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PREFACE

T HE VARIETY OF SCIENTIFIC MODELS that have been proposed for
investigating the etiology of mental disorders has given rise to
hypotheses that have led to work with animals as well as with men.
An attempt is made in this volume to juxtapose human and animal
work in order to demonstrate similarities and differences between them.

Whether or not animals may properly be said to exhibit mental
illness remains an open question. Nevertheless, the development of
“experimental neuroses” and conditioned emotional responses in an-
imals has led to a number of behavioral and neurophysiological
experiments with important implications for man, even though species
differences make facile generalizations hazardous.

The phenomenological or naturalistic approach that has been the
mainstay of psychiatry until recently is shown to have its counterpart
in field investigations of the influence and expression of dominance,
frustration, aggression, and sexual drives in animals, and in the
interplay of these and other factors in producing normal or deviant
behavior.

Developmental, genetic, internal-environment, and neurophysiological
models are each represented in this volume; and examples of the
learning-theory approach complete it. Studies of the last type demon-
strate that reinforcement and conditioning laws in animals have their
parallels in men, and that the mentally ill are subject to them too.
Indeed, it would be surprising were it found that these laws—which
are characteristic of the entire mammalian order, at least—did not
apply to mental patients. Application of reinforcement principles to
alter psychotic behavior or to eliminate neurotic behavior has created
new approaches to management and therapy. Needed now are methods
for determining (1) whether experimentally induced alterations gen-
eralize to other aspects of the patient’s behavior, and (2) which
approaches are most suitable to which disorders. To answer these
questions adequately, we need objective indicators of “adjustment”
as a whole, as well as of discrete behavioral changes.

Also, and perhaps more important, the comparative approach to
psychopathology encourages a continuous cross-dialogue or cross-com-
parison between animal and human data. In some instances, we will
be lucky enough to find animal analogues (or maybe even homologues)
of the human situation that will permit the results of animal experi-
mentation to bear directly and immediately on the solution of human

vii
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problems. In others, and these probably will be more frequent, we
will find that apparently obvious analogies are superficial and do
not truly hold. To arrive at such discoveries, we will have been forced
to analyze more closely the basic processes responsible for what is
observed at each level, regardless of whether the processes are the
same or different. The fallout in new knowledge here will be enormously
beneficial.

In effect, continued confrontation between human and animal data,
even when not truly analogous, challenges us and thus stimulates the
development of knowledge about fundamental processes of importance
to mental health. That such knowledge is good and worthwhile is an
assumption, of course, but it has been so well supported already that
we need not fear being forced to abandon it.

JosEpH ZUBIN
Howarp F. Hunt
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CURT P. RICHTER

Samuel W. Hamilton Memorial Lecturer, 1965

FOR OVER FOUR DECADES there has emerged from the Laboratory
of Psychobiology of the Henry Phipps Psychiatric Clinic, Johns
Hopkins University School of Medicine, a steady stream of researches
which have progressively illuminated a number of significant facets
of behavior, both healthy and deviant. The imaginative leadership of
the laboratory, which has attracted as collaborators so many dis-
tinguished colleagues and talented young beginners in the field of
psychopathology, has rested throughout this period in the hands of
the man selected for the Samuel W. Hamilton Memorial Lectureship
—Curt P. Richter, Professor of Psychobiology.

Perhaps in the early years of Dr. Richter’s wide-ranging explorations
casual reviewers of his publications may have been unclear as to the
goals and contributions of the laboratory as they searched for a central
theme or cohesive theoretical bent. Now one may discern a steady
progression of researches that fall into a series of significant investi-
gative lines. Perhaps self-regulatory behavior of animals and men,
particularly periodic timing devices—biological clocks, as they have
been called—have come to a more general recognition and acclaim
than other lines of investigation. But the other lines are equally
significant and interesting. Thus the laboratory centered one portion
of its endeavors on the study of spontaneous behavior and activities,
examining systematically their control through functional processes
of the central nervous system, the endocrines, and variations in
nutrition. Another long series of studies concerned with domesticatich
of the Norway rat may now be appreciated as bearing on the biological
consequences of civilization on organisms, and as contributing to our
understanding of stress responses in different species. There was also
a series of papers elucidating the role of the autonomic nervous
system in relation to the functioning of the total organism in stress
situations inducing emotional reactions, and also those highly pene-
trating investigations of the grasp reflex in animals and man under
a variety of natural and experimental situations.

Only a man with a deep and abiding curiosity, a roving mind, a
talent for bringing to association a variety of observations garnered
from the behavior of animals and man, and an ability to devise experi-
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xii CURT P. RICHTER

ments with technical niceties could effectively guide such a dis-
tinguished series of behavioral studies over the many years. Such a
man is Curt Richter.

As a medical student and later as a young Fellow in neurology I
remember him with warm admiration and respect. I came to know his
work through visiting his laboratory to seek his advice on some
interests of my own related to the grasp reflex. He had by then
completed his examination of the changes in the grasp reflex in
infants at various age periods, following various cerebral lesions and
under the influence of bulbocapnine. He and his students had recently
commenced examining the variables concerned in determining spon-
taneous running activity of rats, and were evolving a number of
exceptionally delicate surgical procedures which allowed ablations of
the various endocrine glands in these small mammals. This work, of
course, led to the famous experimental observations on dietary self-
selection of rats. Of course, as a young instructor in neurology, I
was impressed by the stories told me of the expedition to Barro Colo-
rado to examine the grasp reflex of those upside down mammals, the
two- and three-toed sloths.

Curt Richter was born of German-Protestant parents, recent emi-
grants to Denver, Colorado. Their only child and son was born
on February 20, 1894. As fathers often will, his father looked to
his son to follow the parental profession, engineering, and eventually
to share with him the direction of the iron and structural steel manu-
facturing company he had founded on settling in Denver. But this
was not to be. At the age of eight Curt lost his father in a hunting
accident. Parental wishes, nevertheless, seemed to influence his entry
to the Technische Hochschule in Dresden, Germany, to study engineer-
ing following completion of high school in the United States. His
interest in engineering wavered. After three years in Dresden he
returned home to enter Harvard. At this time his goals seemed
uncertain. There were thoughts of pursuing careers in international
diplomacy or economics. At Harvard his passion for animal behavior
was aroused when, by chance, he attended a course on the subject
given by Robert M. Yerkes. Shortly thereafter, this interest was
stimulated further on reading John B. Watson’s book “An Introduction
to Comparative Psychology.” Immediately following his discharge from
the U.S. Army in 1919, he enrolled at The Johns Hopkins University
to study for his doctorate in psychology with Professor Watson.

These formative years gave Curt Richter a wide range of experiences;
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they in turn provided the springboard for his future interest and the
use of his unique talents. As a very young lad he was allowed to handle
all kinds of tools and even assisted in the operation of a forge in his
father’s factory. Following his father’s death, Richter worked for a
time as a farmhand, herding cattle, milking cows, and operating heavy
machinery. But his life was filled with more than work. Athletics drew
him; he became an outstanding basketball player. In addition he
found time to serve as editor of his class paper and, when a high
school senior, was selected president of his high school class.

In Germany an entirely new cultural world opened to him in the
operas, theatres, and art galleries of Dresden. Here for the first time
he discovered as well the world of literature. And these many experi-
ences were deepened in him by the comaraderie of, and discussions
with, his fellow students in the cafés of the city.

His uncertain early days in Boston were depressing to him. But here
again, as a Harvard student, his willingness to browse led him to
discover another parameter of behavior: through a course in philosophy
of nature he found psychoanalysis. His avid reading of Freud, as well
as Jung, Adler, Jones, Ferenczi, Brill and others, opened vistas of
subjective human experiences and their interpretation in dynamic
biological terms. At about the same time there came to his awareness
the beginning work on the endocrines, just coming to recognition as
important structures in regulating the natural economy.

But it was the life of a graduate student under John B. Watson that
did most to determine his future. Professor Watson allowed his student
to roam at will, never requiring him to enroll in a formal course.
At Hopkins he found the medical school courses in human anatomy
and physiology, attended lectures in neurology, psychiatry, and pharma-
cology, and developed his flair for experimental techniques wherein
the early experiences acquired in his father’s factory and on the farm
proved of value as a background for his developing aptitude in
laboratory techniques. Within a year, backed by the richness of these
experiences, his life-long research career blossomed in the publication
of his first paper.

Curt Richter’s contribution as a transmitter of our scientific culture
and as a nurturer and model for those with an unfolding interest in
the field of behavioral research is perhaps less well known to the
scientific community, yet it certainly must command as much of our
appreciation as his brilliant investigations. Through the Psychobio-
logical Laboratory, from the early twenties to the present, there have
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passed a long line of student collaborators whose names have become
independently known to us in their later contributions to psychiatry,
neurology, and psychology. Richter’s collaborating peers too were
a distinguished group, known widely in their own right. Thus we find
in the laboratory publications printed before World War II the names
of G. H. Wang, C. Bagley, Jr., R. D. Gillespie, A. F. Guttmacher, H. C.
Syz, E. F. Kinder, F. R. Ford, G. B. Wislocki, M. E. Brailey, O.
Odegaard, O. R. Langworthy, Maurice Levine, M. B. Shaw, Sara S.
Tower, H. G. Wolff, A. S. Paterson, F. F. Buchman, M. F. Hausmann,
M. Hines, H. A. Benjamin, Jr., J. E. Eckert, L. E. Holt, Jr., Bruno
Baralare, Jr., Alexander Kennedy, C. D. Hawkes, E. C. H. Schmidt, Jr.,
K. H. Campbell, William Honeyman, Lawson Wilkens, Harriet Hunter.
As we view this list we recognize many of our present and past asso-
ciates who have become renowned as researchers or as protagonists
of investigation in holding important chairs in university centers in
this country and abroad.

During the past two decades Curt Richter has been called upon to
summarize his work in a series of distinguished lectureships: The
Harvey Lecture in 1942, The Menas S. Gregory Lecture in 1952, The
Thomas Salmon Lecture in 1959, The Percival Bailey Lecture in 1964,
and now the Samuel W. Hamilton Lecture. Each of the lectures was
used by him to synthesize his thinking, as he drew from the work of
the laboratory the larger meanings from the long stream of ongoing
observation.

His monograph “Biological Clocks in Medicine and Psychiatry”
offers a splendid illustration of such a synthesis. From his review of
the many data collected by him on periodic phenomena in the behavior
of man and animals he postulated the existence of three groups of
timing devices: homeostatic, central, and peripheral. The first was
seen to operate as a feedback mechanism between a target endocrine
organ and a central regulating function involving the intricate pituitary
hypthalamic interrelationship. The oestrus cycle is an example of such
a clock. The second, the central or 24 hour clock is located in the
central nervous system—functioning, probably, in the hypothalamus—
but operates independently of the homeostatic timing mechanism and
without feedback. Thus Richter points out that body regulating systems
operate under nonhomeostatic as well as homeostatic controls. These
are, then, mechanisms which serve to determine fixed time schedules
rather than fixed levels of physiological functioning. The former are
regarded as the more primitive, since their existence may be discovered
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in unicellular organisms. Richter postulated as well the existence of
peripheral timing devices which exist in tissues external to the central
nervous system. Such peripheral periodic controls explain the highly
regular periodicity of certain phenomena in illness such as occurs
with the febrile course in Hodgkin’s disease or certain joint manifes-
tations in arthritis. To Richter, all cells function rhythmically. In some
organs or systems the rhythms occur “in phase” and in others “out
of phase,” establishing thereby periodic and nonperiodic activity. In
evolution the tendency is seen by him to be towards the reduction of
in-phase activity. Shock, trauma, or other stresses are postulated as
disrupting either in- or out-of-phase functioning of cells or organs,
while he hypothesizes that the duration of the rhythms have been
impressed upon the cell or organ structures by external cyclic changes
which become reflected in metabolic activities. Curt Richter marshals
well the evidence to support his positions. Fine scientist that he is,
he concludes his essay on “Biological Clocks” with the statement that
“at present we do not know anything about the anatomy of the clocks
in a single cell . . . ,” thus disclosing his own appreciation of the
need and direction of future efforts if we are to understand the
fundamental secrets of these biological factors in behavior.

One might analyze similarly his other lines of study. Those of us
who know him and have followed him over these years would only
be reinforced in our delight in his ways of probing issues critical for
our understanding of healthy and abnormal behavior, of drawing
upon and finding among natural phenomena that which is pertinent,
and arranging the phenomena to offer us challenges for the future. This
he has always done with a modesty and graciousness which have
brought him both warm friendships and our deep and enduring respect.

To have been requested to prepare this biographical sketch has
brought both an honor and a flush of pleasureable reminiscence of
early laboratory work in Baltimore. It provides an opportunity to
express a deep personal sense of gratitude to Dr. Richter and his
collaborators, who filled the days of their juniors with excitement,
stimulation, and understanding friendship, which hopefully we have
carried forward in our relations with students in more recent years.

