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SCIEBT'ZE'L C INVEST'ZGATION A N D  

PROGRESS.* 


AT the meekly services of many of our 
churches i t  is customary to begin with the 
reading of a verse or two from the Scrip- 
tures for the purpose, I suppose, of put- 
ting the congregations in the proper state 
of mind for the exercises which are to fol- 
low. I t  seems to me we may profit by this 
example, and accordingly I ask your atten- 
tion to Article I .  of the Constitution of the 
American Association for the Advance-
ment of Science, which reads thus: ' The 
objects of the association are, by periodical 
and migratory meetings, to promote inter- 
course between those who are cultivating 
science in different parts of America, to 
give stronger and more general impulse 
and more systematic direction to scientific 
research, and to procure for the labors of 
scientific men increased facilities and a 
wider usefulness. ' 

The first object mentioned, you will ob- 
serve, is ' to promote intercourse between 
those who are cultivating science in dif- 
ferent parts of America ' ; the second is 
' to give a stronger and more general im- 
pulse and more systematic direction to sci- 
entific research ' ; and the thiid is ' to pro- 
cure for the labors *of scientific men in-
creased facilities and a wider usefulness.' 
Those who are familiar with the history 
of the association are me11 amrare that it has 
served its purposes admirably, and I! am 
inclined to think that those who have been 

* Address o f  t h e  retiring president o f  t h e  Ameri-  
Can Association for the Advhncenlent O f  Science, 
S t .  Louis  meeting,  December 28, 1903. 
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in  the habit of attending the meetings will 
agree that the object which appeals to 
them most strongly 'is the promotion of in- 
tercourse between those who are cultivat-
ing science. Given this intercourse and 
the other objects will be reached as a neces- 
sary consequence, for the intercourse stim- 
ulates thought, and thought leads to work, 
and work leads to wider usefulness. 

While in 1848, when the association 
was organized and the constitution was 
adopted, there was a fair number of good 
scientific investigators in this country, i t  
is certain that in the half century that has 
passed since then the number of investi- 
gators has increased very largely, and nat- 
urally the amount of scientific work done 
a t  present is very mnuch greater than it 
was a t  that tiine. So great has been the 
increase in scientific activity during recent 
years that we are apt to think that by com- 
parison scientific research is a new acquisi- 
tion. I n  fact there appears to be an im- 
pression abroad that in  the world a t  large 
scientific research is a relatively new thing, 
for which we of this generation and our 
immediate predecessors are largely respon- 
sible. Only a superficial knowledge of the 
history of science is necessary, however, to 
show that the sciences have been developed 
slowly, and that their beginnings are to be 
looked for in the very earliest times. 
Everything seems to point to the conclu- 
siod that men have always been engaged in 
efforts to learn more and more in regard to 
the world in which they find themselves. 
Sometimes they have been guided by one 
motive and sometima by another, but the 
one great underlying motive has been the 
desire to get a clearer and clearer under- 
standing of the universe. But  besides this 
there has been the desire to find means of 
increasing the comfort and happiness of 
the human race. 

A reference to the history of chemistry 
will serve to show how these motives have 

operated side by side. One of the first 
great incentives for working with chemical 
things was the thought that i t  was possible 
to convert base metals like lead and copper 
into the so-called noble metals, silver and 
gold. Probably no idea has ever oper-
ated as strongly as this upon the minds of 
men to lead them to undertake chemical 
experiments. I t  held control of intellectual 
men for centuries and i t  was not until 
about a hundred years ago that i t  lost its 
hold. It is very doubtful if the purely 
scientific question whether one form of 
matter can be transformed into another 
would have had the power to control the 
activities of investigators for so long a 
time; and i t  is idle to speculate upon this 
subject. It should, however, be borne in 
mind that many of those who were engaged 
in this work were actuated by a desire to 
put  money in  their purses-a desire that 
is by no means to be condemned without 
reserve, and I mention i t  not for the pur- 
pose of condemning it, but to show that a 
motive that we sometimes think of as pecu- 
liarly modern is among the oldest known 
to man. 

