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ROTO-CELL 

for converting Spectronic 20 into an 
inexpensive spectrophotometer 

for control, research, teaching, etc. 

ROTO-CELL. A one-piece, double 1 ml cell, 
10 mm light path, in swivel action carrier 
with water-jacketed housing, for rapid 
scanning a t  controlled temperatures. 

Readily interchangeable with the single 
place sample holder of Spectronic 20. Pro- 
vides instantaneous interchange within 
the instrunzent of sample and blank for 
speed in plotting absorption curves. 

Finger tip rotation of knob introduces 
either cell chamber into light beam and 
provides dark current check. 
9085-C. Roto-Call, Thomas, with double 
1 ml cell of Vycor brand glass, with cover; 
with 10 mm light path.. . . . . . . . . . .80.00 

9014-E. Spodrophotometer-Cdocimeter, B. + L. 
Speetronic 20. Range 375 950 mmu..band w~dth 
20 mmu. Reads In transmias~on and optlcal denety. 
Complete outfit with stabilizin transformer, Roto- 
Cell, etc. For 116 volts, 60 e y c k ,  a.c.. . . .311.50 

Copy of Bulletin 121 sent upon request. 

ARTHUR H. THOMAS CO. 
Laboratory Apparatus 

and Reagents 
VINE ST. AT 3RD PHILADELPHIA 5, PA. 

Letters 
Zomputers in Medicine 

As a medical statistician, I read with 
nuch interest Robert S. Ledley's article 
)n "Digital electronic computers in 
~iomedical science" [Science 130, 1225 
1959)l. I was happy to see how much 
tttention is being given to some of the 
nore mathematically complex problems 
n medicine today. I find some of Led- 
ey's visions, however, not very realistic, 
n view of my own experiences. To 
:over these completely would require an 
~rticle far more extensive than Ledley's, 
$0 I shall confine myself to a sketch of 
3 few points. 

Ledley states that there are a great 
many applications of computers in the 
straightforward statistical analysis of 
medical records. A large computer 
manufacturer investigated this problem, 
at the request of an organization I was 
with at the time, and found that the use 
of computers was too expensive. Stand- 
ard punch-card machines are better. 

With regard to statistical analysis of 
medical problems generally, I learned 
through eye-opening experience that 
large amounts of data and complex 
mathematical manipulations usually con- 
tribute nothing but disappointment and 
wasted effort. No more valid informa- 
tion can be gotten from a set of data 
than is inherent in the data. I ,think most 
people have to learn this the hard way. 

Ledley states that measurements con- 
cerning an individual's normal state of 
health may serve as tools for instituting 
preventive measures before diseases oc- 
cur. Vaccination and immunixation pro- 
grams come under this heading, but 
where do we go from here? It is almost 
a certainty that we will develop some 
circulatory-system "disease" before we 
die, if we live long enough, but how do 
we prevent it? We know very little about 
the prevention of many diseases, par- 
ticularly those which afflict us later in 
life. Computers, to a certain extent, can 
help us study these problems, but that is 
all. 

When a machine performs a dis- 
criminating function-the problem of 
diagnosis-it must have good data as 
well as a good discrimination program. 
What do we know about "normal values 
in medicine," fundamental data in this 
problem? I suggest that Ledley obtain a 
copy of a fairly recent book by F. W. 
Sunderman and F. Boerner, Normal 
Values in Clinical Medicine (W. B. 
Saunders$ Philadelphia, 1950), and 
study some of these values. He should 
not be content with accepting the stated 
findings but should look up the original 
literature references, and should try to 
compare a set of "normal values" from 

one study with those of another study 
of the same thing. I have done some of 
this in connection with a book on medi- 
cal statistics that I am now writing. I 
was so disturbed by what I found that 
I am attempting to interest the National 
Institutes of Health in giving the prob- 
lem some serious study. In my opinion, 
adequate data as well as criteria for 
normality are lacking for many things 
in medicine. 

