
CHAPTER 12

IPsydaosatJU'gery

Karl H. Pribram

Experimental psychosurgery is one of the oldest tools for analysing the
mind-brain-behaviour relationship. It is also one of the most misused and
misunderstood of the techniques available to the neuroscientist. Because of the
disparity between the amount of psychosurgery performed and the disrepute
the technique currently enjoys (see for example Deutsch, 1960; Weiskrantz,
1968), I decided to accept this opportunity to discuss my views with the hope of
clarifying at least my own stance on this matter.

The issue, as I see it, is as follows: scientists, medical practitioners and
laymen alike have the expectation that there are brain 'centres' for psychologi
cal 'faculties' (or to use that more modern word, 'factors') and these 'centres'
can be discovered simply by removing one or another brain locus and observing
the resulting 'deficit' in behaviour. In an earlier paper (Toward a Science of
Neuropsychology, 1954), I tackled this issue by referring to the clinical
neurologists' propensities for improper brain-map making:

'With the increasing popularity of the "interdisciplinary approach"
there would be no apologia necessary for a science of neuropsychology
were it not for the bad repute into which this area of investigation has
fallen. Such well-deserved infamy stems, in part, from the dualism which
has plagued all of the behavioral sciences during the past 50 years and, in
part, from the excessive "psychologizing" of physiologists and
"physiologizing" of psychologists which fills our journals and monog
raphs. The first figure serves to illustrate the results of such schizoid
endeavors. '

'The deficiencies of the conceptualizations diagrammed here become
obvious once they have been pointed out. What psychophysicist would
assign the same numeral to different classes or assign different numerals to
the same class? Yet, flagrant disregard of this simple rule of the most
elementary of scaling techniques pervades practically every cytoarchitec
tonic study and is shown at its worst in Figure 12.1. What biologist would,
in his own field, classify together such diverse categories as ocular
adversive movements, optic awareness, vision intensity, color recognition,
place memory, constructive thinking, and constructive action, without
some referent of internal consistency and some attempt at ordinal
ranking? Finally, where is there available a discussion of the reliability and
the validity of the techniques used to construct this monstrosity?'The vast
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!Figure 12.1 'Localization of function' in the human brain according to a cited authority. See text for
'what's wrong' with this Figure. (Figure 12.1 and the associated quotation reproduced from Pribram,
1954, Toward a Science of Neuropsychology (Method and Data), in Current Trends in Psychology and
the Behavioural Sciences by John T. Wilson et al., by permission of the University of Pittsburgh Press. ©
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differences between various textbook diagrams and the differences
between these and our clinical experience suggest the answer to this
question.'

In the two decades since this was written, this psychosurgical disorderliness
has spread to experimentalists with grave practical consequences. Only
recently I listened to a learned talk on the effects of removal of two parts of the
amygdaloid complex. Two tests were used to assay the results: so-called 'active'
and 'passive' avoidance conditioning. And, according to what has become
custom in psychosurgical circles, 'double dissociation' was obtained: removal
of one structure resulted in impaired active, but not passive, avoidance;
removal of the other structure had the converse effect. These interesting and
important findings were coupled to others that indicated a lowered adrenocor
ticosteroid response after both lesions. The conclusion drawn was that the
amygdala is the 'centre' for the organization of fear which becomes manifest
through two separate structures; one subserving active flight, the other a more
passive freezing type of reaction. As far as these results and interpretations go,
there seems at first little to fault them. But look what happens next: the data
become grist in the psychosurgical mill, the Attorney General of the State of
California is, according to the newspapers, calling publicly for amygdalec
tomies on all violent criminals now housed in the state's prisons! In his words,
'amygdalectomy will remove the brain centers responsible for fear and anger'
and society will be made safer forever after. The torch is next seized by the
president of the American Psychological Association who, in his presidential
address, advocates the application of psychosurgery to those in the corridors of
power to prevent them from foisting their violent animal natures on the rest of
humanity: ... 'to control the animalistic, barbaric and primitive propensities in
man, and subordinate these negatives to the uniquely human, moral, and
ethical characteristics of love, kindness, and empathy.' (Specifically the
psychotechnologies are to be) ... 'imposed on all power-controlling leaders
and those who aspire to such leadership. The type of psychotechnological
medication would be a type of internally imposed disarmament. It would assure
that there would be no absurd or barbaric use of power. It would provide the
masses of human beings with the security that their leaders would not or could
not sacrifice them on the altars of their personal ego pathos vulnerability and
instability ... in medicine, physical diseases are controlled through surgery and
medication. But the techniques are not used only to treat the diseases of
individuals but are also used preventively ... ' No wonder the scientific
community becomes suspicious of a technique which promises to produce so
much damage on such scanty evidence.

