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T H E  PROGRESS O F  SCIEAnCE.* 

A CONSTITUTIONAL provision of our Asso-, 
ciation stipulates that " i t  shall be the duty 
of the President to give an  address a t  a 
General Session of the Association a t  the 
meeting following that over which he pre- 
sided.!' Happily for those of us who mast 
in  turn fulfill this duty, the scientific fore- 
sight of our predecessors set no metes and 
bounds with respect to the subject-matter 
or the mode of treatment of the theme that  
might be chosen for such an address. So 
far, therefore,as constitutional requirements 
are concerned, a retiring president finds 
himself clothed for the time being with a 
degree of liberty which might be regarded 
as dangerous, were i t  not for an unwritten 
rule that one may not hope to enjoy such 
liberty more that  once. But time and 
place, nevertheless, as  well as  the painful 
personal limitations ,of any specialist, im- 
pose some rather formidable restrictions. 
One may not tax lightly, even in a summer 
evening, the patience of his audience for 
more than an academic hour, the length of 
which in most cases is less than sixty min- 
utes. One must confine himself to general- 
ities, which, though scientifically hazard- 
ous, serve as  a basis for semi-popular 
thought ; and one must exclude technical 

*Address of the president of the American Asso- 
ciation for the Advancement of Science, given at the 
Denver Meeting, August 27, 1901. 



details, which, though scientifically essen- 
tial, tend only to obscure semi-popular pres- 
entation. Courtesy, also, to those who 
are a t  once our hosts and our guests re-
quires that, so far as possible, one should 
substitute the vernacular for the ' jargon of 
science,' and draw his figures of speech 
chiefly from the broad domain of every-day 
life rather than from the special, though rap- 
idly widening, fields of scientific activity. 

Between this nominally unlimited free- 
dom on the one hand, and these actually 
narrow restrictions on the other, I have 
chose; to invite your attention for the hour 
to  a summary view of the salient features 
of scientific progress, with special reference 
to its effects on the masses, rather than on 
the individuals, of mankind. We all know, 
a t  least in a general way, what such prog- 
ress is. We are assured almost daily by 
the public press and by popular consent 
that  the present is not'only an age of scien- 
tific progress, but that i t  is preeminently the 
age of scientific progress. And with re-
spect to the future of scientific achievement, 
the consensus of expert opinion is cheerfully 
hopeful, and the consensus of public opin- 
ion is extremely optimistic. Indeed, to  
borrow the language somctimes used by the 
rulers of nations, i t  may be said that the 
realm of science is now a t  peace with all 
foreign parts of the world, and in a state of 
the happiest domestic prosperity. 

But times have not been always thus 
pleasant and promising for science. As we 
look backward over the history of scientific 
progress i t  is seen that our realm has been 
taxed often to the utmost in defense of its 
autonomy, and that the present state of 
domestic felicity, bordering on tranquility, 
11,is been preceded often by states of domes- 
tic discord bordering on dissolution. And, 
a s  we look forward into the new century 
before us, we may well enquire whether sci- 
ence has vanquished its foreign enemies and 
settled its domestic disputes for good and 
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all, or whether future conquests can be made 
only by a similarly wasteful outlay of energy 
to that which has accompanied the advances 
of the past. Especially may we fitly enquire 
on an  occasion like the present what are the 
types of mind and the methods of procedure 
which make for the progress, and what are 
the typesof mind and the methodsofproced- 
ure which make for the regress, of science. 
And I venture to think that we may en- 
quire, also with profit, in some prominent 
instances, under what circumstances in the 
past science has waxed or waned, as the 
case may be, in its slow rise from the myths 
and mysticism of earlier eras to the law 
and order of the preseut day. For i t  is a 
maxim of common parlance, too well justi- 
fied, alas ! by experience, that history re-
peats itself; or, to state the fact less gently, 
that the blunders and errors of one age are 
repested with little variation in the succeed- 
ing age. This maxim is strikingly illus- 
trated by the history of science, and it has 
been especially deeply impressed upon us- 
burnt in, oue might say-by the scientific 
events of our own times. Have we not 
learned, however, some lasting lessons in 
the hard school of experience, and may we 
not transmit to our successors along with 
the established facts and principles of sci- 
ence the almost equally well established 
ways and means for the advancement of 
science ? Will 'it be possible for society to 
repeat in the twentieth century the appalling 
intellectual blunders of the nineteenth cen- 
tury, or have we entered on a new era in 
which, whatever other obstacles arepending, 
we may expect man to stand notably less in 
his own light as regards science than ever 
before? To a consideration of these and 
allied questions I beg your indulgence, 
even though I may pass over ground well 
known to most of you, and encroach, per- 
haps, here and there, on prominences in 
fields controversial; for it is only by dis- 
cussion and rediscussion of such questions 
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that we come a t  last, even among ourselves 
in scientific societies, to the unity of opinion 
and the unity of purpose which lead from 
ideas to their fruitful applications. 