Establishing normal "base lines" is 
only one step in dealing with medical 
problems. Current medical practices re- 
quire continuous sources of accurate 
and precise measurements. How accur- 
ate and precise are current medical 
measurements? From the studies I have 
seen, they are subject to considerable 
improvement. Look, for example, at unit 
3 of A Syllabus o f  Laboratory Exami- 
nations in Clinical Diagnosis, by T. H. 
Ham (Harvard Univ. Press, Cambridge, 
1956). Results of a survey of the ac- 
curacy of some clinical laboratories are 
presented. The findings leave a great 
deal to be desired. Other more recent 
surveys show much the same thing. The 
main point here is that we have a long 
way to go before we can be satisfied 
with current practices in making some 
very basic medical measurements. 
Should we program a computer with 
data of unknown accuracy? 

I would like somehow to convey to 
Ledley that medicine is not a mechanis- 
tic science. I know of no better way to 
learn this than by some first-hand ex- 
perience. Ledley should visit a local hos- 
pital and listen while the physicians dis- 
cuss their problems. If possible, he 
should talk to a few patients himself. 
This should be done in a small hospital 
in a small town. 

I would like Ledley's opinion as to 
what to do in a case like this. An aged, 
senile member of a family is cared for 
in a nursing home. The financial drain 
on the family is very heavy, but he re- 
quires constant nursing care, too ex- 
pensive to provide at home. His senility 
has advanced to  the stage where he no 
longer even recognizes members of his 
own family. The patient develops 
pneumonia, which if not treated heroi- 
cally will probably prove fatal. Should 
he be "cured" to return to his vegetable 
existence for a little while longer? Is 
"old age" a disease? 

One prominent medical educator 
wrote not long ago, "In my opinion, 
what doctors say and do not say and 
what they do and do not do is one of 
today's most important factors in the 
cause and aggravation of illness" [W. 
Darley, "What is the next step in im- 
proving the teaching of preventive medi- 
cine," Assoc. Teachers o f  Preventive 
Med. Newsletter 6 ,  No. 2 (1959)l. A 
major factor in medicine is the inter- 

SCIENCE, VOL. 131 



personal relationship between the phy- 
sician and the patient. What can com- 
puters do here? 

Finally, I would like to repeat that I 
am much interested in learning about 
what is being done with computers in 
medicine. I think that Ledley's contribu- 
tion will be greater, however, if he will 
learn more about the day-to-day prob- 
lems and practices of medicine. 

ROBERT G. HOFFMANN 
J. Hillis Miller Health Center, 
University o f  Florida, Gainesville 

information can be recorded on a 1- 
foot-high stack of magnetic-tape reels 
weighing only 30 to 40 pounds, and con- 
veniently processed by electronic com- 
puters. Also, it is usually not practical 
to perform on conventional punched- 
card equipment any mathematical 
calculations other than counting or sort- 
ing; in many such oases digital com- 
puters become a necessity. I certainly 
agree with Hoffmann thact "no more 
valid information can be gotten from a 
set of data than is inherent in the data," 
but obviously no information at all can 
be obtained from a set of data without 
processing it. The kind and extent of 
processing evidently depends on each 
particular situation. 

Hoffmann disagrees with my opinion 
that the biochemical and physiological 
indices of an individual's normal state 
of health can be used as a ,tool for in- 
stituting preventive measures before 
diseases occur-because, he says, "we 
know very little about the prevention of 
many diseases. . . ." The meaning of 
the words very little is of course rela- 
tive, but it is certain that present knowl- 
edge of preventive measures for various 
diseases is far from zero. When an in- 
dividual survives a heart attack, his 
physician frequently suggests many 
changes in his daily habits to prevent 
another attack. If these changes in his 
daily habits had been instituted before 
the first attack, the attack might have 
been avoided, leading to greater lon- 
gevity for that individual. [See, for ex- 
ample, M. M. Gertler, M. A. Wood- 
bury, L. G. Gottsch, P. D. White, H. A. 
Rusk, "The candidate for coronary 
heart diseases," I .  Am. Med. Assoc. 170, 
194 (&959)] .  

