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Mg I, Mg II, Si I, Fe I, and Fe II 
below the earth's atmospheric cutoff, 
while in Sirius (A1V) the main fea- 
ture is the Mg II resonance doublet. 
On 20 September 1966 Jenkins and 
Morton (19) flew an all-reflective f/2 
spectrograph on an Aerobee rocket, 
and obtained spectra of eight stars in 
Orion with about 1-A resolution. These 

photographs confirmed the earlier re- 
sults of the wavelength shifts in the 
C IV and Si IV absorption lines and 
the unexpectedly weak interstellar Ly- 
man-a lines. The wavelength range 
was extended to 1130 A and revealed 

absorption lines of N V, Si III, and 
C III also shifted to shorter wave- 

lengths in 8, e, and X Orionis. 

During four Aerobee flights Stecher 

(20) has scanned the spectra of at 
least ten hot stars with 5- and 10-A 
resolution longward of 1100 A. He also 
has found the C IV and Si IV reso- 
nance lines to be in emission with ab- 

sorption components to shorter wave- 

lengths in some of the stars. On an 
Aerobee launched on 16 March 1967 
Carruthers (21) used a windowless image 
intensifier to photograph spectra of 
some 12 stars from 1030 to 1400 A 
with 2- to 3-A resolution. He con- 
firmed the shifts of some of these lines 
in X Orionis and found the same phe- 
nomenon in C Puppis, y Velae, and 
t and K Orionis. Both the spectral data 
and photon counters lead him to sug- 
gest that the photon flux decreases 
shortward of 1150 A even in the 
hottest stars. 
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Summary 

According to theories of model stel- 
lar atmospheres only stars of spectral 
types from O to about B3 may be ex- 

pected to be bright in the ultraviolet- 

wavelength region. Observations of the 

strong resonance lines between 911.6 
and 1900 A will yield new informa- 
tion permitting construction of better 
models for the outermost layers of OB 
stars. However, an adequate theory of 
line-formation, including non-l.t.e. ef- 
fects, should be used if an accurate 

physical representation is to result. 

Already it has been demonstrated 

beyond doubt that O and BO super- 
giants are surrounded by expanding 
atmospheres. 

The spectrum between 1900 and 
3000 A is formed chiefly in the same 

layers of the star as is the part of 
the spectrum observed with ground- 
based equipment; consequently, ground- 
based observations can be used to es- 
tablish an adequate model. With such 
a model, observations of the absorp- 
tion lines due to the first and second 
ions of the metals should permit new 
and reliable determinations of the abun- 
dances of Fe, Cr, Mn, and Ti in B 
stars. 

The photometric and the spectral ob- 
servations so far available of O and B 
stars do not generally conflict seriously 
with the predictions of theory, provided 
that we use line-blanketed models for 
the comparison and that we correct 
for the effects of interstellar reddening 
when necessary. 
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Psychology has been largely, if not 
exclusively, regarded as being in the 
domain of philosophy, and, until re- 
cently, reference to the brain as the 
substrate of psychological function was 
infrequent. It should be admitted that 
regional differences of approach exist; 
for example, in the United States psy- 
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chological concepts are influenced more 
by the natural sciences than they are 
in tradition-bound Europe. The works 
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(3), the publications of the experimen- 
tally oriented Canadian neurosurgeon 
Wilder Penfield (4), and more recent 
noteworthy works of Kliiver (5), Ploog 
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(6), Delgado (7), MacLean (8), and 
others are significant in this connection. 
On the other hand, it is surprising that 
the physiologists show some reluctance 
to teach psychological concepts. More 
than a minimum knowledge of the re- 
lationship between brain and psycho- 
logical function is essential for students 
in biology and medicine, both because 
this function plays a role in the biol- 
ogy of men and the other higher mam- 
mals and because such knowledge is 
necessary for an understanding of men- 
tal illness. For all these reasons, an ef- 
fort to survey psychological problems 
in biological perspective seems justified. 

If a series of events relating to our 
past experience comes to our attention, 
we feel compelled to look for a causal 

(6), Delgado (7), MacLean (8), and 
others are significant in this connection. 
On the other hand, it is surprising that 
the physiologists show some reluctance 
to teach psychological concepts. More 
than a minimum knowledge of the re- 
lationship between brain and psycho- 
logical function is essential for students 
in biology and medicine, both because 
this function plays a role in the biol- 
ogy of men and the other higher mam- 
mals and because such knowledge is 
necessary for an understanding of men- 
tal illness. For all these reasons, an ef- 
fort to survey psychological problems 
in biological perspective seems justified. 