From the earliest historic times certainly, 
if not from the dawn of primitive humanity, 
down to the present day, the problem 
of the universe has been the most attract- 
ive and the most illusive subject of the 
attention of thinking men. All systems of 
philosophy, religion and science are alike 
in having the solution of this problem for 
their ultirnate object. Many such systems 
and sub-systems have arisen, flourished and 
vanished, only to be succeeded by others 
in the seemingly Sisyphean task. Gradu-
ally, however, in the lapse of ages there have 
accumulated some elements of knowledge 
which give inklings of partial solutions ; 
though i t  would appear that the best current 
opinion of philosophy, religion and science 
would agitin agree in the conclusion that  we 
are yet immeasurably distant from a com- 
plete solution. Almost equally attractive 
and interesting, and far more instructive, as 
i t  appears to me, in our own time, is the con- 
templation of the ways in which man has 
attacked this perennial riddle. I t  is, in- 
deed, coming to be more and more im-
portant for science to know how primitive, 
barbarous and civilized man has visualized 
the conditions of, and reached his conclu- 
sions with respect to, this problem of the 
centuries ; for i t  is only by means of a lively 
knopiledge of the baselees hypotheses and 
the fruitless methods of our predecessors 
that we can hope to prevent history from 
repeating itself unfavorably. 

Looking back over the interval of two to 
three thousand years that connects us by 
more or less authentic records with our 
distinguished ancestors, we are a t  once 
struck by the admirable confidence they 
had acquired in their ability to solve this 
grand problem. Not less admirable, also, 
for their ingenuity and for the earnestness 

with which they were advanced, are the 
hypotheses and arguments by which men 
satisfied themselves of the security of their 
tenets and theories. Roughly speaking, it 
would appear that the science of the uni- 
verse received its initial impulse from 
earliest man in the hypothesis that the 
world is composed of two parts ; the first 
and most important part being in fact, if 
not always so held ostensibly, himself, and 
the other part being the aggregate of what- 
ever else was left over. Though dimly per- 
ceived and of little account in its effects, 
this is, apparently, the working hypothesis. 
of many men in the civilized society of to-
day. But the magnitude of the latter part 
and its inexorable relations to mau seem 
to have led him speedily to the adoption of 
a second hypothesis, namely, that the latter 
part, or world external to himself, is also 
the abode of sentient beings, some of a 
lower and some of a higher order than 
man ; their r61e tending on the whole to 
make his sojourn on this planet tolerable and 
his exit from it creditable, while yet wield- 
ing a t  times a more or less despotic influence 
over him. 

How the details of these hypotheses have 
been worked out is a matter of something 
like history for a few nationalities, and is a 
matter absorbing the attention of anthropol- 
ogists, archeologists and ethnologists as it 
concerns races in general. Without going 
far afield in these profoundly interesting 
and instructive details, it may suffice for 
the present purposes to cite two facts which 
seem to furnish the key to a substantially 
correct iuterpretation of subsequent de-
velopments. 

The first of these is that the early dual- 
istic and antithetical visualization of the 
problem in question has persisted with 
wonderful tenacity down to the present 
day. The accessible and familiar was set 
over against the inaccessible and unfa-
miliar ;or what we now call the natural, 
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though intimately related to, was more or 
less opposed to the supernatural ; the latter 
being, in  fact, under the  uncertain sway of, 
and the former subject to the  arbitrary 
jurisdiction of, good and evil spirits. 

