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Although what a man can do with a computer has been
deeply explored, less attention has gone to what computers
do to men. Results of a survey show that some users fear
that thinking and the aesthetic appeal of science may suffer.
Nevertheless those who use them most are most convinced
that they will come to use them more, and at least one
commentator thinks that those who think sloppily with
computers would also think sloppily without them.

By Robert J. Spinrad

The folk wisdom of most nations has a proverb
that comments on man's discomfort with new ideas
or experiences. In English the saying is "You can't
teach an old dog new tricks." In Slovene it is,
"The tree must be shaped when it is young." One
does not normally think in these terms, however,
when discussing the deliberations of science be-
cause scientific thought reputedly represents the
ascendancy of objectivity over subjective predi-
lections. The professional scientist is thought of
as one whose training enables—or rather compels
—him to grasp the new if it can help him in his
search.

One of our profound "new tricks", the digital
computer, is now pervading all of science. Brook-
haven, for example, has fourteen digital computers,
and five more are on order. All fields of research use
them. More than half of the machines are directly
connected to experimental apparatus.

In my work with digital computers it has be-
come apparent to me that science is not of one
mind about this new tool. In fact it is viewed

The author, who heads the Computer Systems Group at
Brookhaven National Laboratory, has devoted his research to
electronics, computers, pattern recognition, and computer
applications to experiment. He is the author of two recent
books on computers as experimental tools. This work was
supported by the US Atomic Energy Commission.

in many different and contradictory ways by work-
ing scientists. Thus I thought it would be inter-
esting to explore these opinions. To do so I
prepared a three-part questionnaire (see illustra-
tion) that I distributed to the more than 400
members of the scientific staff of my laboratory. In
the first part I established the basic facts of the
individual's computer use and programing ability.
The second part probed the scientist's technical
and aesthetic reaction toward the role of com-
puters in his field. These questions were put in
a somewhat impersonal, multiple-choice format.
The third part was a question soliciting general
comments or any further remarks provoked by the
multiple-choice questions. Each individual was
asked to identify himself only by field of research
and approximate age.

Response was rather good; about half of the
scientists took the trouble to fill out the ques-
tionnaire and return it. Replies ranged from a
perfunctory completion of the multiple choice
questions to, in one case, a short essay on pre- and
postwar science. They were, on the whole, quite
thoughtful and, as expected, conflicting. That is
not to say that all the responses expressed differ-
ent points of view. Most replies reflected a practi-
cal and somewhat pragmatic attitude toward the
new tool. Consider, however, the divergence in
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On the aolsatist 's use of digital

l a . Meld of research (e.g. woleoular biology, organic ehewistry, e t c )

. Field of graduate study if different from above

:3a. How muchVf your research time do you spend making uoe of computers

£J None £ 7 l e a s t b a n . * ° * ^ 7 a b < m t 25^

£37 about 50* £ 7 75S6 o r wor*

t>. Eo you find this time increasing or decreasing?

{—} increasing /"7 remaining about constant jTJ decreasing

i|a. Do you lcnow how to program computers? £J yes £J no

! b. If not, do you feel you will have to learn? £J yes £ 7 no

' <j. Do you, or will you* require your students to learn?

/"7 yes /"*7 no /~7 some of them

In yqur field, do you think that the role of computers will
increase more rapidly than in other fields?

£J will move more rapidly
/"~7 will keep pace with science in general

/~7 will grow at a slower pace than m other fields

Certain areas in your field have profited more from the use of
computers than have other areas* Do you find your interests
growing more toward or away from these computer-aided studies?
£ 7 toward computer-aided areas
£y not relevant

/~7 away from computer-aided areas

?. We have al l seen situations where having access to a computer
has had the effect of making a man's thinking sloppy. Are people
outgrowing this, OP 1B this trend continuing?'

f~7 outgroxlng continued danger

Putting aside for the moment questions of research efficiency
and effectiveness, do you "aesthetically" prefer the pre-computer
era of science?

£7 no
. have no aesthetic reaction

£J ye

In your reading of the scientific literature in your field you
have probably noticed an increase in the number of papers on
computer-related topics. Do you find yourself reading these
papers?

£ 7 yes f~7 less then the others

Do you find these papers technically on a par with the other
papers?