Hoffmann appears distraught over the 
facts that "normal values in medicine" 
do not seem to be accurately known, 
and that "current medical measure- 
ments" are not always accurate or pre- 
cise. - Because of these inaccuracies he 
concludes that computers cannot be 
used. Certainly there are areas in medi- 
cine requiring vast improvements, but, 
quite contrary to Hoffmann's opinion, 
this indicates to me areas where com- 
puters can be significantly utilized-as 
aids to the more systematic collection of 
data, the more detailed analysis and 
evaluation of the results, the planning 
of improved studies, and so on. For ex- 
ample, perhaps the "normal values in 
medicine" appear not to be accurately 
known because without the aid of a 
computer individual variability has not 
been adequately considered or because 
it may have been too difficult to con- 
sider a sufficient number of factors or 
data. 

In asking my opinion of euthanasia, 
which is quite irrelevant to the article, 
Hoffmann probably means to pose a 
question about computer aids to medi- 

(Continued on page 564) 

Of the four general areas of applica- 
tions of computers in biology and medi- 
cine discussed in my article-namely, 
(i)  solutions to equations, (ii) simula- 
tions, (iii) data processing, and (iv) in- 
formation retrieval-Hoffmann is evi- 
dently concerned only with aspects of 
the latter two. He seems to take issue, 
"in view of [his] own experiences," with 
my statement that "there are a great 
many applications of computers in the 
straightforward statistical analysis of 
medical records, experimental results, 
and other data." However, judging from 
Hoffmann's letter, apparently his own 
experiences with computers must be 
quite limited. 

Before considering his specific points, 
I would like to note that he need not 
worry about a lack on mv Dart of direct 

experience with patients for, 
although presently not in practice, I 
have spent several years working in 
clinics and with private patients. Hoff- 
mann should heed the statement made 
in the article that presently most applica- 
tions of computers in biomedical science 
are being made by people with extensive 
cross-discipline backgrounds. 

I believe that Hoffmann has missed 
the most important point in his com- 
parison of punched-card machines and 
computers. As was pointed out in my 
article, "the advantage in the use of 
computers . . . is not derived merely 
from the fact that the computer can per- 
form complex mathematical and logical 
operations rapidly, but rather from the 
observation that the electronic compu~ter 
makes feasible the solutions to problems 
that could not otherwise be approached." 
Sometimes the use of computers can 
save money, sometimes not; no categori- 
cal statement can be made-it depends 
entirely on the particular circumstances. 
But the fact that an electronic computer 
presents vastly increased capabilities is 
beyond question. Consider, for example, 
just the basically simple case of handling 
ease: The information on a stock of 
punched cards that reaches as high as 
the Washington Monument and weighs 
about two tons would be difficult to 
manipulate with punched-card ma- 
chines; under some circumstances a 
project involving so many cards might 
be considered unfeasible. But the same 
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Llsnu's f1iI1> pc)rtal)le L U R - 2 5 B  "'"t 
Liquid Sitrogen Refrigerator is the I- k 
niost reliable cold storage unit in 
existence. This rugged stainless steel 
cot~tainer has no nlecllanical onera- 
ting parts and thus is essetltially 
maintenance-free - elitl~inates cla111- 
aged samples caused I,y power 
failures. 

It \c.eighs only 60 11)s. empty, yet 
holds 28.5 liters of liqnicl nitrogen 
and 392 ru. incliea of storecl san~ples. 
A special L ISDE inkulatiorl holcls 
evaporation loss to only 3 5 ,  a clay. 
On a single charge of rlitrogen,it will 
keep samples at -320°F. for 34 days, 
directly immersed in the liquid, or 
for 23 days in sealed tu1)ular baskets 
suspended in the liquid. The large- 
diameter neck tube permits quick 
and easy access to the interior. 

