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EDUCATION BY AUTHORITY OR FOR AUTHORITY? ARE 

SCIENCE TEACHERS TEACHING SCIENCE?' 


By Professor OTIS F.CURTIS 
CORNELL UhTIVERSITY 

I PISD it rather difficult to discuss the teaching of 
science as I wish to discuss it ~vithout first discussing 
some of the more general aspects of teaching and edu- 
cation. So perhaps by way of introduction me should 
first consider the question as to what constitutes a n  
education and what are to be its aims. This may be 
a controversial topic, but it is necessary to formulate 
a t  least tentative objectives before one can effectively 
discuss attainment 0' methods. 

With some of the many subjects taught in the ele- 
mentary schools, as well as  in the trade and technical 
schools, the answer as  to purpose and accomplishment 
may seem relatively obvious. The pupil learns to read, 
to write and to do simple problems in arithmetic. H e  
obtains information and rules that he uses in daily 

1 Condensed from the address of the retiring president 
of the American Society of Plant Physiologists, a t  Rich- 
mond, Va., December 28, 1938. 

routine. But  in increasingly large numbers, young 
people are taking high-school and college subjects for, 
as  they say, their "general educational or cultural 
values," not fitting theinselves specifically fo r  a voca- 
tion or trade. But why should a high percentage of the 
population study higher mathematics, ancient lan-
guages, modem languages, English literature, history, 
economics, chemistry, physics, geology, botany, zool-
ogy, etc.? Are these subjects or fields of general edu- 
cational or cultural v a l u e ? I f  so, ~ h y ?  And are they 
of equal value? I s  a man educated or cultured because 
he has spent one to four years in studying or can read 
or speak a half dozen or more languages? Is he 
educated because he can solve intricate problems in 
mathematics, or can determine the chemical oomposi- 
tion of a rock or a plant, or can synthesize some im- 
portant compound? I s  he educated because he can 



XCIE 'NCE VOL. 90, SO. 2327 

accurately describe the structural minutiae of a cat or 
a corn plant Y 

To some people an individual is considered educated 
if he ha3 had a certain amount of formal schooling in 
any subject. Each of us, however, can call to mind 
several individuals who have had extensive and inten- 
sive formal schooling, but TT-hom me should not consider 
as soundly or broadly educated. Probably no one sub- 
ject is peerless as a subject fo r  educational purposes, 
because we call find no relation between the subject of 
one's specialty and what we might consider his stand- 
ard of educational attainment. 

I doubt if we can agree as to what subjects are  best 
for  a general education, or even as to what constitutes 
an education; unless we agree that mere attendance a t  
school for  a given number of years will insure an edn- 
cation. Nevertheless, let us t ry to formulate an objec- 
t i l e  which, although it may fall short of d a t  one 
might wish to include, still is not beyond hope of attain- 
ment. I think we can agree that the training of a 
person, if he is to be coilsidered broadly educated, 
should be such as to give him understanding of himself, 
of the world about him and of his relationship to that 
morld. I t  should give a foundation for  further ad- 
vancement and a n  ability to appreciate values and 
distinguish between the true and the false. I t  should 
prepare him to live with satisfaction in the present 
morld; to meet without panic and without prejudice 
various problems as they arise: and he should be able 
not only to grour with, but also to help in impl-oving, 
a growing world and changing civilization. 

Our present civilization has developed the extensive 
school system which to-day gives an opportunity for 
large numbers of individuals to take advantage of the 
knowledge and experience of their contemporaries as 
well as their predecessors. I n  this school system are 
offered courses oler  a wide range of subjects and a t  
levels suited to almost any age and ability. I n  the 
secondary schools, colleges and universities there are 
made available to students a vast array of courses for  
giving special training in allnost any field one could 
TI-ish to study. I t  seems surprising, however, that, of 
the students from these schools, so many of them seem 
to lack just what one mould expect educated people to 
possess. They have such strong prejudices, political 
prejudices, social, religious, class and racial prejudices. 
They are so easily influenced and coiltrolled by slogans, 
by propaganda and by dogma. They are so lacking in 
critical judgment, in poise, and so little given to look- 
ing for, and critically evaluating the evidence on both 
sides of a question. I n  fact, it often seems that people 
who have had a formal education are likely to have 
stronger prejudices, are less eager or less willing to 
hear both sides of a question than are those with less 
schooling. They are often more smug, more self-

satisfied and less reasonable. This may be due to the 
fact that their training has made them coml~lacent by 
giving them a false confidence and over-assurance. I t  
has failed to make them more cautions and more 
humble. I n  short, it has failecl to give them under- 
standing. That it has failed in giving understanding 
iq indicated by evidence of many sorts. For  example, 
large numbers of our people, although they have 
literally spent years in school and are also exposed on 
all sides to dev~lopnlents of astronomy and related 
sciences, and have thus had opportunities f a r  beyond 
those available even to the most privileged of a few 
generations ago, yet they believe ill astrology and are 
swayed by the most impossible beliefs and snpersti- 
tions as regards the influence of the stars on their 
~nclividnal lives. I t  is a disgrace to our civilization 
that it has gone so f a r  in science as to develop the 
radio, and yet one can hear over this same radio the 
drivel of so-called "professors of astrology" whose 
pronouncements are on a level of thought comparable 
to tliat of primitive peoples or those of ancient or 
medieval times who had no contact ~i-ith scientific 
rnrtliod or thought. 

