been the case had he drunk water, be-
cause of the dehydration involved, and
death was hastened.

In any case, it seems of interest that
the lack of an adequate amount of an
essential food like protein is likely to
be accompanied by more pain than
starvation without any food or water.

FrREDERICK HOELZEL
6659 South Stewart Avenue,
Chicago, Illinois
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Training of College Teachers

I note in your editorial “Real pro-
fessionalism” [Science 132, 439 (19
Aug. 1960)] that the National Educa-
tion Association is now attempting to
impose state licensure and a require-
ment “to study the theory and practice
of education in the course of their pro-
fessional education” on college and
postgraduate educators.

I have long been disenchanted with
the training too many of the school
educators receive at the “teachers col-
leges,” whose curriculum is so heavily
laced with courses on how to teach but
seems so weak in the subjects to be
taught. Are we now to inflict the same
“uniformity” (or is it mediocrity) on
the collegiate instructors?

Perhaps I am too naive in my belief
that the two essential characteristics of
a good teacher are (i) enthusiasm and
(ii) thorough knowledge of and interest
in his subject.

JouN HELWIG
Hospital of the University of
Pennsylvania, Philadelphia

Brain Dysfunction

A report by Wells and Wolff [Science
131, 1671 (1960)] offers a slim but
adequate excuse for me to make some
remarks which I have been saving up
for some time.

The authors cite a fascinating experi-
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ment in conditioning of cerebral re-
sponses, finding significant differences
between “normals” and persons evidenc-
ing severe anxiety. This observation in
itself would be of sufficient interest, but
the authors have gone on to use the data
in a rather backhanded fashion to imply
that the differences must be due to brain
damage of some sort, hinting that with
sufficiently sensitive techniques, they
might “demonstrate other evidences of
impairment” which are the real, actual,
true cause of functional behavior dis-
orders and not some magical kind of
“neurosis” or “psychosis” as some peo-
ple think. Perhaps I am unfair to Wells
and Wolff, but I have heard essentially
this view expressed by enough members
of the working and teaching medical
profession to convince me that it is
widespread.

In support of this view that brain
damage lies behind every psychological
malfunction is an impressive array of
clinical information demonstrating that
psychological malfunctions can be and
are caused by certain kinds of brain
damage (although brain damage some-
times shows a disconcerting failure to
affect behavior at all). There is no evi-
dence at all to show that every func-
tional disorder is the result of structural
damage to the brain. The science least
likely to resolve this implied problem is

the science of electroencephalography.

The electroencephalograph measures
the gross electrical activity of the brain,
which results from the fields and cur-
rents generated in unknown patterns by
an unknown set of neurons somewhere
near the surface of the brain. The elec-
troencephalograph can thus detect
changes in activity of large assemblies
of neurons, and because of this and be-
cause of the complexity of the signal,
can differentiate between grossly differ-
ent patterns of U.ozin activity. In the
same manner, a high-impedance probe
inserted into the main frame of a com-
puter could be used to detect (empiri-
cally) changes in the routing and num-
ber and time patterns of electrical sig-
nals; a patient observer might correlate
these changes with certain gross mal-
functions in the computer and use them
for diagnosis, as the electroencephalo-
gram is often used.

Suppose, however, that one day the
computer technician attached his probes
and recorded the patterns of signals and
found some extreme changes which
failed to resemble any of the “normal”
traces. Should he decree an emergency
operation? Perhaps, or perhaps not; he
will have to find out first (i) whether
there is a mistake in the program so
that the computer has started dividing
by zero; (ii) whether a new type of

program is being used so that the pat-
terns of activity are not typical of the
usual sort of program; (iii) whether the
machine has been told to do something
it cannot do; and (iv) whether any of
the other things which can have the
observed effect without failure of any
part of the machine (and there would
be many of them) have happened. True,
certain typical disorders are likely to
have typical effects on the “electrohard-
wareogram,” so that after one has ob-
served the coincidence enough times he
feels confident in making certain diag-
noses, but it is entirely possible, if not
probable, that merely by programming
the machine just so one could simulate
a tumor in a transistor or a lesion in a
loop.