If a series of events relating to our 
past experience comes to our attention, 
we feel compelled to look for a causal 

The author is professor emeritus of physiology, 
University of Ziirich, Zirich, Switzerland. 

1279 

The author is professor emeritus of physiology, 
University of Ziirich, Zirich, Switzerland. 

1279 

Causality, Consciousness, and 
Cerebral Organization 

Walter R. Hess 

Causality, Consciousness, and 
Cerebral Organization 

Walter R. Hess 



link. In other words, it seems that an 
innate tendency to integrate simulta- 
neous and successively induced percep- 
tions leads us to an awareness of a 
causal relationship. The achievement 
of insight into cause and effect brings 
a feeling of satisfaction and relieves 
psychic tension. A simple example may 
illustrate this psychophysiological as- 
sertion. From my desk I see on the 
horizon a dark bank of clouds coming 
nearer and nearer. Suddenly lightning 
from the cloud strikes the earth. A 
little later I hear the thunder. Momen- 
tarily ignoring earlier experiences of 
this nature, I am confronted with a 
visual, followed by an auditory, ex- 
perience. The two phenomena mani- 
fest themselves independently of one 
another. Continuing to watch, out of 
curiosity, I see after some time an- 
other flash of lightning and hear again, 
later, a clap of thunder. Repetitions of 
these essentially identical sensory ex- 
periences lead inescapably to the in- 
terpretation that the optical and the 
subsequent acoustical phenomena are 
somehow related. 

With increasing frequency of repe- 
tition analogous successions are estab- 
lished as associative links, so that the 
conjecture of a causal relationship ulti- 
mately assumes the character of a cer- 
tainty. Strictly speaking, no certainty 
exists but, at best, a high degree of 
probability. In everyday life one is, to 
be sure, surprisingly ready to assume 
a causal relationship. Obviously such 
a "short circuit" ordinarily suffices as 
a basis for adaptive behavior. In the 
case of a scientific investigation, one 
requires a higher number of identical 
successions before being ready to ac- 
cept the intuitively conceived causal re- 
lationship as an established reality. 
Even then, in the area of biology at 
least, the causal relationship remains 
basically conjectural as long as the 
number of repetitions is not infinite. 
Nevertheless, we have to admit that, 
even in the pursuit of scientific interest, 
the number of repetitions required be- 
fore the impression of pure coincidence 
is eliminated is relatively soon reached. 
After all, the willingness to think post 
hoc, propter hoc depends to a con- 
siderable degree on the personality of 
the observer. Irrespective of the num- 
ber of repetitions, the persuasive power 
of the repetitions depends on condi- 
tional factors. There are men, for exam- 
ple, with a strong inclination to asso- 
ciate a comparatively short series of 
successive similar data with one an- 

1280 

other in the sense of a causal relation- 
ship. On the other hand, one knows 
laymen and researchers of outspoken 
skepticism who will not integrate suc- 
cessive similar data into an inferred 
causal chain even when the probability 
of an accidental succession is low. In 
the tendency to integrate or not to 
integrate, the individual's temperament, 
his previous experiences, his physical 
health, and his biological constitution 
play a not unimportant role. When the 
probable causal relationship offers a re- 
ward, he may be more likely to ac- 
cept it. Further, mental age is a factor 
-as is seen, for example, when the 
child experiences a fairy tale as reality. 
The young, still inexperienced observer 
instinctively attempts to find a causal 
relationship, while the mature person 
is critical and does not exclude acci- 
dental succession so quickly. In the 
end, none of these arguments alters 
the fact that reality provides no ob- 
jective criteria for arriving at a con- 
struct of causal relationships. 

The Physiological Basis 

of Consciousness 

The waking human being or higher 
animal has a large number of sense 
organs for making contact with the 
internal and external environment. The 
sensory cells function as receptors of 
organ-specific stimuli. Light flashes, for 
example, stimulate the rods and cones 
of the retina of the eye. Thereby the 
order of optic phenomena generated 
by the visual system is transformed into 
patterns of excitation of the visual path- 
ways whose morphological organiza- 
tion is relatively well known (9)-for 
example, the projection of circum- 
scribed retinal areas to corresponding 
elements of the visual areas in the 
occipital lobes of the brain. Far less 
advanced is exploration of the func- 
tional laws of the living brain. Actually, 
research in this sector of physiology 
is only now in process of develop- 
ment. The school of Jung (10) and the 
team of Hubel and Wiesel (11) have 
made significant contributions, partic- 
ularly with respect to visual percep- 
tion. Basic information is derived from 
observations concerning electrical stim- 
ulation of the visual cortex in man 
(4). Patients subjected to such stimula- 
tion in an effort to localize pathologi- 
cal foci in that area reported visual 
phenomena arising with the onset of 
stimulation. The sense of hearing was 

