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men that, turn and twist as they may, they 
are always face to $ace with three mighty 
facts. These are: (1) That the present 
age is an age of machines, with a new set 
of ideals of its own; (2) That the schools 
are still too much under the influence of 
the ideals of a grammatical, machineless 
age which is now rapidly passing away; 
and (3) That not only industry, but also 
the public a t  large, is demanding a new 
type of schools whose graduates shall feel 
a t  home in and be able to cope sueeexsfnlly 
with this modern world of machines. 

Now facts are facts, whether we like 
them or pot; and i t  is a hopeful sign of 
growth that schoolmen are no longer try- 
ing to obscure these three great facts by 
devout longings for the will-o'-the-wisp of 
culture for its own sake. We schoolmen 
have reached the point where we are seri- 
ously trying to harmonize these relatively 
new facts with the rest of our laowledge. 
Such, a t  least, is my attitude in trying to 
define what, in the presence of these facts, 
science might do to help the schools to 
usher in  a new era of real industrial educa- 
tion. 

That we are all trying to find out what 
industriial science may mean is proof that 
we are all pretty well agreed that the work 
now done under the name of science in 
most schools can not fairly be called indus- 
trial science. Whether that work may 
justly be called science or not is another 
question, and one about which there have 
been and still are perfectly honest differ- 
ences of opinion. But this is not the topic 
under discussion. The problem before us 
is: What is industrial science? and I as-
sume that all are ready to agree that few, 
if any, have yet defined it in action; i. e., 
thai, few, if any, of the present school 
courses in  science can be cbassed under that 
head. F o r  the sake of definiteness, this 
problem will first be discussed for the spe- 

cial case of physics. 'Phe conclusions 
reached are equally valid for the other 
sciences. 

Current courses in physics do not meet 
the demand for industrial physics because 
the leading ideas on which most; of the 
elementary worlc in physics is b4ased are 
fundamentally different from those re-
quired by industrial physics. Current 
courses in  elementary physics ha,ve been 
planned by students of advanced physics 
under the spell of a very one-sided appre- 
ciation of what the essential elements of 
physics are. For when a student under- 
talces to grapple with such works as New-
ton's "I'rincipia, " or Max~vell's "Elec- 
tricity and Magnetism," he finds i t  no easy 
task merely to follow the argument and to 
reproduce the results. Hence he naturally 
acquires a great admiration for the intel- 
lectual genius of the men who created 
such worlis. I3e lcnows, moreover, that hi!, 
academic success depends on his ability to 
reproduce these works as intellectual feats 
only. When he himself becomes a teachel- 
of elementary physics, he very naturally 
falls into the habit of presenting physicrs 
as a series of intcllectnal feats-of  facts 
and demonstrations and theories ancl 
nothing more. Hence current courses have 
been framed and many text-books have 
been written with the sole purpose of teach. 
ing the laws land principles of elementary 
physics as coldly intellectl~al propositions 

As teachers of elementary physics we 
have thus been filled with a zeal to impart, 
to others the principles that have cost us 
so much labor. We have tried to get 
beginners-mere infants in physics-to 
repeat Newton's laws of motion with some 
show of intelligence as to their meaning; 
we have had them figure coefficients of rrs- 
titution, although none of us ever met one 
in real life. We have even let them specu- 
late about atomic magnets and ether and 



517 APRIL 10, 19141 flUENC?.E 

the kinetic theory of matter, long before 
they have enough facts at their disposal to 
make these theories comprehensible. This 
was natural enough-dicl not the great 
artists who created the s;ience of physics 
do these things? But, somehow, i t  did not 
woik. I t  was all too unusual and too ab- 
stract and too remote from the interests of 
real boys and girls. It lirlas too coldly in- 
tellectual to satisfy the demands of a world 
of action and emotion. I t  was too much 
like learning arlcl trying to apply the fixed 
rules of grammar to be really exciting. WE 
tlicreforc had to give it up and t ry  again. 
In the second attempt we shifted our 

enthusiasm from the works of men like 
Galileo, Faraday and Helmholtz, to the 
achievements of men like TVatt, Stevenson 
and Wilbur Wright. I11 other words, we 
secmcd to be giving up  trying to make 
scientific artists out of all of our pupils, 
and shifted the emphasis over to an ambi- 
tion for engineers. Not that we forsook 
entirely the traditions of the past-far from 
it. We merely tried to use the inventions 
and achievements of engineers as a bait 
with which t,o catch the unwary on the laws 
and principles laforesaicl. We tried to use 
a boy's natural enthusiasm for steam en- 
gines as a means of painlessly inoculating 
him with the errors of thermometers, the 
laws of boiling, the laws of fusion, the laws 
of saturated vapors, and the mechanical 
equivalent of heat. 