Lawrence C. Kolb, M.D.
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Part I: Sociocultural Environmental Factors

1

ECOLOGICAL FACTORS
IN THE DEVELOPMENT OF
BEHAVIORAL ANOMALIES

by JOHN B. CALHOUN, Pu.D.*

1. INTRODUCTION

PATHOLOGICAL BEHAVIOR, by its very definition, denotes an inability
to adjust to ongoing conditions. Behavior becomes incompatible
with these conditions, at least to the extent that the individual fails
to fulfill that role which contributes to the success of the biological
or cultural system of which he is, or should be, a component part.
In the normal course of events, both heredity and learning lead to
adequate adjustments. Any failure to adjust indicates that the individual
has become enmeshed or trapped by circumstances beyond his ability
to cope successfully with them. Such unusual circumstances may be
termed “ecological traps.” As students of psychopathology we have
two roles to play—that of the hunter and that of the hunted. As hunters
we must devise better ecological traps, better ways of producing more
psychopathological individuals with greater degrees of pathology. As
the hunted we must devise better ways of recognizing and avoiding
ecological traps. Beyond this comes the question of therapy; how do
you readapt an individual from his altered state within the confines
of the ecological trap, back to adequate functioning within a system
in which this trap has been demolished.

My account here will be devoted entirely to the very personal effort
to become a good hunter. In the process I have developed some fairly
successful ecological traps to the point where certain principles of
their structure and impact are beginning to emerge.

*Laboratory of Psychology, National Institute of Mental Health, Bethesda, Md.
1



2 SOCIOCULTURAL ENVIRONMENTAL FACTORS

Before embarking upon this account I would like to comment briefly
upon methodology. A colleague once remarked to me: “There are so
many variables in your studies you can’t possibly draw any conclusions
about anything.” 1 do examine complex systems involving many
variables. All mammals, not just man, live as part of the systems
affected by many component variables. The question is, “What are
the avenues through which we may gain understanding of these
systems.” I do not question the usefulness of the now-classical process
of examining one variable at a time while maintaining all others
constant at one of the many values each may have. However, it is
difficult to conceive of any mammalian species not affected by more
than one hundred variables. Even with this limited number of variables,
the necessity for over a million kinds of experiments soon becomes
apparent if one maintains the rigid position of working stepwise from
the simple to the complex. We can justify neither the financial resources
or the time for complete adherence to this logic. Somehow we must
break out of this intellectual straitjacket and begin to deal with complex
systems involving many simultaneously varying factors, while examin-
ing these systems over prolonged periods. This requires detailed prob-
ings of widely separated stages of complexity, while attempting to
bridge the gaps by formulating mathematical concepts of the processes
involved in bridging these gaps. The examples to be presented here
represent such initial crude probings. Elsewhere' 1 have attempted
the kind of mathematical formulations required to form a bridge
between such probings.

2. Mass Panic
Naturally Among Lemmings

Several species of rodents, commonly called lemmings, inhabit the
circumpolar tundra habitat of the northern hemisphere. Every three
to four years in many localities the populations attain fantastic dens-
ities. At these times of obvious overabundance the majority of the
members of the population suddenly die as the consequence of an
associated stress syndrome.® Afterwards, over the next three to four
years, the population builds up again to peak proportions. However,
in some localities large-scale emigrations from the sites of overpopu-
lation radiate outward into adjoining less-preferred habitats. Over
most of the circumpolar range of these species no consistent pattern
emerges in the direction or culmination of these emigrations, merely
dispersal and eventual death.
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However, in the Scandinavian peninsula these movements often
take on additional characteristics. I am particularly indebted to Dr.
Arnold Bakken for his thorough unpublished account.’ In Scandinavia
the tundra occupies an upland plateau. The primary opportunity for
egress from the tundra lies downhill along the valleys extending from
it toward the sea. Scattered individuals, gradually aggregating into
compact groups and finally into massive waves of as many as a million
individuals, represent the general pattern as the emigration flows
from the tundra, through the coniferous zone, down into more hard-
wood forests, and finally out into lowland cultivated areas. The process
may take weeks, and the trek may cover as much as a hundred miles.
If the compact mass reaches the lowland area, its members by that
time appear to have lost many former restraints on behavior. They
enter and pass through villages, cross train trestles, swim across ponds,
and may eventually reach the sea. There they continue their move-
ment, swimming ever farther from shore until all drown.

No clearer example of pathological behavior exists. All who exhibit
it die. This has long posed a dilemma. How can it have persisted over
the centuries when all which exhibit it die, and the only ones which
fail to exhibit it are the few survivors back on the tundra? If this
is an hereditary trait, natural selection would long ago have elim-
inated it.

Obviously one cannot fall back on heredity for an explanation.
Furthermore, over the extensive circumpolar area inhabited by such
species it is only in the Scandinavian peninsula that these movements
from areas of overpopulation culminate in this mass “suicidal” drown-
ing. Something about this area must make it into an ecological trap.
The outstanding characteristic here is the pattern of narrow valleys
extending from the tundra toward the sea. As the lemmings move
away from the tundra and down the valleys one aspect of their
experience alone remains constant: Each day they move in a constant
compass direction. The particular associates they encounter, as well
as the particular configurations of the environment, vary over time.
Only directional movement remains to be reinforced as the lemmings
move from higher densities on the tundra toward lower densities in
the lowlands. This directional movement becomes a highly learned,
self-cycling one, requiring a long extinction period. When the lem-
mings finally reach the sea, the established necessity to keep moving
in the established direction forces them to swim outward even unto
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death. Such is the general formulation I have arrived at as an approxi-
mate explanation of the phenomenon.

Experimentally Among Mice

Can this formulation be subjected to experimentation? Two con-
ditions must be fulfilled: 1. There must be a gradient of a noxious
stimulus capable of inducing movement from areas of higher to those
of lower intensity. 2. The gradient must have a highly directional
character over sufficient distance to maintain a movement for a fairly
prolonged time.

Developing knowledge of small mammal communities suggested a
strategy. Among many species inhabiting forests, field, and desert,
each individual maintains its own circumscribed range, which, however,
overlaps those of its neighbors. Each individual attempts to min-
imize its contacts with associates. This avoidance is apparently facili-
tated by vocal signals. Periodic emission of such signals by each
individual enables each to know the whereabouts of its neighbors and
thus to avoid them. Detection of such signals is not likely to be possible
over distances as great as twice the diameter of the individual’s range.

Now, suppose it were possible to remove suddenly all individuals
within a circular area considerably greater than this maximum distance
of perception of these noxious stimuli. Their absence would produce
a signal void. Survivors at the periphery would then be at the boundary
of a marked stimulus discontinuity. Inward they could detect no signals.
Outward they could still detect the normal level of signals. The
reaction of these survivors on the edge of the depleted area should be
predictable from their former response pattern. This must have been
one of equalizing the intensity of stimuli impinging upon them from
surrounding areas. As an individual was approached by his neighbors
from one direction, he would move in the direction of his more distant
neighbors. Over time the movements of an animal within his range
in response to his neighbors’ movements would be much like a balloon
surrounded by a circle of jets of air being emitted independently and
at irregular intervals.

Thus we might expect the survivors at the edge of the circular
depleted area to move into it and away from the relatively much greater
stimuli originating from other neighbors who survived even farther out-
ward. Now suppose that these individuals who enter the depleted area
are also removed. Another tier of animals will be in the same situation.
As each tier moves inward his neighbors will be left in the same cir-
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cumstance. A chain reaction should thus be engendered in which, as
far as the environment extends, successive waves are simultaneously
moving inward in so long as the process is maintained by continually
removing all animals invading the original central tract. Note that
such a migratory “implosion” is overtly directly opposite to the
migratory “explosion” characteristic of lemmings. Yet the theoretical
processes involved are essentially similar; only the direction of move-
ment is reversed.

Dr. W. L. Webb and his colleagues of the New York State College
of Forestry offered to test this idea at their research forest near
Newcomb, New York, which was inhabited by several species of small
mammals.

Here they laid a circular trapline enclosing a 30 acre tract sur-
rounded by extensive similar forest habitat. Along this line a trap
was placed every five feet. The notion was that once the far fewer
traps placed within the circle had removed the residents, the close
spacing of traps along the peripheral line would suffice to capture
all invaders as they encountered the line. Unfortunately this peripheral
line of traps proved ineflective to that extent, with the consequence
that animals accumulated in the center in greater numbers than the
few traps there were able to remove them rapidly. An attempt was also
made to trace movements inward by invaders by line-trapping along
three one-mile long radii from the central area. Unfortunately 50 per
cent of the animals captured each night died from exposure. This
apparently set up “convexion” currents toward the radii, which “held”
animals near the point of first contact with these trap-lines until at
a later capture they also died from exposure. Even so, many animals
maintained their induced movement (between the radii) toward and
into the central area, where ultimately they also were captured. Con-

TaBLE 1.—Results of Dr. Webb’s Study of Induced Migrations of Red-backed
Mice, Clethrionomys

Source Number of Mice Trapped
Invaders Observed Expected
Residents: 107 107
1st Wave: 88 96
2nd Wave: 111 107
3rd Wave 138 135
4th Wave: 165 163

Total 609 608




6 SOCIOCULTURAL ENVIRONMENTAL FACTORS

sidering only the socially dominant species, the mouse Clethrionomys,
the results were as follows: Most of the residents were captured during
the first 21 days of removal trapping. There followed four successive
waves of invaders; each wave encompassed 15 days (Table 1).

Assume that each group of invaders originally inhabited one of
four bands of width w and that the residents inhabited an area encom-
passed by the circular trapline plus an adjacent band of width w. Then
we may calculate w and the distance of the successive bands from
which invaders originated.

The radius from the center of the area being trapped to the circular
trapline was 562 feet. Thus, the area sampled during the first 20 days
equals 7(562 + w)* Since each wave of invaders is presumed to
represent a band of equal width, w, then the entire area sampled
during the entire 80 days equals 7(562 + 5w)Z One-hundred-and-
seven mice were taken from the central area and 608 from the total
area. Thus, to the extent that number of mice is proportional to the
area they inhabit, 5.626 as many mice inhabited the total area as the
central area. It follows that:

5.626 [7(562 4+ w)?] = 7(562 + 5w)2.
Thus w = 302 feet.

Radii to the limits of the central area and the four successive bands
become 864, 1166, 1468, 1770, and 2072 feet. A w of 302 feet repre-
sents the approximate diameter of home range (i.e., radius = 3o of
the bivariate normal distribution) found in other studies by Earl Patric
for this species in this habitat.

Other details and related background have been discussed elsewhere.!
This study of Dr. Webb’s affirms the general logic of the initial phase
of the hypothesis proposed to explain lemming migrations. It revealed
that a directional movement can be generated. Much of their unpub-
lished results indicated that the normal social structure of this com-
munity of small mammals had been disrupted. The mice were caught
in an ecological trap beyond their control.

It has not yet been possible to pursue such a study to the point
that individuals will persist in behaviors completely inimical to their
survival. The lush deserts, such as lie 50 miles west of Idaho Falls,
offer an ideal situation for such further studies. Preliminary calcu-
lations* suggest that 15 to 20 investigators working continuously 4
months represents the minimum effort. Opportunity for conducting an
experiment of this magnitude has yet to materialize. Such is a far
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cry from controlled laboratory studies, but offers great possibility
for developing insight into psychopathology associated with massive
adherence to a single manner of behaving.

3. Groupr S1ZE AND SocIAL TasKs
Animals other than man can also be faced with situations which
make adjustment difficult or impossible. We will now consider a
series of experiments in which domesticated rats were placed in situa-
tions somewhat remote from any that even their wild counterparts
would have ever encountered.

Fic. 1—STAW, Socialization Training Apparatus Water.
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Methodology

The basic instrument employed is designated “STAW,” Socialization
Training Apparatus Water (Fig. 1). It consists of a water reservoir
on one of whose faces there are two levers. Depression of a lever may
deliver a drop of water. A clear plastic partition, over which a screen
hood is placed, produces two channels of access, each to a single
lever. A rat on one side can see through to a companion on the opposite
side. The diagonal meshed metal floor of each channel is affixed to
an axle forming a fulcrum near the entrance end of the channel. The
opposite end of this floor section rests on the arm of a microswitch
by which it is supported. The weight of a rat on a floor section closes
the microswitch. Appropriate circuits allow three conditions: (1) NO
CONDITION. When this applies, a rat gets a cup of water every time
it presses the lever, regardless of whether another rat is present on,
or absent from, the other side. (2) COOP. Two rats must be on the
STAW, one on either side, for the lever on each side to be unlocked.
When only one rat is present, both levers remain locked; or when two
rats are present, but one backs off, then both levers lock and the
remaining rat can no longer obtain water. COOP stands for cooper-
ation. (3) DISOP. One rat only can be present on the STAW for the
lever on the side it is on to be unlocked. If a second rat enters the
opposite side, both levers immediately lock. DISOP stands for dis-
operation. Disoperation is a negative social relationship in the sense
that rats must cooperate by not interfering with each other. Rats
exposed to either COOP or DISOP are said to be “on condition.”