Linde Company manufactures a 
full line of containers (including the 
16% cu. f t .  storage capacity LNR-640 
Refrigerator), accessories and other 
cryogenics equipment for the storage 
and handling of liquefied attnos. 
pheric gases. For information on the 
LNR.25B Refrigerator o r  other 

. . 
nt, mail tl - 

- 
l u r g i ~  
immt 

Typical uses: 
preservation of enzymes, hormones, proteins 
pharmaceutical and chemical  research 
storage of bacter ia cultures without labori. 
ous transplanting 
preservation o f  cancer cells for  research 
shrink f i t t ing  small  meta l  production parts 
cold storage of aluminum rivets and metal- 

cal samples 
!diate freezi  1 glands 

I CONSTRUCTlOh 
Cmawuy allows interior arrangement of stor- 
uge haskets in the  LINDE LSR-25D and  ils 
construrtion. Baskets are easily an11 qnirkly 
withrlmwn t h r n t ~ g h  wicle-entranre tul)e. All. 
stainless wel~lerl r ons t r~~r t i on  and sul>erior in- 
sulat ion mnke i t  bo th  portab ~ble.  

Hinged Cap 
Basket Support Rod 
Lifting Handle 
Special LlNOE Insulation 
Product Storage Basket 
Removable Neck Tube 
Basket Spacer 

P-----------------------y 

I Linde Company, Division of Union Carbide Corporation Dept. SC-023 I 
1 30 East 42nd Street, New York 17, H. Y. 
I Pleose send m e  complete information on  
I the Lh'R.25B r e f r i~e ra to r  
I other  eqnipment  lor liq~lefred atmospheric 8 
1 (please specify) 

! Name- 
f Firm Name- 
; A d d r e r a  
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i -,--------,------------- -J marks ot Union Carbide Corporation. 
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cal diagnosis that is covered in the 
article "Reasoning foundations of medi- 
cal diagnosis," by R. S. Ledley and L. B. 
Lusted [Science 130, 9 (1959)l. In that 
article mathematical methods are used 
to separate basically quantitative values 
from the so-called "intangibles" or value 
decisions frequently required of the 
physician that involve moral, ethical, 
social, and economic considerations of 
great complexity. As pointed out in 
that article, the use of the computer 
might "enable the physician to define 
more clearly the htangibles involved 
and therefore enable him to concen- 
trate full attention on the more diffi- 
cult judgments." 

However I am afraid the computer 
cannot be of aid in the "interpersonal 
relationship between .the physician and 
the patient," as Hoffmann puts it, un- 
less of course we stretch a point and say 
that any assistance a computer may give 
the physician in making a more precise 
diagnosis and a more scientific determi- 
nation of the plan of treatment will tend 
to improve physician-patient relation- 
ships in general. 

ROBERT S. LEDLEY 
National Academy of  Sciences-National 
Research Council, Washington, D.C. 

Cardiotachometer 

In a report by Rowley, Ghgov, and 
Stoner published in Science [130, 976 
(1959)], entitled "Measurement of hu- 
man heart rate during usual activity," 
the authors stated, "Quantitative data 
on heart rate in beats per many minutes 
to many hours during various kinds of 
activity and work are not available." 

It is apparent that the authors are 
unfamiliar with past developments in 
this field. In  1929, the late Ernst P. 
Boas developed the "cardiotachometer," 
which was designed to take continuous 
records of the heart rate for periods of 
hours or days. The many papers relating 
to this development were summarized 
in a text, The Heart Rate (Thomas, 
Springfield, Ill., and Baltimore, 1932). 
Since that time the device has been used 
extensively in many countries of the 
world and has been incorporated in 
many diagnostic and research tools. 

NORMAN F. BOAS 
Research Division, Norwalk Hospital, 
Norwalk, Connecticut 

We should like to express our grati- 
tude to Norman F. Boas for calling our 
attention to the outstanding work of 
the late Ernst P. Boas, who published 
a detailed description of his cardiota- 
chometer in 1928 ["The cardiotachom- 
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