I t  seems strange tliat in this day and age states can 
pass laws against the study or teaching of evolution: 
that other states can pass l a w  dictating what can be 
presented in books on history (to say nothing of the 
complete control over all fields of teaching as is prac- 
ticed in many foreign countries) ; that l a w  are pas-ed 
prohibiting the discussion of communism in schools: 
that states with the richest and perhaps the best-de- 
veloped school systems in the world call pass or nearly 
pass ridiculous and even vicious laws. In  the past two 
decades legislatures have passed or nearly passed lams 
against sanitation, against vaccination and against sci- 
entific investigation with living organisms. I11 such 
states with these richly supported school systems there 
are strongly organized groups of Anti-vivisectionist-, 
Anti-evolutionists, Theosophists, Faith I-Iealers, X e ~ v  
Thoughtists, etc. I t  is my impression, though I have 
seen no data, that a high proportion of the people tliat 
make up  these groups are from the so-called "more 
educated" classes. There are some grains of truth in 
the propositioils of most of these organizations, but 
their adherents go to the greatest extremes and appear 
entirely lacking in understanding and in common sense, 
in judgment and in ability to evaluate critically. They 
fail to distinguish truth from the partly t1.w or the 
false, to recognize values; and yet thesr people, many 
of them, have had the opportunities of higher educa- 
tion, includiilg college and graduate schooling. 

Not inally years ago a professor in a university of 
high standing, a professor in a science depa~tment, 
let his son die of appendicitis without even consulting 
a physician. there was somethingH e  k n e ~ i ~  wrong 
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with his son, but he had become a Faith Healer. When 
asked by a doctor v-hy he had not called in a physician 
when his child was in such a condition he replied, 
"Even yon doctors sometimes lose your cases." There 
is no doubt but that one's mental attitude may have 
a great influence on his health, but one must use judg- 
ment as  to when certain rules of procedure apply and 
when they are not adequate. This man's education, 
although it  was in a so-called science subject, had not 
gone deep enough to enable him to recognize that one 
individual can not cure appendicitis in another by 
thinking high thoughts or by refusing to recognize 
acute and obvious signs of physical ill-health. I t  is 
true of course that Illany individuals imagine symp- 
toms where none exist and may thus, through nervous 
control, actually bring on physical disturbances. But 
why go to such extremes? An educated person should 
be capable of using judgment and not merely blindly 
follo~v rules. Another professor with a national repu- 
tation in the field of economics, one who has had a fair  
amount of training in science, not long ago made the 
statement that "Vaccination and serum treatments are  
all bunkum." T i t h i n  a few years I have received 
chain letters from two men, each holding the degree 
of doctor of philosophy. Each letter promised good 
luck if forwarded. and bad luck if the chain was al- 
lowed to be broken. The superstitious fears of these 
doctors of philosophy made them uneasy or perhaps 
even afraid to break the chain, h'o doubt each of you 
can think of comparable cases of individuals who have 
had extensive schooling but who seem to fail to show 
understanding or even "common sense." The medicine 
man, the believer in witchcraft and the voodoo priest 
are  practicing right in our midst to-day, although they 
call themselves by more high-sounding names. 

I s  this failure of so-called educated people to come 
up  to the standards we wish and have a right to expect, 
is this due to the weakness of the students themselves? 
I s  it due to the failure to give training in the proper 
subjects? I s  it due to incompetence of the teachers? 
I s  it  perhaps due to the fact that teachers mag be 
placing the emphasis in the wrong place, that is, to 
wrong methods in teaching? 

As for  this matter of the method of teaching, a fact 
which has not been sufficiently recognized in some of 
our educational institutions is that there is often very 
little of the so-called transfer of training. That is. a 
very thorough training in one subject does not make 
one better able to judge in another, except in so f a r  as 
the two have points in common, and it is often neces- 
sary that these points be very similar. I was talking 
with an Englishman who had just received his degree 
of doctor of philosophy in botany from a leading 
English university. His sister was going to India as 
a missionary. I asked him what her subject of spe-

cialization was and he said, "French; it  makes n o  
difference what subject she takes so long as she gets 
an education." But one may wonder xha t  relation a 
training in French literature and language would have 
to missionax? work in India. I t  is true that educators 
in recent years have been emphasizing this lack of 
transfer of training, but it seems that in many depart- 
ments of education, instead of teaching a few basic 
courses in such a manner as to favor transfer, they 
merely multiply courses. By so doing they hope to 
give specific information on methods of teaching each 
and every subject a teacher may wish to teach. To ob- 
tain a teacher's certificate in some states it seems more 
important that the prospective teacher has a separate 
course in the method of teaching each subject to be 
taught than that he has thorough knowledge in the 
subject he proposes to teach. 