When the alchemists were at work upon 
their problems, another class of chemists 
were engaged upon problems of an entirely 
different nature. The fact that substances 
obtained from various natural sources and 
others made in the laboratory produce 
effects of various kinds when taken into 
the system led to the thought that these 
substances might be useful in  the treat-
ment of disease. Then, further, i t  was 
thought that disease itself is a chemical 
phenomenon. These thoughts, as is evi- 
dent, furnish strong motives for the inves- 
tigation of chemical substances, and the 
science of chemistry owes much to the 
work of those who were guided by these 
motives. 

And so in each period as a new thought 
has served as the guide we find that men 
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have been actuated by different motives, 
and often one and the same ~vclrker has 
been under the iafluence of mixed motives. 
Only in a few cases does it appear that the 
highest motives alone operate. MTe must 
take men as we find them, and we may be 
thankful that on the whole there are so 
many ~vho are impelled by one motive or 
another or by a mixture of motives to take 
up .  the work of investigating the world in 
which we live. Great progress is being 
made in  consequence and almost daily we 
are called upon to wonder a t  some new and 
marvelous result of scientific investiga-
tion. It is quite impossible to make pre- 
dictions of value in regard to what is likely 
to be revealed to us by continued work, but 
i t  is safe to believe that in our efforts to 
discover the secrets of the universe only a 
beginning has been made. No matter in 
what direction we may look we are aware 
of great unexplored territories, and even 
in those regions in which the greatest ad- 
vances have been made i t  is evident that 
the knowledge gained is almost insignifi- 
cant as conipared with that which reniains 
to be learned. But this line of thought, 
inay lead to a condition bordering on hope- 
lessness and despondency, and surely we 
should avoid this condition, for there is 
much ~ r e a t e r  cause for rejoicing than for 
despair. Our successors will see more and 
see more clearly than we do, just as we see 
more and see more clearly than our prede- 
cessors. It is our duty to keep the work 
going without being too anxious to weigh 
the results on an absolute scale. I t  must 
be remembered that the absolute scale is 
not a very sensitive instrument, and that 
i t  requires the results of generations to 
affect it markedly. 

On an occasion of this kind i t  seems fair 
to ask the ques'tion: What does the world 
gain by scientific investigation? This ques- 
tion has often been asked and often an-
swered, but each answer differs in some re- 

spects from the others and each inay be 
suggestive and worth giving. The ques- 
tion is a profound one, and no answer that 
can be given ~vould be satisfactory. In  
general i t  inay be said that the results of 
scientific investigation fall under three 
heads-the material, the intellectual and 
the ethical. 

The material results are the most ob-
vious and, they naturally receive the most 
attention. The material ~vants of man are 
the first to receive consideration. They 
can not be neglected. He must have food 
and clothing, the means of combating dis- 
ease, the means of transportation, the 
means of producing heat and a great va- 
riety of things that contribute to his bodily 
comfort and gratify his esthetic desires. 
I t  is not my purpose to attempt to deal 
with all of these and to show how science 
is helping to work out the problems sug- 
gested. I shall have to content myself by 
pointing out a few of the more important 
problems the solution of which depends 
upon the prosecution of scientific research. 

First, the food problem. Whatever 
views one may hold in regard to that which 
has come to be called ' race suicide,' it is 
certain that the population of the world is 
increasing rapidly. The desirable places 
have been occupied. In  some parts of the 
earth there is such a surplus of population 
that famines occur from time to time, and 
in other parts epidemics and floods relieve 
the embairassment. We may fairly look 
forward to the time when the ~vhele earth 
will be overpopulated unless the produc- 
tion of food becomes mgre scientific than 
i t  now is. Here is the field for the work 
of the agricultural chemist who is showing 
us how to increase the yield from a given 
area and, in case of poor and ~vorn-out 
soils, how to preserve and increase their 
fertility. It appears that the methods of 
cultiwating the soil are still comparatively 
erode, and more and more thorough inves- 
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tigation of the processes involved in the 
growth of plants is called for. Much has 
been learned since Liebig founded the 
science of agricultural chemistry. I t  was 
he who pointed out some of the ways by 
which it is possible to increase the fertility 
of a soil. Since the results of his investi- 
gations were given to the world the use of 
artificial fertilizers has become more and 
more general. 

But  i t  is one thing to know that artificial 
fertilizers are useful and i t  is quite another 
thing to get them. At first bone dust and 
guano were chiefly used. Then as these 
became dearer, phosphates and potassium 
salts from the mineral li-ingdom came into 
use. 