One STAW was placed in each of 24 pens, each measuring 2 feet 4
inches x 5 feet. A 2 feet high, solid metal partition, topped with a
“cattle-fence” electrified wire, generally kept rats within their respec-
tive pens. Each of two 10 x 14 foot rooms contained 12 pens. Esterline-

TaBLe 2.—Experimental Design

No., N, of Rats - Number of Groups - N
in a Group COOP DISOP
5 5
3 3
8 2 2
16 1 1
32 1 1
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Angus tape event recorders at 6 inch/hour indicated by an elevation
of an inked recording pen if a rat was on each side of each STAW.
Every press of a lever, whether or not a drop of water was delivered,
made a mark. At a tape speed of 6 inch/hour, periods of lever-pressing
effort left solid bands of ink due to the overlapping of adjoining
marks. Examination of these records revealed whether the assigned
condition was being met while the rat or rats were lever-pressing on
any given STAW.

The 172 rats in this experiment were grouped as shown in Table 2.
There was the same number of males and females in each group.
Groups were formed at weaning at 27 days of age and allowed to
remain on NO CONDITION for 35 days. Then each was allowed to
remain on their respective ‘“on condition” for the next 214 days.
Inverted cardboard boxes, with holes cut in their sides, provided
places of retreat. Females delivered young in them on the sawdust-
covered floors and generally made nests from strips of paper toweling
provided for this purpose. Young were counted and removed each
10 days. Both failure to conceive and failure to rear young to an
average age of 5 days affected the obtained measure of reproductive
success: Number of young surviving to removal per female per 100
days.

Detailed analysis of the records was confined to 6 24-hour periods.
The first began at 2200 on a Friday after 10 days “on condition.” The
remaining five records analyzed began at the same time on the
following five Fridays.

Basic Results

Numbers greater than 16 for COOP and 8 for DISOP reduced water
consumption (Fig. 2). This reduced water consumption likely con-
tributed to the lowered production of young and the reduced weight
of males at these greater numbers. We may, therefore, suspect that
in some way the efforts by one rat to obtain water were interfered
with by its associates.

Opportunity for access to the lever must first be considered. The
6 24-hour periods analyzed in detail provided data encompassing 908
“rat days” (i.e., 908 24-hour periods). Equally weighting the means
for the 10 basic subgroups gave a mean of 44 minutes per day spent
by each rat in lever pressing. Except for a reduced effort by the
survivors of the 32 DISOP group, this mean adequately describes the
time (effort) spent in lever pressing by rats in all groups.
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MIN./RAT/DAY LEVER-
cc./RAT/DAY PRESSING CONDITION MET

YNG /7 $/100 DAYS

MEAN WT.d'dgm

Z
16 32

NO. OF RATS IN GROUP

Fic. 2.—COOP-DISOP 2-4-8-16-32 N series study. COOP = crosshatched histo-
grams; DISOP = stippled histograms. (A) Minutes of lever pressing per day
per rat when the condition is met for securing water at each lever pressing.
Histograms based on 6 24-hour periods, representing days 10, 17, 21, 28, 35,
and 42 of “on condition.” Rats also pressed the lever when the condition was
not met. The proportion of total lever pressing during which the condition
was met is given above each histogram. (B) Mean cc. of water consumed per rat
per day for 53 days beginning with the 11th day of “on condition.” (C) Number
of young per female per 100 days for the 214 days following start of the “on
condition,” that is, for the period when the females increased from 61 to 275
days of age. The young were counted and removed each 10 days. (D) Mean
weight of surviving males at 123 days of age after 62 days “on condition.”
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As may be seen from Table 3, with only 1440 minutes available in
a 24 hour period, the 1408 minutes of effort required from 32 DISOP
rats demanded that as soon as one rat stepped away from the STAW,
another would be standing ready to replace him. But a great deal of
time is excluded by sleep. My recently completed analyses of sleep
indicate that 0.75 of all time is spent in this state. Furthermore, analyses
of the lever-pressing records indicated that all groups persisted in
a marked rhythm of activity and inactivity regardless of whether their
water requirements were being fulfilled. Taking these several factors
into consideration with respect to Table 3, it is obvious that at numbers
of 8 and above for DISOP and 16 and above for COOP, rats will

experience some difficulty finding a lever available when awake and

TaBLE 3.—Use of Time per Lever in Pressing for Water by an Entire Group Based
on 44 Minutes per Day per Rat

COOoP DISOP
N Total Proportion Total Proportion
minutes of 24 hours minutes of 24 hours
2 44 .031 88 .061
88 061 176 122
8 176 122 352 244
16 352 244 704 489
32 704 489 1408 975

active. Thus both actual time available and restrictions on the use
of available time imposed by physiological rhythms of sleep and
activity increase the difficulty of obtaining water as the size of the
group increases.

Under such circumstances too many associates simply become an
ecological trap.

The two STAW conditions also generated behavioral changes, which,
in aggravating the stresses arising from the use of available time, in
themselves also represent ecological traps. Consider production of
young by DISOP females, Figure 2(C). The mean number of young
per female per 100 days declined from 34.2 to 25.4 to 14.9 to 10.6 to
3.0 through the N series 2-4-8-16-32, even though water consumption
declined much less rapidly. I can only guess at the possible reason.
Learning to avoid associates to the extent of not entering the opposite
side of the STAW when one rat was already there on one side became
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a basic inculcated value. How this generalized to relationships outside
the STAW is unknown. However, this avoidance may well have
hampered proper execution of sexual and maternal behavior.

The marked inability of 32 DISOP females to produce young reflects
the lasting impact of a temporary exceedingly restrictive condition.
Within 15 days (Fig. 3) of being started on the DISOP condition
nearly half of the 32 DISOP had died. This reduction occurred by
76 days of age, after which fell most of the reproductive span. And
yet, although after this age the actual number of rats in the 16 DISOP
and the 32 DISOP remained essentially the same, the latter produced
less than one-third as many young during the next 178 days. Per-
manent impairment of performance appears to be a function of the
magnitude of the initial stressful conditions.

A behavioral sink type phenomenon (see section 6), particularly
among DISOP groups, greatly aggravated restriction on the oppor-
tunity for obtaining water imposed directly by increases in group
size. For COOP groups, increase in number of rats fostered a more
nearly equal use of the two sides of the STAW (Fig. 4). When one
rat entered one side of the STAW the probability increased of another
being awake and ready to enter the other side as the group size

SURVIVORS

CONDITION

o 1 | 1 | L |

0 100 200 300
AGE IN DAYS

Fic. 3.—Survival curves for N = 16 and N = 32 for the DISOP groups. There
was essentially no mortality among the other groups.
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-7 Fic. 4.—As the group

size increased, COOP rats
— DISOP tended to utilize the two

sides of the STAW more

PROPORTION OF EFFORT
ON MAXIMUM USE SIDE
I

CooP equally, whereas DISOP
- ‘\ rats concentrated their ef-
forts on one side. Theo-
0.5%- retical curves based on
1 | I ! | least squares best fit
2 4 8 16 32 values.
N

increased. However, the DISOP groups provided the more unexpected
results. As the number of DISOP rats present increased, their tendency
to concentrate activities on one side likewise increased (Fig. 4).
Extrapolation of these data indicated that had all 32 DISOP rats
survived they would have confined all activity to a single side of
the STAW. Although all DISOP groups clearly developed a general
preference for one side or the other, each shifted back and forth
between the left and right side of the STAW over time. Thus, though
a side preference became clearly established, each group clearly was
a stochastic system within which the tendency of one rat to enter the
STAW was influenced by which side a preceding rat was just com-
pleting his lever-pressing effort. In most instances, a DISOP rat entered
the side immediately vacated by a predecessor.

At N = 2 for both COOP and DISOP most continuous lever-pressing
efforts represented the activities of a single rat, and under each con-
dition the mean duration of such effort was less than 3.0 minutes
(Fig. 5). Where less than half a minute intervened between the ter-
mination of one burst of lever-pressing on a given side of the STAW
and the start of another on the same side, the duration of the entire
sequence was defined as a “continuous effort.”

Prolongation of this mean duration of effort as the group size
increased (Fig. 5) resulted from two or more rats lever-pressing in
sequence. With only one side of the STAW effectively available to
DISOP rats, the number of rats lever-pressing in sequence increased
faster for DISOP than COOP groups as the number of rats present
increased. Such increase in continuous effort as a function of increase
in group size can be expected even if each rat behaves independently.
Purely by chance, when one rat approaches the STAW, it will find



14 SOCIOCULTURAL ENVIRONMENTAL FACTORS

15 —
I /
Fic. 5.—Queuing as a function of %% 5 ,/
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another already there and will have to wait until this rat has finished
before it can enter and begin lever-pressing.

Queuing

This queuing may result from chance or maybe intentional. When-
ever a rat by chance immediately follows another, there exists the
opportunity for associating opportunity for obtaining water with the
presence of an associate at the STAW. A rat, having developed this
association, will be attracted toward the STAW provided that some
other rat is there, and pressing the lever. The larger the group, the
more likely it is that development of such association may be antici-
pated and, therefore, the greater the queuing and the longer the spans
of continuous effort.

Evaluation of the impact of queuing requires consideration of the
lever-pressing by individual rats. When rats have not been exposed
to the kinds of socialization training imposed by the COOP and DISOP
conditions, the number of continuous lever-pressing efforts, as a
function of their duration, conforms to a negative exponential of the
form y = e *". In conjunction with my studies of the behavior of
rats, many individuals have been temporarily isolated in a cage con-
taining a single lever (a TAW, training apparatus water) similar to
the two in the STAW. One group studied, designated as group 30.03,
consisted of 75 rats which provided a sample of 12,563 separate efforts
over a total of 4388 rat hours. The observed data, presented in Figure
6, are remarkably well described by a negative exponential equation.
In terms of central nervous system function this implies that no matter
how long an effort has already lasted, there is a constant probability
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of its terminating within an additional specified amount of time. For
comparative purposes, one minute has been taken as the specified time,
and p’ is assigned to denote the probability of terminating within one
minute beyond any time the effort has already lasted; p’ here is 0.6546.
Only 52 efforts lasted for longer than 5.0 minutes. Projection of the
theoretical curve, shown as a dotted line in Figure 6, suggests that

| I | | [ I I I
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Fic. 6.—Frequency-duration curves of lever pressing by individual rats. All
75 of the 30.03 group, whose lever-pressing efforts were recorded in isolation,
had previously lived as members of groups of either 3 or about 60 rats. Water was
readily available to such rats in their normal habitat at all times by simply press-
ing a lever without having had to learn the COOP or DISOP task. Either COOP
or DISOP learning tends to alter the curve, as in the illustrated example. This
results in a longer mean duration of lever pressing by rats which have learned
such a socially restrictive task.
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in any rat’s lifetime an effort of greater than seven minutes is highly
improbable.

General observations indicated that queuing essentially never
occurred among rats in two COOP and two DISOP groups. In other
words, each measured duration of effort for rats among these smallest
groups can be considered as the output of a single individual. Further-
more, the distributions of efforts for two COOP and two DISOP rats
were sufficiently similar to justify pooling of data. Observed points are
shown as triangle in Figure 6. Obviously, COOP and DISOP social-
ization training increases the average duration of effort. This increase
is from a mean of 1.103 minutes for the group 30.03 rats to 2.253
minutes for the N = 2 COOP and DISOP rats.

This increase arises through alterations in CNS activity, which
will be described in detail in a forthcoming paper. Beyond a duration,
d”, here 3.19 minutes, the continuation of the effort is solely governed
by the probability of a signal reflected by p’, which here is slightly
decreased to 0.501. At shorter durations than d” there occurs a blocking
of the circuit so that the CNS signal, which would terminate the effort,
fails to exert its effect. The probability of this circuit not being blocked
can be described by a probability, p”, which for this N = 2 COOP
and DISOP data increases according to the equation: p”/= e - 168 +0-52X,
At 0.5, 1.5 and 2.5 minutes, p”’ is respectively 0.243, 0.413, and 0.694;
and at d”, p” = 1.0. These remarks will be of assistance in relation
to the more detailed discussion of these processes to be presented else-
where.

For present purposes, the important conclusion is that such
socialization training increases the mean duration of effort. In another
comparable COOP-DISOP study, representative individuals from an
N series of 3-6-12-24 were isolated from their social field, and the
duration of their efforts were recorded. Regardless of the COOP or
DISOP background, or the group size, blocking of the CNS circuit,
which normally permitted termination of the effort, increased the
duration of effort on an average very comparable to that shown in
Figure 6 for the N—=2 COOP and DISOP rats. Thus, without going
into the details of this analysis, it seems justified to assume that the
average duration of effort by individual rats is of the order of 2.3
minutes regardless of the particular COOP or DISOP condition or
of the group size. Thus, queuing efforts lasting 30, 45, and 60 minutes
respectively, must have included 13, 20, and 26 sequential efforts.

As the group size increased from 4 to 8, to 16, to 32, the influence
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of queuing on the frequency distribution of efforts was such that a
quadratic equation, rather than a simple negative exponential, more
precisely described the distribution. Present data are inadequate to
determine the relative contribution of chance and learning to the
increase in duration of continuous efforts.