This second attempt was a great advance 
over the first, in that i t  showed some recog- 
nition of the rights of the victims-it took 
some account of the desires and emotions of 
the pupils. But even this plan has not 
succeeded. I t  is at  best a soriy practise to 
try to mala any subject-matter interesting 
after it has been selected on grounds other 
than the interests of those who are to learn 
it. This practise has not and will not 
satisfy the demands of industry or teach 

boys and girls to cope successfully with a 
world of machines. If i t  had and would, 
we would not now be still seeking the 
meaning of indnstrial physics. 

From the first of these experiences we 
have learned that an age of machines is not 
satisfied with a physics teaching that makes 
a few men competent to reproduce state- 
ments of the laws of physics as coldly intel- 
lcctllal propositions at college entrance 
examinations. From the second we are 
discovering that the pnblic does not con-
sider that i t  is getting its money's worth 
out of a physics teachirig that turns out a 
moderate number of boys and girls with a 
moderate amount of information about en- 
gines, trolleys, telephones and wireless, and 
some painFul memories of a few laws and 
principles as an added ornament. 

130th of these attempts a t  teaching ele- 
rneni,at-y pliysics in an age of machines 
have failed for the same reason ; namely, 
because i t  is not possible to gain an under- 
standing of this age merely by counting 
cogs and levers, or  by measuring moments 
and roefficients, or by speculating about 
atoms and ether. We have in i t  all over- 
loolied the fact that the works of the great 
artist creators of the science of physics and 
those of the great engineers of physics are 
not intellect~aal or material products plain 
and simple, but are the expressions of a 
mighty spirit worked out through keen 
intellects into tangible form. The great 
physicists are great not because they merely 
have more brilliant intellects than most 
people. There are relatively many bril-
liant intellects and relatively few great 
scientists. The great engineers too have 
not been great merely becal~se they pos- 
sessed great intellects. Both the great phy- 
sicists and the great engineers have been 
great because they were inspired with the 
spirit of science. Iieen intellects are. of 
course, necessary too, brat they are not the 
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determining factor. The power in  such 
men has been, is, and always will be found 
in the spirit with which they work-in 
their disinterested devotion to their tasks 
and their sublime faith in the harmony of 
nature and in  the possibility of achieving 
what they have undertaken. 

This is no new or startling theory. It is 
a very veiierable fact. Yet somehow i t  
seems to have escaped attention entirely in 
the organization of elementary physics 
courses. Since the spirit of science is the 
dominant factor in making a great scien- 
tist, we physics teachers have not been 
quite bright in thus omitting i t  from our 
courses. We have been trying to play Ham-
let, but have inadvertently omitted Hamlet 
alltogether. It is encouraging to note, how- 
ever, that the importance of this omission 
has just begun to attract attention. Some 
progressive teachers include the biog-
raphies of physicists in their courses, and 
some progressive authors include the por- 
traits of great physicists in their texts. If 
the materials of physics can not be pre- 
sented in such a way as to arouse a real live 
scientific spirit inside a boy, i t  may be 
well to show him pictures and to tell him 
stories of men who had it. 

Yet, after all, we physics teachers are 
not so very much to blame for omitting the 
scientific spirit from our courses. If we 
had been inspired with i t  when we mere 
children, all would have been different. 
When we were young, nobody knew what 
it was. Great scientists just felt it and 
lived it, but nobody seemed to think of try- 
ing to describe it, or to define it, or to tell 
how i t  felt all welling up inside and over- 
flowing in laws and principles. There have 
been many attempts from Aristotle down to 
the present time to define the scientific 
method of thinking. But  it is only very 
recently that the effort has been seriously 
made to portray in words just how the 

scientific spirit feels when it is once safely 
lodged inside a man. 