At the Fifth International Congress for 
Applied Chemistry, held at Berlin, Ger- 
many, last June, Dr. Adolph Frank, of 
Charlottenburg, gave an extremely inter- 
esting address on the subject of the use 
of the nitrogen of the atmosphere for agri- 
culture and the industries, which bears 
upon the problem that we are dealing with. 
Plants must have nitrogen. At present 
this is obtained from the great beds of salt- 
peter found on the west coast of South 
America-the so-called Chili saltpeter-
and also from the ammonia obtained as a 
by-product in the distillation of coal, espe- 
cially in the manufacture of coli-e. The 
use of Chili saltpeter for agricultural pur- 
poses began about 1860. I n  1900 the quan- 
tity exported was 1,453,000 tons, and its 
value was about $60,000,000. In the same 
year the world's production of ammonium 
sulphate was about 500,000 tons, of a value 
of somewhat more than $20,000,000. Of 
these enormous quantities about three 
quarters finds application in agriculture. 
The use of these substances, especially of 
saltpeter, is increasing rapidly. At pres- 
ent it seems that the successful cultivation 
of tlze soil is depenclent upon the use of 
nitrates, and the supply of nitrates is lim- 

ited. Unless something is done we may 
look forward to the time when the earth, 
for lack of proper fertilizers, will not be 
able to produce as much as i t  now does, 
and meanwhile the demand for food is in- 
creasing. According to the most reliable 
estimations indeed the saltpeter beds will 
be exhausted in thirty or forty years. Is  
there a way ou t "2 r .  Frank shows that 
there is. In  the air there is nitrogen 
enough for all. The plants can make only 
a limited use of this directly. For the 
most part it must be in some form of chem- 
ical combination as, for example, a nitrate 
or animonia. The conversion of atmos-
pheric nitrogen into nitric acid would solve 
the problem, and this is now carried out. 
But Dr. Frank shows that there is another, 
perhaps more economical, way of getting 
the nitrogen into a form suitable for plant 
food. Calcium carbide can now be made 
~vithout difficulty and is made in enornlous 
quantities by the action of a pox~lerful elec- 
tric current upon a mixture of coal and 
lime. This substance has the power of 
absorbing nitrogen from the air, and the 
product thus formed appears to be capable 
of giving up its nitrogen to plants, or, in 
other words, to be a good fertilizer. It is 
true that this subject requires further in- 
vestigation, but the results thus far ob-
tained are full of promise. If the outcome 
should be what we have reason to hope. we 
may regard the approaching exhaustion of 
the saltpeter beds with equanimity. But, 
even without this to pin our faith to, we 
have the preparation of nitric acid from 
the nitrogen and oxygen of the air to fall 
back upon. 

While speaking of the food problen~, a 
few ~vords in regard to the artificial prep- 
aration of foodstuft's. I am sorry to say 
that there is not nn1c11 of promise to report 
upon in this connection. In spite of the 
brilliant achievements of chenlists in the 
field of synthesis i t  remains true that thus 
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fa r  they have not been able to make, ex- 
cept in very small quantities, substances 
that are useful as foods, and there is abso- 
lutely no prospect of this result being 
reached within a reasonable time. A few 
years ago Berthelot told us of a dream he 
had had. This has to do with the results 
that, according to Berthelot, are to be 
brought about by the advance of chem-
istry. The results of investigations already 
accomplished indicate that, in the future, 
methods will perhaps be devised for the ar- 
tificial preparation of food from the water 
and carbonic acid so abundantly supplied 
by nature. Agriculture will then become 
unnecessary, and the landscape will not 
be disfigured by crops growing in geomet- 
rical figures. Water will be obtained from 
holes three or four miles deep in the earth, 
and this water will be above the boiling 
temperature, so that i t  can be used as a 
source of energy. I t  will be obtained in 
liquid form after i t  has undergone a 
process of natural distillation, which will 
free i t  from all impurities, including, of 
course, disease germs. The foods prepared 
by artificial methods will also be free from 
microbes, and there will consequently be 
less disease than a t  present. Further, the 
necessity for killing animals for food will 
no longer exist, and mankind will become 
gentler and more amenable to.higher in- 
fluences. There is, no doubt, much that 
is fascinating in this line of thought, but 
whether i t  is worth following, depends 
upon the fundamental assumption. Is  i t  
at all probable that chemists will ever be 
able to devise methods for the artificial 
preparation of foodstuffs? I can only say 
that to me i t  does not appear probable in 
the light of the results thus far obtained. 
I do not mean to question the probability 
of the ultimate synthesis of some of those 
substances that are of value as foods. This 
has already been accomplished on the small 
scale; but for the most part the synthetical 