similarly involved when the stimulating 
electrode was applied to a certain re- 
gion of the temporal lobe. Further, it 
has been experimentally established 
that the visual and auditory sensations 
experienced are associated with one 
another in the sense of a "causal" con- 
nection on the basis of temporal coin- 
cidence or spatial contiguity. In such 
cases consistent relationships between 
brain stimulation and subjective sensa- 
tions (4) are as evident as those exist- 
ing between natural stimuli and a de- 
termined flow of consciousness. 

Findings such as the foregoing raise 
the question, How may the "causal" 
relationship between excitatory patterns 
of the nervous system and the develop- 
ment of conscious perceptions come 
about? Before we pose this problem, 
we must acknowledge that it is not 
now possible, and may not be possi- 
ble in the future, to obtain such in- 
formation. The subjective experience 
may be a direct expression of the con- 
dition of excitation of those centers 
which receive and integrate the sen- 
sory signals. In this case it would be 
only another aspect of the same proc- 
ess which one can objectify in the 
form of evoked potentials. An alterna- 
tive explanation would be that of trans- 
mission of the integrated excitation 
pattern to a specific syst,em whose prin- 
cipal activity is one of implementing 
release of the contents of consciousness. 
However, no criteria which would al- 
low us to define such a process of 
transmission are, as yet, known. For 
the entire process which leads from 
the sensory stimulation pattern to the 
content of consciousness results exclu- 
sively in the mediating of relevant in- 
formation. The process of transmission 
itself lies in an area into which we 
have no insight. Obviously reference 
to a reflex mechanism leads no further, 
so that physiology must give up the 
attempt to submit a comprehensive ex- 
planation. This is not to deny that 
there is a correlation between patterns 
of neural excitation and the release of 
corresponding contents of conscious- 
ness. 

This situation is not unlike that 
existing with respect to verbal com- 
munication. The listener is unaware of 
the pressure changes acting upon his 
eardrum, and he does not perceive 
their transmission upon the sensory 
surface within the organ of Corti. Nor 
is he aware of the nervous impulses 
which are sent from the organ of Corti 
to the auditory centers of the brain. 
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Yet he can understand the meaning of 
a spoken message. This achievement is 
based upon associations which were de- 
veloped between sensory stimulation 
and central patterns of nerve excitation 
at an early stage in the learning proc- 
ess. Whenever similar patterns of ver- 
bal stimuli are presented, the old mem- 
ories and the corresponding contents 
of consciousness become reactivated 
and comprehended. Thus, there is no 
trace of a causal evolution of under- 
standing of verbal stimuli by way of 
an uninterrupted chain of conscious 
correlates of the sensory mechanisms. 
Instead, central patterns of excitation 
are elicited as though by resonance 
when specific sensory messages arrive. 
However logical this may sound it does 
not explain the process of transforma- 
tion itself, which seems to be a separate 
biological faculty. No road to its under- 
standing seems open at present. 

Subjective Experience 
and Neural Events 

It has been known for a long time 
that light surface elements in the 
neighborhood of a dark field appear 
lighter than elements that lie away 
from the light-dark border. This dif- 
ference in brightness is felt explicitly 
although objective checking shows that 
all the light fields are identical in tone. 
Therefore, until a short while ago the 
so-called simultaneous contrast had 
been interpreted as a subjective phe- 
nomenon. Recently this contrast effect 
was shown to be already manifest in 
the neural plane of the visual system 
(12). This was something of a sur- 
prise. The evidence discloses that con- 
trast phenomena are basically produced 
by collateral inhibition involving neigh- 
boring elements at retinal as well as 
central levels. The physiological effect 
of this mechanism is the sharpening 
of the border between light and dark 
areas in the visual field. Thus the cor- 
respondence between subjective impres- 
sions and patterns of neural activity 
in the visual system is documented. 