£J yes, generally £J no

10. I would appreciate any farther coaoents you might oare to «taice.

Fig. 1. Physical scientists' use of computers in re-
search is displayed in three dimensions. Fraction of
respondents who use them is displayed as a function
of age and amount of use.

view expressed by these two respondents. The
first, a solid-state physicist said,

Computers as applied to sciences are a truly phe-
nomenal technical step forward. My students tackle
problems which would have been out of the ques-
tion some years ago.

The second, a high-energy physicist, tells us,

The most interesting thing about the computer
revolution is how little influence they have had,
not how much. I cannot think of any important
advance in science due to computers.

This is certainly a striking difference in attitude
but one I had repeatedly encountered before. My
object, therefore, was not merely to elicit these
responses but rather to see whether there was any
pattern to them—to see whether one attitude could
be associated with physicists and another with bi-
ologists or whether age or training could be cor-
related with response. I confess to being only
partially successful in this search. I did not find
any sharply defined associations but rather only
general trends and predilections that are, never-
theless, of interest.

Pattern of response

The most noticeable correlation is between the
scientist's age and the likelihood of his using
computers in his research. Older men tend to use
them less. Figures 1, 2, and 3 give some insight
into this. They represent the distribution of re-
search computer use as a function of age group
in three broadly defined areas. The question was
particularly worded to reflect the proportion of
research use to avoid biasing the response. (Older
men are more likely to have heavier admin-
istrative responsibilities.) Results show that sci-
entists in the first two decades of their careers tend
to spend more of their research time using com-
puters than their older colleagues.
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Fig. 2. Applied physicists show a use pattern similar
to that of the group that includes all the physical
scientists. Dimensions on the graph are the same
as those of Fig. 1.

BIO-MED

Fig. 3. Biological and medical scientists, accord-
ing to this use pattern, have a smaller commit-
ment to computer use than their colleagues in
the physical sciences.

Another clear, and expected, result was the
much lower present commitment of individuals
in the biological and medical sciences to research
that involves computer use. Compare Fig. 3 with
Figs. 1 and 2. (Interestingly, the biological-medi-
cal respondents, in answering question 5, antici-
pated less change in their use of computers than
did those in the physical sciences.)

Although it is not my purpose here to reflect
on the reasons for these age-linked trends. Fig. 4
may suggest part of the answer. This figure pre-
sents a measure of the individual's competence
in using computers—whether the respondent
knows how to program—as a function of age.
The obvious connection between ability to use a
tool and the probability of thinking in terms of
its use must be considered. As the bar graph
shows, the older a scientist is, the less likely he
is to know how to program, with only about one
in ten of the most senior men being knowledge-
able in this area.

Included on the graph is an indication of the
stage in their professional career that the various
respondents had reached when the great growth
of computers in science had just begun. I think
it no accident that the younger men—those who
show the greatest knowledge—were still in the
"learning" part of their careers at that time. Those
over 40 had to be self-motivated and self-trained
in these techniques. Interestingly, more than 90
percent of the respondents indicated that they
would want some or all of their students to learn
programing—regardless of whether they them-
selves knew how. Sixty percent who did not cur-
rently know how to program felt that they would
have to learn.

In an effort to determine the scientists' view
of the computer's role in their particular fields
I asked them to estimate the computer-use growth

£ io

AT START OF
- COMPUTER

ERA

35 40 4 5 50
AGE OF RESPONDENTS

Fig. 4. Who can program? The answers to this
question show that older scientists are less likely
to know how than younger ones.

pattern in comparison with other disciplines
(question 5). The implicit assumption was that
computer use would grow in all of science. There-
fore, an answer, "will keep pace with science in
general." ahead)- allowed for normal growth. An
interesting result was that in almost every field
the predictors of extraordinary growth greatly out-
numbered those who expected slower growth. The
overall averages were: more rapid growth 39 per-
cent, slower growth 7 percent, and keeping pace
54 percent.

Familiarity brings respect

Examined in more detail, it could be seen that the
heavy users expected still heavier use and the
modest users predicted a smaller increase. Thus
among high-energy experimental physicists (the
most computer-committed group) 75 percent esti-
mated a more rapid growth and 21 percent ex-
pected only average growth. Among biological-
medical scientists, by comparison, 23 percent ex-
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WAVELENGTHS IN MILUMICRONS

You needn't be delayed waiting for expensive in-
terference filter designs any longer. Optics Tech-
nology's new set lets you create a bandpass of
any width you desire from several hundred milli-
microns down to 50 millimicrons anywhere in the
visible spectrum. Further, the bandpass you select
is blocked against unwanted wavelengths on either
side from X-ray to X-band.