To me this trend is entirely in the wrong direction. 
No schooling can ever hope to give the ansTvers to all 
the problems that might arise, whether they be prob- 
lems in teaching or in any other field. I am of the 
opinion that there is much more transfer of the right 
sort than is commonly recognized. I have reference 
to one's attitude or method of approach to a problem 
in hand; that is, approach with an open mind, with- 
out prejudice: an attempt to ascertain all possible facts 
bearing on the matter; a search for opposing evidence; 
a critical weighing of the evidence; a recognition of 
what constitutes evidence; a readiness to recognize 
possible complexities and contradictory evidence; and 
perhaps that all the evidence is not yet a t  hand. Such 
training in critical method mag be given in many dif- 
ferent subjects and fields. But much of the schooling 
even in colleges and universities is not of such a nature 
as to give this training. 

&Iathematics and ancient languages are often cited 
as "excellent for  training the mind, tending to make 
one think clearly and accurately." I t  is true that to 
a certain extent mathematics does require a critical 
and analytical attitude, but its relation to everyday 
problems is often remote. I n  one sense mathematics 
may be too rigid and straightforward, too ~ n u c h  given 
to rules and formulae, too exact for  education towards 
a more satisfactory life, because the problems of living 
are not so definite as problems in mathematics. Mathe-
matics starts with clearly verifiable assumptions or 
arbitrarily makes its own rules, and is therefore likely 
to lead to over-confidence when one comes to deal with 
,ubjects in which the pyemises themselves are question- 
able or indefinite. 

This tendency toward over-confidence is often ap- 
parent in those who have had a formal schooling and 
introduces a serious problem in the field of teaching 
and education. The old saying "A little learning is a 
dangerous thing" has a real basis in fact. I f  one 
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acquired a smattering of information, especially if 
the teacher presented it with great confidence and a n  
air  of authority, with no cautlons or qualifications and 
with no indications as to degree of certainty or uncer- 
tainty, an individual is likely to act on it without real 
understanding; whereas one without this superficial 
training feels less confident and is likely to be more 
cautious in acting. When trained dogmatically to 
follow directions or apply rules without understand- 
ing the underlying principles, there is al~vays a dan-
ger of misapplying them, as did the professor who 
thought he coulcl cure appendicitis in his son by mental 
treatments. 

I t  seems that much of the training in our grade 
schools and high schools and even in universities is 
of this authoritative or dogmatic type. The pupil is 
not trained to think for  himself, for the major em-
phasis is placed on learning so-called facts. Day by 
day, more and more information is drilled into the 
minds of our students. They are led to accept some 
text or individual as authority and are not encouraged 
to form their own opinions or to use their own judg- 
ment. However, to accept blindly the opinions and 
statements of others, to accept authority, does not lead 
to understanding by the pupil. I n  fact, the teacher 
who teaches authoritatively teaches anslr ers, and is not 
helping the student to learn for  himself or to arrive 
at  a real understanding. Such a teacher is likely him- 
self to accept authority from others, and the matter 
he presents tends to become more and more unrelated 
to the truth and to lose real significance. Vitality 
leaves a subject when it is carried on by authority, no 
matter mhat the subject. 

I n  the minds of many people "teaching" and the 
indoctrination of dogma are synonymous. At least 
this appears to be the interpretation of many legisla- 
tors when they pass laws prohibiting the discussion 
by  teachers of evolution or of cummnnism; or of pri- 
vate citizens who write denunciatory letters to school 
superintendents or college presidents if they hear that 
some teacher has discus~ed socialism, cotnmunism or 
evolution. To thetn a teacher's only function is dog- 
matically to instill doctrines or "facts" into the minds 
of pupils; to tell them wlzat to think, not how to think. 
I am not defending those teachers who are advocating 
the adoption of comn~unism or any other '(ism." These 
self-styled intelligentsia are often more dogmatic and 
more dangerous than the unthinking and dogmatic con- 
servative. I say more dangerous because, with an 
abrupt adoption of untested schemes there is the like- 
lihood of upsetting natural balances to which civili-
zation has become gradually adjusted, and this sudden 
change may lead to entirely unsuspected and violent 
disturbances. 

On the other hand, I am defending those teachers 
who are trying to encourage their pupils to think for  

themselves, to exanline controversial topics in  the hope 
that better understanding may lead to improvement. 
Although there may be inarkecl disagreement con-
cerning what constitutes improvement or just where 
changes should be made, fev ,  if any, will maintain 
that no improvemeat of any sort is possible in polit- 
ical, scientific, social, religious or economic practices. 
I t  follows of necessity therefore, especially in a de-
mocracy, that the citizens should have training in 
evaluating the evidence that is offered in support of, 
or in opposition to, proposals of various sorts. If,  
h o ~ e v e r ,  teachers by choice or coercion merely pais 
on accepted information, education becomes static and 
there can be no progress; and get many of our citi-
zens, incIuding also by f a r  too many teachers, consider 
that the major function of an education consists in 
forcing the pupils to accumulate a mass of informa-
tion, or in incloctrinating them with certain beliefs. 

Advances in the various fields of the sciences during 
the past one hundred gears or less have profoundly 
affected our physical well-being, and have also had a 
marked influence on thought not only in science but 
in the fields of philosophy, religion, economics and 
soclal relations. Because of a recognition of these 
great achievements in the fields of science, increasing 
attention has been given to the teaching of sciences 
in our schools. Usually, lio~vever, the main emphasis, 
and often the only emphasis in the teaching of science, 
is placed on the presentation of a formidable array of 
facts and information which the pupil is supposed to 
store in his memory. But  is this memorization of facts 
the most important function of an education in sci- 
eylce? I f  not, what should a student get from his 
course in  science? 