processes employed have involved the use 
of substances which themselves are the 
products of natural processes. Thus, the 
fats can be made, but the substances from 
which they are made are generally ob-
tained from nature and are not themselves 
synthetical products. Emil Fischer has, 
to be sure, made very small quantities of 
sugars of different kinds, but the task of 
building up a sugar from the raw material 
furnished by nature-that is to say, from 
carbonic acid and water-presents such 
difficulties that i t  may be said to be prac- 
tically impossible. 

When i t  comes to starch, and the pro- 
teids which are the other chief constit-
uents of foodstuffs, the difficulties are still 
greater. There is not a suggestion of the 
possibility of making starch artificially, 
and the same is true of the proteids. In 
this connection i t  is, however, interesting 
to note that Emil Fischer, after his re-
markable successes in the sugar group and 
the uric acid group, is now advancing upon 
the proteids. I have heard i t  said that at  
the beginning of his career he made out a 
program for his life work. This included 
the solution of three great problems. 
These are the determination of the consti- 
tution of uric acid, of the sugars and of 
the proteids. Two of these problems have 
been solved. May he be equally successful 
with the third! Even if he should be able 
to make a proteid, and show what i t  is, the 
problem of the artificial preparation of 
foodstuffs will not be solved. Indeed, i t  
will hardly be affected. 

Although science is not likely, within 
periods that we may venture to think of, 
to do away with the necessity of cultivat- 
ing the soil, it is likely to teach us how to 
get more out of the soil than we now do, 
and thus put us in a position to provide 
for the generations that are to follow us. 
And this carries with i t  the thought that, 
unless scientific investigation is kept up, 
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'these corning generations will be unpro-
vided for. 

Another way by which the food supply 
of the world can be increased is by re-
lieving tracts of land that are now used 
for other purposes than the cultivation of 
foodstuffs. The most interesting example 
of this kind is that presented by the culti- 
vation of indigo. There is a large demand 
for this substance, which is plainly 
founded upon esthetic desires of a some-
what rudimentary kind. Whatever the 
cause may be, the demand exists, and im- 
mense tracts of land have been and are 
still, devoted to the cultivation of the in- 
digo plant. Within the past few years sci- 
entific investigation has shown that indigo 
can be made in the factory from sub-
stances, the production of which does not 
fo r  the most part involve the cultivation 
BT the soil. I n  1900, according to the re- 
port of Dr. Brunck, Managing Director of 
the Badische Anilin- and Soda-Fabrik, the 
quantity of indigo produced annually in 
the factory ' would require the cultivation 
of an area of more than a quarter of a 
million acres of land (390 square miles) in 
the home of the indigo plant.' Dr. Brunck 
adds: " The first impression which this 
fact may be likely to produce, is that the 
manufacture of indigo will cause a terrible 
calamity to arise in that country; but, per- 
haps not. If one recalls to mind that 
India is periodically afflicted with famine, 
one ought not, without further considera- 
tion, to cast aside the hope that i t  might 
be good fortune for that country if the 
immense areas now devoted to a crop 
which is subject to many vicissitudes and 
to violent market changes were at last to 
be g&en over to the raising of breadstuffs 
and other food products." " For myself," 
says Dr. Brunck, " I do not assume to be 
an impartial adviser in this matter, but, 
nevertheless, I venture to express my con- 
viction that the government of India will 

be rendering a very great service if i t  
should support and aid the progress, which 
will in any case be irresistible, of this im- 
pending change in the cultivation of that 
country, and would support and direct its 
methodical and rational execution. " 