The set contains a series of both short-wave and
long-wave pass filters. The short-wave or long-
wave passes may be used individually or in com-
bination to achieve specific passbands, as shown.
If desired, the combination may be rotated to shift
the bandpass by a few millimicrons; we supply a
calibration of this shift in wavelength with respect
to incident angle.

Transmission is good—over 80% for individual
filters—and the all dielectric design insures low
absorption; they may be used with intense sources
such as ruby lasers without deterioration. Each
filter is provided with a calibration curve. Curves
are laminated in heavy plastic and bound into a
volume. Filters are 2" x 2" and are delivered in a
leatherette box. Complete price only $495. Delivery
from stock. Specify Set 60.

OPTICS TECHNOLOGY INC
901 California Avenue. Palo Alto, Calif.
327-6600 (Area Code 415)

In Europe, contact

Optics Technology Instruments,
Ghent, Belgium

pected more rapid growth, 19 percent less rapid
growth, and 58 percent predicted average increases.

Reflecting the expectation of a larger role for
computers was the scientists' response to question
3b inquiring about their own rate of computer
involvement. Forty-eight percent found their time
commitment increasing, and only 3 percent found
themselves using computers less.

Question 6 dealt with the trend of the indi-
vidual's research interests toward or away from
computer-aided studies. Fifty-three percent found
themselves moving toward the areas that profit
from computer use, and four percent experienced
the opposite effect. The remaining 43 percent did
not find computer use a relevant factor in their
plans.

Fifty-five percent of the respondents found them-
selves reading computer-related papers in their
field as readily as the more familiar ones. Eighty-
two percent considered those that they read tech-
nically on a par with others in the scientific litera-
ture.

Among the most illuminating returns were those
that included comments. A number of the re-
spondents made remarks (sometimes extensive)
about issues raised by the questionnaire. There
seemed to be particular concern over the role of
the computer in removing a man from direct con-
tact with his work. A 27-year-old theoretical physi-
cist worried,

Computers have made possible the peculiar situa-
tion that a man may publish the results of a
computation performed with a program that has
grown over the course of several years under
many hands. The entire structure of the program
is known to no one, and hence, in some sense,
there is no one who knows precisely what calcula-
tion has been performed.

A chemical physicist was concerned that the digital
computer fostered

the tendency for people to believe that their data
that have been processed through a computer are
now beyond question. This is bad. To some ex-
tent the computer is a hypnotic drug.

Another physicist commented,

It is often very difficult to follow what another
investigator has done when he makes extensive use
of computers in processing his data. Thus we have
to accept a lot more "on faith" than did the pre-
computer generation. This could result in a serious
drop in the quality of research.

Do computers injure thinking?

Question 7 suggested that ready access to a com-
puter might encourage a man to imprecise think-
ing. The response was mixed, with about two
out of three seeing this as a continued danger.
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New lightweight aluminum
nitrogen storage container costs
less, increases holding time...

and doubles as a nitrogen
refrigerator.
It's revolutionary!

Now greater flexibility and economy with Hof-
man's new 10 liter aluminum, nitrogen storage
container. Thermal-conductivity is reduced con-
siderably with new plastic inner neck design,
allowing increased liquid retention. Through
use of a separate neck connection the 10 liter
container converts to a refrigerator with room
for five sample storage canisters.

Also available in 2V2 liter and 5 liter sizes
for storage and transfer (these units not inter-

changeable). All three models are lighter and
smaller in overall size than the standard steel
units cutting storage space and handling effort
to an absolute minimum.

For complete specs and prices, write or call
today. Hofman Laboratories, 225 Parkhurst
Street, Newark, New
Jersey. West Coast:
6750 Caballero Blvd.,
Buena Park, Calif.



New from
Princeton
Gamma-Tech:
germanium detectors
lithium-drifted from
five surfaces

a crystal with.
8 cm2 face now
gives you up to
10 cm3 volume

Shown above is a model of a detector with the largest
lithium-drifted sensitive volume you have ever been able
to buy. We now produce standard and five-side-drifted
detectors with volumes up to 10 cm3.

Princeton Gamma-Tech's detectors are rigorously pre-
tested and backed by a 90-day warranty. Prices range from
$2450 (3 cm3) to $5750 (10 cm3), including all hardware
and liquid nitrogen dewar. Supplied in four styles shown
below. Telephone for further information, or write for
Bulletin P-l.

