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NEURAL SERVOSYSTEMS AND THE STRUCTURE
OF PERSONALITY
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This paper is dedicated to Lawrence Kubie in commemoration of
his pioneering nsights into the importance of the feedback concept in

neurclogy and in the behavioral scienees,

An atrempt is made to spell

pub zome possible relutionships between servosystems in the brain and
the structure of personality in the hope that doing so will prove usciul

to those engaged 1a psychotherapy,

HOW THE BRAIN CONTROLE 1TSS INPUT

Rosz Ashby in his now classical Design
fer ¢ Brain (1) models a system which,
though siable, adapts to the ever changing
cireumstaneges with which it is faced, The
first fialf of his task coneerns the deserip-
ton of one set of conditions that evoke
stability: “The stabifity belongs only to
the combination; it cannot be related to
thie parts  conzidered separately ... the
presence of stability always mplies some
eoordinaiion of action between the parts”
g lesign for this set achieves “ulirasta-
bitity” ihrough the multilinking of homeo-
stads, un arrangement of scrvos that keeps
cottiain Yeszential variables” within bounds
while allowing a freer range of values to
the remainder,

Uniortunately for this ingenious &_l{;“-'ign
the thing g so constitnled that it can's
lunrne-or rather that progressive adapta-
tion s %0 =h1.e;ﬂi=-'h that any resemblance to
the {funetion of the wet brain is lost. Ashby
iackles this problem in the second half of
hiz desigr by invoking the concept of tem-
porwry mndependence between parts of the
svstem. Such independence 15 assumed to
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oceur whenever constancies are achicved
batween the part and some aspeet of its
environment—through the process of ha-
bituation to the repetitiveness of the
sihmulus situation, Thus “vonstancies cut
the system to pleccs” and cdaptation of
parts  of the system s mmmeasurably
speeded.

My eoncern here iz with o model derived
not from engincering considerations, as is
Ashby's design, but from neurobehavioral
sl neurophysiological data obtained in
my lahoratory. My argument will be that
these data lead to a concepiion so similar

Ashby’s as to be cncouraging to hoth
efforts, The mammalian brain as well as
Ashby's design appears to have at its dis-
posal two apposing methods of organiza-
tion to aseure stability—and each has its
virtues and limitations.

The immediate data which lead to the
model are clectrophysiological. These data
were obtained, however, against a back-
grountd of neurchehavioral evidence which
pozed the problems to which the physiolog-
ical experiments were addressed. Briefly,
the neurobehavioral data concerned the
functions of the lhen silent regions of the
forebrain: the so-called association and the
limhie syztems. Tn the primate Lrain two
large divisions of these reglons were identi-
fied: the posterior “assoeciation’ cortex and
the frontolimbie formations. Experimental
evidence acerued to show that the posterior
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cortex dealt with the organism’s ability to
make differential diseriminations—to se-
leet among alternatives—and that subunits
eould be identified, ecach of which served
one or another sensory mode (27). The
frontolimbice formations, on the other hand,
were shown to be important whenever the
organism had to make a sequence of re-
sponges in order to adapt to circumstances,
t.€., whenever behavior had to be guided
by some internal program which deter-
mined serial order (15},

The puzzle remained as to how these
parts of the forebraln effeeted their fune-
tion. The puzzle 1s not vet solved, but one
part of the picture is becoming clear. The
voncept” which had dominated thinking
anbout these regions of the brain for over a
half-century was that these areas were the
“highest integrating centers,” the locus
wlere inputs were amalgamated, “assoei-
ated” into more complex functions. A con-
siderable literature had accumulated of
reports to test this conception—much of it
stimulated by the late Iarl Lashley. And
this evidence overwhehningly failed to con-
firm the guiding hypothesis (6, 8, 14, 29,
36, 37, 40}. The gueslion thus arose as to
an alternative view, and T proposed the
jprossibility  that these forebrain systems
effectedd  their mmfluence through cortico-
fugal, efferent pathways that operate by
making  transformations on  the input
through direct control over the functions of
the input channels (22, 24, 26). The tests
of thiz possibility led to the following re-
sults.