The  second fact is tha t  man thus early 
devised for the  investigation of this problem 
three distinct methods, which have likewise 
persisted with equal tenacity, though with 
varying fortunes, down to the  present day. 
The first of these is what is known as the  
B priori method. I t  reasons from subjective 
postulates t o  objective results. I t  requires, 
i n  its purity, neither observation nor ex-
periment on the external world. I t  often 
goes so far, indeed, as  to adopt conclusions 
and  leave the assignment of the reasons for 
them to a subsequent study. The  second 
is known as  the historico-critical method. 
I t  depends, in its purity, on tradition, his- 
tory, direct human testimony and verbal 
congruity. I t  does not require an  appeal 
to  Nature except as  manifested in man. I t  
limits observation and experiment to human 
affairs. The  third is the  method of science. 
It begins, in  i ts  elements, with observation 
and experiment. I t s  early applications 
were limited mostly to material things. I n  
i ts  subsequent expansion i t  has gained a 
footing in nearly every field of thought. 
I t s  prime characteristic is the  insistence on 
objective verification of its results. 

All these methods have been used more or 
less by all thinking men. But  for the  pur- 
poses of ready classification i t  may be said 
that  the first has been used chiefly by dog- 
matists,including especially the foundersand 
advocates of all fixed creeds from the athe- 
istic and the  pantheistic to the theistic and 
the  humanistic ; t,he second has been used 
chiefly by humanists, including historians, 
publicists, jurists and men of letters;  and 
the third has been w e d  chiefly by scientists, 
including astronomers, mathematicians, 
physicists, naturalists, and more recently 
the  group of investigators falling under the 

comprehensive head of anthropologists. 
The first and third methods are  frequently 
found to be mutually antithetical, if not mu- 
tually exclusive. The second occupies mid- 
dle ground. Together they are  liere set  
down in the order of their apparent early 
development and in the order of their popu- 
larly esteemed importance during all his- 
toric time previous to, if not including, this 
first year of the  twentieth century. 

No summary view of the  progress of 
science, it seems to me, can be made intelli- 
gible except by a clear realization of these 
two facts, which may be briefly referred to 
as  man's conception of the  universe and his 
means of investigating it. What ,  then, in 
the  light of these facts, lias been the sequel ? 
The  full answer to this question is an  old 
and a long story, now a matter of minute 
and exhaustive history as regards the past 
twenty centuries. I have no desire to  re- 
call the  dramatic events involved in the 
rise of science from the Alexandrian epoch 
to the present day. All these events are 
tri te enough to men of science. A mere 
reference to them is a sufficient suggestion 
of the  existence of a family skeleton. But, 
setting aside the  human elemeut as much 
as  possible, i t  may not be out of place or 
time to state what general conclusions ap- 
pear to stand out plainly in tha t  sequel. 
These ar;! our tangible heritage and upon 
them we should fix our attention. 

I n  the first place, the progress of science 
has been steadily opposed to, and as  stead- 
ily opposed by, the  adherents of man's 
primitive concepts of the universe. The  
domain of the natural has constantly 
widened and the domain of the  supernatu- 
ral  has constantly narrowed. So far, a t  
any rate, as evil spirits are  concerned, they 
have been completrely cast out from the 
realm of science. The arch fiend and the 
lesser princes of darkness are  no longer use- 
ful  even as  an  hypothesis. W e .  have 
reached-if I may again use the  cautious 
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lauguage of diplomacy-a satisfactory mo- 
dus vivendi if we have not attained permn- 
nent peace in all our foreign relations. 
Enlightened man has come to see that his 
highest duty is to cooperate with Nature, 
that he may expect to get on very well if 
he heeds her advice, and that he may ex- 
pect to fare very ill if he disregards it. 

