Identifying and Encouraging

Potential Scientists

The most challenging aspect of education today.

The demand for high-level talent continues to in-
crease — partictlarly for scientists and engineers. Ef-
forts to meet this demand have been directed mostly
toward improving our educational facilities. However,
if we are going to develop our human resources to
the fullest. the early identification and encouragement
of potential scientists is of equal importance.

The high school science teacher is in the key posi-
tion to identify and encourage the future scientists of
America. Through increased knowledge of the psycho-
logical characteristics of the high-level scientist or
engineer he can make an earlier identification of those
students with the potential for success in these fields.
Once this is done he can provide the experience and
training necessary to develop these potentials.

It is evident that this fact will assume ever increas-
ing importance in the decades ahead. When we con-
sider some of the important elements in an industrial-
izing world. it is clear that the demand for tech-
nological knowledge will continue to grow,

I. POPULATION

Populations are increasing the world over, aned will
continue to increase, Tt has been estimated that, after
a million years of man's existenice. in the year 1000
A.D. there were about 300 million people. Quly by
1830 — almost LONG vears later — did world popula-
tion reach one billion. By 1930 — 100 years later —
the second hillion was added. By 1965 - 35 vears
later — the third billion will be added. The UN has
estimated that it will take 15 yeats to add the fourth
billion, and 10 years to add the fifth. By the turn of
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the century there should be six billion people on the
earth.

Not only is world population increasing rapidly;
the rate of increase is increasing as well. Between
1850 and 1900, world population grew about 0.7 per-
cent per year, doubling the population every century,
Between 1900 and 1950 the average annual rate of
increase was 0.9 percent, shortening the doubling time
to 75 years. The projections for the period from 1940
to 1980 predict a rate of increase of 1.3 percent, a
doubling time of only 50 years. This means 6 or 7
billion people by the end of this century, and perhaps
12 to 14 billions by 2050,

1. FOOD

With all these people about to appear. the matter
of food immediatelv becomes of importarice. It seems
probable that a large proportion of the human race
has never had enough to eat. We find references to
starvation and famine throughont recorded history.
and they continie to appear even todav, The reason
for this is fairly simple. In the period from 1900 to
the beginning of World War TU total world food pro-
diiction increased 10 to 15 percent. but in the same
period of time sworld population increased 30 percent.
The war decreased food supplies over most of the
earth's surface and the pre-war level wus not regained
unitil 1952, But by that tirme there were many more
millions of people to feed. So, there are move people
than ever in the world todayv, and thev seem to be
getting hungrier. s

Jaraes Bonner, protessor of biology at Caltech, has
studied world food problems and has concluded that
it we made a maximum effort to apple all of the
technology that we have at the present time to all of
the potentiallv cultivahle Tand on the earth’s surface
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wo o could produce just enongh food to teed these
tuture populations by the time they arrive. Obviously,
it would require o tremendous number of scientists
and engineers to make such an effort.

HI. RAW MATERIALS

Betore - the Industrial Revolution few consumer
goods were manufactured, and only small quantities
of raw materials were needed to produce themn. With
the advent of the Industrial Revolution the machine
operatur could turn out many more products — but
he consumed inore raw materfals in the process.

An industrialized nation consurnes raw materials in
sast guantities. For csample. the per capita annuoal
steel production in India is about 9 pounds per per-
son. In the United States it is 1300 pounds. India
consumes I/ 10th of a barrel of oil per person per vear.
the United States 170 tmes as mudh, Obvicusly, it
takes a great amount of techmological skill to design
and build the equipment necessary to consume raw
materials at this rate.

When US. levels of consumption are examined in
conjunction with the demands of underdeveloped
countries, it seemns clear that the world has a tremen-
dous challenge ahead of it. If the present peoples
of the world now living at extremely low levels of
consumption (approximately two  hillion persons)
were brought up to the standard of living ot the con-
temporary United States, we would have to extract
trom the earth each year 18 billion tons of iron, 300
million tons of copper, 300 million tons of lead, 200
million tons of zine, 30 million tons of tin, and huge
quantities of other metals and non-metals. These are
totals that are well over 100 times the present world
annual rates. ‘

Surely, a tremendous technical effort will be nec-
essary to reach these higher rates of production.