Lxperiments were performed on fully
awake monkeys  implanted  with  small
bipolar electrodes and o deviee which al-
lows chronic repetitive stimuladion of one
of the cleetrode sites, The monkeys were
presented with pairs of flashes and the in-
terflash interval was varied from 25 to 200
msee. Klectrieal responses were recorded
from the strinte cortex and the amplitude
of the responses waz measured, A compari-
son of the amplitude of the sceond to the

the first response of each pair was expressed
and plotted as a function. The assumption
underlying the interpretation of this fune-
tion 1s that when the amplitude of the sec-
ond of the pair of rcesponses approximates
that of the first, the responding cells have
fully recovered their excitubility, In pop-
ulations of cells such as those from which
these records are made, the percentage
of diminution of amplitude of the second
respouse 1s used as an index of recovery
of the total population of cells—thus, the
smaller the percentage, the fewer the num-
ber of recovered cells in the system.

Chronie stimulation (8 to 10 per see) of
several cerchral sites wlters this rceovery
function {Figure 1}. When the inferotom-
poral cortex of monkeys is stimulnted,
recovery is delayed, Stimulation from con-
trol sites (precentral and parietal) has no
such cffect. Nor does the stimulation of
mferotemperal cortex alter auditory re-
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Fic. 1. A plot of the recovery funciions ob-
tained in one mankey before and during chronie
stitnulation of the inferotemporad (IT) cortex,
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covery functions. These, however, can be
changed by manmpulations of the insular-
temporal cortex, as was shown in a parallel
experiment performed on eats. Tlere the
crucial cortex was removed and recovery
functions obtained on responzes recorded
from the cochilear nueleus (7). Rewmoval of
msular temporal cortex shortens reeovery
i the auditory system,

A great many neurchehavioral experi-
mentg have shown the importance of these
isocortical temporal lobe areas {(and not
olhers) to visual and auditory diserimina-
tion. These studies are reviewed elsewhere
(23, 27). What concerns us here is that a
corticofugal, efferent mechanism iz dem-
onstrated and that this mechanism alters
the rapudity with whieh cells 1 the visual
and anditory affcrent systems recover their
excitability. Further, sinee stimulation de-
lays and ablation speeds up recovery, the
inference 13 that the normally afferent in-
hibitory processes which delay recovery are
enhanced by the ordinary operation of
these temporal lobe isocortical ureas.
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But the opposite effeet—namcely, inhibi-
tion of afferent inhibition—can also he
obtained when cerebral tissue i3 ehroni-
cally stimulated (Figure 2). In these ex-
periments the cortex of the frontal lobe and
the basolateral nucleus of the amypdala were
chromieally  stimulated and  recovery of
cells 1 the visunl system was shown to
be speeded. This result has  suggested that
the frontal and medigbasal portions of the
forebrain—the frontal cortex and limbie
regions—function ag efferent systems which
inhibit afferent inhibitory processes.

Thizg antagonistic effect of these two
eficrent control systems 18 perhaps  best
ustrated by data obtained at the wunit
level
WEDE

{Figure 3). These unit recordings
nuide {rom the striate cortex of
Flaxedilized cats to whom flashes of
hght were presented. Note that the silent
period of a eell can be lengthened by con-
current inferotemporal stimulation. Note
also ihat concurrent frontal stimulation
ean shorten this silent period. Finally, note
the unit whose silent period is lengthened
by inferotemporal and shortened by frontal
stimulation,

These data demonstrate the existence of
mechanisms mn the brain which can exert
afferent, corticofugal control aver the input
channels, Buel effeets have been shiown by
similar experiments to extend as far pe-
ripheral as the ecochlear nucleus in the
auditory syslem (17} and the optie nerve
in the visual systemn (391, There can, there-
fore, be little question that, the brain con-
trols 1ts wmput.