The connection between scientific investi- 
gation and health is so frequently the sub- 
ject of discussion that I need not dwell 
upon i t  here. The discovery that many dis- 
eases are due primarily to the action of 
microscopic organisms that find their way 
into the body and produce the changes that 
reveal themselves in definite symptoms is a 
direct consequence of the study of the 
phenomenon of alcoholic fermentation by 
Pasteur. Everything that throws light 
upon the nature of the action of these 
microscopic organisms is of value in dealing 
with the great problem of combating dis- 
ease. It has been established in a number 
of cases that they cause the formation of 
products that act as poisons and that the 
diseases are due to the action of these 
poisons. So also, as is well known, investi- 
gation has shown that antidotes to some of 
these poisons can be produced, and that by 
means of these antidotes the diseases can be 
controlled. But more important than this 
is the discovery of the way in which dis- 
eases are transmitted. With this knowl- 
edge i t  is possible to prevent the diseases. 
The great fact that the death rate is de- 
creasing stands out prominently and pro- 
claims to humanity the importance of scien- 
tific investigation. I t  is, however, to be 
noted in this connection that the decrease 
in the death rate compensates to some ex- 
tent for the decrease in the birth rate, and 
that, if an increase in population is a thing 
to be desired, the investigations in the field 
of sanitary science are contributing to this 
result. 

The development of the human race is 
dependent not alone upon a supply of food 
but upon a supply of energy in available 
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forms. Heat and mechanical energy are 
absolutely essential to man. The chief 
source of the energy that comes into play is 
fuel. We are primarily dependent upon 
the coal supply for the continuation of the 
activities of man. Without this, unless 
something is to take its place, man is 
doomed. Statistics in regard to the coal 
supply and the rate at  which i t  is being 
used up have so frequently been presented 
by those who have special knowledge of this 
subject that I need not trouble you with 
them now. The only object in referring to 
i t  is to show that, unless by means of scien- 
tific investigation man is taught new 
methods of rendering the world's store of 
energy available for the production of heat 
and of motion, the age of the human race is 
measured by the extent of the supply of 
coal and other forms of fuel.. By other 
forms of fuel I mean, of course, wood 
and oil: Plainly, as the demand for land 
for the production of foodstuffs increases, 
the amount available for the production of 
wood must decrease, so that wood need not 
be taken into account for the future. In  
regard to oil, our knowledge is not sufficient 
to enable us to make predictions of any 
value. If one of the theories now held in 
regard to the source of petroleum should 
prove to be correct, the world would find 
much consolation in it. According to this 
theory petroleum is not likely to be ex-
hausted, for it is constantly being formed 
by the action of water upon carbides that 
in all probability exist in practically un-
limited quantity in the interior of the earth. 
If this be true, then the problem of supply- 
ing energy may be reduced to one of trans- 
portation of oil. But given a supply of 
oil and, of course, the problem of trans-
portation is solved. 

What are the other practical sources of 
energy? The most important is the fall of 
water. This is being utilized more and 
more year by year since the methods of pro- 

ducing electric currents by means of the 
dynamo have been worked out. There is 
plainly much to be learned before the 
energy made available in the immediate 
neighborhood of the waterfall can be trans- 
ported long distances economically, but ad- 
vances are being made in this line, and al- 
ready factories that have hitherto been 
dependent upon coal are making use of the 
energy derived from waterfalls. The more 
rapidly these advances take place the less 
will be the demand for coal, and if there 
were only enough waterfalls conveniently 
situated, there would be no difficulty in 
furnishing all the energy needed by man 
for heat or for motion. 

It is a fortunate thing that, as the popu- 
lation of the earth increases, man's tastes 
become more complex. If only the simplest 
tastes prevailed, only the simplest occupa- 
tions would be called for. But let us not 
lose time in idle speculations as to the way 
this primitive condition of things would 
affect man's progress. As a matter of fact 
his tastes are becoming more complex. 
Things that are not dreamed of in one gen- 
eration become the necessities of the next 
generation. Many of these things are the 
direct results of scientific investigation. No 
end of examples will suggest themselves. 
Let me content myself by reference to one 
that has of late been the subject of much 
discussion. The development of the arti- 
ficial dye-stuff industries is extremely in- 
structive in many ways. The development 
has been the direct result of the scientific 
investigation of things that seemed to have 
little, if anything, to do with this ~vorld. 
Many thousands of workmen are now em- 
ployed, and many millions of dollars are 
invested, in the manufacture of dye-stuffs 
that were unknown a few years ago. Here 
plainly the fundamental fact is the esthetic 
desire of man for colors. A colorless world 
would be unbearable to him. Nature 
accustoms him to color in a great variety of 
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combinations, and it becomes a necessity to 
him. And his desires increase as they are 
gratified. There seems to be no end to de- 
velopment in this line. A t  all events, the 
data at our disposal justify the conclusion 
that there will be a demand for every dye 
that combines the qualities of beauty and 
durability. Thousands of scientifically 
trained men are engaged in work in the 
effort to discover new dyes to meet the in- 
creasing demands. New industries are 
springing up and many find employment in 
them. As a rule the increased demand for 
labor caused by the establishment of these 
industries is not offset by the closing up of 
other industries. Certainly i t  is true that 
scientific investigation has created large 
demands for labor that could hardly find 
employment without these demands. 

