). Copvright 1991 by K. H. Pribram.

Reprinted by permission.
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