STRAIGHT OR ELBOW, WITH OR WITHOUT 25-LITRE DEWAR

PRINCETON GAMMA-TECH

Box 641, Princeton, N. J., U.S.A. • (609) 924-7310
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One chemist who answered that way went on,
There remains the question, which probably can-
not be answered, whether those who think slop-
pily with computers would not think sloppily
without them. Perhaps computers do not induce
sloppy thinking but provide massively greater
opportunities for revealing it.

In much the same vein, an enclocrinologist said,
My guess would be that a computer might amplify
the sloppiness of someone's thinking so that it
would be annoying whereas it was previously ca-
pable of being ignored. In my field the usefulness
of a computer is strictly limited by the knowledge
available for its input. When small improbables
are put in, big ones come out.

A differing point of view, however, was expressed
by a 33-year-old biophysicist who felt that,

Computer studies of a biological subject tend to
make one organize the problem better.

A question that inquired as to the individual's
"aesthetic" preference between the pre- and post-
computer eras of science (question 8) provoked a
lot of wide-ranging comment. From the statistical
point of view, the overall response indicated some
40 percent liking the present situation, another
40 percent having no aesthetic reaction, and the
remaining 20 percent preferring the "old days".
These proportions were not appreciably differ-
ent among the various disciplines. Scientists 50 or
more years old were about evenly divided when
they expressed a view.

The written comments tended to dissect the
question, as in this response from a high-energy
physicist:

The answer to question 8 is a "no" [he prefers
the present] insofar as I believe that the goals of
science in any period of time are the formulation
of laws of nature in as simple a way as possible.
Therefore the computer is to be regarded as a
useful tool to this effect and not a substitute for
analytical thinking and concise solutions to prob-
lems. If you mean by "computer era of science"
the era that substitutes numerical answers for
formulas that provide a deeper insight into prob-
lems, then my answer would be "yes".

A chemist chose to comment on a broader, though
allied question:

To answer question 8, I have taken the resultant
of the attractions and repulsions of postwar sci-
ence. The attractions are the power, precision,
virtuosity, sensitivity, and the novelty of ingenious
devices. The repulsions are gigantism, anonymity,
the rise of the public-relations officer, the confu-
sion of the spectacular and the significant, and ex-
cessive redundancy in publication. I have added
in the attraction of prewar science, namely the
novelty and power and beauty of the scientific
ideas. The fact that the vast masses of postwar
data are interpreted in terms of basic theory that,

_



RESEARCH
SCIENTISTS

go where
the GROWTH
is!

Consistent emphasis on advanced research has played a large part in the uninterrupted growth of Texas Instru-
ments (more than 200-fold since World War II and 15-fold since 1954). Since 1956, the expenditure for total
technical efforts (Research and Development) each year has equaled approximately 15 per cent of total sales
volume. This technical emphasis has also resulted in such major achievements as first commercial production of
silicon transistors, and more recently, development and application of SOLID CIRCUIT® semiconductor networks.
By 1974, this continuing emphasis on technological innovation is expected to create a need at Tl for an additional
5000 engineers and scientists with advanced degrees. In an informal and creative atmosphere, Tl research
scientists work individually and in teams to contribute creatively in new areas of scientific interest. At Tl scien-
tists are encouraged to publish research results and to participate in the activities of the scientific community.
Currently a number of important research opportunities are available for individuals with Ph.D. degrees and rele-
vant thesis or experience. These opportunities include senior-level openings for research scientists with extensive
experience or post-doctorate study.

Educational disciplines
of Central Research

laboratories personnel

CHEMISTR'
36%

I . 5 %
MATERIALS

SCIENCE / i MATHEMATICS

MECHANICAL* ELECTRICAL
ENGINEERING ENGINEERING

THERMOPHYSICS
MATERIALS

O F

Thermophysical properties of ma-
terials for application to heat
transfer and thermal stress prob-
lems.

THEORETICAL SOLID STATE
PHYSICS

Electron transport and optical
properties of solids; interactions
involving electrons, phonons, plas-
mons, photons, and magnons.

MATERIALS PREPARATION AND
PROPERTIES

Relationship of crystal prepara-
tion to the occurrence of point
defects and their effect on the
physical properties of non-metallic
crystals.

INFRARED AND OPTICAL
PROPERTIES

Optical and infrared properties of
semiconductors and related mate-
rials: photoabsorption, photocon-

ductivity, and luminescence phe-
nomena.