There is also the matter of the richness of ore de-
posits. For all of man’s existence, up to the last cen-
tury or two, raw materials have assumed a relatively
unimportant part in his struggle for survival. He
fashioned only a few artifacts from raw materials lying
on the surface of the earth. For example, he could pick
up pure copper, fashion it into tools, and use it with-
out further treatment. However, with increased indus-
trialization, uses of copper increased many-fold, and
the copper ore that was available decreased in purity.
Some time ago we were processing 5 percent copper.
Today this has dropped to 0.8 percent. We can cer-
tainly look forward to its dropping to an even lower
level, perhaps to 1/10 or even 1/100 of 1 percent.

Where will this end? How low can one go in ob-
taining necessary raw materials? According to Har-
rison Brown, professor of geochemistry at Caltech,
the lower limit is found in ordinary igneous rocks.
These contain most of the elements that are necessary
for the perpetuation of a highly industrialized society,
and in proportions that are not unreasonable from the
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standpoint of their industrial use.

One hundred tons of average igneous rocks con-
tuins, for esanple, 8 tons of aluminwm, 5 tons of iyon,
180 pounds of manganese, 40 pounds of pickel, 20
pounds of copper and 40 pounds of Jead. Many of the
elements which are not found in sufficient quantity
in igneous rocks — such as chlorine, bromine, and
iodine — can be found in the oceans. Other elements
like nitrogen and ozygen are reudily available in the
atmosphere. Still others can be found in the practically
inexhaustible supplies of limestone, which is a source
of carbon; in gypsum, which is a source of sulfur; and
in phosphate rock, which is a source of phosphorus.

Civen the necessary energy, and encugh technologi-
cal kuowledge to develop the processes of extraction,
the people ol the eurth could, it need be, support
themselves entirely with the leanest of ores, the waters
of the ocean, the rocks of the earth’s crust, and the
air arcund themn.

Here again, vastly increased technical development
will he necessary.

1V. ENERGY

It takes energy to estract metals from low-grade
ores. It takes energy to manufacture equipment. It
takes energy to run it. It takes energy to produce
tood. Current world energy consumption is about 3.7
billion tons of coal per vear. If all the people in the
rest of the world were to expend energy at the current
per capita rate of the United States, consumption
would increase sixfold, to the equivalent of approxi-
mately 22 billion tons of coal each year. This is a rate
of consumption that would exhaust the fossil fuel re-
serves of the world in 40 or 50 years. But it is also a
rate that is dictated by the U.S. standard of living,
which is envied by the rest of the peoples of the world.

To meet the increased demand for raw materials,
tood, higher standards of living, and industrialization,
we must develop other sources of energy.

Dr. Brown has calculated that in every ton of ord-
inary granite, energy which is equivalent to about 15
tons of coal can be econamically extracted in the form
of localized uranium and thoriumn. This means that
trom the long-range point of view man will be able, if
it becomes necessary, to extract his energy needs from
the very rocks of the earth’s crust —the same rocks
that can supply the variety of metals needed for the
support of a highly industrialized civilization. How-
ever, again, this immediately implies the development
and application of very advanced technological skill.

Population is going up exponentially. World energy
consumption is increasing exponentially. The richness
of raw materials is decreasing. These trends warn us
of the tremendous demands for technological and sci-
entific knowledge we will face in the future. In fact
we are already facing them in the shortages of engi-
neers and scientists we have witnessed in the last

* several years — shortages that may possibly be even
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more clearly understood in the light of past trends.

In the United States in 1900 there were 11 million
farmers, in 1950 only 7t4 million. Yet in 1900 the 11
million representecd 38 percent of the working force,
while in 1950 they represented only 13 percent of
a labor force that had doubled to 680 million. So, while
the labor force had increased rapidly, the proportion
of farmers in this labor force had dropped.

Even greater changes occurred among the profes-
sions. In 1900 one million professional and technical
workers made up 415 percent of the labor force; by
1950 this group had increased fourfold and now con-
stituted 714 percent of the working force.

