
The most challenging aspect of education today. 

by John R. Weir 

The demand for high-level talent continues to in- 
crease - particularly for scientists and engineers. Ef- 
forts to meet tins demand have heen 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 k e v  posi- 
tion to identify and encourage tlie future scientists of 
America. Throuqli increased know ledge of tlie psycho- 
logical characteristics of the high-level scientist or 
engineer he can make an earlier irlentific*ation of those 
students with the potential for success in these fields. 
Once this is done ho can provide the experience and 
training necessary to develop these potentials. 

It is evident that this fact will assume ever inr*re:ti;- 
ing importance in the decades ahead. When we con- 
sider some of the important p i ~ n ~ e n t ~  in an  indiistrial- 
izing viorld it i s  dear  that the (lerr~and for tech- 
nological knowl~dge will continue to gnw" 

I. POPULATION 

"Identifying and Encour(i,yinp Potrntial Scientists" i s  a trans- 
ciip~t of a talk giiyen to high trhnol teachers vi,-iting the 771- 
~ t i t r i t r  on Caltech s annual qtuil(  ntq Dull nrn'rnhi~r 3 ,  1WO 

the century there should he 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 ; ear, doubling the population every century. 
Between 1900 and 1950 the a! erage annual rate of 
increase was 0.9 percent, shortening the rloi~hling time 
to 75 years. The projections for the period from 1940 
to 1980 predict a rate of increase e r f  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 b j  2050. 

I T .  FOOD 

With all these people about to appear the matter 
of food immediately becomes of importance. I t  seems 
pi oh;-ihip that n liirgp proportion of the human rni P 

t i a ~  never had enongh to eat. We find refprenc'es to 
starvation and taming tiiron'rhoii! rt-<-oided histort 
;i11r1 \}I,--\  ( (intinin 1 0  i!ppc:ir r, ( - r ~  to,l ;~\ 'Thr I r;~cori 
for tin's ic faille simple. Hi l h ~  peiiod f i r ~ r n  1900 to 
t}Ã t \~c iqc inr i  Woi Id \V;n I I t r ) t i i l  5 ,  01 l i l  f c ~ i d  pin- 

(luclion iixie,>srrl 10 t o  1.1") perc(r1t bill iii t h e  wryif 
prn'r~cl of t h t i ~  5 ' 1 1  If1 F ) o ~ l ~ ~ l i ' i t ~ ~ ~ ~ ~  i r ~ r  i f  ! & : ( < I  10 [ u  i f i  r i l  

'I he war decrefiscd fond s u p p l i ~ ~  ot ~r rnoct of tin> 
earth s surface and  thr  pre-war I ev~ l  v not ~egaiiled 
until 1952. But by that time th131-P were marl! more 
nillions of people to feed. So, there are more people 
t h a n  F-VeI in the world todav and t}w\ seem to be 
getting hungrier. 

Tarries Bonner, professor of biology at Calteeh, has 
studied lvnrld food problems and has conc l~ !d~d  that 
if v ~ e  made a rr~aximum effort 111 apply ;ill of the 
teclmologv that w e  Lave at the present time to :ill of 
f l i ~  potpntiallv cultii~alilp I : I P ~  on !ho wrl-11 e ~ i i r f ;~ce  



Jl l .  -HAW MATERIALS 

Beh^i t the industrial Revolution few consumer 
gi/uds vicre n~~ii~~il-actured and onlv small (~uaiitities 
of raw materials were needed to produce thfm With 
tile ~ t h e ~ i t  of tht- Indiisbial Revulutiun tlic ~n~id i i i i e  
opv~ , ~ ~ I J I  I ' I J U ~ I ~  tuin o u t  I I I . ~ J I ~  uiort. pioth~ct;) - b u t  
he c oiisiirned moi-t r'iw maten'als in i l j ~  pnx t. ;i;i 

An ind11stri<ili7e(3 nation (orisiirnfs Y a -  111.it Â¥n',.tL 1'11 

ii:,t l l i ~ ~ i l i t l t l ~ a  F'nj l- ~ . i l ~ l ] . l ~ c  1 1 l ~  pl.1 i ri])ltii , l J l Y l l l , i ~  