A second example of the close inter- 
relationship between function of brain 
systems and mental processes is the 
well-known fact that consciousness is 
lost when critical areas of the brain- 
stem are damaged (13). In contrast, 
consciousness remains unaffected when 
only parts of the cerebral cortex are 
damaged. At most, a limited defect 
may result, such as a scotoma of per- 
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ceptive integration. In spite of this de- 
fect, the patient remains conscious of 
the situation and is capable of answer- 
ing questions intelligently. His self- 
awareness and his orientation in space 
and time are undisturbed. With this, 
proof exists that specific psychic func- 
tions are bound to specific nervous 
structures. Still, the intervening proc- 
ess between stimulation of nervous ele- 
ments and the formation of a conscious 
perception remains beyond our grasp. 

A third example concerns the re- 
lease of definite sensations through arti- 
ficially induced stimulation of the 
brain. One recalls the activation of a 
characteristic behavior pattern in ex- 
perimental animals (goats) after intra- 
diencephalic injection of hypertonic 
saline. Their response was a massive 
intake of water (14). This behavioral 
reaction is identical to that induced 
by long-term deprivation of water. The 
electrolyte concentration in the tissue 
is increased, and the thirsty animal is 
impelled, as the human is under simi- 
lar conditions, to quench its thirst by 
drinking. The observation implies that 
the stimulated area of the brain con- 
tains receptors which control osmotic 
pressure by regulating the water bal- 
ance. The immediate impulse is nor- 
mally given by the specific sensation 
of thirst in association with the posi- 
tively conditioned satisfaction of remov- 
ing the thirst sensation. 

Another example of drive behavior 
elicited by stimulation of the dienceph- 
alon concerns food intake (15). Here, 
extreme voracity may develop under 
the influence of central excitation, re- 
sembling that seen after prolonged 
fasting or as a consequence of insulin- 
induced fall of the blood sugar level. 
Such increased intake of food (bulimia) 
is also seen in some psychically dis- 
turbed human subjects. Thus, physio- 
logical hunger, experimentally induced 
hyperphagia, and pathological bulimia 
appear interrelated inasmuch as they 
may be subserved by identical cerebral 
systems. 

Another set of observations refers 
to manifestation of rage and fear elic- 
ited by stimulation of the hypothala- 
mus in cats (15). With the onset of 
artificial stimulation the cat begins to 
snarl, hiss, and spit. It arches its back 
or crouches, it bristles, and it lashes 
its tail. Thus, the typical defense re- 
action develops, as in an animal threat- 
ened by an enemy-for example, a cat 
threatened by an attacking dog. The 
question is raised, Are these effects due 

to the direct stimulation of efferent 
pathways? This is obviously not the 
explanation. For, if the experimenter 
reaches toward the cat at the climax 
of excitment, it strikes at him angrily 
in a well-directed attack. At the onset 
of stimulation the animal may inspect 
the environment and, in its search for 
a refuge, may suddenly jump off the 
laboratory table and flee to a hiding 
place. These observations indicate 
strongly that the stimulation, induced 
attack, and flight reactions are not pure- 
ly motor effects; rather, they represent 
interactions between highly integrated 
central patterns of motivational behav- 
ior and conscious visual perceptions 
of the environment. 

The experiment with goats mentioned 
above is even more convincing (16). 
In the standard experimental procedure 
the animals are first acquainted with 
a well-defined source of water. After 
being deprived of water for a period 
they begin to seek water at this source. 
To reach it, they must surmount an 
obstruction and climb a ladder. After 
many trials the second part of the ex- 
periment begins-namely, electrical 
stimulation of specific structures of the 
diencephalon when the animal is hy- 
drated. The trained animal uses the lad- 
der promptly, goes directly to the fa- 
miliar water vessel, and drains it. The 
short time between the beginning of 
stimulation and the action described 
leads to one conclusion: the effect of 
electrical stimulation of specific dien- 
cephalic structures manifests itself in 
the subjective sphere as a drive, thirst. 
This drive gives inducement and direc- 
tion to the behavior, through which the 
tension of drive is relieved. Thus, it 
seems appropriate to conclude that, un- 
der the influence of brain stimulation, 
experiences stored in the memory are ac- 
tively integrated with instant perceptions 
and released as behavioral responses. 