H e  certainly should get some idea as to the method 
'nd view-point of science. By tnethod I do not mean 
the details of technique but the broader principles. 

H e  should become acquainted with the methods of 
discovering facts, of obtaining evidence, and he should 
have experience in critically evaluating this evidence. 

H e  should have some training in what constitutes 
evidence, and learn to  distinguish between mhat is, on 
the one hand, mere assumption, dogma or opinion 
based on prejudice or on fragmentary evidence that is 
open to several alternative explanations, and, on the 
other hand, knowledge based on verifiable proof that 
is not open to alternative interpretations. To the man 
~vlio bases his conclusions on dogma handed down from 
generation to generation, it may seem a new and revo- 
lutionary idea when he comes to realize that totally 
independent investigators can arrive at  the same truth, 
even though they use different methods and start per- 
haps with different premises. The student should ap-  
preciate that something is true, not because some great 
individual said so, but the man discovered it  because 
it is true. Neither apostolic succession, a controlled 
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school system, nor an inspired press is necessary to 
carry on truth. On the contrary, these are likely to 
prevent progress, not promote it. 

The student in science should learn to evaluate evi- 
dence and draw his own conclusions, and not merely 
accept an answer given by a book or a teacher. I am 
afraid we teachers too often discourage independent 
thinking. We expect correct answers or answers in 
the same words as v e  ourselves have formulated them, 
and pay too little attention to the type of reasoning 
which leads to the answer. Often a ininor slip leads to 
an unsatisfactory answer when the main line of reason- 
ing is the student's on7n and is perfectly sound. I n  at- 
tempting to get the answer satisfactory to the teacher, 
the student is often forced to learn by rote. H e  mav 
then present a suitable answer but have no clear idea 
as  to the underlying principles. I knew of a high-
school teacher of geometry who forced her students to 
use the same lettering- as the text in proving a theorem. 
I f  the letters were changed she could not prove it her- 
self. She had learned by authority, had memorized the 
formula, and was passing it on verbatim. She did not 
herself understaiicl the proof. 

The student in science should learn to use the prin- 
ciples he has been studying in solving problems for  
himself. H e  should be encouraged to make frequent 
applications of these principles to every-day hap-
penings. This will favor the transfer of training and 
make the training of greater value. 

The student of science should appreciate the willing- 
ness and keen desire of the true scientist to reconsider 
his former conclusions ; to look for  evidence opposing 
his conclusions, not only for  that supporting them, so 
that all weaknesses may be discovered and removed 
from the foundation of the structure he is building; to 
change his opinion if necessary; or to reserve his con- 
clusion and suspend final judgment if the evidence 
seems inadequate or contradictory. 

I s  it  not true that comillonly the chief emphasis, if 
cot the only emphasis in teaching science especiallv in 
the elementary courses, is devoted to the imparting of 
information, presenting the results of scientific investi- 
gations? Even in many of the more advanced courses 
and in the texts a t  all levels, the method of presenta- 
tion in  the text, the questions asked in the text and by 
the teachers deal largely with information and not in- 
terpretation. When interpretation is called for, the 
student is often asked merely to recall or recite the in- 
terpretation given in the text o r  by the teacher. It 
may be useful to know the answers to quezt' ions con- -
cerning simple definitions, the dates of specific hap- 
penings, the conclusions of specified individuals, the 
descriptive characteristics of various structures or sub- 
stances, lists of the names of things, etc. A teacher 
can ask and correct answers to such questions without 
great mental exertion. Perhaps that is why so many 

teachers have settled into their little ruts and are  satis- 
fied with that type of testing and teaching. Answers 
to a high proportion of such questions usually merely 
involve memorization and recall. Some of the facts 
asked for  may be useful o r  necessary, but many are of 
no veaI significance. I t  would seem better to set prob- 
lems that involve an understanding of the principles 
and their applications, problems that involve a critical 
evaluation of the evidence bearing upon interpreta-
tions. To solve these ~robletns  they must not merely 
recall a few facts but must understand thein and be 
able to use them in their thinking. 

Instead of placing the major emphasis upon mem-
orization of facts and infornlation, therefore, would 
not our science teaching be much more meaningful if 
we emphasized these other phases that I have just men- 
tioned? Do not the same points apply also, though 
perhaps 11-ith differing degrees of emphasis, in all 
teachins whether i t  be science, history, literature, eco- 
nomics or religion? 

As I have just said, one really interested in the truth 
should be constantly on the lookout for  possible flaws 
in his conclusions or in the supporting evidence, and 
should actively search for  possible opposing evidence 
to make sure that he has not overlooked something. 
Unfortunately most humans in their desire to prove 
themselves correct are prone to shut their eyes to op- 
posing evidence or belittle it when i t  is brought to their 
attention. This undesirable trait finds many illustra- 
tions in most fields of education, and its fallacies and 
dangers should be stressed in our teaching. One might 
wish that this weakness would not appear in the field 
of science, but of course all scientists are human and 
show the same trait in varying degrees. I t  was not 
long ago that I learned of the following episode. One 
individual who mas engaged in teaching and research in 
a given field of science had found several questionable 
statements in  a publication of a second individual en- 
gaged in the same type of work. The first wrote to  
the other offering to send him a list of the points which 
he questioned. He was astonished to learn, however, 
that the writer of the article was not interested even 
in finding out what evidence or what interpretations 
were being questioned. How a scientist could be so 
sure of himself that he isn't interested in learning what 
mistakes another investigator working in the same field 
may think he has made, or what alternative interpre- 
tations he may have to offer, is beyond my compre- 
hension. 