:ik->_J pil d l ~ ~ l ~ l l l  111 I i l l ~ l j  1:s ~ 1 . 1 1  l i t  ' j  1 ~ ~ ; l l l l l ~ : i  1,. I p . r -  
sort In  tIi(- ~ J j~ i t ed  St.ites it is 1 i00 poniids Iri(ii;i 
( ~ ~ i i l i i ~ ~ i e s  1 t 10th of J b a n d  of i,iJ pib] p~:J;lIJii 1 . i i  

~h . .  bj~itiiii S t i i t L a  170 tinier ds niui-11 Oliv~i~usly, it 
take5 a great amount of teclinologn'al slill to  ci i~ign 
dull build tilt c (~1~1] )111> .11~  llt L-i ail.11 \ to C O J I A U J J l t  J d V  

m.itciials at this rate. 
V\ ~ I L ~ J I  L . s  leielh of c i~i~t .u~~ipt i i . i i~ die t\d~niiic'd 111 

conjunction with the denuiids of underdeveloped 
countiies it sn-'rns clear that tilt wolld Jias CL tieim:i~- 
dous challenge ahead of it. If the present peoples 
( A  the world now living at extremeJy low levels of 
consumption ( approximately two billion persons ,I 
berc 1)~oiiiJit up tn tlie staiidcird oi I I M I I ~  of tlie con- 
temporary United States, we would have to extract 
from the earth each year 18 billion tons ot iron, 300 
million tons of copper, 300 million tons of lead 200 
million tons oi zinc. 30 million tons of tin and Luge 
quantities of other metals and non-metals. These are 
totals that are well over 100 times the piesent world 
annual rates. 

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

There is also the matter of the richness of ore de- 
posits For all ot man's existence, up to the last cen- 
tuiy 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 5 t ~ r f d ~ e  of the earth. For example, he could pick 
up puie copper, fashion it  into tools, and use it witli- 
out further treatment. However, with increased indus- 
trial17ation, uses of copper increased many-fold, and 
the copper ore that was available decreased in purity. 
Some time ago we were processiiig 5 percent coppei . 
Today tins has dropped to 0.8 percent. We can cer- 
t'iinly look forward t o  its dropping to an even lower 
level, perhaps t o  1/10 or even 1/KX) 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 fuund in ordinary igneous rucks. 
These contain most of the elements that are necessary 
for tlie perpetuation of a highly ir~dustriali~ed society, 
cind in proportions that are not unreasonable from the 

I V .  ENERGY 

i t  t'~kes energy to e^ti.ict mctal~ fnxn IO'A giiiile 
ores. It takes energy to manufacture equipment. It 
takes energy t o  run it. I t  takes energy t o  produce 
food. Current world energy consumption is about 3.7 
billion tons of cod1 per vcai. If all the p e o p l ~  in the 
rest of the world were t o  expend energy at the current 
per capita rate (d the United States, consumption 
would iriciease 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 oi 50 \ears. But i t  is also a 
rate that is dictated Ivy the U.S. standard of living, 
winch is envied by the rest of the peoples of the world. 

To meet the increased demand for raw materials, 
iood, 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 t o  about 15 
tons of coal can b e  economically extracted in the form 
of localized uranium and thorium. Tin's means that 
from 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 u p  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- 
neeis and scientists we have witnessed in the last 
several years - shortages that may possibly b e  even 



more clearly understood in the light of past trends. 
In the United States in 1900 there were 11 million 

farmers, in 1950 only 7th million. Yet in 1900 the 11 
million represented 38 percent of  the working force, 
while in 1950 they represented only 13 percent of 
a labor force that had doubled to 60 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 ~rofes- 
sions. In 1900 one million professional and technical 
workers made up 4% percent of the labor force; by 
1950 this group had increased fourfold and now con- 
stituted 71/9 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 continue in 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 lush-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. Therpfnrp, any success in  combating 
it will be of great importance to the future of our 
societv. There are many avenues of approach to the 
problem, but one of the most important- involves the 
early identitic-atioii of pot~ni-ial sei(1ntists a n d  en- 
gi~ieers. 