Experimental psychosurgery could and should be proceeding in a very
different direction. To pursue the example of amygdalectomy, the questions
might well be asked: Can the procedure be used to analyse the mechanisms that
produce the experience we call fear? Are tests of 'active' and 'passive'
avoidance truly indicators of fear or are we being misled because, in fact, the
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'active' avoidance situation entails memory and the 'passive' avoidance
condition entails conflict? Are performances on other tasks disrupted by
amygdalectomy, tasks which cannot be interpreted to be indicators of 'fear'?

Answers to some of these questions have been obtained: why are they not
taken account of? Fear is ordinarily evoked by pain; sensitivity to pain has been
found essentially unaltered by amygdalectomy (Bagshaw and Pribram, 1968);
performances on alteration tasks similar to the avoidance paradigms, but
which are indicators of memory functions rather than of fear (e.g. go/no-go
delayed alternation), have been shown to be disrupted by amygdalectomy
(Pribram, Lim, Poppen and Bagshaw, 1966); a memory-based cybernetic
mechanism of emotions including the feeling of fear has been detailed
(Pribram, 1971). Finally, it has been shown unequivocally that amygdalectomy
per se will not reduce violent behaviour unless certain conditions are present in
the social environment (Mirsky, Rosvold and Pribram, 1957). .

Many of these results have been available for years, even decades. Why are
they ignored in deliberations on the application of psychosurgery? The
argument may be made that the pressing need of the community for a palliative
to violence demands action now and that the Gordian knot of the mind-brain
behaviour relationship cannot await unravelling and must be cut through by
some more simple approach.

But this cannot be the whole answer. In a less immediately practical area of
investigation, the course of psychosurgical history has been similar. In the
sixties, a report of the analysis of the functions of other parts of the temporal
lobe was published (Stepien, Cordeau and Rasmussen, 1960) and widely
acclaimed as providing the answer to the functions of this lobe of the brain. The
report claimed to have shown, in monkeys, that the temporal neocortex served
the functions of short-term memory and this was contrasted to reports based on
the effects of hippocampal psychosurgery in man (Milner, 1958), which
suggested the involvement of that structure in long-term memory. The monkey
study was performed on four subjects and in a re-analysis a year later was
shown to have been erroneously reported (Cordeau and Mahut, 1964). The
investigators involved in the original study were certainly sufficiently careful
and reported their re-evaluation, yet this has had no effect on subsequent
quotations. Further, the reports on man often fail to emphasize the fact that the
amygdala as well as the hippocampus were removed in all subjects who showed
the memory deficit, and recent studies (Warrington and Weiskrantz, 1971)
have thrown doubt on the conclusion that the hippocampus is primarily
involved in the long-term memory function per se.

Again, one may ask, why does the scientific community seize oversimplified
and erroneous psychosurgical reports and distort others in the direction of
oversimplification and error while ignoring a carefully constructed body of
evidence built laboriously with meticulously controlled procedures? Carefully
controlled sophisticated psychosurgical studies on temporal neocortex that
have held up over decades of replication are legion (see over 100 references
listed in the Appendix) and those on amygdala and hippocampus are certainly
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not lacking (see Eleftheriou, 1972 and Isaacson and Pribram, 1975). Here, no
practical urgency dictates acceptance. Where else in science is sloppiness,
insufficient care and control, muddy thinking and downright misrepresentation
of results so consistently rewarded, while exquisitely, carefully conducted
research is either totally ignored or laughed off as philosophically unsound?

There must be reasons why these attitudes prevail. Many of the reasons are
historical in origin, deriving in fact from a philosophical issue which needs
exposition. To begin historically, the problem centres on the polemic between
those whose brain investigations purported to show that the brain is made up of
many suborgans, each of which presumably has some identifiable function, and
those whose research pointed toward the integrative functions of the brain as a
whole. As I pointed out in Towards a Science ofNeuropsychology (1954) and as
Luria (1973) has so clearly communicated, the issue concerns in part the
meaning of the term 'function'. When we ask questions about functions of
other organs and organ systems we come up against the same problem. Ask
what is the function of the lungs and a clear answer can be given. The lungs are a
respiratory organ. But ask about the systems involved in respiration and the
lungs are only a part of the answer: red blood cells, tissue fluids, membranes,
respiratory regulatory mechanisms of the brain stem, etc., etc. must be taken
into account. The same problem besets experimental psychosurgery. Ask what
is the function of the eyes (or even of the lateral geniculate nucleus or the
occipital cortex) and the ready answer is vision. Ask, on the other hand, what
neural systems are involved in vision and the geniculostriate system shares the
spotlight with the superior colliculus, tectum, temporal cortex and frontal eye
fields, to name only a few of the brain loci that must be included. Of course, the
lungs and red cells perform different functions in respiration and so also do the
occipital striate and the temporal cortex perform different functions, and it is
the job of experimental psychosurgery to specify the difference.