However, for DISOP rats in both the N—=8 and N=16 groups, there
were 9 exceptionally long efforts which appeared too long to be
attributed to chance queuing. Excluding these 9 long efforts, the
observed points and calculated quadratic equations approximating them
are shown in Figure 7. Extrapolation of the theoretical curve for the
8-DISOP to include an additional 9 efforts resulted in their having
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Fic. 7.—The impact of DISOP socialization training on the duration of lever-
pressing effort. Dividing any point on the curves by 2.3 minutes, the average
duration of lever pressing for water by an individual rat, indicates the approxi-
mate number of rats involved in a continuous queuing effort.
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an expected mean duration of 47.1 minutes, whereas the mean for the
observed exceptionally long means was 63.2 minutes. Similarly for
the 16-DISOP rats, the theoretical mean for the 9 long efforts was
81.1 minutes, whereas the observed was 142.3 minutes.

These latter represent the best quantitative data indicating that
social attraction increases the duration of queuing, at least for DISOP
rats. Casual observations reinforced the conclusion that this learned
social attraction could produce a behavioral sink (see section 6) with
broad consequences. The following remarks equally describe the 16-
DISOP groups through much of their history, as well as the 32-DISOP
groups, until decimated by mortality.

Side preference was rapidly acquired by all DISOP rats. While the
rats were still far from fully grown, the screen cover over the two sides
of the STAW produced channels sufficiently large to accommodate
several rats. One rat would enter and begin pressing. Another would
then follow on the same side, and the two would simultaneously try
to press and drink from the raised cup of water. Gradually, other rats
would enter and jam themselves in toward the lever, even though
they could not get to the lever or to the cup of water. Depending upon
the age of the rats, the channel would become completely jammed by
the time four to eight rats were present. This near-immobile mass would
remain in the STAW channel for long periods. Gradually, the outer-
most rats would back off, frequently without having obtained any
water. Then all would roam around for a short while before going to
sleep. This resulted in a striking coordination of periods of activity
and rest by all members of the group. Most would be sleeping, while
the STAW remained vacant, or most would be jammed into one side
of the STAW with few of the participants obtaining any water. As
their accumulated water deficit worsened, their learning to avoid
entering a side of the STAW if another rat was on the opposite side
was overcome by the drive to approach the source of water. At this
stage, at least in the 32-DISOP groups, both sides of the STAW would
become jammed with rats, even though none could obtain any water.
At this stage, long periods of sleep involving all members of the group
were interspersed by shorter periods involving most members, during
which they crowded into both sides of the STAW. This process led
to the death of nearly half the rats of the 32-DISOP group within
the first 15 days (Fig. 3).

This coordination of rest and activity also became fairly pronounced

among COOP rats of N=16 and N=32. It is possible that such co-
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ordination of rest and activity is purely a consequence of chance
factors in these very complex stochastic systems. And yet one must
suspect that among these larger groups, on both COOP and DISOP
conditions of social training, many rats do further associate the
presence of other rats at the STAW with their own obtaining of water,
to the point that the chance queuing phenomena becomes pathologically
exaggerated.

Conflict of Values

What I shall say here is obviously anecdotal, a budding serendipity.
If T am correct in the import of these observations, a whole field of
comparative experimental research opens up.

We shall consider the 16-COOP and the 16-DISOP groups during
the period starting about three months after they were placed on their
respective conditions. All rats were physically mature at this time. The
16-COOP rats had learned their task sufficiently well that no rat
experienced any appreciable deficit in water intake. Two slightly
different ways of dealing with the situation had developed. Starting
with no rat on or at the STAW, one rat would approach and enter
one side and remain just in front of the lever without pressing it.
One of his associates would immediately approach and enter the other
side of the STAW. The rapidity of this second rat’s response indicates
an awareness by it of the first rat’s intent and need. As soon as both
were positioned in front of their respective levers, each simultaneously
began pressing. As soon as one terminated pressing, the other did
likewise, and both would back out of the STAW. An even more-refined
procedure of initiating the paired pressing began with one rat position-
ing itself outside the STAW, but facing into one side. This stance
served to attract another rate nearly immediately to position itself
in front of the other side. Then they would simultaneously proceed
into their respective channels and begin pressing. In either case, the
behavior of the second rat may be termed altruistic. Both kinds of
initiating cooperative behavior characterized all COOP groups.

In contrast, after five months on condition the very size of the
16-DISOP group continued to interfere with adequate securing of
water. Despite a persisting slight water deficit for most 16-DISOP
rats, it was clearly evident that every member had learned its task
well. Rare indeed were the instances when one of these rats would
enter an empty channel, if an associate was already on the other side.
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Thus my term “disoperation” simply means to collaborate by staying
out of each other’s way.

In each group every rat had learned the role appropriate for
maximizing benefits possible under the respective situations imposed
by the STAWS. Such a role denotes a relationship of one rat to
another. Assumption of these roles reduced constraints to action and
indeterminancy of action. The role of one individual complemented
that of his associates and led to an increase in the probability of realiz-
ing expectancies. Dr. Joel Elkes® refers to this as “increase in trust.”
This “increase in trust” can only follow from what Dr. Ernst Caspari®
calls “ethical behavior’—that behavior by one individual which
maximizes the realization of expectancies by others.

Every COOP and every DISOP rat had developed a role of behaving
ethically appropriate to its own situation.

Still the constraint of time available for lever-pressing by the
16-DISOP rats interfered with acquisition of water, since they had to
confine their activities to a single side of the STAW. In contrast, the
STAW available to the 16-COOP rats was more frequently vacant due
to the simultaneous use of both sides.

After a little over three months “on condition,” one male rat
among the 16-DISOP group learned to climb up on the water reservoir
in its pen, jump over the electrified fence separating his home pen
and that of the adjoining 16-COOP group, to the top of the water
reservoir in their pen, and hence down into their pen. If not imme-
diately, then after a short while he would find the 16-COOP STAW
empty. He would enter and approach the lever. Before he had hardly
started pressing, certainly before he could realize that pressing alone
here provided him with no water, one of the COOP rats would come
over and enter the other side.

To this invading DISOP male, his COOP companion’s behavior was
all wrong. He would immediately back out, grasp the “offending”
COOP rat by the tail or hind feet and pull it out. This happened every
time this invading male entered the COOP rats’ STAW. I kept returning
this male to his DISOP companions, but he persisted in jumping back
over into the 16-COOP pen. During the following weeks he macerated
the tails and hind feet of all the COOP rats. Most lost all their toes.
Seven died from these wounds. And yet the invading male was never
attacked. To the COOP rats this invading DISOP male was always
behaving correctly when it entered the STAW and their ethical stand-
ards dictated that they come to his rescue.



ECOLOGICAL FACTORS 21

Had it not been for this single male I would have confined my
thinking about social behavior among rats to no more than to acqui-
sition of roles. Through his activities it is clear that rats make value
judgments as to the rightness or wrongness of the actions of the
actions of associates. This insight now makes it possible to launch
experimental research on integration and conflict of values with an
animal so lowly as the rat.

Adjustment to COOP and DISOP conditions.

A second group size (N) series of 3-6-12-24 was run to gain
additional insight. Prior to formation of these all-male groups, each
rat was isolated from weaning to 112 days of age in a cage where each
rat received all its water by pressing a mechanical lever. Groups were
formed at this age, at which time the mean weight per group varied
between 325 and 375 grams, and all groups were placed “on con-
dition.” This increase in size prevented the large aggregations on one
side of the STAW, characterizing the early stages of the initial study.
By the end of the 50 days on condition, the 18 surviving 24-DISOP
had gained an average of only 9 grams whereas members of all other
groups had, on the average, gained 58 to 94 grams. Thus, there had
been fairly successful accommodation by all but the one group.

Detailed analyses of the Esterline-Angus records revealed many
differences in the accommodation to the required conditions among the
several groups. These proved so complex as to obviate any definite
conclusions about the overall processes involved. Ignoring these
details, water consumption alone provides the general picture (Fig. 8).
Despite differences in rate of increase in water consumption among
groups, all except the 24-DISOP presented a general picture of a
twofold increase within the first 8 days. After this time the daily intake
- fluctuated about the mean of 37.3 cc./rat/day. All members of all
these groups thus made a fairly rapid successful adjustment.

However, the 24-DISOP rats started off with less than one-third
the necessary intake, and this continued through the first 7 days by
which time each rat had, on the average, encountered a deficit of 207
cc. of water; each rat had consumed only 20 per cent of its normal
requirements. All became extremely emaciated. Six died during the
next 10 days. As the group became reduced from 24 to 18, learning
ensued so that by the 20th day, and continuing to the 30th day, the
survivors of the 24-DISOP group maintained an adequate water intake
not diverging significantly from that of the other groups. On that
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day an accident occurred which engendered consequences justifying
description.

“Memory trace erasure”

On the 30th day a severe summer storm caused a temporary failure
of the electrical power. The overload accompanying resumption of
power blew the fuse controlling the 24 hour cycle of bright lights
in the experimental rooms. Four 10-watt lamps in each room on a
separate circuit remained continuously on. The overloading did not
affect that circuit, so they continued to burn. Normally, 4 150-watt
lamps in each room came on at 2200 of one day and continued to
1000 on the following day. This “reverse” light cycle, with dim light
from 1000 to 2200 each day, made it possible to observe rats more
readily when they were in their period of heightened activity. The
storm occurred on a Friday when only the dim lights were on, and
I failed to realize until the following Tuesday that the bright lights
were not being turned on at the appropriate time. Thus, for over 4
days the rats were subjected only to the continuous dim light supplied
by the 4 10-watt lamps.

Despite this 4 day absence of the light cycle all rats but those
in the 24-DISOP group maintained their normal intake of water. For
the latter, water intake dropped precipitously to the level characterizing
their first exposure to the DISOP condition (Fig. 8). Even after
reinstitution of the normal 24 hour light cycle, low intake continued
for four more days and all rats became quite thin.

During these four days the rats were observed to persist in entering
both sides simultaneously. They presented a picture consistent with
the interpretation that they had completely forgotten the task they
had previously learned adequately. Between the fifth and ninth day
after resumption of the light cycle, learning the task was again
accomplished.

I do not know what happened within the central nervous systems
of these 24-DISOP rats. Nor have I had the opportunity to explore
further this potential bit of serendipity. However, one sees an indica-
tion of how tenuous the memory trace of learned behaviors may
be when acquired under duress and maintained only through very
precise coordination of periods of rest and activity among the members
of the group.

However, one must question this possible interpretation—that there
had been a loss of memory. On the basis of both COOP-DISOP
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studies, about 44 minutes of lever-pressing effort per rat per day is
required to obtain adequate water. With 18 survivors this means 792
minutes per day or over half the available time, and most of this time
must be utilized on “condition met.” With every rat tending to sleep
75 per cent of the time this means that there must be extraordinary
coordination of periods of rest and activity. Under continuous light
conditions the endogenous circadian rhythm tends to be slightly
different from 24 hours, and the exact duration differs among indi-
viduals. Therefore, among a group of 18 individuals over a 4 day
period, the timing of each rat’s activity might be anticipated to
diverge from its prior relationship with its associates. This would
increase the probability that, when one rat awoke, it would find
another already on the STAW, and sleep might resume without this
rat having obtained any water. As the water deficit became more
intense, the drive to be near the lever would overcome the learned
behavior not to go on the STAW if another rat was already there.
I suspect that this interpretation is a more likely one, rather than
there having been a loss of the memory trace of the learned behavior.

DAYS ON CONDITION

Fic. 8. —Water consumption in the 3-6-12-24 N series. Lines merely approximate
trends. Each dot represents the mean of the mean water consumption for all

groups other than the 24-DISOP.

50
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It indicates the likely importance of an exogenous 24 hour cycle in
preserving the timing of activities in which great precision is required
in order to prevent interference.

4. AGGRESSION AND GROUP SIZE

Certain actions by one individual toward another may be designated
as being aggressive. Any aggression may be reduced to a two-party
action or interaction. And yet any two such individuals rarely live
in isolation, but rather as members of some larger group. I shall
attempt to show that an understanding of aggression requires con-
sideration of the present size of the group, as well as of the evolu-
tionary history of the species since it has influenced the typical group
size. Examination of aggression from such an ecological point of
view will introduce concepts not customarily introduced in the evalu-
ation of the characteristics and consequences of aggression.

Development of a formulation applicable to many species, including
man, is the basic objective. Though each species manifests species-
specific reactions, I shall view all species as subject to a universal set
of processes. I will present or describe the kinds of data which give
rise to the general formulation and which suggest that it has utilitarian
as well as heuristic value. Some of the concepts referred to here are
elaborated elsewhere.’:

Basic GrouP SIZE

After circumstances force a species to persist for many generations
within a narrow range of variability in group size, genetic adaptations
arise which favor achievement of optimum physiological states by
individuals who do live as members of groups approximating the
typical size. As these genetic adaptations arise, they foster the origin
of other adaptations, whose function is to assure that the size of the
group will not diverge from the range imposed by external environ-
mental conditions. These latter genetic adaptations further restrict
the species to the habitat originally promoting their origin.