Effects of Psychotropic Drugs 

Electrical brain stimulation is not 
the only means whereby subjective ex- 
periences may be elicited or modified; 
they may be influenced considerably 
by the action of chemical agents. One 
of the best-known examples is the ef- 
fect of ethyl alcohol. With moderate 
doses, the individual's mood is usual- 
ly improved; he experiences an in- 
creased desire for adventure, including 
an urge for verbal communication. His 
euphoria is accompanied by a suppres- 
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sion of inhibition. For this reason the 
ventures of the inebriate lead all too 
often to catastrophe. Another group of 
substances, the amphetamine com- 
pounds, also increase initiative and give 
the individual the courage for risky 
undertakings. Certain drugs which in- 
fluence mental disturbances are partic- 
ularly interesting from the medical 
point of view. The effect of stronger 
doses of ethyl alcohol is revealing; 
such doses lead to a dimming of con- 
sciousness, even to total loss of con- 
sciousness. This observation indicates 
an important sensitivity of conscious- 
ness to chemical influences (17), which 
is further revealed in the action of 
anesthetics upon basic properties of 
cerebral elements. Such modifications 
show that chemically defined receptors, 
as constituents of nerve cells, are in 
play at the molecular level. Little is 
known about this field today; however, 
the means for further investigation are 
at hand-for example, through study 
of the effect of drugs on explants of 
clinical biopsy material. 

In addition to drugs which suppress 
consciousness there are drugs whose ac- 
tion manifests itself in the psychic 
sphere in other ways. One of these, 
lysergic acid diethylamide (LSD), is 
an appropriate "research instrument." 
Even minimum doses produce very 
striking psychic effects-for example, 
primitive visual perceptions such as 
colored clouds and changes in bright- 
ness of visual patterns, like scintilla- 
tions or flickerings. One psychiatrist 
(18) has described more complex visu- 
al impressions, such as spirals, orna- 
ments, fern branchings, and wood carv- 
ings, which he experienced in a self- 
trial. Such imagery arises from latent 
memory traces. Even more impressive 
is the case where fragments of ac- 
quired knowledge appear in the visual 
field-for instance, images of benzene 
rings or chromosomes. Experiences of 
this nature are noteworthy because sim- 
ilar visual phenomena, such as stars, 
wheels, colored balls, and disks, are 
reported by the patient when the brain 
surgeon applies electrical current to the 
occipital cortex for purposes of diag- 
nosis (4). Artificially elicited perception 
of the contents of consciousness, on 
the one hand through electrical stimu- 
lation and on the other hand through 
the administration of a chemically de- 
fined substance, is all the more arrest- 
ing because this activity is based on 
excitation of elements that lie in the 
visual-projection areas of the brain. 
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Thus the actions of LSD may be con- 
sidered a modification of discharge of 
nervous elements of the visual system. 
As mentioned above, fragments of 
stored experience are often part of the 
activated pattern of excitation. An ex- 
ample is one subject's identification 
of a wall with a railway embankment. 
A hallucination was joined to this il- 
lusion; the subject believed that he saw 
an overhead electric line, which in re- 
ality was not there but which belonged 
to the full picture of the electrified 
Swiss train system. From this, it ap- 
pears that the mechanism of hallucina- 
tion may eventually become under- 
stood through a biologically oriented 
approach. 

Causality and Motivation 

of Behavior 

The behavior of a cat in an open 
field on the lookout for an enemy seems 
to be motivated by the imminent threat. 
The cat's watchfulness and active 
search for a refuge confirm this inter- 
pretation. While emotions may be the 
impelling force, the waking conscious- 
ness determines the organization of a 
flight reaction. For successful avoidance, 
coordinated muscular action is called 
upon. Such action occurs through ex- 
citation of precisely defined central 
mechanisms. To me it is clear that such 
an explanation can be deduced only 
from one's own experience. From the 
objective point of view one might take 
exception to this interpretation. On the 
other hand, scientific observers can be 
expected to be guided in their view 
by their specialized knowledge con- 
cerning the organization of brain and 
behavior-knowledge which has led to 
the recognition of principles applicable 
in both man and other higher animals. 
Such is the problem of motive and ex- 
ecution of acts controlled by the con- 
scious will. Therefore, the question is, 
Where do the activating impulses origi- 
nate? 

One may say that this category of 
phenomena cannot be compared with 
the category discussed above. On the 
other hand, no one can deny that the 
display of behavior presupposes the ac- 
tion of forces, for, without them, noth- 
ing would be set in motion and there 
would be no resistance to be over- 
come. Voluntary acts are no excep- 
tion. What is difficult is to determine 
the type of activating force. As the 
matter stands, one can only argue by 

exclusion. Certainly, conditions re- 
quired for the release of nuclear forces 
are not present; gravitational forces also 
are excluded, for today it has been 
shown that psychic processes take place 
normally under conditions of weight- 
lessness. The activating forces could 
be molecular or electromagnetic. Pos- 
sibly, as yet undiscovered forces may 
be active which belong to none of the 
known categories, forces inherent in the 
living neuronal system of man and other 
higher animals. Such a concept may 
mean, to be sure, a revival of the long- 
departed vitalistic theory. This sugges- 
tion is not so absurd, since the experi- 
ments which seem to have ruled out 
vitalistic processes have concerned only 
somatic or organic functions. However, 
psychic functions are a reality for the 
living individual even though they can- 
not be objectified by outsiders. 