The welfare of a nation depends to a 
large extent upon the success of its indus- 
tries. In  his address as president of the 
British Association for the Advancement of 
Science given last summer Sir Norman 
Lockyer quotes Mr. Chamberlain thus : "I 
do not think it is necessary for me to say 
anything as to the urgency and necessity of 
scientific training. " " " I t  is not too much 
to say that the existence of this country, as 
the great commercial nation, depends upon 
it. " " " I t  depends very much upon what 
we are doing now7, at the beginning of the 
twentieth century, whether at its end we 
shall continue to maintain our supremacy 
or even equality with our great commercial 
and manufacturing rivals. " In  another 
part of his address Sir Norman Lockyer 
says: "Further, I am told that the sum of 
&24,000,000 is less than half the amount by 
which Germany is yearly enriched by hav- 
ing improved upon our chemical industries, 
owing to our lack of scientific training. 
3lany other industries have been attacked 
in the same way since, but taking this one 
instance alone, if we .had spent this money 
fifty years ago, when the Prince Consort 

first called attention to our backwardness, 
the nation would now be much richer than 
i t  is, and would have much less to fear from 
competition. " 

But enough on the purely material side. 
Let us turn to the intellectual results of 
scientific investigation. This part of our 
subject might be summed up in a few 
words. I t  is so obvious that the intellectual 
condition of mankind is a direct result of 
scientific investigation that one hesitates to 
make the statement. The mind of man can 
not carry him much in advance of his 
knowledge of the facts. Intellectual gains 
can be made only by discoveries, and dis- 
coveries can be made only by investigation. 
One generation differs from another in the 
way it looks at the world. A generation 
that thinks the earth is the center of the 
universe differs intellectually from one that 
has learned the true position of the earth in 
the solar system, and the general relations 
of the solar system to other similar systems 
that make up the universe. A generation 
that sees in every species of animal and 
plant evidence of a special creative act 
differs from one that has recognized the 
general truth of the conception of evolution. 
And so in every department of knowledge 
the great generalizations that have been 
reached through the persistent efforts of 
scientific investigators are the intellectual 
gains that have resulted. These great gen- 
eralizations measure the intellectual wealth 
of mankind. They are the foundations of 
all profitable thought. While the general- 
izations of science belong to the world, not 
all the world takes advantage of its oppor- 
tunities. Nation differs from nation in-
tellectually as individual differs from in- 
dividual. It is not, however, the possession 
of knowledge that makes the efficient in- 
dividual and the efficient nation. I t  is well 
known that an individual may be very 
learned and at the same time very ineffi- 
cient. The question is, what use does he 
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make of his knowledge ? ?When we speak of 
intellectual results of scientific investiga- 
tion, mean not only accumulated knowl- 
edge, but the way in which this knowledge 
is invested. A man who simply accumu- 
lates money and does not see to it that this 
money is carefully invested, is a miser, and 
no large results can come from his efforts. 
While, then, the intellectual state of a 
nation is measured partly by the extent to 
which it has tali-en possession of the general- 
izations that belong to the world, i t  is also 
measured by the extent to which the 
methods by which knowledge is accumu-
lated have been brought into requisition and 
have become a part of the equipment of the 
people of that nation. The intelleotual 
progress of a nation depends upon the adop- 
tion of scientific methods in dealing with in- 
tellectual problems. The scientific method 
is applicable to all kinds of intellectual 
problems. We need i t  in every department 
of activity. I have sometimes wondered 
what the result would be if the scientific 
method could be employed in all the mani- 
fold problems connected with the man-
agement of a government. Questions of 
tariff, of finance, of international re-
lations would be dealt with much more 
satisfactorily than at present if the spirit 
of the scientific method breathed 
into those who are called upon to deal 
with these questions. I t  is plain, I think, 
that the higher the intellectual state 
of a nation the better will it deal with all 
the problems that present themselves. As 
the intellectual state is a direct result of 
scientific investigation, it is clear that the 
nation that adopts the scientific method will 
in the end outrank both intellectually and 
industrially the nation that does not. 