A STABILE-LABILE DIMENRIOGN

The results of these experiments ulso
aive 4 clue as to at least one dimension
over which the control is exercized. The
classicul nterpretation of recovery fune-
tions 1x what their name uupties: When
the sccondl response to 4 pair of stimull Iz
smaller the of the
pair, the asswnption iz that zome cells in
the syatem arve still oceupied with process-

than mitial response
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T 3. Reeeptive fleld maps from a lateral genienlaie unit. », top left, control; ¢, mapped
while inferotemporal cortex was being stimulated ; [, mapped during frontal cortex stimula-

tion; n, bottem right, final control, A third control was taken beiwesn the 7 and the f maps
and was not included because 1t wus not significantly different from the first 2l the Jast.
Note thut inferotemporal stimulation decresses the size of the “on” center; {rontal corles
siimulation. while nof really changing the cireolur part of the receptive ficld, brings out
another region below it The level of activily shown is 3 standard devialions above the

normal background for this unit.

ing the imitial stimulus. This interpretation
suggests thul any parameter which delays
recovery effectively decouples the system
with regard to successive inputs while any
parameter which enbanuces recovery effec-
tively links the unils of the sysiem o eacle
olher, This  independence-interdependence
dimension iz exaetly the one which emerges
so clearly in Ashby's design, The further
that the mam-
malian brain; just as its hardware model,
has at its disposal two antagonistic recip-
rocal mechanisms, both of which as-
sure stability te the systern in which they
act: a mechanism of “external” control,
through  which constancies are achieved
hetween parts of the system and their en-

suggrestion 13, Lherefore,

virontent; and a4 mechanizm of “internal”
contrel, which relies on achieving a joining
Letween parts. Locey (13] lisg good evi-
tleniee from another source thar a stabile-
labile dimension determines the responsiv-
ity of organisms, and this evidence hasg
heen amply confirmed in my  laboratory
(10, 111,

AN FEFEOTIVE-AVTECTIVE BIMENSION

According lo the experimenta]l vesults
clizseussed  above, another of the possible
redaetions an organizm may have to a sitna-
tron ix Lo control the imput initiated by that
sitnation. Klsewhere I have suggested (25)
that  “e-motion” is  manifest when an
arganism meets a ¢ituation by input con-
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trot rather than through instrunental ae-
tion. In this view, emotion, or whal iz now
so aptly referred to by toduy's young as
“a hangup,” is not conceived to be an
Liaphazard affair. Rather, Just as action is
motivated, that is, controlled, by the
operation of a hierarchy of neuwral servo-
mechanisms, programs, or plans (16}, so
passion 1z e-moted, that 1z, deeontrolled
by relinquishing or “pruning” simaller or
larger segments or subroutines of these
satie programs, and restoring and strength-
ching carlier or simpler versions, Ag an
example, lake the interesting deseriptions
of the turning of the motive “love” into the
cimotion “un love” through separation as
miven by Relk (31).

According to this analysis, then, one
dimension along which a person’s character
may vary 1s the extent to whiclh mmteraction
witlt his environment displays action or
pussion— 15 effective or affective. Persons
as aetors, effective, normal, and usciul in
thelr soclety, have heen chilefly considered
by social scientists; explorations of ihe
passions have been left to clinieal psyeho-
logists payehiatrists.  Consequently,
emotion, affect, hag been suspecl: we have
come to think of 1t as somehow unhealthy,
abnormal, futife, And vet, the crror of tlus
obvious. Attributes such as
strength of charaeter, creativity, and so on
are known even by the layman to depend
on the nonbehavioral reactions of & person
to hiz siluation. The techniques are at
hand; there iz no longer any good reason to
withhold physiclogical observations from
experiments  made  to  investigate these
processes, even by soecial scientists. The
objective study  of behavior can now
be fruitfully commplemented by the objce-
tive study of such nonbehavioral, internal,
Prmental” reactions of experimental sub-
jects.