One might think that the increased teaching of 
science subjects in our schools, and a recognition of 
the marvelous ad~ances  resulting from the use of the 
scientific method would have valuable educational ef-
fects, giving training in more independent and critical 
thinking and in avoiding superficiality, inexactness 
and Sensationalism. But in much of our teaching, per- 



haps especially in our science subjects, the teacher or 
text supplies a systenlatic array of so-called "facts" 
which the pupil is supposed to store in his memory. 
We are trping to make walking encjclopedias, not in- 
telligent beings. Where laboratories are used, the stu- 
dent is given a chance to familiarize himself more thor- 
oughly with these facts, and to fix them more definitely 
in  his mind. They also give expeli~~lental proof of the 
fact, vhich is certainly better than trusting entirely to 
teacher or text, but a t  the same time the experiment 
proves that the teacher and text are right. Usually 
the simpler and more dependable experiments are se- 
lected for  the student to repeat. They are therefore 
almost certain to conie out right. I f  not, the student 
becomes discouraged. The expected results, however, 
a r e  usually obrious, so if the student does not get them 
he often "fakes" them. Have the experinients there- 
fore been as  valuable as we thought? 

A university professor in a science subject not long 
ago told me that most of his laboratory experiments 
were iifool p~oof." H e  said, "They are bound to 
come out right even if the student is careless." His 
course is highly systematized; students are well satis- 
fied; things behave as expected. A high-school science 
teacher told me recently that 111ost of his demonstra- 
tion experiments were "faked." I know of another 
university professor who doesn't hesitate to "fake" 
den~ollstrationb at science meetings or to slip into the 
laboratory after the students have gone and add procl- 
ucts to their experimental flasks to make the experi- 
ments come out "right." But does this give training 
i n  science? Will this training help the student when 
he meets everyday problems and must make his own 
decisions? Does not this lead to over-confidence, to a 
false confidence and eventually to disillusionment and 
bitterness il No wonder students after they leave school 
hecome discouraged when their theories do not work. 
No wonder children as well as older people, who have 
been trained by authority and dogma, in the home, in 
schools and in ohurch, become so severely upset, or 
revolt against all their early training-the true and 
false alike-when some of the so-called facts, so dog- 
matically taught them, are eventually found to be 
false or based on no foundation of evidence. What 
training have they had in distinguishing the true from 
the false; in meeting and solving problems for  them- 
selves? 

Personally I prefer to set up  experiments that will 
not come out as the student expects, and I am occasion- 
ally pleased if they come out "wrong." If the student 
knows the answer, why do the experiment? I f  it 
comes out as he expected, what has he learned? I t  is 
true that he may remember the point more easily and 
if i t  is highly important-well and good. H e  may 
learn something also of the techniques of experimental 
science. If,  on the other hand, the results are not 

those expected, he has something to explain. I f  his 
original idea mas correct he may not learn much by 
proving it. I f  i t  was wrong he must modify his idea. 
More often the expectation was correct, hut there was 
some slip in the manipulation, or some complicating 
factor that mas orerlooked. I f  he finds what it  is, he 
has learned something. In  attempting to square his 
results with his expectations he will learn something 
of science and scientific method. I f  the experiment is 
"fool proof" or the data are "faked" the student gains 
nothing and mag lose much. Of course if too many 
experiments come out "wrong" a student is likely to 
get discouraged and blame the teacher, the equipment, 
his partner or the subject. 

As our kno~vledge of facts and laws of science in- 
creases, I am afraid i t  is becoming increasingly true 
that so-called "science" is being taught more and more 
dogmatically. I n  physics, fo r  example, or in chem- 
istry or in biology, there are  so many laws and facts 
that are kno~vn and well established that it requires 
most of the available time of a course to present a sur- 
vey of these facts, and little or no time is left for  con- 
sidering seemingly contradictory evidence, that is, for  
training in scientific methods and attitudes. I t  is true 
that in these days the texts are being constantly revised 
so that the information is more nearly up  to date than 
formerly. But  many teachers using such texts com-
plain because of the necessity of change. I k n o ~ ~of 
one teacher in a field of science who prefers to use a 
text written in 1896 to those written more recently. 
I t  is easier of course to learn once for all time and not 
have to change. Perhaps such teachers would prefer 
to have their own subject as static as medicine was be- 
tween the second and sixteenth centuries. Galen's 
writings on anatomy and medicine, xhich were written 
in the second century, mere used as authoritative texts 
for  one thousand foar  hundred years. Galen and his 
xritings vrere used not as an example, not as a step 
toward a better understanding, but as a final authority; 
instead of a new beginning in medical advancement i t  
was the end of advancement fo r  1,400 years, An in- 
flexible text or creed or fori~lulation of a principle or 
hypothesis, if fixed in its details so as not to allow for  
growth or change, although useful and an improvement 
at  the time of its fornlulation is likely to interfere with 
progress. Vesalius about 1543 questioned some of the 
statenlents ascribed to Galen and began to investigate 
for  himself. His teachings and his studies were con-
sidered sacrilegious, and he was persecuted for  them 
and narrowly escaped death at  the hands of the Inqui- 
sition. One of the students of T'esalius said that his 
teacher not only demonstrated new truths to him, but 
"so taught that the student could discover new truths 
fo r  himself," could develop beyond what he was taught. 
I s  not that  the test of sound teaching? 