What are the ethical results of scientific 
investigation? No one can tell. There is 
one thought that in this connection I should 
like to impress upon you. The funda-
mental characteristic of the scientific 

method is honesty. In  dealing with any 
question science asks no favors. The sole 
object is to learn the truth, and to be guided 
by the truth. Absolute accuracy, absolute 
fidelity, absolute honesty are the prime con- 
ditions of scientific progress. I believe that 
the constant use of the scientific method 
must in the end leave its impress upon him 
who uses it. The results will not be satis- 
factory in all cases, but the tendency will 
be in the right direction. A life spent in 
accordance with scientific teachings would 
be of a high order. I t  would practically 
conform to the teachings of the highest 
types of religion. The motives would be 
different, but so far as conduct is concerned 
the results would be practically identical. 
I need not enlarge upon this subject. Un-
fortunately, abstract truth and knowledge 
of facts and of the conclusions to be drawn 
from them do not at  present furnish a suffi- 
cient basis for right living in the case of the 
great majority of mankind, and science can 
not now, and I do not believe it ever can, 
take the place of religion in some form. 
When the feeling that the two are antagon- 
istic wears away, as it is wearing away, it 
will no doubt be seen that one supplements 
the other, in so far  as they have to do with 
the conduct of man. 

What are we doing in this country to en- 
courage scientific investigation? Not until 
about a quarter of a century ago can i t  be 
said that i t  met with any encouragement. 
Since then there has been a great change. 
Up to that time research was sporadic. 
Soon after i t  became almost epidemic. The 
direct cause of the change was the estab- 
lishing of courses in our universities for 
the training of investigators somewhat 
upon the lines follo~ved in the German uni- 
versities. In  these courses the carrying 
out of an investigation plays an important 
part. This is, in fact, the culmination of 
the course. A t  first there were not many 
following these courses, but i t  not long 
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before there was a demand for the prod- 
ucts. Those who could present evidence 
that they had followed such courses were 
generally given the preference. This was 
especially true in the case of appointments 
in the colleges, some colleges even going so 
far as to decline to appoint any one who 
had not taken the degree of doctor of phi- 
losophy, which is the badge of the course 
that involves investigation. As the demand 
for those who had received this training 
increased, the number of those seeking i t  
increased at least in the same proportion. 
New universities were established and old 
ones caught the spirit of the new move-
ment until from one end of the country to 
the other centers of scientific activity are 
now found, and the amount of research 
work that is done is enormous compared 
with what was done twenty-five or thirty 
years ago. Many of those who get a taste 
of the work of investigation become fasci- 
nated by i t  and are anxious to devote their 
lives to it. At present, with the facilities 
for such work available, it seems probable 
that most of those who have a strong de- 
sire and the necessary industry and ability 
to follow it find their opportunity some-
where. There is little danger of our losing 
a genius or even one with fair talent. The 
world is on the lookout for them. The 
demand for those who can do good research 
work is greater than the supply. To be 
sure the rewards are not as a rule as great 
as those that are likely to be won by the 
ablest members of some other professions 
and occupations, and as long as this con- 
dition of affairs continues to exist there 
will not be as many men of the highest in- 
tellectual order engaged in this work as we 
should like to see. On the other hand, 
when we consider the great progress that 
has been made during the last twenty-five 
years or so, we have every reason to take a 
cheerful view of the future. If as much 
progress should be made in the next quar- 

ter century, we shall, to say the least, be 
able to compete with the foremost nations 
of the world in scientific investigation. In 
my opinion this progress is largely depen- 
dent upon the development of our univer- 
sities. Without the opportunities for train- 
ing in the methods of scientific investiga- 
tion there will be but few investigators. It 
is necessary to have a large number in 
order that the principle of selection may 
operate. In  this line of work as in others, 
many are called, but few are chosen. 

Another fact that is working advan-
tageously to increase the amount of scien- 
tific research done in this country is the 
support given by the government in its 
different scientific bureaus. The Geolog- 
ical Survey, the Department of Agricul-
ture, the Coast and Geodetic Survey, the 
National Bureau of Standards and other 
departments are carrying on a large 
amount of excellent scientific work, and 
thus helping most efficiently to spread the 
scientific spirit throughout the land. 