anel

view  1s

AN ESTHETIC-ETHICAL DIMENSINN

For the purpeses of thie paper T wish to

elaborate more fully a third dimension

which can be discerned from this set of
neurophysiological and neurobehaviorsl ex-
experiments. This dimension deals with the
laet that the bram eontains & mechanism
by which the amount of redundancy 1 a
systen, the amount of syuehronous activ-
iy, can be governed. In the experiments
cited, this regulation was shown to be ef-
fective over input, and there is evidence (4,
5] that a snnilar effeet. operates on motor
syslems,

As alrendy noled, the importance to the
peyetiological process of redundaney regu-
lation has as vel heen only partially ex-

plored, On the mput side, redundaney
reduction iz nvolved when Interest and
gensory  partcipnbion are  ealled  forth:

redundaney enhuveemant lielps foeus and
restrict the organizm’s sensory interaction
witlt the situation. The two processes ave
ordienly balanced, for they converge on
the sawe input mechaniam, even on sowe
of the samwe eells In the mechanism (38).
It is likely thatl the adjusiment of this
halanee differs i different individuals
different sifuations.

Here, therefore, 15 an example of another
dimension along which individual differ-
differcoces wmong ndividuals

chiees  anid

may be produced from oceasion to oeea-
slon, Some individuals ave more inelmed to
gensory  participation with their environ-
ment, and some situations tend fo evoke
participation more than others. Such evo-
callon s the essenee of esthetle endeavor,
aid Tor this reason rvedundancy reduoction
:an be thought of sz o mechanism under-
lving an esthetic mode of reaction. Its
opposite, wu lnercase o redundaney, tends
to focus and remove the orgauism {rom
participation and to turn him inward, Tle

18 therefore responsive more to his own
neural orgiization than to the organisa-
environment. This mode of
reaction s churacteristieally displaved, for
instanece, when othieal considerations are
involved (as when & person asks whoether
he 13 being Lrae fo himsel ),

tion of lus
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A convergent liue of cvidence.concerning
this dimension comes {rom obscrvations of
behavior., Here, ulso, two processes are
wentified, and the processes bear a resem-
blance to those alrcady identified. In a
vecent study Schachter (34) examined the
determinants of eating in obese and non-
ohese persons and showed that the obese
person’s eating 15 more under the control
of external than of mternal determinants,
while the opposite is true of the nouobese
persocn, In other words, most people eat
when thelr physiolegical state dewands;
thie gournnand respends to opportunity.

Another convergence comes from psycho-
pliysiological experiment. Lacey {12} has
used heart rate and other mensures of
autonomic nervous system reactivity to
gauge the receptivity ol an organism to
stimulation, The evidence 1s that two
mores exist—one “open” and one rela-
tively “closed”; “Cardiac deccleration ac-
companied and perbaps even faclitated
caze of ‘environmental intake’ whercas
cardiae  acceleration  uccompanied  or
facilitated ‘rejection ol the environment,””
Data are presented to show that cognitive
problem  solving  demanding  “mnternal”
work produces cardiae acecleration while
situations demamding  antieipafery  vigl-
lance, an “external orientation,” are ac-
companied by eardiac  deceleration.
Clearly, an “open-elosed”  dimension s
disecernible in these resolts, It remains
to be shown that the eonvergence with
the recovery eyele data is real and not
gpurions: simultaneous recording of heart
rate and evoked recovery funetions in
the two types of situation 1s an indieated
next step.