Now that we are beginning to knc~w 
something about how it feels to have the 
scientific spirit inside one, the stone which 
the builders of elementary physics conrses 
rejected is to become the headstone of the 
corner of the new industrial physics. FCIP, 
though they may not know i t  yet, the thing 
that the inclustries need most just now is 
this self-same scientific spirit. The public 
is demanding it, employers are seeking it, 
trades unions are hunting i t  everywhere, 
even in socialism, and the world a t  large in 
this machine age is crying out piteously 
for it. If we are ever to have an industrial 
teaching of science, i t  will be of a sort that 
succeeds in developing the scientific spirit 
inside people. It will be a kind of teaching 
that does not emphasize the loading of the 
intellect with facts, principles and theories; 
but rather one that sees to it that a t  all 
costs the hearts of the pupils are filled 
with the scientific spirit. Hence if we 
would go forward with the development of 
industrial physics, we must first recognize 
what is the essential thing in the scientif~c 
spirit. 

The essence of the scientific spirit is not, 
as has been generally supposed, a method 
of thinking. It is not the intellectual proo- 
ess that has been divided into the steps 
called observation, induction, hypothesis, 
verification. This process, if i t  signifies 
anything real, is a t  best but one of the 
modes in  whicql the presence of the scien- 
tific spirit inside is made manifest. Maqy 
of us have conscioudy tried, and as con- 
sciously failed, to impose this order of 
thought on our pupils with lhe idea that 
we were thereby serving science. We have 
failed because the essence of the spirit we 
want is not of this sort. 

The essence of the scientific spirit is a11 
emotional state, an attitude toward life ant1 
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nature, a great instinctive and intuitive 
faith. I t  is because scientists believe in 
their hearts that the world is a harmonious 
and well-coordinated organism, and that it 
is possible for them to find harmony and 
coordination, if only they wadi hard 
enough and honestly enough and patiently 
enough, that they achieve their truly great 
results. It is this faith inside them that 
inspires thein to toil on year after year on 
one problem. How else could Darwin have 
toiled on all those years to find coordination 
in one clirection? Was i t  because he 
wanted to malw hiniself unpopular with 
the theologians and to set their tongues to 
wagging against him all over Christendom? 
Or was i t  because the problem interested 
him, and because he line~v in his heart that 
there inust be such a thing as law and order 
among living organisms, and that such 
order could be found if only he worked 
patiently enough and honestly enough? 

The same is true of inventors and engi- 
neers. Their greatness does not depend 
primarily upon the fact that they have keen 
intellects and use scientific methods of 
thinking. When Wm. MeAdoo conceived 
the idea of the IIudson River tunnels, i t  
was not the idea alone that made him 
achieve them. Many others had thought of 
tunnels under rivers before. I t  was rather 
his belief that the thing was worth while, 
backed by an indomitable faith in  things 
and in men. IIe knew in his soul that the 
people needed this and that i t  could be 
done, and he Iinew it with such energy that 
he succeeded in accomplishing it. Brains 
were useft11 and evcn necessary too; but 
the r e d  source of his success was the will 
to do, and this in turn comes from a pro- 
found and indomitable faith that there is 
law and order in the world and tha.t there- 
fore i t  can be done. 

Look where yon will a t  physics in real 
life, and you will always find that the heart 

a.nd soul of i t  is an unquestioned faith in  
things and in the harmony and relatedness 
of things, united with an unquestioned 
faith that i t  is possible for any Inan to find 
harmony and relateclness among things if 
he devotes himself whole-heartedly to the 
task. 

Look where you will a t  physics-teaching 
in the schools, and what do you find43 
ATundreds of teachers--all of us--hustling 
around with definitions of the unit in  
physics bound over our eyes. Open any 
one of these definitions, and what do we 
Gnd? That the teachers mnst see to it 
that each pupil does not less than 30 ex-
periments described in the following list ; 
that teachers should use algebra and geom- 
etiy when they find i t  convenient; that 
teachers should not confuse the pupils with 
too elaborate apparatus nor allow them to 
obscure their results under unintelligible 
units. IJereunto is appended :z mighty 
syllabus, which has cost some committee 
many ho~xrs of hard labor, and which con- 
tains the united wisdom of the committee 
as to what must be included in the course. 
Such a syllabus of topics we dl carry with 
us always lest we forget some weighty or 
massive point, and so leave a vacant apace 
in the logical system with which we are 
trying to adorn our pupils. 