Finally, two exceedingly interesting ex- 
periments in the way of encouraging sci- 
entific investigation are now attracting the 
attention of the world. I mean, of course, 
the Carnegie Institution, with its endow- 
ment of $10,000,000, and the Rockefeller 
Institute, devoted to investigations in the 
field of medicine, which will no doubt be 
adequately endowed. It is too early to 
express an opinion in regard to the in- 
fluence of these great foundations upon the 
progress of scientific investigation. As 
both will make possible the carrying out 
of many investigations that would other- 
wise probably not be carried out, the 
chances of achieving valuable results will 
be increased. The danger is that those 
who are responsible for the management 
of the funds will be disappointed that the 
results are not at once of a striking char- 
acter, and that they mill be tempted to 
change the method of applying the money 
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before those who are using i t  have had a 
fair chance. But we who are on the out- 
side know little of the plans of those who 
are inside. A11 signs indicate that they are 
making an earnest effort to solve an ex-
ceedingly difficult problem, and all who 
have the opportunity should do everything 
in their power to aid them. 

I n  the changes which have been brought 
about ih the condition of science in this 
country since 1848, i t  is safe to say that 
this association has either directly or indi- 
rectly played a leading part. I t  is certain 
that for the labors of scientific men in-
creased facilities and a wider usefulness 
have been procured. 

IRAREMSEN. 
-

!17.KE !l1WENTIET'1I CENTURY BOTANY." 

ATprevious meetings of this and kindred 
societies the retrospective field in botany 
has been pretty thoroughly covered. It 
would seem a fitting time, therefore, to take 
a glance into the future and endeavor to 
see what there is for botany and botanical 
science in the years immediately before us. 
It is realized that an endeavor to set forth 
the lines along which botany will develop 
is a risky thing, and no doubt fifty years 
hence the vicws I may express at this time 
will cause only a smile in the light of actual 
developments. Notwithstmding this fact, 
I am willing to essay somewhat the r61e of 
a prophet, not so much with the idea that 
I expect all of my prophecies to be realized, 
but rather in recognition of a principle 
that to wish a thing or to desire a thing is 
at  least a point gained in the full realiza- 
tion of the wish or desire. What I have 
to say, therefore, will be rather in the na- 
ture of an expression as to what I desire to 
see brought about in a field of work which 
to me seems fast opening to great possibili- 
ties. If an expression of these desires and 

' Addre5s of the past prcbsiclcnt, Botanical So-
ciety of America, St. Louis meeting, 1903. 

the vitalizing of the thoughts which inspire 
them by placing them before you serve but 
to put in motion some of the forces which 
will act for the betterment of botany, my 
object shall have been fulfilled. 

Before talring up specifically the more 
important lines along which botany seems 
likely to devclop, and before considering 
some of the demands which may be made 
upon botany in the twentieth century, I 
should like briefly to call attention to what 
may 1)e termed the present attitude of the 
state toward the work, for about this ques- 
tion hinge some points which are of vital 
importance to the future expansion and 
growth of botany as a whole. By the atti- 
tude of the state I of course mean the atti- 
tude of the people, for, in this country at  
least, the state is the people. It requires 
no argument to prove that the attitude of 
the state toward botany is rapidly chang- 
ing. Even those of the younger generation 
realize that within their time the feeling 
of the people toward botany as a science 
and botcmy applied has changed greatly for 
the good of the work. I believe this is due 
to the fact that the utilitarian side of bot- 
any has been kept largely in the Sore- 
ground, and the people have come to know 
and understand that a substantial encour- 
agement of the work means a direct benefit 
to many important interests. When bot- 
any and botanical work were confined 
largely to the collecting and mounting of 
plants, the building up of herbariums and, 
perhaps, the working out of obscure labora- 
tory problems, public sentiment could not 
be al-ousetl in its behalf. Every time we 
have reached into new fields with the ob-
ject of broadening the work and benefiting 
the people, the people have responded and 
given us most generous aid. 

As an object lesson in this field I may 
call attention to the rapid growth of botany 
and botanical work in the Department of 
Agriculture at Washington. Fifteen yearr 