Secondly, i t  appears to have been demon- 
strated that neither the B priori method of 
the dogmatists nor the historico-critical 
method of the humanists is alone adequate 
for the attainment of definite knowledge of 
either the internal or the external world, or 
of their relations to one another. I n  fact, 
it has been shown over and over again that 
man cannot trast his unaided senses even 
in the investigation of the simplest and 
most obvious material phenomena. There 
is an ever-present need of a correction for 
personal equation. Left to himself, the & pri-
ori reasoner weaves from the tangled skein 
of thought webs so well tied by logical knots 
that there is no escape for the imprisoned 
mind except by the rude process applied to 
cobwebs. And in the serenity of his repose 
behind the fortress of ' liberal culture, ' the 
reactionary humanist will prepase apologies 
for errors and patch np cornpromises be-
tween traditional beliefa and sound learn- 
ing with such consummate literary skill 
that even ' the good demon of doubt is al- 
most persuaded that if knowledge did not 
come to an end long ago i t  will soon reach 
its limit. I n  short, we have learned, or ought 
to have learned, from ample experience, 
that in the search for definite, verifiable 
knowledge we should beware of the investi- 
gator whose equipment consists of a bundle 
of traditions and dogmas along with formal 
logic and a facile pen ; for we rnay be sure 
that he will be more deeply concerned with 
the question of the safety than with the 
question of the soundness of scientific doc- 
trines. 

Thirdly, i t  has been demonstrated equally 

clearly, and far more cogently, that the sort 
of knowledge we call scientific, knowledge 
which has in it the characteristics of im- 
manence and permanence, is founded on 
observation and experiment. The rise a.nd 
growth of every science illustrate this fact. 
Even pure mathematics, commonly held to 
be the B priori science par excellence, and 
sometimes called ' the science of necessary 
conclusions,' is no exception to the rule. 
Those who would found mathematics on a 
higher plane have apparently forgotten to 
consider the contents of the mathematician's 
waste-basket. The slow and painful steps 
by which astronomy ha.s grown out of as- 
trology and cllemistry out of alchemy ;and 
the faltering, tedious, and generally hotly 
contested, advances of geology and biology 
have been made secure only by the re-
morselees disregard which observational 
and experimental evidence has shown for 
the foregone conclusions of the dogmatists 
and the literary opini&s of the humanists. 
Thus i t  has been proved by the rough logic 
of facts and events that the rude processes 
of ' trial and error,' processes which many 
philosophers and some wen of science still 
affect to despise, are the most effective 
meaqs yet devised by nlan for the discovery 
of truth and for the eradication of error. 

These facts are so well known to most 
of you, so much a matter of ingrained ex-
perience, that the categorical mention of 
them here may seem like a rehearsal of 
truisms. But i t  is one of the paradoxes of 
human development that errors which have 
been completely dislodged from the minds 
of the few may still linger persistently in 
the minds of the many, and that the mislead- 
ing hypotheses and the dead theories of one 
a.ge may be resuscitated again and again in 
succeeding ages. Thus, to cite one of the 
simplest examples, i t  doubtless appeared 
clear to the Alexandrian school of scientists 
that the flat, four-cornered earth of con-
temporary myths would speedily give way 
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to the revelations of geometry and as-
tronomy. How inadequate such revela-
tions proved to be a t  that time is one of the 
most startling disclosures in all history., 
The (Divine School of Alexandria7 passed 
into oblivion. The myth of a flat and 
four-cornered earth was crystallized into a 
dogma strong enough to bear the burden 
of men's souls by Cosmas Indicopleustes in 
the sixth century; it was supported with 
still more invincible arguments by Martin 
Luther in the sixteenth centory; and i t  
was revived and maintained with not less 
truly admirable logic, as such, by John 
Hampden and John Jasper in the last dec- 
ades of the nineteenth century. To cite 
examples from contemporary history show- 
ing how difficult i t  is for the human mind 
to  get above its primitive conceptions, one 
needs only to refer to the daily press. 
During the past two months, in fact, the 
newspapers have related how multitudes 
of men, women and children, many of them 
suffering from loathsome if not contagious 
diseases, have visited a veritable middle-age 
shrine in the city of New York, strong in the 
hoary superstition that kissing an alleged 
relic of St. Anne would remove their afflic- 
tions. During the same interval a railway 
circular has been distributed explaining 
how tourists may witness the Moki snake- 
dance, that weird ceremony by which the 
Pueblo Indian seeks to secure rain in his 
desert ;and a similar public, and officially 
approved, ceremony has been observed in 
the heat-stricken State of XIissouri. 