The delincation of the esthetic-cthical
dimension  finds  parvallels in coneeptions
derived  from still other types of obser-
vations, Developmental studies led Praget
to formulate the suggestion that two com-
lementary  processes  guide  cognitive

tion; the other, assimlation. “In their

initial directions, assimilation and aecom-
modation are obviously opposed to one
another, since assimilation is' conservative
and tends to subordinate the environment
to the orgamism as it 13, whereas accommo-
dation 15 the source of changes and hends
the organism to the successive coustraints
of the environment” (21, p. 352). Thus,
“the nursling’s psychic activity is at first
only simple assimilation of the external
chvironment to the functioning of the
organs, Through the medium of assimila-
tory schemata, at first :fixed, then mobile,
the ehild proceeds from this elcmentary
assimilation to putting means and ends into
relationships such that the assimilalion
of things to personal activity and the ac-
commodation of schemata to the external
envivonment find an increasingly stable
balance. The. undifferentinted and chaotic
assimilation and  accommodation which
churacterize the first months of life are
superseded by assimilation and accommo-
dation simultaneously  dissociated and
complementary (21, p. 330).” Accommoda-
tion thus resembles the effect which a
ncurologically based redundancy redue-
tion mechanism would be expected to
exert; assimilation could well be effected
by redundancy enhancement.

This convergence of conceptions docs
not In itself mean that accommedation is
necessarily accomplished through redun-
daney reduction and that assimilation oc-
curs through an inerease n the synchronous
operation of the organism’s input mecha-
nism. Ilowever, as hypotheses these pos-
sthilitics ean be {ruitfully explored since
the parts of the brain responsible for shifts
i redundancy are known, as are the cf-
feets of removal of these parts on problem
goiving in adult primates. Thus, removal
of the appropriate siructure in young ani-
mals should have cffects predictable from
Piagel’s formulation.

Other convergences eome to mind. Fae-
tor analytic methods of studying subjects
with brain lesions have been undertaken
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by Halstead (9), Reitan (32}, and Tecu-
ber’s group (35). Of particular relevance
here is the fact thaf most factor analytic
studies have yielded some sort of intro-
version-extroversion  dimension.  Petric
some years ago (20) presented n detail
carefully controlled evidence that frontal
leukotomy leads to changes “on  test
measurements associated with the dimen-
sion  of extraversion-introversion.” The
finding that these changes cceur in the
direction of greater extraversion is con-
vergent with the model based on the recov-
ery eyele here preseated: removal of the in-
fluence of frontal lobe tissue leads to re-
dundaney reduction in the input channcls
and hence “greater sensitivity to the com-
plexities of the input.” More recently (19)
Petrie has extended her work by devising a
set of behavioral tests with which she has
delincated additional ways of characteriz-
Ing persons: a stimulus augmentor-stimyg-
lus reducer dimension and an autonomy-
externally controlled dimension. She 1is
at present engaged in a scries of studics,
using neurosurgical patients, aimed at re-
lating lier hehavioral observations to their
neural substates. Should this current work
be combined with some simple neurophys-
iological observations, for example, cluei-
dating recovery functions as in the experi-
ments described here, another convergence
among medels could readily be uccom-
plished. On the whole, electrophysiclogical
data taken in conjunetion with factor
analylic analysis should prove cxtremely
fruitful. Pioneering studies of this sort
have been undertaken. Pawlik and Catteil
{(18) have analyzed the organism’s readi-
ness to be aronsed and Barratt (2, 3) has
investigated the above mentioned stabile-
labile dimension of readiness to react cs-
tablished by the work of Lacey and Tacey
(13).

Considerably more rvemote would be
studies whieh relate the neurologically de-
riverd models with those based on social-
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cultural observation, Nonctheless, I be-
lieve such studics arc possible. For ex-
ample, Riesman (33) hLas, from social-
historical observation, delineated what he
calls “imner-directed” and “other-directed”
individuals. It could be that developmental
exigencies mold some individuals along
primarily redundaney-reducing, accotmne-
dative modes of communicative inter-
course. And it could be that other cir-
cumstianees yield primarily redundancy-
cnhancing, assimilative modes of commu-
nicative discourse. In this way a person
{or even a whole population) would he-
conic  primarily  esthetic  or  primarily
ethical in Interpersonal interactions, de-
pending on the formative culture.