NON-LINEAR OPTICS
Electro-optical phenomena in semi-
conductors and dielectric effects
caused by coherent radiation and
large DC electric fields.

ELECTRON TRANSPORT
PHYSICS

Transport phenomena in semi-
conductors and semimetals, hot
electron and multiplication effects,
solid state plasmas, electron-
phonon interactions, interaction of
mm-waves and solids, galvanomag-
netic, magneto-optic, and high
magnetic field effects.

SOLID STATE DEVICE
RESEARCH

Material phenomena useful for
optical and electro-optical applica-
tions in: infrared sensors, infrared
sources, mm-wave detection, light
modulators, and displays.

VISIT our representative at the Placement Register, APS New York

meeting, January 26-29, 1966.

SEND confidential resume to Dr. J. Ross Macdonald, Director, Central

Research laboratories, Department C 212.

TEXAS INSTRUMENTS
I N C O R P O R A T E D

CORPORATE RESEARCH & ENGINEERING

P. 0. Box 5474 Dallas, Texas 75222

An Equal Opportunity Employer

PHYSICS TODAY DECEMBER 1965 • 53



IN STOCK
SINGLE CRYSTAL

SUBSTRATES
MGO
AL2O3

TO2

MGO-3AL2O3

QUARTZ
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I OF

Thin Film Chemicals

NACL
KBR

KCL

LiF

CaF

S E V A C * GRADE

CdSe

CdS

CdTe

ZnSe

ZnS

ZnTe

GaAs
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$1.50

1.50

5.00

1.50

1.50

5.00

7.95

The foregoinr

Single Crystal)
Per Gram

BaSb

InSb

InAs

MgFs

MgO

PbF

MnF
LiF

7.95

$5.50

6.75

1.50

2.00

1.40

1.75

1.00

I prices are for quantities

100-499 grams 20%
1-10

off; 500-999

Kg 40% off

CaFs

SnFs

BaF2

TiO:

AI2O3

Si

Ge

: of 1-99 grams

grams 30% off

.50

$ .95

1.15

.80

.80

1.25

.50

WORLD'S LARGEST VARIETY

OF SINGLE CRYSTAL SUBSTRATES

•TRADEMARK FOR THE ABOVE

Write Dept. 12
For Complete Literature

emi-elements, inc.
Saxonburg Boulevard, Saxonburg, Pa.

Phone: 412-352-1548

except for minor modifications, is exclusively pre-
war, is, perhaps, more to the credit of our predeces-
sors than to our own discredit. The fact remains
that in the prewar days our struggles were to
understand ideas whereas our postwar struggles are
to understand devices.

He answered that, in net, he preferred the pre-
computer era.

Scientist-programer relations
A number of the scientists used the questionnaire
to remark on a broad variety of topics related to
computers and computer use—though not neces-
sarily to the purposes of this survey. Quite a few
dealt with the relationships of the scientist with
the programer and with the mechanics of getting
a problem solved. One rather interesting comment
was made by a physical chemist who listed him-
self as spending about 50 percent of his research
time using computers:

What is needed among physical scientists is an
awareness of what computers can do. What is
needed in scientific laboratory administration is
the provision of many more applied mathemati-
cians and programers to relieve the scientist of
the time-consuming technical details of computer
use. Such provision has not kept pace with the
availability of computers. It is ridiculous to spend
megabucks for computer rental and balk at a few
hundred thousand for personnel. I would personal-
ly never touch the computer if competent people
were available to do all the necessary liaison
work.

A high-energy physicist, who spends less than
10 percent of his research time using computers,
made a suggestion:

I feel that scientists should make greater use of
professional programers. This should start in gradu-
ate school. I feel that too many students get
involved in programing, data analysis, and display
too early. They substitute these activities for new
thinking and approaches to the understanding of
physical problems. After some time the computer
dominates their life and the progress of their re-
search.

A similar point of view was expressed by a solid-
state physicist who felt that,

The greatest danger in the future is increased in-
dulgence in numerology, that is, calculating some-
thing not because of fundamental interest, but
merely because it can be calculated.

In summary it seems to me that the use of com-
puters in science is just emerging from a tem-
pestuous adolescence with the promise of a
rounded, healthy maturity still before it. I think
all will agree with one of the physicists that,

The sooner the computer and its ramifications
are accepted as just another research tool and not
a bogeyman or Utopia, the better.
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