A current report of the Department of Labor notes
that, for the first time in the history of the United
States, the number of persons employed as profes-
sional, office, and sales workers exceeds the number
employed in manual occupations. The Department
predicts a growth rate for professional and technical
workers that is nearly double that for any other occu-
pational group. It expects no change among unskilled
workers, and a continuing decline of farmers.

These early trends in the change in demand for
high-level talent are now becoming more meaningful.
If they continuein the same way for the next 50 years,
we will need two or three times as many scientists as
will be available.

This is a unique situation. We have no past experi-
ence upon which to draw in considering the problem.
Furthermore, the shortage of high-level scientific tal-
ent is going to he long-lasting — partly because of the
forces of world industrialization, and partly because
of the complex pattern of personal qualities and ex-
periences necessary to make a scientist or engineer.

At the present time this shortage of high-level tal-
ent is perhaps only inconvenient. In the future it will
become critical. Therefare, any success in combating
it will be of great importance to the future of our
societv. There are manv avenues of approach to the
problem, but one of the most important involves the
early identification of potential scientists and en-
gireers.

Such early identification and encouragement would
go far toward redncing our present waste of high-
level talent. And we certainly are wasteful. In the
United States onlv one-third of those voung peaple
capable of doing college wotk actually go on to col-
lege. Only one-half of the very capable. and oniy two-
thirds of the exceptionally talented go on to obtain
college degrees. Thus we lose two-thirds of the cap-
able, one-halt of the very capable, and one-third of
the exceptionally talented — or approximately half a
million college graduates each year.

Of all groups that contribute to the development
of scientists and engineers in the United States per-
haps high school teachers are the most influential.
They provide the capable student with his first major
expastre to scietice as a4 body of knowledge, and i
the scientific method as a technique for gaining more
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knowledge. They are the ones who may provide the
inspiration or exhibit the enthusiasm and satisfaction
that can be gained from working in science.

To become a scientist a student must make educa-
tional and vocational decisions in the 9th, 10th, and
11th grades — long before he has the information or the
experience necessary to choose a lifetitne career. The
high school science teacher is in the most strategic
position to help him select goals that are appropriate
and attainable.

The science teacher is also in the most strategic posi-
tion to identify the potential scientist or engineer, and
to encourage him to cousider science as a career. The
more skilled the teacher is in making this early iden-
tification, the better he can provide the information
and experience that will help develop the student’s
inclinations toward science. ‘

Little is known at present about the psychological
characteristics of potential scientists. However, cur-
rent research in the psychology of occupations does
provide some basis for their identification early in the
high school years.

There seems to be a general pattern of psycholog-
ical abilities and traits that is typical of people in
technological occupations. Within this general pattern
there are more specific sub-patterns, typical of dif-
ferent kinds of technical activities (such as theoretical
scientist, experimental scientist, engineer, sales engi-
neer, technician). The pattern for the high-level re-
search scientist is one of the better known ones. Tan
broad outline, it is as follows:

I. INTELLECTUAL ABILITY

It is necessary to have a certain amount of intellec-
tual ability in order to do the kind of thinking and
learning that a scientist must do. But this is more than
just having a high IQ. In reality it means having a
specific pattern of abilities.

In his analysis of the thinking processes, Professor
J. P. Guilford has, to date, identified almaost 50 differ-
ent elements or factors that make up “mental ac-
tivity.” Tt is prohable that different scientific activi-
ties require different patterns of factors For siecess,
but these patterns have not yet been worked ont, Far
current early jdentification we must content ourselves
with what are probably groups of Factors. Far ex-
ample to have the best charce of success in a science
curriculum 2 student should be high in quantitative
ability, abstract reasoning, symbolic reasoning, under-
staiiding logical relationships, and receiit and rernote
memaory.

II. VALUES

Many high school studerits take the Allport-Verrion
Study of Values -- a psyvehological test for measuring
an indiciduals value system. It rmieasures aesthetic,

continied on page 28
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Identifying and Encouraging Potential Scientists . . . continued

economic, religious. theoretical, social and political
valties. Of these, the potential scientist scores high on
Theoretical and low on Economic and Social values.