A medical student once protested to
me, after listening to some of my
propositions concerning a model for
behavioral organization, “But you can’t
know anything about function without
knowing structure!” In the brain, I sus-
pect that the opposite is true: you can’t
know anything about structure (that is,
organization) until you first know func-
tion (what the structure does). I suspect
that the medical student sometimes uses
machines of which he understands the
function considerably better than the
structure, and I know for fact that even
some of the most sophisticated of com-
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puter users may well consider a study
of flip-flops, diode storage times, and
bit density on tape a waste of their
time, leaving that to those who want
to build, not use, computers. The best
way to learn how computers work is
certainly not to start by studying the
metallurgy of copper wire, vacuum tube
or transistor theory, and the quantum
mechanics of conduction processes. One
could know all that there is to know
about these “fundamental” aspects of a
computer and still be completely, or at
least largely, ignorant of the various
functions which a computer can carry
out so usefully. One could know all there
is to know about synaptic processes,
cell metabolism, and the routing of im-
pulses through the brain and still not
be able to make heads or tails of what
the blamed thing is for. Only through
a thorough analysis of the things which
people can do, and orderly construction
of a model representing these functions
and their interrelationship, can one un-
derstand “brain activity.” Only then can
one group the various structures he has
found and has yet to find into meaning-
ful assemblies which tell him anything,
which bear any comprehensible rela-
tionships to each other. I stood by once
and heard a neurosurgeon comment to
a colleague, during a cleaning-up proc-
ess where a brain tumor had been,
“Look there—that’s all good brain.”
This might be called the simplest con-
cept of function; as long as there’s
enough good brain left to secrete be-
havior, you’re OK.

I don’t claim that psychologists or
cyberneticists have yet published any-
thing that is very helpful in helping us
understand brain structure, but I will
assert that no neurologist has ever pub-
lished anything (limited sample admit-
ted) that helps us understand why our
neighbors’ children are so inferior to
ours,

Behavioral science and neurology are
still a long way apart, and the attitude
of many neurologists toward the psy-
chological approach is no help in getting
them together. The childlike faith that
sufficiently fine measurement and suf-
ficiently thorough chemical analysis
will explain behavior may sustain one
through periods when nothing seems to
explain anything, but it is a faith, not
a fact, and ought not be referred to as
if it were proven and self-evident. The
essence of science is measurement, and
measurements yield numbers; the num-
bers remain numbers until some human
being fits them into his concept of a
system which performs certain func-
tions; only then do the numbers mean
anything at all. And if the human being
had not started with some guess about
function, he never would have made a
meaningful measurement.

I argue, therefore, that not only is

23 SEPTEMBER 1960

7)
OUgp g™

National Appliance Co.
7634 S.W. Capitol Hy. * Portiand 19, Ore.
Eastern Sales:

H. Reeve Angel & Co., Inc.
9 Bridewell PI. ¢ Clifton, N. J.

INATIONAL

NATIONAL

APPLIANCE

INCUBATION

... for efficient, modern study of bacteria,
virus, tissue cultures by CO, technique.

National Appliance has designed six CO.
incubators for use in hospitals, pathology clin-
ics, veterinarian schools and laboratories, re-
search laboratories, public health laboratories,
as well as plant and animal sciences.

Incubators now manufactured by National
represent the three methods of obtaining CO.
atmospheres: batch displacement, vacuum and
continuous flow. National’s CO: incubators are
designed for critical control of temperature,
CO:. tension and moisture content with flexi-
bility of variations. They are designed for use
as wet or dry chambers with a line of water-
jacketed incubators providing for ultimate tem-
perature control. There is a National CO.
incubator ideally suited to your purpose.

FREE: Send now for a free copy of Bulletin
No. 6051, “Carbon Dioxide Incubation.” In
it you will find a complete description of appli-
cations, methods and advantages in the use
of CO: incubation. In it, also, is catalogued
National's complete line of CO: incubators and
accessories, including price lists.

APPLIANCE

Second Printing July 1960
AAAS Symposium Volume No. 52

EVOLUTION OF NERVOUS
CONTROL FROM PRIMITIVE
ORGANISMS TO MAN

Editor: Allan D. Bass

1959, 240 pp. $5.75, AAAS members’
prepaid orders $5.00

From a review in the Psychiatric Quar-
terly, January 1960:

This book is another in the superb
series of monographs put out by the
American Association for the Advance-
ment of Science. . . . The text is actually
a very readable review of some of the
major research going on in various
phases of neuropsychiatry.

This book offers much more concrete
and useful data than do a number of
larger tomes dealing with the interdis-
ciplinary approach to mental disease. It
may be profitably read by anyone in-
terested in the differing aspects of, or
approaches to, the study of the nervous
system and its activity.

British Agents: Bailey Bros. & Swinfen, Ltd.
Hyde House, W. Central St.
London, W.C.1

AAAS
1515 Massachusetts Avenue, NW
Washington 5, D.C.

Scintillation Detectors
Scalers — Amplifiers
Count Rate Meters
Spectrometers

Pulse Generators
Electronic Sweeps
Gas-Flow Counters

End-Window Counters

Preamplifiers —
All Types

Model 50-1
Spectrometer

. alpha, beta, gamma, x-ray and neutron detectors . . .

along with 31 types of scalers and a full line of associated
amplifiers and preamps . . . are available from RIDL. For
general electronics laboratory use, RIDL also manufactures a
precision pulse generator, count rate meters and a variety of
high voltage supplies. All types of spectrometers are custom
assembled from standard components. The RIDL line of radi-
ation instruments is made complete by several single channel
pulse height analyzers and two and four channel coincidence/
anti-coincidence analyzers. For the full line of radiation in-
struments by RIDL, write to Dept. J for Catalog 61.
/\)(u/iu[iun \(}n.;/rumvu/