A basic group, N, refers to the mean number of adult individuals
in a typical group of a species which has undergone those genetic
changes making it advantageous for its members to live in groups of
a particular size.

For the Norway rat, a species 1 have studied’® intensively in both
its wild and domesticated forms, the basic group appears to consist
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of about 12 individuals. Through most of his history, nearly up to
historical times, the gatherer-hunter forerunner of modern cultural
man likely conformed to a basic group of about 12 adults. Though
many basic group sizes exist, it is no mere coincidence that many
species, such as those which diverge so much morphologically as do
rat and man, are characterized by a basic group of 12. I have shown
that the physics of the utilization of space, by any form in which each
individual maintains a fixed home and in which mutual antagonisms
produce a wide spacing of home sites, must lead to the origin of a
basic group of 12 as attractions between neighbors gain ascendancy
over antagonisms.

ELYSIAN AGGRESSION

For the purposes of my thesis an ideal group will be considered as
one of basic size N,, in which every member is identical. Being
identical here denotes that the actions of one’s associates causes no
divergence from, or inhibition of, an ideal way of behaving. At times
each individual finds himself in a state of desiring some gratifying
interaction with another individual. When two such individuals meet,
each contributes through appropriate behavior to the fulfillment of
the other’s need for social intercourse. The behavior of each repre-
sents a facilitation culminating in the gratification of the other.
Gratification becomes synonymous with a refractory state lasting for
a period of time proportional to the intensity of interaction. The
existence of such refractory periods following social interaction rep-
resents the basic premise necessary for understanding the origin of
aggression. Any individual in such a refractory state may be called
a “refractory individual.”

When an animal is in a gratifying refractory state it can still interact
with others who are still in the need state. However, this refractory
individual will not respond appropriately for fulfilling the social need
of the other. Such an inappropriate response is here defined as
aggression. Its consequence is to place the individual, which had
approached while in the social need state, into a state of frustration.
This state of frustration continues through a refractory period which
also lasts for a time that is proportional to the intensity of interaction.

Furthermore, such an individual while in a frustrating refractory state
can still interact with associates. If they happen to be in the social
need state, his action toward them will be inappropriate to the
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fulfillment of their needs, and they also will be thrown into a state
of frustration as a consequence of this aggressive action from the
individual already in a refractory state. Note that 1 have postulated
that a state of frustration may arise from interacting with others
regardless of whether they are in a state of gratification or frustration.
The inappropriate behavior, the aggression, stemming from these two
states may be qualitatively different, but for the purposes of the present
formulation such differences may be ignored.

Contacts also occur between two individuals, both of whom are
in a refractory state. No such contact contributes to either the gratifica-
tion or frustration of either individual; any such social interaction is
strictly of a neutral nature. Furthermore, every individual which ex-
hibits an aggressive action toward an associate by so doing in no way
alters the duration of the refractory state he happens to be in, whether
it be of gratification or frustration.

These statements represent my basic formulation'®!* within which
aggression gains perspective. To reiterate, an aggressive act is merely
one in which an individual in a refractory state of either gratification
or frustration behaves inappropriately with respect to the requirement
of fulfilling the need for social intercourse felt by another. An indi-
vidual thus frustrated in his attempts at effective social intercourse
is frustrated simply in the sense of failing to have his behavior
rewarded. An aggressive act becomes synonymous with a negative
sanction. An aggressive act may assume the form of violent action,
but is just as effective in a more mild and sublimated form, so long
as the individual in the social need state recognizes the behavior of the
one with whom he sought interaction as being inappropriate to the
fulfillment of his own needs.

We may now consider the consequences of membership in a closed
group of the optimum basic group size. The time spent in either
of the two refractory states, gratification or frustration, will be pro-
portional to the intensity of interaction. That is to say the duration
of a state will be proportional to the product of the intensities of
action or behaving of the two individuals involved in an interaction.
During evolution, animals will develop capacities for exhibiting intensi-
ties of action toward others compatible with maximizing the total
amount of time spent in the gratification-type refractory state. It is
this accommodation of intensity of interaction to the dynamics of life
in a particular sized group which leads to the origin of the basic
group size.
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Even under the most ideal circumstances only one-fourth of the
interactions involving any particular individual culminate in a refrac-
tory state of gratification. By similar mathematical reasoning it fol-
lowed that when members of a group attempt to maximize the amount
of gratification they can derive from social intercourse, they will
equally frequently become involved in encounters culminating in the
refractory state of frustration. Placed in terms of the behavior of the
individual whose actions lead to the refractory state of another, it is
plain that half will be facilitative and half aggressive with reference to
satisfying social needs. Half of all interactions will also be of the neutral
type, but they do not concern us for the moment.

Since aggressive acts are received as frequently as facilitative ones,
there must have arisen through evolution a genetic constitution com-
patible with adjustment to the physiological consequences of this
degree of frustration. Once this hereditary adaptation to aggression
has arisen, any individual who happens to be receiving more facilita-
tive than aggressive acts from associates will, in order to achieve the
natural balance between gratification and frustration, actively seek
situations increasing the probability that others will behave toward him
in an aggressive way. Aggressive acts thus may be viewed as nonspecific
stressors of physiology requisite to maintain the physiology of the
individual in harmony with its genetic constitution. Thus, when I say
that there is an Elysian amount of aggression, I mean just this. The
dynamics of social interaction are such that aggression is as necessary
a component of social life as is facilitation. For maximizing his well-
being—happiness, if you wish—each individual must experience frus-
tration as frequently as gratification (Fig. 10).

The consequences of aggression observed in a group of mice

All statements in the previous section are strictly theoretical and are
documented in detail elsewhere."*° We will now briefly examine
empirical results'' obtained from detailed observation of an experi-
mental group of mice. This group consisted of 11 adult males reared
together since weaning. Each had the opportunity of developing stable
relationships with every other individual prior to my observations of
their social interactions. These mice belonged to a genetic strain which
had been brother-sister inbred for nearly a hundred generations. For
this reason each of these individuals possessed as near identical heredity
as it is possible to obtain from an artificial system of mating. Thus to
the extent that genetic constitution determines behavior, each individual
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should respond in the same way as every other individual. All indi-
viduals had been reared in an identical physical environment, so that
such nonsocial aspects of the environment should have in no way
contributed to divergence in behavior from one individual to another.
Furthermore, this physical environment was a comparatively rich one,
one which should be compatible with a near-optimum-sized group as
represented by these 11 individuals.

With lower animals, as with man, it is often difficult to judge every
action in terms of its consequences being neutral, gratifying, or frus-
trating. Therefore, we will consider a variable which reflects the
consequences of social interaction. This variable, which 1 call velocity,
is a measure of the amount of time an individual spends in that portion
of its home range or field of action where it is maximally exposed to
contacting associates and thus becoming involved in social interaction.
Figure 9 provides the results. The individuals are here ranked in
terms of the velocity of their entering the social field. Despite genetic
identity, there had developed a marked difference in behavior as
reflected by velocity, in which the individual which exhibited the
greatest avoidance of the social field had only 16 per cent the velocity
of the socially most active individual.

In what way are these results compatible with the formulation of
social interaction presented in the prior section? That formulation
assumed that, despite some behaviors not being rewarded, no divergence
of behavior from the ideal type would arise. Instead, let us consider
that whenever an individual is frustrated in its attempts at seeking
satisfaction of its need for social intercourse, its behavior will diverge
somewhat from the ideal, appropriate manner of acting toward an
associate.

In the beginning, as social relations develop among genetically
identical members of the group, the manner in which any individual
approaches any other will be identical. As a starting point, we may also
assume each individual to be in the state of needing social intercourse.
For the first two individuals which meet, each will be capable of
contributing to the gratification of the other. Once this happens each
will be for a while in the refractory state of gratification, during
which time neither is capable of behaving appropriately for contribut-
ing to the gratification of any other individual they might meet. The
third individual among the group, which meets another, might meet
one of these first two. If this happened, he would be frustrated rather
than gratified as a result of this encounter. Thus, the greater the lapse
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of time from the meeting of the first two individuals before a given
individual meets some other one, the greater the probability will be
that when he encounters some other individual this individual will
already be in a refractory state. Once such a system persists over
considerable periods of time, it is obvious that some individuals will,
purely by chance, be much more frequently frustrated than others.
Each time it is thus frustrated, it will by this very fact not be rewarded
for behaving the way it did in seeking satisfaction of its social drive.
This lack of reward will result, not because it failed to behave appro-
priately, but merely from the fact that the individual approached was
in a refractory state and thus not receptive to such approaches. Each
time such a behavior is not rewarded, its next expression may be
anticipated to diverge from its appropriate expression. On this indi-
vidual’s next encounter with another, who also is in the social need
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Fic. 9.—The relationship between the velocity of an individual and the rank
of its velocity. These data are for a group of 11 inbred C57 Black 10 mice. See
Table 7 (reference 11) and Table XIV (reference 1) for original data. The
straight line was calculated using Equation (2) above and assuming N, = 11
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state, its behavior will not be completely appropriate. Therefore, there
will result a certain amount of ambivalence in the total behavior of
the other individual to this one with the slightly altered behavior. To
the extent that this latter individual’s behavior is appropriate, its
partner will reward it for so behaving, by in return responding in such
a way as to facilitate the other’s behavior and thus contribute to its
gratification. However, to the extent that the individual with the
altered behavior fails to respond appropriately, his partner will respond
so as to reject these advances. As a result, a mixed state of gratifica-
tion and frustration will arise.

Continuing this process over long periods of time, these will arise an
end state in which the behavior of each individual differs from every
other, although all have identical heredity. At one end of the spectrum
will be the individual who has preserved the ideal or prototype way of
behaving which conforms to that whose original expression was most
heavily weighted by heredity factors. On the opposite end we find
individuals whose behavior has markedly diverged from the ideal
prototype and who have experienced a high proportion of frustration
in their effort to satisfy their need for gratification from social inter-
course. The more an animal withdraws socially, as evidenced by its
lowered velocity, the more deviant will be its behavior.

Furthermore, we may inquire as to the likely response to the
heightened frequency of aggressive actions which culminate in frus-
tration. Withdrawal from those places and times in which heightened
aggression had been experienced represents a possible avenue of adjust-
ment. Integration of this assumption leads to an equation from which
the expected velocities in a closed group of basic size may be calcu-
lated® In relative terms we may assign a velocity of 1.0 to that
individual whose behavior has diverged least, which has experienced
the least excess of aggression, and which therefore has withdrawn least
from the social milieu. This individual may be called the alpha member
of the group. At the opposite extreme is the omega individual. Where
there are N individuals in a basic group, the velocity of the omega
individual will be only 1/Nth that of the alpha individual.

Let

v (Ir{) = the relative velocity of any Rth ranked individual. Here (r)

indicates that velocity is relative to the value of 1.0 for the alpha, highest
velocity, individual. R = rank. There are N ranks in a group of N indi-
viduals; R, is the rank of the « individual, the one with the highest velocity.
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N, = the optimum group size. The basic group size N, is always the optimum
group size, but, under certain circumstances detailed elsewhere,' the actual
group can vary from the basic size and still represent an optimum-sized
group with respect to maximizing gratification.

Then
A o
As N becomes greater than N, that is to say as the actual group
size increases above the optimum, the relative velocities of all members
will decline. Since the alpha, 1st ranked, individual will always have
the highest velocity, the changes occurring in its velocity (Table 4)
best reflect how the increase in group size dampens the dynamics of
the entire group.
In actual practice in the study of an experimental group we obtain
some estimate of velocity, v, for each individual which is merely the
sum of the number of times the individual is observed to enter that

TaBLE 4.—Effect of Increasing Group Size, N, on the Social Velocity and the
Social Temperature of the Alpha-Ranked Individual

Conditions: N, = 12, N varies, vt N, = 10 v,(s"z) at N, = .083.

Social Social
Velocity Temperature

N VaatN vigatN
12 1.000 1.000
24 .542 .501
48 314 251
72 .236 167
96 .199 127
120 .176 101
144 .160 .084
168 .150 .073
192 .140 .062
216 135 057
240 129 .050
264 125 045

*The log of v;‘) as a function of log N forms a straight line with a negative

slope of minus one.
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portion of the field where social interactions are most likely to occur.
For experimental groups of mice and rats, such as I have studied, one
structures the habitat so that food and water are available in one
portion of the field and places for sleeping are in another part of the
field. It regularly happens that most social interactions, including
those not related to obtaining food and water, do take place in the
vicinity where food and water happen to be available. For this reason
each time an animal enters that portion of the habitat where food and
water are available it is given a velocity score. v then represents the
sum of these scores for some arbitrary period of time. Due to chance
factors of sampling, these estimates of velocity will vary from that
anticipated from the general theory, that aggression causes withdrawal
and reduction in velocity in proportion to the amount of aggression
received. Nevertheless, it is possible’® to develop an equation per-
mitting the calculation of the expected velocity of each member of
the group in terms of such observational estimates of velocity.

Let

YR = The expected velocity of any Rth ranked individual.

Then

2 3N VR
NO N(. + 1

Such expected velocities are given by the straight line in Figure 9.
X* = 8.001, which with 10 degrees of freedom has a p of 0.629. On
this basis the observed certainly does not deviate significantly from
the expected.