When new interpretations or conclusions are pre-
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sented in our revised texts or revised lectures are the 
old ones displaced and the new nierely substituted for  
the old? Would it  not be much better occasionally to 
present solne of the old conclusions with the support- 
ing evidence. then give the new evidence showing why 
it  was nece5sai-y to change our conclusions? Some 
students, 11013-ever, resent having to decide for  them- 
selves, perhaps because from childhood they have been 
told what to believe. 

I was developing contradictory evidence of this sort 
one time when a student, who was carefully taking 
notes, slalnmed his notebook with disgust, saying, "You 
tell us one theory and then contradict it." Another 
time I was giving contradictory evidence and pointed 
out how I was not sure myself which interpretation 
v a s  correct. A student asked, ('\Thy bother about 
these things n-hen you do not know xourself ?" "S'hy 
bother about outlrorn, discarded theories?'" "Give us 
the things you do know about and let the rest go." 
Give answers; gix-e the "latest dope." I pointed out, of 
course, that some texts and some teachers do give one 
side only as the truth, others the opposite side, and I 
hoped that, by considering both sides they would have 
a better understanding of the real truth. I well re-
member the case of a student who dropped a course in  
plant taxonomy because the professor said he could 
not tell for  certain to which of trvo species a given 
plant belonged. I t  was intermediate and had charac- 
teristics of both species. This student "refused to 
study under a professor who did not know his sub- 
ject." I have also heard of another professor in the 
same field of botany, a member of an organization in 
~vhich much of the teaching is by authority. This pro- 
fessor, n*hen he found such intermediate plants that 
could not be definitely classified, destroyed the plants, 
remarking that "they \rere the product of the devil." 

To present only clearly established information, 
leaving out all the uncertainties, gives the students an 
entirely wrong view-point. I t  is not training him in 
science nor does it give him understanding. A pro- 
fessor in a department of horticulture at  a well-known 
college of agriculture was greatly liked by his students. 
H e  was clear-cut and definite in his teachings, telling 
the students just 1%-hat to do. Several years later some 
of his students reported that this course, which as  
stndents they had thought the "best" in their univer- 
sity course, was really the "worst." The rules did not 
work and they had no training in meeting problems. 
I think it was Mark Twain'who said that after a long 
life full of many experiences he had found thak it  
wasn't the things that he did not know that gave him 
most trouble, but the things he knew that weren't so. 

Another case that came to my attention was that of 
a girl who had taken courses in a department of home 
economics where the latest findings were presented, 

but ~ r i t h  no training in evaluating the evidence. When 
she returned to the university two or three years after 
graduating, she attended a lecture in which the con-
clusions >yere in direct contradiction to  those of her 
previous training. She had been taught facts and 
conclusions and had not been trained to dram conclu- 
sions from evidence. She was greatly disturbed and 
a t  a loss to decide n*hat to do. With such methods of 
teaching information only, one would need to return to 
school every few years to keep up  with the infor~na-  
tion. Perhaps our college degrees should be labelled 
"good for  five years only." Why not teach in such a 
way that the student can carry on, as did Yesalius 
and some, but too few, of our teachers to-day? Not 
long ago there was an article by Christian Gauss2 ~%,hich 
bore the title, ('Why Don't College Graduates Stay 
Educated?" I n  my opinion the ansn-er is that we have 
not really been edncating them. IITe have been merely 
giving then1 conclusions, answers to specific question;, 
and have not been training them in e~a lua t ing  evidence, 
in the methods of solving problenls for  themselves, in 
methods of continuing education. 

I was speaking along this line before a slnall group 
a few years ago when one of the professors (one ~vhonl 
I admire and one ~ v h o  is, I think, a stimulating 
teacher for  advanced students) remarked that, con-
trary to his usual custom, he was that year using a 
text. The text made statements which he knew were 
wrong. H e  hated to let them go unchallenged, but 
since he n*as teaching from the text he said nothing. 
But of what value is the teacher if he nlerely drills his 
pupils on information, false and true alike, ~rhich is 
already available in the text? This same professor 
said, '(Surely you do not bring contradictory evidence 
into an elementary course?" I replied, "Of course, I 
welcorne an opportunity to bring controversial mate-
rial into an elementary course, especially if i t  is of 
such a nature that the student can easily appreciate 
the evidence." Then the student can get some feeling 
for  the method of science, a truer idea of the real state 
of things, a truer understanding. I f  one attempts to 
present controversial material in an elementary 
course or text i t  is likely to make the course too long 
or the text too bulky, o r  it may necessitate the omis- 
sion of important material. But, on the other hand, 
I sometimes wonder if we don't try to make our courses 
too complete and thereby lose depth. By depth I do 
not refer to more detail. Detail is often unnecessary 
padding. 