Many queslions ¢an bhe raised within
the framework of these obscrvations: for
mstance, iz inner-  and  other-direction
synonymous with infroversion and extro-
verston? Are there indeed more gourmands
in other-directed societics, as the Schachter
experiments might suggest, or is the re-
lationship hetween inner- and other-diree-
tion specifie to a reaction mode? Can the
halance between esthetie and ethieal sensi-
tivity be altered by later experience or is
there i limited “eritical” period during de-
vefopment which “sets” the orgunism on
one o another course? Does socicty ane
its culture determine not enly the halance
between the esthetie and cthical mode but
algo Lhe emotional consequences of cach
renetion? Inn another paper, Melges and
I (28) tentatively proposed a classifteation
of affects based in parvt on the differonce
hetwecn cthical mode of reaction,
which we called preparatory  (or hetter,
pre-repairatory)  and an  csthetic mode
which we called participatory, The suggces-
tion was made that the affect associabad
with the ethical, preparatory type of re-
action iz, as 1 rule, pessimistie, whereas
csthetic  participation  hegets  optimism,
This =suggestion was based on ecurrent
chinieal experience and attributed to the

dan
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fuct that the social outecome of participa-
tion was, on the hasis of experience, ap-
praised by an orgomsi as  potentially
suceessful In establishing or recstablishing
vontrol, whereas preparatory maneuvers
could, on the basis of experienee, be ex-
pectetd to pose diffieulties. However, tlus
view is surely cullure-hound: participatory
reactions are rewarded in o socieky popu-
lated by persons holding the Freudian
poiut of view, but the preparatory mode iz
the more effective in a soclely subseribing
to the Protestant ethic {30}, Tn faet, those
of an older generation eften find the cock-
tuil party the epitome of a demand for an
almost exelusively participalory mode of
witerecurse—and henee a most trying ex-
perience accompanied by anxiety produced
by the cohanced internal uneertainty and
reduced redundaney necessary to he si-
muitanecusly open to a lurge number of
information sources. For this earlier gener-
ation, the cthical mode of living true to
one’s principles proved a gratifying ox-
pericnce and thus led, in them, to optimistic
affects.

SUMMARY

In summary, then, three dimensions of
“person” have been delineated from one
set of neurchehavioral and necurophysio-
logical results. 1 have here explored, for
one of these dimensions, some possible
convergences with other conceptions de-
rived from other data and have suggested
experiments and applications that come to
mind as a result of the exploration. I have
dwelt on  convergenees. An  alternative
would have been to spell out a more in-
cluzive set of dimensions; I have cschewal
thiz alternative—partly beecause T feel it
would he premature to espouse it But
there is another reason for my choice. So
much of seieniific endeavor today iz con-
cerned  with checking the reliability of
conceptions by logieal and expertmental
analytie procedure. Too often the validity

of the conceptions remains either ungues-
tioned or is dismissed by ridicule—as
when a model iz maligned as “reductive”
or itz couverse, “soft”” I urge that the
validity of many conceptual systems can
he tested by attention to convergences
among  them and by testing tlicse con-
vergences by performing experiments and
ohservations n situations or contexts that
combine clewents from those whieh led to
the original formulabions, Without such
syhthesis through cross-disciplinary cffort,
aenee 15 likely to cudminate in o tower of
Bibel where the many, by referring to the
same cvent structured in different realms
of discourse, fail totally to conmnmunicate.

Speeific to our present concern is the
fact that societies are made up of persons
whose Drefns shape the Interactive matrix,
There should therefore be no barrier in
uging data from social obscrvation, per-
sohality analysig, and ncurologieal experi-
ment to come to a eonmunon understanding,
In the spirit of this kind of cross-dizeipli-
nury enceavor, starting with g set of ex-
perimental resulls delineating neural servo-
mechanisms  accomplished in my  labora-
tories, I have deseribed several areas
where the mvestigations have led to an
apparent  convergence of concepts ahout
the organization of personality, a conver-
gvnce whicl persuades follow threugh: one
such aren would explore a stahile-labile
thmension, a sceond an effective-affective
dimenzion, andl  another  an  esthetic-
cthical dimension, along  which persons
THYY Vary.
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