This conformity, of course, does not prove the validity of my
formulation of social interaction, but it does suggest that I am
possibly on the right track. And if the general formulation approxi-
mates the true processes involved, it follows that the particular
aspects concerned with aggression and social withdrawal also approxi-
mate reality.

Groups of above optimum size

Even though evolution may have led to some basic group size being
the usual optimum, various factors cause the actual group size to vary
markedly from this optimum, at least on a temporary basis. This
variability will affect the total amount of frustration and gratification
experienced by the individual because frequency of contact between
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individuals will be altered. Elsewhere' I have presented details for
calculating the total time in each of these two states under the special
condition in which all individuals are identical and their behavior
remains unaltered as a consequence of involvement in social inter-
action. Figure 10 presents such calculations diagrammatically, for the
special case where N, = 12.

At the basic group size each of these two states develops for equal
amounts of time. This equality of time spent in frustration and in
gratification represents the optimum condition. As the group diminishes
in size, both frustration and gratification diminish from the optimum,
until for the completely isolated individual none of either is experi-
enced. As the group increases above its optimum size, frustration
increases and gratification decreases. When the group becomes very
large, each individual is in a state of frustration most of the time, with
gratification only very rarely experienced.

Note that as the group increases in numbers above its basic size
frustration increases much more rapidly above the optimum than
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Fic. 10—The relative amount of time spent in the two states of frustration and
gratification will diverge from the optimum as the actual group size diverges from
the optimum or basic group size, No. Curves are based on Table XI of my paper
“The Social Use of Space.”
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gratification declines below the optimum. This means that, as the
group exceeds its basic size, aggression will play a more important
role than facilitation.

Observed effects of increased group size and of a
“tranquilizing” agent, vitamin A.

This section places particular emphasis on dietary vitamin A in
relationship to the behavior of rats living in a fairly complex
environment.”** My concern with vitamin A had a chance origin. In
a prior study® in this same habitat certain pathologies suggested a
dysfunction of vitamin A metabolism; livers of adult rats contained
much more stored vitamin A than would be anticipated on a diet of
natural foodstuffs; and the Purina Ralston Co. verified that they did
in fact fortify the diet we used with vitamin A. Since all rats involved
in this earlier experiment obtained greater than normal levels of vitamin
A, T could only speculate that it may have contributed to the observed
behavioral pathology.® Systematic control of dietary vitamin A in the
study reported here merely represents an exploration of this hunch.

We will here consider two closed groups of Osborne-Mendel albino
rats in each of which 32 adult males survived through the period of
study. Associated with them was an approximately similar number of
adult females along with about 40 juveniles. Our concern will be
only with the adult males as a group having a distinct social structure
independent of their other associates. Each group was provided with
an identical, synthetic, and amply nutritional diet, in which only one
component, vitamin A, differed in amount between groups. The diet
of the group living in experimental room 1A included 3 International
Units (L.U.) of vitamin A per gram of diet, while the group inhabiting
experimental room 2A included 12 I.U. vit.A/gm. diet. The 3 LU.
vitamin A diet approximates the level of this vitamin available from
natural food stuffs, to which the animal is therefore best adapted. For
reasons given below, vitamin A acts as a kind of tranquilizer. Its
action appears to reduce the degree of aggression elicited by specific
characteristics of behavior by associates.

It is not known whether the tranquilizing effect produced by the
higher vitamin A diet is caused by the immediate effects of the greater
intake level or by the higher storage level in the liver. These storage
levels are given below for the 29 of 32 rats in each group which
survived to the terminal autopsy. The two age cohorts, designated as
Tier I and Tier II, are presented separately:
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Tier I Rats
Vitamin No. of Mean Age Mean 1.U.
A Diet Rats in Days Vit. A. per
Whole Liver
3 LU 16 500 *+20.6 27,823 £6,401
12 L.U. 13 494 +15.6 40,733 £7,160
Tier II Rats
Vitamin No. of Mean Age Mean L.U.
A Diet Rats in Days Vit. A. per
Whole Liver
3 LU. 13 409 +28.5 18,278 *+3,236
12 L.U. 9 357 +64.0 26,268 *3,423

The measure of velocity was taken as the number of half hour
periods, out of a sample of 32 such periods, that a rat entered the
center of the field near the source of food and water. A mean velocity
for each rat was derived from three such sets of 32 half-hours of
observation. These mean velocities, ¢ plotted against rank velocity are
shown in Figure 11. Although the velocities of the 3 LU. rats are
depressed considerably below those of the 12 LU. rats, lines drawn
through the two sets of observed points converge at rank 32, the rank
of the lowest velocity, omega rat. This convergence contributes a
critical premise to the general formulation. It appears that there is
some minimum velocity below which further social withdrawal cannot
be made without the animal so disrupting its physiology as to augment
the probability of dying. This minimum velocity becomes the velocity
regularly reached by the omega individual within a basic group. Had
there not been this limiting factor of a minimum tolerable velocity, and
if 32 rats represented the basic group size, the velocity-velocity rank
curves would be as shown by the dashed lines in Figure 11, as
calculated by Equation (2).

However, given the limitation of a minimum velocity, it follows from
Equation (2) that a curve, as shown by the upper double-barred line
in Figure 11, would result. This curve represents the prediction that
the velocity of the alpha ranked, highest-velocity rat would have been
106 rather than 38 in the 3 L.U. group and 58 in the 12 LU. group.

However, there is every reason to believe that 32 rats far exceed
the optimum-sized group. Therefore, the observed curves lead to the
conclusion that when the group size does exceed the basic or optimum
size there results a marked depression of the velocities of all individuals
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toward the minimum tolerable level. This general reduction in velocity
conforms to that expected from the increased level of aggression, and
thus frustration, which must accompany increases in group size above
the optimum (Figure 10, “Groups of Above Optimum Size”).

Furthermore, in terms of the prior symbols it may be shown that
where the actual group size, N, may vary from N,:

N—R) (N, —1) 1
: N(l)\I(—l) " +§ - @
4]
Reference is here made to an optimum-sized group rather than to
a basic-sized group. The latter refers strictly to an optimum-sized group
in the habitat within which the evolution of the species took place. With
reference to that species’ heredity, an equivalent amount of frustration
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Fic. 11.—Some relationships between velocity and rank-velocity of Osborne-
Mendel albino Norway rats. Open circles and the solid line through them represent
the observed data for the 32 rats on the 12 L.U. of vitamin A per gram of diet.
Solid dots and the solid line through them represent the observed data for the
rats on the 3 LU. of vitamin A per gram of diet. The upper and lower dashed lines
are respectively those expected for the 12 I.U. and the 3 L.U. rats, provided 32
individuals represent the optimum-sized group and provided there is no heredi-
tarily determined lower limit to velocity. However, provided there is a minimum
tolerable velocity, as indicated by the convergence of the observed data, and
provided that 32 is the basic group size, the expected curve becomes that shown
by the double line.
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and gratification may only be achieved at a slightly greater or lesser
group size due to the fact that the particular configuration of the
habitat alters the frequency of contacts among individuals. This differ-
ent group size from N, is therefore referred to as the optimum group
size, N,. Through procedures given elsewhere® it can be shown that
the optimum group size for the albino strain of rat used in my
experimental habitat is about 9, rather than the 12 which does closely
approximate the size of groups formed by wild rats living under
essentially natural conditions.'”

Returning now to the observed data on velocities in Figure 11, the
obvious fact stands out that, for some reason, those rats on the higher
vitamin A diet exhibited less suppression of velocity than one would
anticipate on the basis of the large-sized group in which the rats did
live. From the theory, one would anticipate less aggression among the
higher vitamin A rats. Although in an established group of rats much
aggression is in the sublimated form of threats, there nevertheless does
occur much overt fighting in which rats receive wounds, most fre-
quently in the posterior dorsal region of the body. Usually wounds
heal within two weeks, but the accumulated scar tissue prevents regen-
eration of hair. Periodically each rat was assessed on the basis of a
five point rating scale as to the amount of scar tissue. A rating of one
indicated practically no scar tissue, while a rating of five indicated
that the posterior portion of the back was nearly a solid mass of scar
tissue. The mean values of this scar tissue index for the 11 highest
and 11 lowest velocity rats from each of the two vitamin A diet groups
was calculated. At 12 months of age these means were:

Velocity Vitamin A Scar Tissue Index
High v 3 LU. 4.2
High v 12 1.U. 3.4
Low v 3 LU 3.3
Low v 12 1.U. 1.7

Both high and low velocity rats on the high vitamin A diet received
fewer wounds than the respective velocity categories on the low, that
is the normal level, vitamin A diet. All the dominant and/or terri-
torial rats on each diet fell within the high velocity category. At first
glance one might anticipate that, contrary to the findings, the sub-
ordinate low velocity rats would be characterized by more scar tissue.
However, what had taken place, as could be seen in the history of each
group, was that by social withdrawal early in life, when aggression
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among young peer groups and from adults is generally of the mild
sublimated threat kind, these low velocity rats by developing a low
velocity avoided social encounters subjecting them to overt attack.

At the time the observations were made, which permitted calculation
of a mean observed velocity, ¥, for each rat, detailed records were
also made of the majority of interactions between pairs of males,
Many of these involved status relationships in which each member of
the interacting pair could be designated as being dominant or sub-
ordinate. Without distinguishing between these two consequences of an
interaction, one can utilize the total as indicating the degree of
involvement in status interactions. In order to obtain a clearer picture
of the possible relationship between velocity and involvement in social
status interactions the 32 rats in each group were assembled into 8
velocity categories by rank. That is, a mean velocity was obtained for
velocity ranks 1 to 4 (the four highest velocity rats), for ranks 5
to 8. .., for ranks 29 to 32 (the four lowest velocity rats). Mean
social interaction scores for each group were similarly calculated. These
data are graphically shown in Figure 12.

30— y =2.538 x 10026429
JIU VIT A
@ L
o«
I
©
§ A
S 10 —
~ L
o
4 L
@ L
o
2 5.0 —
9 i 12U VIT. A
l; L y=.869X/0:024558 X
&
A
1.0 | | | | 1 J
0] 10 20 30 40 50 60

VELOCITY
Note:at x=10, 3IUy=3.05 12IUy; at x=40,3IUy=3.48 /2 IUy.

Fic. 12.—Relationship between velocity and social status interactions. Each
point (dots for 3 LU. and triangles for 12 1.U.) represents the mean of four
individuals having adjacent velocity ranks, as indicated in the text.
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The straight lines and their positive exponential equations shown
in Fig. 12 serve as a first approximation of the observed relationship
between velocity and involvement in social interactions. However, con-
sidering the developmental reduction of velocity over time the curves
require interpretation from right to left. The more an animal reduces
its velocity, as a consequence of aggressions received, the more it will
reduce its involvement in social status interactions. Stated otherwise:
The more a rat withdraws through reduction in velocity, the greater
still its withdrawal both by reducing its initiation of interactions and
by decreasing the exhibition of those behaviors which tend to elicit
action toward it from associates.

Furthermore, for any level of velocity the reduction of involvement
in social status interactions by the rats on the higher vitamin A diet
is roughly proportional to the increase in vitamin A intake.

I suspect that the process of social withdrawal is a much more
profound phenomenon than even intimated above. Prolonged observa-
tion of these lowest velocity rats shows them to be markedly different
types from their higher velocity associates. When active, they fre-
quently move among their associates as if these associates were not
there, as if they were just so many sticks or stones. They give little
evidence of being aware, through their responses, that their associates
are nearby. They appear to have developed a perceptual blindness, an
agnosia, to social stimuli.

Behavioral types

According to the formulation, an individual’s behavior will deviate
from the ideal norm in proportion to the frequency with which he is
frustrated in his attempts at satisfying his need for social intercourse.
Among my male rats, four types could be recognized on the basis of
overt behavior. Territorial males maintained an area of the habitat
to the near exclusion of other males. Other highly aggressive dominants
occurred in those portions of the habitat which housed a high ratio of
males to females. Some males, whom I call probers, rarely won in
status encounters, but nevertheless continued to invade the vicinity
where dominant or territorial males were active. Homosexuals, which
make up the last category, were clearly recognizable by their persistent
mounting of other males. In the order listed, other observed categories
of behavior suggested that these types form a series of increasing
deviation from normal behavior. As predicted by the formulation, the
mean velocity (Fig. 13) declines with increasing deviation of behavior.
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Adult body weight does not vary significantly among these groups.
However, both adrenal weight and heart (ventricle) weight is posi-
tively correlated with velocity (Fig. 13). In other words, the more
an animal withdraws from social interaction the less demands are
placed on certain vital organs.