ITIT. OCCUPATIONAL PREFERENCES

Many high schools routinely administer the Kuder
Preference Record to their students for vocational
gnidance purposes. It measures the kinds of activities
the student prefers. The potential scientist has a clear
pattern on this test. He should be highest on the
Scientific and Computational scales, and somewhat
less high on the Literary and Musical scales. He
shoutld be lowest on the Persuiasive and Social Service
scales. and somewhat low on the Clerical and Mech-
anical scales.

IV. OCCUPATIONAL INTERESTS

The Strong Vocational Interest Inventory measures
the degree to which the student’s likes and dislikes
compare with those of people who are successful in
a variety of occupations. The potential scientist scores
high on the scales for Artist, Psychologist, Architect,
Physician: and on the group that includes the Physi-
cist, Chemist, Mathematiciari, and Ergineer scales. He
is also high on the Math-Physical Science Teacher,
Musician, and Certified Public Accountart scales.
These are the occupational groups whose patterns of
likes and dislikes are similar to his. He scores low on
the Banker, Mortician, Real Estate Salesman, and Life
Insurance Salesman scales. These are the groups
whose likes and dislikes are the opposite of his.

V. PERSONALITY TYPE

Lastly, the potential scientist has a specific ap-
proach to the world around him. He prefers his intui-
tions to his senses. He responds more to inner hunches
or intuitive possibilities than to the actualities around
him. The impressions that come to him from the out-
side via his senses dre much less importank to him
than the ideas and implications he can derive from
them. He prefers thinking to feeling,

In his formation of judgments and values he is
systematic, objective, and impersonal rather than
sympathetic or antagonistic, personal or subjective. If
logic dictates. he will act counter to his feelings. He
is introverted rather than extroverted. His main points
of reference are internal and are focussed on his ideas,
thoughts about himself, and private personal concerns.
He gives secondary consideration to the external
world of people and things. In David Reisman’s
term he is itmer-directed.

He also tends to withhold judgment until all the
facts are in. and he has had a chance to order and
rationalize them in terms of his own private system

26

of standards and values. As a consequence of this style
of life he tends to be quiet and reserved and some-
what uncomfortable in casual social situations. He fs
primarily interested in his studies and does very well
in them. He is usually original and brilliant in scien-
tific and theoretical subjects. Skeptical, critical. and
independent, he is always open to new facts, new ex-
periences, or new conditions without prejudging them.
He is generally very determined and often stubborn:
he can sometimes be led, but never driven.

With the addition of personality type to the pat-
terns of iriterests, preferences, values, and intellectual
factors, we have what might be called the research
scientist profile.

Obviously, a specific scientist will not alwavs match
this profile in detail. With as complicated and elab-
orate a set of patterns as these, there are many ways
in which the individual might deviate. But the more
closely he matches the profile, the more likely it is that
he will have the abilities, motivations, and inclinations
to find science a satisfactory and rewarding career.
The more he deviates and the more he approximates
the profile of some other occupational group, the less
likely it is that he will continue to pursue a scientific
career.

When we look at what comprises the profile — in-
tellectual abilities, values, preferences, interests, and

arsonality type — it is immediately evident that these
are not human characteristics that can be developed
overnight in college or high school. In a sense, they
begin to develop at birth. with the interaction be-
tween an individual's genetic makeup and his en-
vironmental experiences. They take a lifetime to form,
continuing to crystallize throughout much of adult-
hood. However. having begun at birth, the profile
has much stability by high school age, and by then
cannot be drastically altered. Neither the high school
nor the college can make a “scientist” out of a “non-
scientist.” But these patterns often become visibile in
rather primitive form even before high school age. Tt
is possible, then, to make earlier identification than we
commonly do todas, if we will onlv pay more atten-
tion to what we already know, and if we will work
diligently to learn more abhout these patterns,

This early identification is of crucial importance.
becaise we can provide the most inspiring experietices
for a student only after we have identified his inique
potential.

Here, then, is the challenge to our industrial society.
Only through maximum use of our high-potential tal-
ent can we maintain the rate of growth that we have
experienced in the past. Only by an increased knowl-
edge and use of these patterns for early identification
can high school teachers help their students realize
their potential more fullv —and can the teacher
become more effective as o teacher, This i¢ indeed the
most challenging aspect of education today.
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