Such earl! identificdtion and encouragement would 
go far towaid reflnr ine; ( 1 t 1 1  p i - c  sr 111 1, as!( of liig11- 
level tali-nt And we certainly arc wasteful I n  the 
United States Ã§nI O I K  -ttp'ir! nf tliocc youi ig  p~o]>le 
capable of doing colli HC 'A o t h  actually go on lo c ol 
r g e  Only one-half nf I h l  t r rnpritilc a";! otil! I \  (1- 

thirds of the exrcptior1(111y fdtcnted go on to obtain 
college degrees. Thus we lose two-thirds of the  cSlp- 
able, one-half of the very capable, and one-third of 
die exceptionally talentwl - 01 approxirnateJ> half a 
million college grsiduates each year. 

Of all groups that contribute to the development 
of scientist'; and engineers in the United States per- 
haps hiqh school troc-hcrs ;ne the most infliieutial. 
Tln 1 provide t i n  capable slurleril vi it.h In's first iliajor 
P \ ~ M S I I I ~ >  1 0  sc ience <is a bock of krioivl~d~e. ctnd to 
l i e  s( ip r i t i f i (  trip f-lioi'l . I <  ! I  t c ~ \ i n i ( ~ i ~ c  for zrn'ning rnoi f 
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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, loth, and 
1 1 th grades - long before he has the information or the 
experience necessary to choose a lifetime 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 1-0 consider science as a career. The 
more skilled the teacher is in making this early idm- 
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 (if dif- 
ferent kinds of technical activities (such as theoretical 
scientist, experimental scientist, engineer, sales engj- 
neer, technician). The pattern for the high-level re- 
search scientist is one of the better known ones. Ta 
broad outline, it is as follows: 

T. INTELLECTUAL AETLTTY 

It is necFssar] to ha\ e a certiiin arnouril 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 In's analysis of the thinking processes, Professor 
J P Ciiilforr! hiis to ( 1 : i i ~  idrntifi~d rilmnst 50 cliffer- 
ent elements or factors that- make up "rrieiital ac- 
ti! it?.'' I t  is proh~ililft t h ~ t  rlifferent scieritifir nctivi- 
t i (  i; rc(41iire different pntterris of f;i( f'oi 1. f r i i  c i i r  c p ~ s  

n t  <i patterni; h ~ v e  *LO(. 1 el hrm 1% ( v k (  ( 1  r u i t  T \ I I  
current earl! J'dentifica lion w e  must content ourselves 
1 1  hIl,il i t ! (  piO1'1;llll) Htfil~pL- ( i f  ~ i t f t 0 1 ' -  Ioi e - 
? t r i p l r  t r ,  h : ~  i tdi1 li< 1.1 ( l i . ' ~ n f f >  ( i f  siiff8i"'ss it! F) sf icnr.p 

curriculum a student shoulr l  be  liiah ir l  (jiifir~tit~itisc- 
ability, abstract ieasonirig, symbolic reasoning, uticlei- 
standing logical lelationships, and iecenl and remote 
rnerrv ~ J - J  

11. VALUES 



Identifying and Encouraging Potenti  1 Scientists . . . continued 

economic, religions theoretical, social and political 
values. Of these, the potential scientist scores high on 
Theoretical and low on  P;conornic arid Social values. 

111. OCCUPATIONAL PREFERENCES 

Many higli schools routinely administer tlie Kurler 
Preference Record to their students for vocational 
guidance purposes. It measures the kinds of activities 
tlie student prefers. The potential scientist has a clear 
pattern o n  this test. He  should be highest on  the 
Scientific and Computational scales, and somewhat 
less high on the Literary and Musical scales. Pie 
slioiilcl he lowest on the Persuasive 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, Mathematician, and Engineer scales. H e  
is also high on the Math-Physical Science Teacher, 
Musician, and Certified Public Accountant scales. 
These are the occupational groups whose patterns of 
likes and dislikes are similar to1 his. H e  scores low on 
the Banker, Mortician, P F ; I ~  Fsiatp Salesman. and Life 
Insurance Salesman scales. These are the groups 
whose likes and dislikes are the opposite of his. 