A fifth behavioral type, called withdrawn and recognizable only by
very low velocity, is also included in Figure 13. The extreme infre-
quency with which such rats engage in any kind of social interaction,
even with estrous females, necessitated utilization of the criterion of
low velocity for their selection. As may be seen, they are very much
like the homosexuals in terms of adrenal and heart size. However, they
clearly stand out from the other groups in terms of the amount of
abdominal fat, a factor which has a high negative correlation with
velocity.
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Fic. 13.—The influence of behavioral deviation and isolation on organ size,
body weight, and velocity. All measures are means. The groups represented and
the sample sizes in parentheses are: T, Territorial (7) ; D, Dominants (15);
P, Probers (12) ; W, Withdrawn (18) ; I, Isolates: 1, LSC (12); 2, CCER (12);
3, Filthy (8). The symbols “LSC,” “CCER,” and “Filthy” designate special
habitats in which one male was isolated with two females and are provided to
facilitate reference to future publications in which they will be discussed in
detail. The adrenal, heart (ventricle), and abdominal fat weights are expressed
as (organ in grams/body weight in grams X 100).
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These behavioral types are compared in Figure 13 with isolation
males. Each such male was housed with two females, but had no
opportunity to interact with other males. It may be seen that the
adrenals and hearts of the lower velocity rats in the large social groups
approached the small size of the isolated males. Similarly, the more
the males in the large social groups withdrew from social interaction,
the more nearly the increase of abdominal fat deposits resembled that
of the isolated males. Such similarities of low velocity males to isolated
males strengthens the inference that by social withdrawal rats effec-
tively isolate themselves from their associates.

General Remarks Concerning the Effect
of Group Size and Vitamin A

So long as animals live in closed social groups, each increase in
group size causes each individual to reduce its velocity further toward
the minimum tolerable level. Although at N — infinity all individuals
are forced to this minimum level of velocity, to the maximum state of
social withdrawal, for all practical purposes this degree of social with-
drawal by all members is reached at a much lesser increase above the
optimum size for the group (Table 4). This process of social with-
drawal represents one end state, which circumstances may force the
members of a species to experience.

For my rats the increased velocity of those within the group on
the higher vitamin A diet indicates that those behaviors which normally
elicit a more frequent or more intense aggressive action from asso-
ciates no longer do so. There is a failure to integrate all those stimuli
requisite to elicit a particular motor output. With regard to aggressive
behavior, this hypothesis means that the actual intensity or number
of stimuli emanating from one individual that would initiate aggression
from a rat on a lower (normal) vitamin A diet fails to do so on the
higher vitamin A diet. The price of reduced aggression appears to be
a reduction in the capacity for involvement in, or execution of, complex
behaviors.

Given any pharmacological agent which produces a perceptual blind-
ness to behavioral stimuli, as vitamin A appears to do, we may justi-
fiably ask: “What will be the consequences of continuing to increase
the amount of this agent consumed by all members of a population?”
Consider that such consumption originates from an endeavor to com-
pensate for membership in groups of larger than optimum size. As
the intake is increased above that of the present study, social with-
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drawal (as reflected by velocity) should further decrease. Velocities
of all individuals should increase toward that characteristic of the
alpha member. But consider again the implications of Figure 12. As
the intake of vitamin A increases, involvement in social interactions
should decline still more, at least with regard to those involving estab-
lishment of status relationships. Every individual sees every other
individual as being no different from himself; no reasons are perceived
for imposing restraints or negative sanctions on others. To the extent
that development of social roles demands restraints, no social roles
can develop. It is difficult to conceive of a complex society persisting
in the absence of social roles being developed by its constituent mem-
bers. As of 1965 the practice of adding vitamin A supplements to milk
and milk products has reached such a magnitude that many children,
now maturing, must be ingesting quantities of vitamin A, which per
gram of body weight must be comparable to that of my rats on the
12 LU. diet. If this increased intake of vitamin A has effects on the
behavior of humans comparable to those on the behavior of rats, we
may anticipate some very bizarre alterations in the fabric of social
relations as an increasingly larger proportion of the adult population
becomes characterized by high circulating levels of vitamin A. At
this early stage of experimental research and with little known about
the effect of vitamin A on human behavior, it is extremely hazardous
to make projections. I merely wish to point out that when a chemical
compound can produce changes such as vitamin A apparently does
in rats we can slowly set an ecological trap of such magnitude that,
once caught, society might experience extreme difficulty in extracting
itself.

Social Temperature

The relative velocity of the omega individual, the minimum tolerable
velocity, will always be 1/N,; it will be the reciprocal of the number
of individuals in the optimum-sized group. Consider two optimum-sized
groups, N, = 6 and N, = 12. In the former the minimum relative
velocity will be 0.167, while in the latter it will be 0.083. Members of
the species with the larger optimum-sized group will have evolved an
hereditary constitution permitting toleration of a greater degree of
social withdrawal than is possible for members of the species with
the smaller optimum-sized group. Members of the species with the
larger sized optimum group have a wider range of tolerance to social
withdrawal. If, in these two species, we consider individuals with
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identical relative velocity, the ones in the species tolerating more social
withdrawal will not have experienced as great a degree of change in
its behavior and physiology. The important consideration is the level
of withdrawal relative to the degree of withdrawal which can be
tolerated. This I shall call “social temperature,” v(".

For any Rth ranked individual, where

N = the actual size of the group.
vg) and v(;l) are the relative velocities of the alpha, highest velocity member

and the omega, lowest ranked member at No.

vir) — v
o = RaN e (N—R) (N, —1) @
VT o —vi T NN — ® — v
R Va Vg ( 1 [v; at No vs;]

Social temperature reflects the social and physical kinetics of the
individual. As may be seen from Tables 4 and 5, each increase in
rank or group size produces a greater decrement in social temperature
than it does in social velocity. As the minimum velocity, social tem-
perature is zero. We may, therefore, refer to a “social freezing point,”

Vr=N"Both social velocity, v, and social temperature, vV, de-
crease -as velocity rank, R, increases. The omega individual will always
have a social temperature at the social freezing point. It can be shown
that at an infinite N all individuals have been forced to a minimum
velocity and thus all are at the social freezing point. At this point
social life is patently impossible. The real question is: “Is there some
smaller density greater than N, where for all practical purposes social
life can no longer continue?”

Decision on this point again requires consideration of the omega-
ranked individual in an N, group. Any social group is not a “sure”
or “static” one but is subject to stochastic processes. This means
that during some period of time the omega individual will receive
less restraints from his associates than would be anticipated from
the actual group size. During these times its velocity and social
temperature would increase. At other times its velocity will be reduced
in relative terms below the tolerable, 1/N,, limit, and its social tempera-
ture would drop below the social freezing point. Every omega individual
in an optimum-sized group will, for these reasons, fall below the social
freezing point for considerable periods of time. Each of these times
will force the passage of the individual into a state of detachment and
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TaBLE 5.—Relationship Between Rank, Velocity, and Social Temperature
Conditions: N, = 12, N = 12.

Social Social

Velocity Velocity Temperature
rank, R vir) v(t)
R R
1 = a 1.000 1.000
2 917 909
3 .833 .818
4 750 27
5 .667 636
6 .583 545
7 .500 455
8 417 .363
9 333 273
10 250 .182
11 .167 .091
12 = Q .083 .000

behavioral deviation, making it impossible for it to function as a
member of the group.

As N increases above N,, the social temperature of every member
approaches the minimum. Thus a larger proportion of the group will
be exposed to developing such nonfunctional social states. I have®
arbitrarily assigned this critical social temperature as the mean of the
two lowest velocity individuals (R = N — 1 and R = N) in an op-
timum-sized group. This v*) is called the “Social Frost Temperature.”

Since there is reason to believe that 12 individuals form an optimum
group size for many mammals, including man, I further explored the
effects on social temperature expected from increases in the actual size
of the group. Utilizing Equation (4) for a series of arbitrary sized
groups, the highest velocity individual in each group whose social
temperature fell within the social frost zone was determined. In each
case all lower velocity individuals (i.e., those with a larger R) would
also fall within the social frost zone. These results are shown in
Figure 14. When an animal’s velocity becomes so reduced as to force
its social temperature into the social frost zone, its behavior will then
become so deviant from the norms of the group that it can no longer
operate effectively as a member of it.

The percentage of the group which falls within the social frost
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zone, as a function of the size of the group, increases monotonically.
There is no a priori basis for judging from Figure 14 what percentage
of a group can become deviants and still permit the group to continue
functioning. When the group has increased to the square of its optimum
size, over 50 per cent of its members will fall within the social frost
zone and will presumably become markedly deviant in their behavior.
It is difficult to conceive of any group long persisting intact with such
a large deviant membership.

Relevance to Phenomena On the Human Level

The present theoretical formulations have considered all social
relations as taking place within the framework of a closed social
group. Membership in such groups provides the opportunity for a
certain number of contacts, and thus social interactions, per unit of
time. During evolution the physiology and behavior of the species
becomes adapted to permit attainment of an optimum amount of
gratification (along with an equivalent amount of frustration) as a
consequence of the existing rate of contact characteristic of the typical
group size. The key to the problem lies in the rate of contact.

Evolutionary history modifies physiology to demand a given rate
of contact in harmony with having lived in a particular group size
in a particular habitat. Man is no exception. Through most of his
evolution he has lived in relatively closed groups of relatively small
size. There are reasons to believe that man lies along an evolutionary
path on which the optimum group size (of adult members) has a range
of 7 to 19 with a mean of 12.

100 —
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Obviously, modern man lives in close proximity to many more
associates than this. So then what is the group? It can only be con-
ceived of from the viewpoint of a single individual. It becomes that
entire assembly of others with which that particular individual can
regularly have satisfactory relations half of the time. Yet, although
there may be many more than 11 others involved in these relationships,
at any moment in time this individual, and therefore all others, must
be participating in some structured assembly which on the average
involves 12 others. Maintaining an integration in several such partially
overlapping groups in time and space places a strain on cultural
mechanisms, particularly in a mobile population which periodically
forces the new resident to find channels for being accepted into such
a system. All such periods of adjustment are initially unsatisfactory
and the increased frustrations accompanying acceptance make the
individual live through a period when the consequences to him are
comparable to having low velocity in a greater than optimal sized
closed group.

5. THE “MusIiCAL-CHAIR” TraP

Any population, any group of contiguously distributed members
whose numbers through successive generations are maintained by
reproduction, may be considered as inhabiting a spatially closed
universe. In the simplest case only the peripheral impermeable barrier
interferes with movement from one place to another. However, in most
universes, internal barriers exist which prevent straight line move-
ments from one place to another. Thus, in most cases, an animal at
any one point may be considered as being in a cell of the universe
from which passages of variable width provide access to adjoining
cells. In natural habitats the size of cells, the number of passages from
them, as well as their width, all vary. This extreme variability of
natural habitats makes difficult any rigorous analysis of the impact
of such configurations upon the contained population.

The entomologist Huffaker has presented’® the basis for logical
experimentation. Assume that the universe consists of a series of cells
all of which are identical in size and internal conditions appropriate
to the members of the species living in the cells. The center of every
cell is equidistant to the centers of all immediately adjoining cells. Each
cell is connected by a single passage to each of, or a portion of, such
immediately adjoining cells. All passages are identical in form.
Huffaker uses the term “universe” specifically to apply to such a system
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of interconnected cells. “Universe” will hereafter be used in this
restricted sense. Through continued travel, any individual could, in
time, theoretically get from any one cell to any other cell.

In the light of the concept of a basic group size characteristic of
each species, we may now pose the question, “Does the configuration
of the universe affect the aggregation of its contained members?” My
first contact with this problem arose purely accidentally. The previous
sections on aggression, velocity, and withdrawal among members of

Fic. 15.—A 10 cell universe. For animals which behave like rats, an initial intro-
duction of 12 individuals in each cell will rapidly lead to a steady-state number of
individuals per cell, as indicated by the numbers within each hexagonal cell.
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closed social groups of rats were based upon analyses of groups con-
tained within universes consisting of 4 identical 5 x 7 foot cells. In
terms of the connecting passages, these universes consisted of four
cells in a row with each cell connected to each adjoining one by a single
passage. Thus, a rat in one of the two end cells had only one passage
of egress available to it providing access to the adjoining more central
cell of the series. In contrast, a rat in either of the two more centrally
located cells had two passages of egress available to it; one to the
adjoining central cell and one to the adjoining terminal cell in the
series. This factor operating alone produced a situation in which twice
as many rats aggregated in either of the two central cells as in either
of the terminal cells.® In other words, the size of the resultant aggre-
gation in a cell became proportional to the number of passages con-
necting it to other cells. This differential density arose from a behavior
of rats which differs from random or Brownian. Every so often each
rat appeared to develop the urge to leave the cell it was then in and
go to an adjoining one. In such relatively simple cells each rat could
always find its way out of the cell it was then in, regardless of the
number of passages present. In the following discussion of “behavioral
sinks” an effect of such differential densities is discussed.

However, for the present, I shall wish to delineate the general
expectations of differential aggregation in any such universe by animals
which behave like rats. Although I can offer no proof at present, I
suspect that the movements of most species of mammals, including
man, will conform to the formulations below for those members in
the universe not yet having spatially fixed home sites.

Consider any universe in which the exchanges between cells have
resulted in a steady-state density in each cell.

Let:

M, be the steady-state mean number of individuals in any i*" cell, C; in a
universe of n cells.

ti = the number of passages from C;.
T=t + t...t
T

= twice the number of total passages in the universe.