“J):-Z\(’L’(’/;)/Iill (‘l'/ ",A[)

ylll'.

a n)ru/()n/.\
61 EAST NORTH AVE. ~»
PHONE: MUrray 1-2323

NORTHLAKE, ILLINOIS
Cable Address: RADILAB



the functional approach essential and

prerequisite to understanding of any .

structure but that any scientist who does
more than fill catalogs full of numbers
uses the functional approach all the
time, willy-nilly. He does so because
that is one of the functions which hu-
man beings are built to carry out,
WiLLiaM T. POWERs
4024 Bluebird,
Rolling Meadows, Illinois

William Powers states a viewpoint
which we support and have done much
to document. Our only regret is that he
should have misinterpreted the state-
ments made in our original communica-
tion and have attributed to us a position
which we deprecate. Far from implying
that the differences in “normal” and
“anxious” subjects “must be due to brain
damage of some sort,” as Powers de-
duced, we stressed that “studies of the
microscopic structure of the nervous
system have revealed no significant
changes in the brains of persons suffer-
ing from the common neuroses and
psychoses.” The remainder of our com-
munication presented evidence that one
might be able to measure electrograph-
ically dysfunction in this group of
chronically anxious subjects who have
no known demonstrable damage to
structure. Although Powers purports to
find us hinting that structural damage
is the cause of neurosis or psychoses,

there is no such statement or suggestion

anywhere mentioned or implied; nor in- .

deed do we subscribe to such a view.
Our brief report concerned one elec-
trographic method which might be used
to evaluate brain function or dysfunc-
tion, regardless of the basis of the im-
pairment. We would reaffirm our orig-
inal statement that “perhaps more sensi-
tive methods of measuring responsive-
ness in the electroencephalogram may
demonstrate other evidence of impair-

ment [of function] in the ‘functional’ .

disorders of the brain.”
CHARLES E. WELLS
HaroLD G. WOLFF
New York Hospital—Cornell,
Medical Center, New York, New York

Conversions

Pembroke J. Hart in his letter on con-
versions [Science 132, 256 (22 July
1960)] uses a conversion factor of
1.1516 statute miles per nautical mile.
This is the factor given in most current
reference works, yet since 1 July 1954
the Department of Commerce and the
.Department of Defense have been using
the international nautical mile, defined
as exactly 1852 meters, for which the
conversion factor is 1.1508 statute
miles per nautical mile.

Prior to 1 July 1954 the United
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States used a nautical mile of 6080.20
feet (1853.248 meters). The interna--
tional nautical mile at the time of its
adoption by the United States was
equivalent to 6076.1033 U.S. feet, but
effective 1 July 1959 the United States
adopted the international yard, equiva-
lent to 0.9144 meter. Therefore the in-
ternational nautical mile is now equiva-
lent to 6076.11549 international feet.

It is apparent that the term nautical
mile is ambiguous and, when encoun-
tered in a scientific paper, is difficult to
interpret. As Hart points out, conver-
sions. in the metric system are much
simpler. _

I suggest that the use of nautical mile
be restricted to air and surface naviga-
tion, where it has real value, and that
metric distance units be used in space
flight and rocketry.

WiLLiaM H. ALLEN -
5223 MacArthur Boulevard, N.W.,
Washington, D.C.

Pembroke J. Hart, in his letter on
conversions, evidently used for his con- -
version the “old” nautical mile, which
for the United States was 6080.20 feet
and for the British, 6080.0 feet. The
former would give his ratio of 1.1516
(1.15155).

The “new” nautical mile or interna-
tional nautical mile, as defined by the
International Hydrographic Bureau, was
adopted by the United States on 1 July
1954; this length is 6076.1033 feet (1),
and the ratio is 1.1507575. -

' H. RoBERT DURSCH
Skagit Valley College,
Mount Vernon, Washington

Reference

1. N. Bowditch, New American Practical Navi-
gator, (Government Printing Office, new ed.
Washington, D.C., 1958), p. 65 (U.S. Navy
Hydrographic Office Publ. No. 9).

P. J. Hart’s letter complaining about
two instances of imprecise conversions
from metric to English units is meant
to point up one of the advantages of
converting to the metric (decimal) sys-
tem universally. I wish to use it for a
different lesson. We should rid ourselves
of the pedants who translate a news
item about a 4540-kilogram spaceship
into 10,009 pounds, as well as the
squares who round off the conversion
factor and come out with 9988 pounds.
I don’t have access to the original re-
port but suppose that it came out of
the U.S.S.R. as a news item, not as a
scientific datum. The aim was to com-
mand admiration, not to provide a basis .
for computing the burning time of the -
rocket motor. Rendered into English
(U.S.), the weight of the satellite, as a
news item, is 5 tons.

Now for the generalizations: (i) “If
you wish to have what you say remem-
bered, put it in the words that your
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