But this is not all. There are also technical problems. Lung tissue and red
blood cells are easy to tell apart: not so when different parts of the brain cortex
are thought to constitute separate suborgans. Unless care is taken to identify a
part of the brain on anatomical, electrophysiological or neurochemical grounds
as forming some sort of unit, one may easily be misled into performing
psychosurgical experiments which are invalid because only parts of several
subsystems are surgically invaded and the resulting disturbance in behaviour
therefore lacks uniformity. The procedure of double dissociation of behaviour
al effects already mentioned, or its extension, the intercept of sums technique
(Pribram, 1954), a multiple reciprocal dissociation procedure, provides con
trols internal to the psychosurgical experiment which, when taken seriously,
prevent the type of error and distortion referred to earlier. The procedures of
double and multiple dissociation prescribe that we ascribe a function to a part
of the brain only when the behavioural change produced by the resection or
brain stimulation can be uniquely related to the part under investigation. Thus,
we do not view the amygdala as the neural locus of the fear mechanism because
other parts of the limbic forebrain and of the brain stem core have been shown
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to be involved in avoidance behaviour and because, as already mentioned,
behaviour on tasks such as delayed alternation is also disrupted.

These psychosurgical procedures of double and multiple dissociation of the
effects of brain resection and stimulation have been superbly effective in
delineating neural systems related to one or another behavioural task. For
example, resections of the frontal and limbic cortex and of the head of the
caudate nucleus selectively disrupt alternation behaviour (see reviews in
Konorski, Teuber and Zernicki, 1972 and in Pribram and Luria, 1973);
resections of the temporal neocortex and of the putamen and tail of the caudate
nucleus, as well as some brain stem structures in the region of the tectum
selectively disrupt visual discriminations (see Appendix).

I ask again, therefore, why have these clear-cut results been accepted with
such hesitation and suspicion by other neuroscientists and the scientific
·community at large? Results from microelectrode analyses which run into all
sorts of sampling problems as well as those of adequate stimulus control are
accepted as neurophysiological dogma with hardly any question as to proce
dure: someone reports that one cell in the cortex of the inferior temporal gyrus
of monkey is sensitive to a cut-out of a monkey hand (Gross, 1967, 1972) or
that a few cells in the suprasylvian gyrus of cat respond to a series of a specified
number of flashes (Thompson, Mayers, Robertson and Patterson, 1970) and
the data are hailed as indicating the existence of loci containing pontifical (or at
least cardinal) neurones, wise to the ways of monkey hands and counting. No
one asks over what range of stimuli and permutations of the input was the
output of these neurones invariant; no one asks what measure was used to
determine output (was it really only that an increase in firing rate was heard by
someone over a loudspeaker?); no one asks how many other cells elsewhere in
the brain were investigated to ascertain whether there too such sensitivities
reside. Answers to such questions are invariably demanded of investigators
using psychosurgical techniques and take their toll in time and effort: why is the
scientific community so selective in addressing such demands?

I believe a large part of the problem lies in specifying the meaning of the
behavioural tasks used to determine the effects of psychosurgery. The concept
of a neurone responsive to a hand or that of a neurone which can count is
grasped easily. But what is delayed alternation? Or what does a visual
discrimination deficit mean? True, the concept vision is easy enough to deal
with, but what does it mean to 'discriminate'? Are the changes in alternation
and discrimination behaviour to be referred to the domain of memory, or
attention, or states of awareness, decision processes or perhaps all of them or
none?

Herein lies the difficulty and I believe that this difficulty is akin to that posed
by the discovery of relativity in physics. If I ask a physicist to describe your
motions, he will, in all good faith, respond: I cannot do so simply, it all depends.
It depends on the frame of reference within which you ask for an answer. The
ordinary everyday frame of reference provides the answer 'yes, you are still.'
Asked from the view of an astronaut ensconced in a space station, however, the
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answer would be that you are describing a path of rotation around the earth's
axis. Taken from a yet more remote point in the universe, your trajectory
would be described by a series of intertwined ellipses.