So long as me teachers insist on keeping 
such definitions and such syllabi before 
our eyes, so long will a real industrial 
physics be impossible. The syllabus of 
industrial physics contains only one topic, 
and that is a topic that no teacher or com- 
mittee of teachers has evep yet thought of 
putting in any syllabus yet made. This 
may seem strange to ns at  present, with 
our eyes all blindlolded in our present 
stately game of blind-man's bluff; but 
twenty years from now, when our eyes ha.ve 
been opened and indu..trial physics is in 
full swing everywhere, the tables will be 
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turned. We will then wonder how we ever 
could have been such silly boys as to have 
been blinded by syllabi that utterly fail 
to mention the one and only thing that 
gives science its final and distinctive claim 
to a leading place in any system of truly 
democratic education. 

The syllabus of industrial physics will 
be brief and full of meaning. I t  will read 
somewhat lilre this: Topics I-XC, Para-
graphs A-2. THE SCIENTIFICSPIRIT.This 
includes: (1)a militant faith in things, in 
the harmony of things, and in what men 
can do with things; (2) an eagerness to 
seek facts and to treat facts as facts; ( 3 )  
an imagination that is able to see old facts 
in new perspectives. 

This syllabus contains no topics like 
those in which the current syllabi abound, 
because there are plenty of boolis in which 
all these topics are fully treated. If a man 
has the scientific spirit, he will look them 
up in books whenever he needs any of them 
so that they come to have meaning for him 
in the joyous work of living. This is no 
more than he now has to do if he wants 
really to use those now covered in physics 
courses in any important undertaking. 

This syllabus contains no required list 
of experiments ;because, to a man with the 
scientific spirit, all life is one magnificent 
series of experiments. 

This syllabus, finally, contains no petty 
directions to the teacher; because the re-
sult demanded is emotional in nature and 
depends on the tact, the intuition and the 
scientific spirit of the teacher. Fortunately 
no one has yet attempted to formulate set 
rules for the development and administra- 
tion of the scientific spirit, so there is hope 
for success here by a real live teacher. 

Like all truly great things, this syllabus 
is beautiful because of its simplicity. It is, 
moreover, the same for all the sciences. 
Oommittees will not have to waste much 

valuable talent haggling over its details, 
but can spend the time thus liberated in 
learning to apply it. Hence, when it has 
once been adopted, progress in industrial 
science will be rapid. 

There are a number of reasons why it is 
certain that this simple syllabus is the one 
that industrial science is going to adopt. 
In  the first place, this is the syllabus that 
the colleges now want to have adopted. It 
is the syllabus that the universities use in 
their advanced worlr, and the one that the 
colleges would like to adopt for their own 
use if only the secondary schools would be 
good enough to forget the old syllabi that 
the colleges made. Although the colleges 
really want to have this new syllabus 
adopted, none have yet had the bravery to 
say so openly; because the new syllabus 
demands a result which can not be exam- 
ined in two hours by the college entrance 
examination board. Even the colleges that 
lie outside the influence of this board, and 
that admit wholly on certificate, still like 
to hold on to the possibility of giving en- 
trance examinations if they ever should 
want to do so. Standarcls of something-or- 
other seem somehow to be maintained by 
this process. 

In  the second place, the elementary 
schools are demanding the adoption of this 
syllabus of industrial physics. I n  fact, the 
elementary schools are seriously trying, 
with their nature study and their genela1 
science, to put i t  into effect themselvm. 
They know that most children come to the 
first grade with marked symptoms of 
scientific spirit cropping out all over them, 
and they know that these same children 
leave the eighth grade with their scientific 
spirit a sad caricature of its original self. 
But the elementary school can not both 
make its own teachers and teach the chil- 
dren. The teachers must come from above; 
and hence progress will be slow until the 



SCIENCE 


high schools, the normal schools ancl the 
colleges take hold and help too. That i t  is 
decidedly to their own selfish interest to do 
this is perfectly obvious. If the scientific 
spirit of the children could be preserved 
instead of deadened in the schools, the work 
of the higher institlitions would change 
utterly--woulcl become veritably inspired. 