Causality and Communication 

The substitution of verbal symbols 
for perceptions of reality plays an im- 
portant role in causal thinking. An 
example of such substitution is the re- 
porting of a conference, with mention 
of the names of the participants. To 
this conference report only a few de- 
tails need be added to convey meaning- 
ful information concerning the course 
of the transactions and the conclusions 
reached. 

Acoustical and optical symbols are 
also used, moreover, and not only for 
communication between man and man. 
A dog reacts to the call of its name 
as a consequence of its education. It 
looks about, comes to its master, and 
responds when asked, through word and 
sign, to perform tricks it has learned. 

In the human, basically complex in- 
formation can be reduced to symbols 
of fixed, brief design which denote, 
nevertheless, wide-reaching conclusions. 
The highest development is found in 
the symbols of mathematics. Here, data 
can be expressed through ciphers and 
other signs which denote qualitative as 
well as quantitative aspects, and new 
insights can be developed. 

Sense stimulations which are inte- 
grated into a pattern of neural excita- 
tion are transferred automatically to 
the environment by the receiving and 
perceiving subject. This transfer cor- 
responds to the long-known rule of 
excentric projection. The consequence 
of this is that no clue concerning local- 
ization and organization of the nerv- 
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ous system comes to us from the cere- 
bral process, which is induced through 
sense organs. On the other hand we 
receive through the resolving power 
of receptive systems information about 
the environmental source of stimula- 
tion. In visual perceptions derived from 
both eyes, for example, paralactic shift 
is utilized in composing an integrated 
stereo image. The impression that the 
sensory stimulation originates in the en- 
vironment is confirmed through the di- 
rected motor reaction-for example, 
through the grasping of a visually local- 
ized object. The successful attempt to 
grasp the object confirms the correla- 
tion between perception and reality. 
Involved are consistent temporal and 
spatial relationships which produce the 
impression of causality (19). 

Simple mechanisms for the preserva- 
tion of life are genetically controlled 
and subject to phylogenetic selection. 
Important individual behavioral pat- 
terns are determined prenatally. Com- 
plex reactions, on the other hand, are 
learned postnatally, and their release 
is under the control of conscious will. 
Through frequent repetition, psychic 
functions become partially or totally 
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automated. As a result, the desired 
success is achieved with more speed 
and more precision, and mechanisms 
of great complexity are mastered. 

Summary 

This article is based upon data which 
are suitable for the correlation of be- 
havioral research and experimental neu- 
rophysiology. Causal thinking manifests 
a sort of integrative activity which 
brings simultaneous and successive 
patterns of nervous excitation into 
a subjectively meaningful frame of ref- 
erence. While neuronal patterns deter- 
mine the content of consciousness, they 
fail to provide clues concerning the 
transformation of such patterns into 
subjective experience. 
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Prior to 1950, only an occasional re- 
port was concerned with the need for 
protection of laboratory personnel who 
came in daily contact with disease-pro- 
ducing agents. Sulkin and Pike (1) had 
collected data on viral infections con- 
tracted in laboratories in the hope that 
this information would be helpful in 
determining where the greatest caution 
must be exercised in working with vi- 
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ruses. The magnitude of the overall 
problem of laboratory-acquired infec- 
tions, however, became evident in an ex- 
tensive survey (2) which revealed over 
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1500 instances of laboratory-acquired 
infections resulting in 39 deaths. A 
standing Committee on Laboratory In- 
fections and Accidents of the Ameri- 
can Public Health Association (APHA 
/CLIA) (3) has maintained a file of 
cases of laboratory-acquired infections 
whether reported to the public or by 
private communication; so far, there 
have 'been over 2700 cases with 107 fa- 
talities. 

Molecular biologists interested in the 
relation of viruses to the metabolic 
systems of cells and in the structure 
of their nucleic acids may now be 
added to the many virologists who have 
long worked with a heterogeneous 
group of viruses known as arbo- 
viruses. The health hazard inherent in 
the manipulation of these viruses may 
not be well known to many of the 
newer investigators who lack clinically 
oriented training. 

The arboviruses, a contraction of 
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