Consider that all animals move simultaneously from the cell they are
then in to an adjoining one. Then M, /t; individuals will move from C;
to each adjoining cell. For any particular cell the relative contributions
from all adjoining cells may be calculated for these steady-state
moments of exchange. Take the simplest possible case of three cells in
a row which the center one is connected by one passage to each of
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the end ones. Let M, and M, be the steady-state means for the two
end cells C; and C;, and M, similarly for the central cell C,: Obviously
M, or M; = ¥ M,. Therefore, M, = 2M, or 2M,.

In this case M; is proportional to t;. This relationship holds true
for several universes analysed in this way. I am indebted to Frederick
Mosteller of Harvard for the development of this insight. As universes
become more complex through addition of cells or by an increase in
the number of cells connected to any given cell, the actual proof of
this relationship becomes somewhat more cumbersome. However,
Mosteller believes that the cases analysed are sufficient to indicate
the generality of M; being proportional to t;.

It follows that where N is the total number of individuals inhabit-
ing the universe

M; = N (t:/T)

Empirical data on this subject are few. It therefore behooves us
to examine a theoretical case to see the magnitude of the effects engen-
dered by this musical-chair phenomenon. A 10 cell universe of hex-
agonal cells is shown in Figure 15, in which t; varies from 1 to 6.
Suppose that there were introduced N, animals in each cell for a
species in which N, = 12. The M; number of animals per cell is
indicated by the number within each cell of Figure 15. After a very
few exchanges, the one cell connected with only one passage to a single
neighboring cell will have less than one-third the optimum number
of individuals, whereas the cell connected to six others will contain
nearly twice the optimum number. Vertical lines drawn from N = 3.5
and N = 21.2 on Figure 10 reveal the magnitude of changes in amount
of frustration and gratification from optimum levels. As pointed out
in the discussion of that figure, theoretical considerations indicate
that in any group living under optimum conditions, each animal may
be expected to experience equal amounts of frustration and gratifica-
tion. For N = 3.5, gratification and frustration are respectively
reduced to 0.61 and 0.14 of normal, whereas these values become
0.91 and 1.68 or normal for N = 21.2. Thus, even though we must
rely mostly on theory for the present, some simple changes in the
physical environment affecting movement can become ecological traps
having profound effects upon frustration and gratification.

6. BEHAVIORAL SINKS

The term “behavioral sink” refers to the entire process whereby
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an initially fairly uniform distribution of a population over the space
available to it becomes transformed into one in which there are one
or more localized aggregations, each of which far exceeds the optimum
group size. This localization may be in either time or space. Two
primary kinds of processes are involved.

First, some aspect of the environment or of the behavior of the
animals must make the density greater in some places or at some times
than at others. Restricted sources for obtaining food or water, or for
conducting breeding activities, have likely been important in long-
term evolutionary changes. However, for present conceptual purposes,
it is more pertinent to consider only those situations in which every
animal at any time or place can readily obtain any needed resources.
Even then, 24 hour cycles of activity and rest will produce greater
aggregations at some places than at others. Such processes as are
involved in the musical-chair phenomenon can produce spatial aggre-
gations.

Second, animals must come to associate the presence of associates
with some originally unrelated activity. Consider a resource such as
food, which though readily available, is sufficiently restricted spatially
that when one animal is eating there is a fair chance of an associate
doing likewise nearby. At some critical frequency of engaging in
similar actions side by side, each participant will associate the pres-
ence of another with the execution of the act. Each animal will serve
as a secondary reinforcing stimulus for engaging in the act by others.
Once this happens, each animal will tend to be held in areas where
there are more associates already there or will actively seek places
where there are more associates. Fairly rapidly, animals will vacate
areas where for other reasons fewer lived and will congregate in those
where there was initially a slightly greater-than-chance expectation of
encountering associates.

I have previously described in detail this whole behavioral sink
process among rats inhabiting a four cell universe.»$%'* At its cul-
mination, over 0.60 of the total food consumption within the universe
was in the single “sink” cell, whereas, in contrast, considerably less
than 0.05 of the total food consumed was in one of the other cells.

The overall importance of the behavioral sink process derives from
the consequence of animals living or being active in groups whose
numbers far exceed the optimum. In the sink, social withdrawal
becomes accentuated, as does the prevalence and severity of behavioral
pathologies. Among males, homosexuality and pansexuality become
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rampant, while females largely lose their capacity to build nests and
care for their young.
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SOCIAL STRUCTURE AND
PSYCHIATRIC DISORDER:
A THEORETICAL NOTE

by JOHN CUMMING, M.D.*
and

R. JAY TURNER, Pu.D.*

THE Joint CommissioNn oN MENTAL HEALTH, after exhaustive effort
to define mental health, finally stated that “there is no general
agreement on what constitutes mental health or mental illness; mental
health means many things to many people . . .”* This state of affairs,
of course, has long been indirectly evidenced in the proliferation of
both conceptual and operational definitions of mental illness (See,
for example, reference 21.) and directly evidenced by published diffi-
culties in achieving consensus on just what constitutes a psychiatric
case.t One of the obvious consequences of this confusion about the
character of the object of our study is a lack of comparability of
research findings, a fact which markedly reduces the cumulative char-
acter of investigation.

Fundamentally, there are three major definitions of mental illness
in use in research: (1) mental illness as exposure to psychiatric treat-
ment; (2) mental illness as the presence of symptoms; and (3) mental
illness as social deviance or maladjustment.

Most studies employ the first definition, the fact that an individual
is involved in psychiatric treatment.?! The shortcomings of this defi-
nition are, of course, many. First, since there is a shortage of treatment
personnel, such a definition sets an absolute limit upon the number
of psychiatric patients who can exist at any one time. Many factors,
for example the differential availability of personnel to patients of

*New York State Mental Health Research Unit, Syracuse, New York.

+See the discussion entitled “Definition of a Case for Purposes of Research in
Social Psychiatry” in “Interrelations Between the Social Environment and Psy-
chiatric Disorders,” Milbank Memorial Fund, New York, 1953.
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different income and education levels, can produce spurious correla-
tions between sociocultural factors and rate of illness, if illness is to
be defined this way.

While this definition seems to be operational rather than conceptual,
it does imply a particular interpretation of mental illness. Essentially,
it implies that there is a real dichotomy between mental health and
mental illness in which anyone regarded as sufficiently disturbed to
require hospitalization or other treatment is mentally ill and anyone
not so regarded is mentally healthy.

Recognition of the inadequacies of this definition leads to a rejec-
tion of the notion that there are fundamentally two subgroups of
psychiatric patients: those who are sick and in the hospital and those
who are well and in the community. It is now rather widely agreed that
there may be more mentally ill people in the community than in mental
hospitals. A new definition of mental illness is therefore needed.

The second definition or criterion of mental illness that we cited
was a measure of the level of pathology. Pathology ratings based on
the clinical detection of symptoms have always been the standard
against which psychometrists and others attempting to devise objective
indices of disorder have validated their efforts. In spite of the desira-
bility of defining illness by pathology level, psychiatrists frequently
have difficulty in agreeing upon just how much pathology is present
in any given individual. Dohrenwend and Dohrenwend” have pointed
out that reported estimates of psychologically impaired individuals
vary from less than 1 per cent to more than 60 per cent of the evalu-
ated populations. These data suggest a lack of consensus concerning
what behavior is to be regarded as pathological and suggest that there
is confusion over how much pathology need be present before the
individual is regarded as mentally ill. Nor is this the end of the
difficulty: Even within the same study, variations in procedure have
produced different rates of psychopathology.®

Where level of psychopathology is used to predict level of perform-
ance or chance of hospitalization, the amount of variance in per-
formance (or outcome in the case of prediction of hospitalization)
that can be accounted for by degree of pathology is very small. For
example, during World War II psychiatrists were unable to predict
military performance.'* Similarly, Pasamanick®* and others have
demonstrated the many cases of unrecognized and untreated psychosis
in the community.

We have found, in a study of diagnosed schizophrenics drawn
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randomly from the Monroe County Psychiatric Register, that pathology
ratings cannot effectively distinguish hospitalized from nonhospitalized
patients nor the employed from the chronically unemployed.

The inability of judgments of pathology to account for differences
in adequacy of work performance, which, from some points of view, is
not only related to mental health but is an integral part of it, poses
some interesting and vital questions. In a sense, mental health is simply
personality somehow evaluated by some criterion, but any reasonable
evaluation of “personality” considers more than just those mechanisms
regarded as pathological. Why then does pathology remain a focus
which crowds from attention the more positive elements? It seems
reasonable to imagine that the explanation lies in a tendency to regard
strengths as the reciprocal of pathology. Regarding pathology as the
absence of strength effectively dilutes any impulse to develop measures
of strength because of the scarcely conscious belief that in dealing
with any factor its reciprocal is automatically dealt with.

It may now be time to challenge this long-standing habit of regarding
strengths and weaknesses as negatively correlated and to open the
questions of their distributions and their actual relationship.

In our study of diagnosed schizophrenics, referred to previously,
we are not in a direct or deliberate fashion attempting to investigate
or measure strengths. It seems possible, nevertheless, that our extensive
social data will allow some general comparisons on this important
variable. For example, if “working” can be taken as a rough index of
strength and if the implied strength does have important effects, then
there should be a relationship between working and hospitalization.
Using the first 100 cases of our sample, we categorized hospitalized
patients as employed if they had worked any time during the six
months prior to admission. Nonhospitalized subjects were counted as
employed only if they were working at the time of interview. By these
procedures it was determined that 83 per cent of the nonhospitalized
group were working, while only 43 per cent of the hospitalized group
could be counted as employed.* Since, as indicated earlier, pathology
ratings could not effectively distinguish the hospitalized from the
nonhospitalized or the employed from the unemployed, it is clear that
this finding cannot be attributed simply to a difference in symptoms.

The definition of mental illness as social deviance (the third category
that we mentioned) has been prominent in investigations of the rela-

*These proportions are significantly different at the .01 level.
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tionships between social variables and mental illness. In a review of
studies of the “Social Psychological Correlates of Mental Illness and
Mental Health,” Scott** has pointed out that “A variety of . . . defini-
tions of mental illness have been used in these studies, but the one
which appears conceptually appropriate to most formulations is that
of maladjustment, or deviance from social norms.” The use of this
definition leads to two major difficulties. First, variation in the demands
of different social structures and the personal frames of reference
associated with them make the formulation of operational definitions
very difficult. Second, variability in personal frames of reference is
likely to result, on the one hand, in some behavior being labeled
deviant when it is not, by any other criterion, associated with illness.
On the other hand, behavior which by all other criteria would be
regarded as symptomatic is not labeled as deviant. The primary advan-
tage of defining mental illness as deviance is that it incorporates, if
incompletely and unevenly, traditional symptomatology at the same
time that it takes account of the norms and expectations of the society
in which the individual participates. Moreover, implicit in this definition
is the premise that ego failure, however expressed, cannot be under-
stood independently of the setting of the failure any more than a
figure can be perceived independently of its ground.

What follows is an attempt to synthesize the thinking of several
social-psychological theorists in ways that will provide heuristic
approaches to the three problems that we have already raised: (1) the
need to estimate strength or competence in evaluating personality;
(2) the relationship—not necessarily dependent—between personality
estimates and social performance; and (3) the relationships among
the definitions of illness that we have so far proposed.

Our theoretical assumptions are those usually termed “ego psy-
chology.” In this view, the adult ego is considered rational and
responsible for intellectual and social achievements; it is not solely
dependent upon the id since it has its own source of energy, its own
motives, and its own objectives.

Ego psychology perhaps began with Hartmann’s postulation (1939)
of a conflict-free or executive portion of the ego independent of the
conflict-generated or synthetic portion.’® He proposed that not only
does the ego have its own source of intrinsic energy, but that growth
yields an intrinsic pleasure. Having observed that children’s speech
and motility develop with remarkable uniformity, Hartmann con-
cluded that the instrumental ego functions must emerge, not through



56 SOCIOCULTURAL ENVIRONMENTAL FACTORS

id-superego conflict, which is variable from person to person, but by
the interaction of the effects of the environment with a process of
biological maturation in a manner similar to overt learning.

This insight of Hartmann’s led to a revision of Freud’s “libido-
quantum” theory and hence to a questioning of the doctrine of an
inherent priority of synthetic ego function. This in turn reduced the
weight given to psychopathology in the assessment of function. If the
bases of the executive and synthetic functions of the ego are indeed
independent of each other, then the customary notion that effective
executive function is a consequence of the well-being of the synthetic
function cannot be wholly accurate. There seems, in fact, no theoretical
reason why the reverse may not be equally true. Synthetic functioning,
in short, expressed in terms of the adequacy of defense systems, is no
more vital to a description of personality than is executive function,
expressed in terms of skills or strengths. Even though the two functions
are entwined in any complex behavior, the synthetic and executive
functions of the ego can be productively regarded as separate and
relatively independent factors wherein skills are to the executive portion
of the ego what defenses are to the synthetic portion.>¢

Erikson has conceived of the development of executive function in
terms of 