But  finally, and most important, the 
syllabus for industrid sciertce is the one 
just outlined becanse i t  is the one that 
commerce and inclustry and the public and 
the worliJ at  large are demanding of the sci- 
ence teachers. This is evident because the 
history of the development of our civiliza- 
tion shows that, since the destruction of 
Rome, progress has consisted in a continual 
series of triumld~s by men who believed in 
things over men who believed in words. 
ATagelln,n believed in things; and when his 
fleet had sailed off the west end of the 
world and sailed safely back on to the 
east end of it without being seriously in- 
convenienced by the feat, the words of 
those who lilied to prattle ahout flat ~vorlcls 
became rather insipid. Watt, and Steven- 
son and Fnlton helieved in things so vigor- 
onsly that they actually succeeded in re-
ducing this earth to about one-eighth of 
its former size, and in mpanding the 
strength of men to the nth power. No 
amount of talking conld ever have accom- 
plished that. The telegraph, the telephone 
and ~rireless have coinpressecl the world to 
still smaller dimensions. The I-fanseatic 
I~eagne, the craft guilcls, the so-called Re- 
naissance, the development of a merchant 
marine, the expansion of industry and 
commerce, are all the tvorlr of men who had 
faitli in things. The effects of this ~vorlr 
are not material only; for the tangible re- 
sults of i t  have been silently working on 
men's ideals all the time and as silently 
reconstructing them. It has done more to 
make nien comprehencl the idea of univer- 

sal brotherhood than all the words that 
were ever uttered about it. 

All this is work of the scientific spirit as 
here defined. It is forcing on us new o n -
ceptions of goodness and .justice, new ideals 
of success and failure. It is even develop- 
ing in us a new faith; for the scientific 
faith in things and in the possibility of 
finding among things a harmony which in- 
cludes them dl is now expanding into a, 

faith in men and in the possibility of find- 
ing among men a justice which includes 
them all. This fact appears explicitly in 
the work of Taylor and others on scientific 
management, and implicitly in the change 
that is rapidly coming over bnsiness meth- 
ods everywhere. 

The prophets of our time are telling us 
that a few years ago the general idea 
nnderlying business and industi-ial trans- 
actions was "get all you can out of every- 
body and give as little as yon can in re-
turn. " Bl~~inessis business was the motto. 
m i l e  this idea still pervades much business, 
t l i ~most successful firms at  present are those 
which have felt the inspiration of this ex-
panded spirit of science and which there- 
fore realize that this idea is, in the light of 
the facts, a false one. To be permanently 
successful in bnsiness or industry, one must 
deal with the same people for long periods 
of time; and t l~ is  is possible only when all 
parties to the transaction are satisfied. All 
parties will he satisfied only when there is 
mutual confidence in one auother and a 
recognition that all have becn treated fairly 
and justly. 'Phis means that business and 
inclustry are coming more and more to be 
guider1 by men who have a faitli in men as 
well as in things, and who believe that 
there must be a social and economic order 
which will give a justice that is best for all 
and which can be found if men seek i t  
long enough and honestly enough. Busi-
ness men are coming to thiq faith, not be- 
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cause i t  is a pious moral thing to do, but 
because i t  produces tangible results. If 
workmen feel that they have been treated 
justly, they are happy and take interest in 
their work; and happy and interested 
workmen are more efficient than unhappy 
and rebellious ones, I t  pays to treat men 
justly and to seek a justice that is best 
for all. The seientific spirit always pays 
when intelligently applied. 

Now it is because the people sense the 
fact that this expanded and more mature 
scienti6c spirit is conling to the front in  
business and in indnstry, and because they 
see that i t  pays, that the public is demand- 
ing the development of scientific spirit in  
the schools. The situation is full of mean- 
ing for teachers of science. In  the first 
place, i t  is evident that the public has 
come to believe in the scientific spirit. The 
public has tasted of this spirit and is bound 
to have more. If the present schools will 
not supply it, the public will either malie i t  
themselves in business, or found other 
schools that can malie it. Are not the busi- 
ness men of Illinois even now trying to 
have a seconcl set of schools established in 
the hope of securing just this? Present 
schools are beginning to have competition 
in this development of scientific spirit. 
Syllabi of facts are no longer the sacred 
synibols of the faith-it is spreading of 
itself ~vherever men are honestly trying to 
cooperate in work that is significant to 
them. If we science teachers do not wake 
up to this situation, our jobs will soon be 
gone, and the schools may be reduced to 
the function of teaching the three R's. 