The problem in psychosurgery is similar but much more in evidence and
immediate since the frames of reference composing our internal, psychological,
universe have not as yet been specified as clearly and concisely as those
composing the external, physical universe.

The problem is compounded, of course, by the fact that the psychosurgical
experiments are undertaken to make such specification possible. We know
vision from audition because we can readily discern eyes from ears. Thus we
should, once the evidence is in, be able to distinguish clearly between fear and
anger, between awareness and choice, etc. once we can clearly specify the
neural systems and mechanisms involved in each. It is the bootstrap nature of
the investigations that makes the results so difficult to communicate.

If this source of difficulty were understood both by the investigators using
psychosurgical procedures and by the scientific and lay community, the errors,
distortions, and misstatements that are now so common would, I believe,
become fewer. First, investigators ought to specify clearly the frame of
reference within which their investigation is taking place. This specification
must adduce some evidence as to why that particular frame was chosen.
Second, the relationship among frames of reference must be clarified. This is
the task of psychology as a science, a task which has been sorely neglected. Just
what is the relationship between attention and decision; between conditioned
avoidance and fear and memory? Which conceptual frames are the more
encompassing: memory? awareness? choice? Which are most restricted:
vision? fear? operant behaviour? Are there systems within universes or do the
universes intersect? Factor analysts have addressed these problems but as yet
no generally accepted description of the relationship between psychological
frames of reference has emerged. Must psychosurgical procedure come to the
rescue of psychology in this sphere of inquiry? And if so will the resultant
'truths' be received with as much reservation as the demonstrated facts on the
difference between movement and action (Pribram, 1971, chapters 12 and 13);
the difference between visual, auditory and somatosensory amnesias (Pribram,
1969)?

In conclusion, psychosurgery properly employed has to date proved to be
one of the most powerful tools for scientifically investigating the mind-brain
behaviour relationship. To the credit of experimentalists using the technique,
psychosurgery has never been practised in isolation. It has always utilized to the
utmost the available neuroanatomical, electrophysiological, neurochemical
and clinical neurological procedures to specify locus and to aid in the
interpret<1tion of results. By contrast, neuroanatomists and neurophysiologists
routinely attribute memory functions to a structure or suggest that a neural
circuit serves as the substrate of emotions when psychosurgical evidence has
conclusively demonstrated that this is not so. The argument is always made that
such negative results are not definitive; but I have reviewed here the double
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and multiple dissociation procedures, which, when properly employed, do
make the negative findings meaningful in the context of related positive
findings.

The results of experimental psychosurgery have had a peculiar fate. Either
they have been prematurely (i.e. on the basis of weak evidence) heralded as
saviours of troubled mankind and uncritically applied to practical purposes or
they have been almost totally ignored by fellow neuroscientists. Thus, the
Nobel Prize was awarded for the application of frontal psychosurgery to
mentally disturbed patients (see Fulton, Aring and Wortis, 1948 and review by
Pribram, 1950). This application was based on the experimental observation of
two chimpanzees, one of whom had suffered a brain abscess from improper
psychosurgical technique and the other who had not shown the reported effect
(Crawford, Fulton, Jacobsen and Wolfe, 1948). Again today, as reviewed here,
amygdalectomy is proposed as a treatment of choice for violent behaviour
when experimental evidence has demonstrated unequivocally that the effects
of amygdalectomy depend on the social situation in which the amygdalectom
ized subject is placed. Increased violence has been reported (Bard and
Mountcastle, 1948; Fuller, Rosvold and Pribram, 1957; Rosvold, Mirsky and
Pribram, 1954) to follow amygdalectomy-not just taming. These results are
completely ignored not only by officials who recommend that the procedure be
applied to prisoners, but by the scientific community advising the officials.

-The failure to accept the results of experimental psychosurgery appears in
part due to a failure of the scientists using psychosurgical procedure to specify
clearly the frame of reference in which their results are reported. This failure in
turn rests on the failure of psychology as a science in putting its house in order:
psychologists have not addressed the problem of the relationship between
frames of reference in the internal psychological universe, a problem which
physicists have long ago clarified with respect to the external physical universe.

Thoughtful and careful psychosurgical experiment can address this question
of the variety of frames of reference in psychology and the relationship among
them. While continuing to add to the accretion of brain facts, this issue of
clarifying the frames of reference in which mind-brain-behaviour data are to
be placed is probably the most pressing that faces the scientific use of
psychosurgery today. Resolving this issue would make a major contribution
not only to behavioural and neuroscience, but to the entire intellectual
community concerned with the relationship of humanistic and scientific
enterprise.
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