I f  time is limited, why not leave out of the lectures 

or discussions much of the well-known material? Of 

course the student must have some basic information, 

but that is available in the text or reference books and 

original articles. What he needs from his teacher is 


2 Saturday  Evening Post, 208: 26, December 7, 1938. 



not more information, but where to find it when he 
needs it; and still more how to evaluate it, and how 
to use it. I n  some elementary courses it may be better 
to use the historical approach and show how at  one 
time the available evidence supported a given oonclu- 
sion, but h o ~ ~  new es~idence has led to the necessity of 
change. Then by definite conlparison one can show 
how some of our present-day conclusions may need 
revision in the light of new evidence not now apparent. 
K i t h  many of our students most of them in fact in 
colleges of arts and sciences, a11 elementary course or 
t ~ v ois all they ~vill ever get in science, so if they do not 
get a truer picture in this elementary course, where 
will they get i t ?  

That many college-trained people have little or no 
app~eciation of scientific principles is indicated by the 
frequent appearance i11 current monthly and weekly 
magazines and newspapers of supposedly serious ar-
ticles purporting to deal ~v i th  science, and yet the 
writers demonstrate abysmal ignorance of some of the 
most elementary scientific principles. This is partly 
due, I think, to poor teaching in our elementary sci- 
ence courses, especially that in the biological sciences, 
and in part  to  the fact that only a small proportion 
of the students who receive the B.B. degree from col- 
leges of arts and sciences have had more than one or 
two freshman courses in some science. From a pre-
liminary study that I have been making, it appears 
that a large number of those students taking their 
major work in English, foreign languages, history, 
philosophy and such have had less than 6 per cent. of 
their college work in the sciences, including both bio- 
logical and physical sciences, while about 50 per cent. 
of these students have had no biological science what- 
ever. Yet it is from this group that a large propor- 
tion of secondary school teachers, writers and journal- 
ists probably come. These ~vriters and teachers per- 
haps shudder at mistakes in spelling or  grammar, and 
me all enjoy the "howlers" in student papers in his- 
tory, geography and such; but too few have had ade- 
quate training in the sciences to recognize the fre-
quency of the ludicrous mistakes in these fields as they 
appear in writings in  supposedly reputable magazines 
and newspapers. There is little difference bet~veen 
many college graduates and those who have not gone 
beyond the eighth grade in so f a r  as their mental atti- 
tudes or judgments in the fields of science are con-
cerned. Recent articles like "Chemistry Wrecks the 
Farm," '(The Chemist Conquers Agric~~lture,~ '  "Civili-
zation Faces a Joke," and a host of similar supposedly 
serious articles, merely demonstrate the vast ignorance 
of the field of biology of many writers, journalists and 
editors. Newspaper editors mould hardly dream of 
sending a reporter who had never seen a football game 
to write up such a game for  his paper, yet they expect 

reporters vho  have had no training wl~atever in sci- 
ence to write on the work of scientists. 

I t  seems to be assumed by many ~vriters and editors 
that the only things that will interest the general pub- 
lic in science is the spectacular, the miraculous, the 
colossal or the seemingly impossible a t  last come true. 
Of course i t  is more difficult to make clear and inter- 
esting the more critical aspects of science and the sci- 
entific method, but opportunities for  doing so are not 
utilized. That many people are interested in follom- 
ing the development of seemingly contraciicto~y evi- 
dence and the unfolding of hidden clues is indicated 
by the wide-spread interest in detective stories. One 
~ ~ ~ o n d e r swhether a silnilar interest in science migllt not 
be awakened. 

The public is becoming so accusto~lled to s ta~t l ing 
and eren revolutionary discoveries in the fielcls of sci- 
ence, to such sudden apparent shifts in conclusions, 
that there seems to be developing a rather dangerous 
attitude among certain people. It is true that some 
individuals are over-conservative, over-prone to decide 
once for  all on a jubject and never reopen it for new 
light. But others go to the opposite extreme, become 
so accujtomed to change that they have no convictions, 
rio basic theories of life; are so afraid of being con-
sidered behind the times that they go to the other es-
treme and blindly f o l l o ~ ~  This "open- every new fad. 
mindedness," as they perhaps call it, might better be 
described as "empty-mindedness." Our public school 
system ought to combat this tendency and not foster 
it. The sophisticated and disillusioned youth who has 
no convictions and becomes skeptical of all things may 
have been forced into such an attitude because he has 
been dogmatically taught one contradiction after an-
other, and has been given no solid foundation training 
for  forming his own judgments. But here again, is it 
not the emphasis on the findings of scientific investi- 
gations, findings that have led to frequent changes in 
practices, which have given the appearance of inse-
curity? I s  i t  not the failure to emphasize the method 
and attitude of science that is a t  faul t?  The enlphasis 
has been put in the wrong place, on the seemingly 
miraculous result rather than on the rigorous discipline 
that led to the new discovery. Truth and the under- 
lying method5 of discovering truth do not change. 