Besides, tve science teachers are really 
rather dull when we allow our individual- 
ities to be submerged by syllabi a,nd defi- 
nitions of units. Why do we insist on 
hiding our light under a bushel of facts 
and principles of elementary science, all of 
which can be bought for a dollar and a 

quarter from any one of a dozen enterpris- 
ing publishers? And why do we all sup- 
press our personal enthusiasms arid all timy 
to malie ourselves up to look each as much 
like the other as possible, and all as muoh 
as possible like forty experiments from the 
following list? That we do so is the more 
surprising when we realize that we are 
thereby not merely faithless to our trust ,as 
guardians of the scientific spirit, but theat 
we are in addition actually making for 
ourselves a whole lot of tedious and wl-
necessary work. It is a great deal easier 
to develop scieiitific spirit in lively young- 
sters than i t  is to suppress their liveliness 
with an inherently barren and uninterest- 
ing syllabus. I t  is vastly more fun for the 
teacher too, if he will just be himself and 
let his enthusiam spread through tlle class. 
EIe will not have to be ,a slave to examina- 
tion papers and noteboola if he can get the 
class to worliing on problems that are 
really significant and worth while in their 
eyes. When he sees a class so absorbed in 
the things they are doing that they forget 
when i t  is time to go to the foot-ball game, 
he can be perfectly sure that they have ac- 
quired the scieiltilic spirit and hence necd 
no further examinations. They will then 
have mastered the syllabus of industri:d 
science. 

That we are rapidly drifting toward 
such work is shown by the success of thorie 
experiments in which boys spend half their 
time in school and the other half in some 
shop. The shop lends reality to the school 
work and makes i t  seem worth while. But 
the schools might malie their work seem 
worth while without the shop, if only they 
would adopt the syllabus of industria.1 
science in place of the syllal~i that have 
been standardized by the authority of 
official utterance of the committee of ten. 
Those syllabi belong to the age that trusted 
in words; the syllabus of industrial sciencre 
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belongs to the age of machines, which is 
founded on a faith in men and in things. 

If I were to stop here, I would have de- 
fined industrial physics in its fullest sense. 
I would not, however, have given any 
specific directions as to how to go to work 
to frame a real course in i n h t r i a l  physics. 
What subject-matter shall be used? What 
topics? These are very practical and very 
pressing questions in the every-clay rontine 
of schools. To sue11 questions as these there 
is but one answer; namely, iise any subject 
matter in which you can get yoiir pupils so 
absorbed that they forget everything else 
but the thing they are doing. Use the sub- 
ject-matter of the old syllab~xs, if you want 
to, and if you think that you have the 
g e n i ~ ~ sso to clothe i t  with significance that 
all the students will become absorbed in it. 
It is not absolutely impossible to do this. 
Experience seems to indicate, however, that 
kachcrs will have more succcss if they 
change the type of problem from the kind 
in which only physicists are naturally in- 
terested to a kind that has more local color 
and that the rest of the ~ o r l dfind essen" 
tial. For example, instead of trying to in- 
terest the pupils in the errors of thermom- 
eter scales, the specific heat of aluminum, 
or the cocfficients of expansion of iron and 
hl~.a,ss, why not set the class on the problem 
of finding the best grade of coal in town? 
Or perhaps they would find the relative 
efficiencies of various typcs of cooking 
utensils and gas stoves a fruitful topic? If 
such topics as these seem to lack the appeal 
to the creative instincts, the design and 
construction of an electric lighting system 
for a house or  a mini:tture town might 
prove more stimulating. If this still seems 
to laclr the vitality of the real thing, organ- 
ize the class into a scientific information 
bureau and invite the citizens to send in 
their real problems to the class for solu- 
tion. A plan of this kind, in operation in  

Springfield, Mass., was described in the 
November number of Xchool Xcience and 
Illathematics. It suggests rich possibilitirs. 

The best example of industrial science 
that I know of is the work of the corn 
clubs and the canning clubs of the south. 
This work was started and is being guided 
by the General Education Board, and is 
wholly independent of all school systems. 
T t  has, therefore, not been standardized to 
death. Corn clubs are for the boys, and 
their purpose is to see which boy can raise 
the greatest number of bushels of corn per 
acre. The boy who, by his careful attention 
to this work, actually produced 210 buslr- 
els from his acre, as well as all the other 
boys involved, incidentally have been rais- 
ing other things tIian corn. They arc be- 
ginning to have faith in things and in 
what they can do with things. They are 
beginning to appreciate the vallie of facts 
as facts. Their imaginations are a t  work, 
figuring, perhaps, bow they may slip the 
corn belt down south and leave Illinois, 
~ v i t l ~its measly 34 bushels per acre up  in 
the cold. Thcy are contributing to the 
worlci's work. l'hey are liaving real indns- 
trial science. 