V. PERSONALITY TYPE 

Last!). the potential scientitt lias a specific- ap- 
proach to tin? world around him. H e  prefers his intui- 
tions to his senses. t i e  responds trlorih to inner hunches 
or intuitive possibilities than to the  actualities around 
him. Tlie irnprcs'Jons t1i;it come hi him from the onl- 
side via his senvev nrp innc h Ips's irrttn-irtanf t(t hhri 
than the ideas and implications tie can derive from 
th~lrn. He prefers thinkin0: In f r e l i n ~  

In his fonnatior~ (if inrlgrrli- ntq and values he  is 
systeirpLic. objective, and impersonal lather than 
sympathetic or arllagortistie, p~rconal  or subjective. If 
logic dictates h p  will act counter to In's feelir~gs. He 
is introverted rattier than extroverted. His main points 
of reference are internal and a r r  focussed on his ideas, 
thoughts about himself, aiiil private personal concerns. 
He gives secondary consideration to the external 
world of people and things. 1r1 David Reisman's 
term he is irtriw-direr tecl. 

fr n.lw [ e n d ' s  t-o II i thhold iiirlgmpni iintiJ all the 
fartwnrr in and  lie haq liad :Ã chanve to order ancl 
nih'orinJi'7~ ~ I I P ' T I  i n  i-r nnq of hi. ou t t  p r i ~  t i tp  q! qteni 

of standards and values. -4s a conseqnence of this style 
of life h e  tends to he qiiiet and  reserved and sorne- 
%hiit uncomfortable in casual socGtl situation1;. He is 
prirnaril? interested in his studies and does very well 
in them. He is usually original and brilliant in wien- 
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 ver? determined and often stubborn: 
he can sometimes be  led, but never driven 

With the addition of personality t) pe to the pat- 
terns of interests, 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 elah- 
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 tie 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 
personality 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 pt birth with the interaction be- 
tween a n  individual's genetic makeup and his en- 
vironmental experiences. They take :i lifetime to form, 
continuing to crystallize tliroughout much of adult- 
hood. However, havine; begun at birth, tlip profile 
has much stability by high school age, and by then 
cannot be  drastically pitrrprl Veitlier the high solmol 
nor the college can make a "scientist oil!. of a. "non- 
wlenfist. But t h w  pattern'-' often ht cmr i r3  1 k i ! i f p  i~ 
rather primitive form even before high school age It 
is possible, then, to mnl-r ~:3rlit,r id( ntifir atHm thnn w c  
coinrr~o~ilv do ~oc la i  . i f  v i e  ts i l l  onli p:u rnore atten 
tiori to what we alreach knew, arid if 'ijo w i l l  {vork 
clil i~pti~l\  to Irnrn innit ;ilioiit t l i e* .~  piilk i n s  

rhi1; r ; i v h  ifirntifict;ition i'-' of r* i -u r ip f  ir~iprirtiii11*~~ 
because we can piovide the ~ < J < < L  irispi1 iiig expel iences 
for a student only after W P  have irientifircl his unique 
potential 

Here, then, is the challenge to o u r  industrial society. 
Only through rriaxirrturr~ use of our high-poten tial tal- 
ent can we maintain the rate of growth that v>p have 
experienced in the past. Onh b y  a n  incrpa<e(l knowl- 
edge and use of these patterns for earlv identific a t '  ion 
can high 'irliool t~-w:herc lielp their s t ud~nh '  1.1-alize 
tli~i'r potential more dilk - :ind c-12 the te:irdf r 
hpoorne rnorp pffpetivo a<; n tefu~her. This ilÂ¥ i ~ c l f - ~ d  thp 
most i hnfleripin~ n s p c d -  of t ( l i i r  ntiori t t x l : ~  