The public has become so accustomed to the seem- 
ingly miraculous accomplishments in the fields of sci- 
ence that instead of using the scientific method and 
examining evidence critically, building on a solid foun- 
dation, many people merely become more gullible and 
accept any claim, no matter how fantastic. You will 
all recall the recent excitement over the supposed inva- 
sion from Mars. The astonishing developments in the 
field of the radio seem on the surface highly miraculous 
and, to many who have no understanding of the under- 
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lying physical principles, it seems but a simple step to 
telepathy, and from that to communication with the 
spirits of the dead. I have heard college-trained people 
cite the radio as proof fo r  spiritism. I t  may be amus- 
ing at  times to let one's imagination run riot, and 
sometimes giving free rein to unchecked imagination, 
fanciful thinking or appeal to superstition may have 
no dangerous outcome. But, fo r  example, if the faith 
healers could gain complete control over medical and 
sanitary procedures and practices, the unchecked 
plagues of smallpox, typhus, cholera, yellow fever, 
typhoid and such would decimate a large part  of the 
population of the world, and what are now only iso- 
lated tragedies resulting from the failure of misguided 
and ignorant individuals to make use of proven reme- 
dies would become devastating conflagrations. 

I s  there not something wrong with our educational 
systems when in this so-called scientific age we find, 
among our high-school, college and university gradu-
ates, many who believe nothing definite and have no 
convictions, while many others will believe anything, 
no matter how fantastic? Is there not something 
wrong when so many join the ranks of the funda- 
mentalists, fighting the teaching of truth about evo-
lution and progress as it applies to biology? FCThen so 
many others join the ranks of the "one hundred per- 
centers" opposing the recognition of truth in history, 
in economics, or in government? When many are so 
gullible as to  be deceived by the most faulty and super- 
ficial reasoning? H a s  not the teaching of science 
failed when so many taking these high-school and uni- 
versity courses join the ranks of the faith healers fight- 
ing sanitation and health measures, degrading both 
religion and science? I t  is clear.that some of the most 
elementary principles of science are disregarded by 
those graduates of our best universities who go to 
fortune tellers and astrologers fo r  advice, or for  spirit 
messages from the dead; who feel uncomfortable un- 
less they knock on wood; are superstitious about so 
many things, about lucky or unlucky numbers, about 
black cats or walking under ladders; who rely on 
charms or '(lucky" pieces of one sort or another, or 
who forvlard chain letters for  fear of bad luck. 

When we recognize these weaknesses of those who 
are the products of our institutions of higher learning, 
weaknesses typical of primitive peoples or those with 
but few educational opportunities, we must recognize 
that part of it must be due to weaknesses in our edu- 
cational system and methods. Part,  I am convinced, 
is due to the fact that large numbers of students, as  
well as teachers, have had little or no training in sci- 
ence, especially in those phases of the biological sci- 
ences that bear upon one's everyday thinking and be- 
havior. Part, I feel, is certainly due to the emphasis 

on teaching what to think rather than how to think; 
to a tendency to teach by authority, by dogma, rather 
than for  authority, for  understanding. 

One of the more telling points in an article by Dallas 
Lore Sharp on ((Education for  Authorityv3 was his 
free translation of the Biblical passages as follows: 
"The people were astonished for  H e  taught them as one 
having authority and not as those who had gone to col- 
lege." Is not too much of our teaching to-day like 
that of the scribes of old, too much like that of the 
followers of Galen, a mere passing on of information, 
with little or no training in understanding? Are we 
not failing in helping our students to gain a real under- 
standing, to gain an attitude of mind which aids in 
solving problems, in the discovery, unfolding and ap- 
preciation of truth and a recognition of values? Are 
me building a foundation that will lead to further 
growth and to a more satisfactory living? 

A s  I look a t  it, science is succe~sfullg taught only 
as its teachers can get their pupils to appreciate how 
advancement in knowledge is accomplished only grad- 
ually and by the critical examination and reesan~ina- 
lion, the testing and retesting, of each step in a fabric 
of evidence; and how the truth is clarified only after 
the many possible weaknesses or alternative interpre- 
tations are critically examined and tested from all 
angles and by many workers: Training in science 
should make the individual more critical, not more 
credulous, should lead him out of superstition and not 
sink him deeper into the attitudes of the superstitious. 

I have been contrasting methods of teaching science, 
that is, teaching by drilling the students to memorize 
the conclusions of others, a mere accumulation of in- 
formation, as  contrasted with training in evaluating 
evidence, in understanding and in solving problems for  
themselves. I s  not a training for  real understanding, 
fo r  authority, immensely superior to teaching by au-
thority or by dictation? Do not the principles apply 
to all ages from the first grades in school to old age? 
Do not the same principles apply also to each of us 
as individuals, not as teachers, but as students con-
tinuing our education ? Are we as  individuals meeting 
problems by attempting to understand them or are we 
accepting authority, either from our former or present 
teachers or from our own past conclusions which per- 
haps were based on incomplete evidence? Are we as 
individuals growing, or are we static3 I n  all fields 
of education, whether it  be a r t  or music, literature, 
religion, sociology, history, government, economics or 
one of the sciences, we need education for  appseciation 
not by dictation, fo r  understanding not by indoctrina- 
tion, for  authority not by authority. 

3 Atlantic Monthly, 128: 13-21, 1921. 