I n  like manner, the canning clubs are for 
the girls. Thcy mect at the houses 01the 
members ancl can tomatoes which they 
have thernselves raised. They wol-k with 
enthnsiasm, and have so far  perfected their 
product that, in open market, they get two 
cents a can more for i t  than is paid for 
fact,ory brancls. Unlike factory hands, they 
are happy in their work. They are learn- 
ing that the scientific spirit pays. Like the 
hoys, the girls have been raising other 
things as well as tomatoes. They too are 
heginning to master the syllahlls of indus- 
trial science, and to have faith in things 
and in facts, and to see the world in a new 
perspective. If this sort of work continues 
and develops farther, who linows but that 
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the north, with its highly standardized 
school system, may have to import i ts  
scientific spirit from the corn and canning 
(*labs of the south? I f  we science teachers 
miis11 to avert such a humiliating catas-
trophe, there is but  one thing to do;  go to 
work and develop an equally efficient in- 
dustrial science in the schools. 

l'his is the only thing that will statisfy 
the present demand of the public and con- 
vert the schools of a machineless age into 
educational institutions that mill tu rn  out 
pupils competent to understand and to 
cope with this age of machines. For  ma- 
chines are  one of the products of science; 
and if they have caused misery and slaveiy 
among workmen and have reduced human 
beings to machines, i t  is because they have 
becn owned and manipulated by men who 
did not possess the scientific spirit. Ma-
chines are bound to master and to control 
men who t ry  to manage them with words 
o r  with the ideals of the past niachinelws 
age. Only me11 with the t rue scientific 
spirit are able to understand the real mean- 
ing of machines and to use their power for  
the nplift of humanity. Only men with 
the sacred faith can ever hope to  master 
tlricl to control them permanently. 

C .  R. MANN 
THE UXI~'ERSITY CHICAGOOF 

INits nature the present paper falls within 
the field of abstract physical science, ana it 
can, I fear, interest biologists only through 
it<: conclusions. Rut there is reason to be- 
lieve that by means of these conclusions a 
trustworthy foundation for the systematic 
stndy of the environment may be established. 

The result of my recent inquiry into the re- 
lation between the organism and the environ- 
ment2 Bas been, as 1 believe, proof that a 

1 Read before the American Society of Natural-
ists, December 31, 1913. 

2 <'The Fitness of tlie Environment: An In -
quiry into the Biological Significance of the 

hitherto unrecognized order exists anlong the 
properties of the elements. This new order is, 
so to speak, hidden, when one considers the 
properties of matter abstractly and statically. 
It becomes evident only when time is taken 
into consideration. It has a dynamical si;:- 
nificance, and relates to evol~t ion.~ It is ass3- 
ciated with the periodic system of the elements 
in somewhat the same way that the functional 
order is related to the structural order in biol- 
ogy. Hence i t  is not independent of the other 
order, but may be said to lie masked within it. 

This is no novel experience, that the con- 
sideration of phenomena in tinie should lead 
to new points of view. In  truth, it might 
almost have been said a, priori that a new 
order must be revealed by a study of the prop- 
erties of matter in relation to evolution. 

This order may be described abstractly 
as follows:-The properties of matter are 
not evenly distributed among the elemenis, 
nor in such a manner as can be explained Ir)y 
the laws of chance, nor are they altogether dis- 
tributed in the manner which the periodic 
system describes. If the extremes be conai3- 
ered, all tlie physical and chemical properties 
are distributed with the very greatest uneveii- 
ness, so that the extremes are concentrated 
upon a few elements, notably hydrogen, oqy- 
gen and carbon. As a result of this fact there 
arise certain characteristics of the cosmic proc- 
ess which could not otherwise occur. 

The characteristics which make up this 
uniqne ensemble include the greater number 
of characteristics and especially the most ira- 
portant and the most conspicuous physical artd 
chemical properties. This order has for cosmic 
and organic evolution extremely important re- 
sults-maximal stability of physico-chemical 
conditions and maximal complexity in the 
physico-chemical make-up of the surface of a 
planet; further, the possibility of maximal 
complexity, durability and activity of physico- 
chemical systems in such an environment. 

All the considerations upon which these 
results are based are purely physico-chemical, 

properties of Matter," New York, The MELC-
milIan Cbmpany, 1913. 

3 1do not, of course, refer to radioactivity, and 
the possible evolution of the elements. 