Such epochs and episodes of regression 
as these must be taken into account in 
making up an estimate of scientific prog- 
ress. They show us that the slow move- 
ment upward in the evolution of man 
which gives an algebraic sum of a few 
steps forward per century is not incon-
sistent with many steps backward. Or, to 
state the case in another way, the rate of 
scientific advance is to be measured not s.0 

much by the positions gained and held by 
individuals, as  by the positions attained 
and realized by the masses, of our race. 
The average position of civilized man now 
is probably below the mean of the positions 
attained by the naturalist Huxley and the 
statesman Gladstone, or below the mean of 
the positions attained by the physicist von 
Helmholtz and His Holiness the Pope. 
When measured in this manner, the rate of 
progress in the past twenty centuries is not 
altogether flattering or encouraging to us, 
especially in view of the possibility that 
some of the more recently developed sci- 
ences may suffer relapses similar to those 
which so long eclipsed geography and as-
tronomy. 

I t  must be confessed, therefore, when we 
look backward over the events of the past 
two thousand years, and when we consider 
the scientific contents of the mind of the 
average denizen of this planet, that i t  is 
not wholly rational to entertain millennia1 
anticipations of progress in the immediate 
future. The fact that some of the prime 
discoveries of science have so recently ap- 
peared to many earnest thinkers to threaten 
the very foundations of society is one which 
should not be overlooked in these confident 
times of prosperity. And the equally im- 
portant fact that entire innocence with re-
spect to the elements of science and dense 
ignorance with respect to its methods, have 
not been hitherto incompatible with justly 
esteemed eminence in the divine, the states- 
man, the jurist and the man of letters, is 
one which should be reckoned with in mak- 
ing up any forecast. I t  may be seriously 
doubted, indeed, whether the progress of 
the individual is not essentially limited 
by the progress of the race. 

But this obverse and darker side of the 
picture which confronts us from the past 
has its reverse and brighter side ; and I am 
constrained to believe that the present sta- 
tus of science and the general enlightenment 
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of humanity justify ardent hopefulness if 
not sanguine optimism with respect to the 
future of scientific achievement. The rea- 
sons for this hopefulness are numerous ; 
some of them arising out of the commercial 
and political conditions of the world, and 
others arising out of the conditions of sci- 
ence itself. 

Perhaps the most important of all these 
reasons is found in the general enlargement 
of ideas which has come, and is coming, 
with the extension of trade and commerce 
to the uttermost parts of the earth. We 
are no longer citizens of this or that country, 
simply. Whether we wish it or not we 
are citizens of the world, with increased 
opportunities and with increased duties. 
We may not approve-few men of science 
would approve, I think-that sort of ' ex-
pansion ' which works ' benevolent assimi- 
lation ' of inferior races by means of a 
bible in one hand and a gun in the other ; 
but nothing can help so much, i t  seems to 
me, to remove the stumbling blocks in the 
way of the progress of science as  actual 
contact with the manners, the customs, the 
relations and the resulting questions for 
thought, now thrust upon all civilized na- 
tions by the events of the day. That sort 
of competition which is the life of trade, 
that sort of rivalry which is the stimulus 
to national effort, and that sort of cooper- 
ation which is essential for mutual protec- 
tion, all make for the cosmopolitan dissem- 
ination of scientific truth and for the 
appreciation of scientific investigation. I 
would not disparage the elevated aspirations 
and the noble efforts of the evangelists and 
the humanists who seek to raise the lower 
to the plane of the higher elements of 
our race ; but i t  is now plain as  a mat-
ter of fact, however repulsive i t  may seem 
to  some of our inherited opinions, that  the 
railway, the steamship, the telegraph and 
the daily press will do more to illumine the 
dark places of the earth than all the a,pos- 

tles of creeds and all the messengers of the 
gospel of 'sweetness and light.' 

A question of profound significance grow- 
ing out of the extension of commercial re- 
lations in our time is what may be called 
the question of international health. An 
outbreak of cholera in Hamburg, the preva- 
lence of yellow fever in Havana, or an epi- 
demic of bubonic plague in India is no 
longer a matter of local import, as  nations 
with which we are well acquainted have 
learned recently in an expensive manner. 
The management of this great international 
question calls for the application of the 
most advanced scientific knowledge and for 
the most intricate scientific investigation. 
Large sums of money must be devoted to 
this work, and many heroic lives will be 
lost, doubtless, in its execution ; but i t  is 
now evident, as a mere matter of interna- 
tional political economy, that  the cost of 
sound sanitation will be trifling in compari- 
son with the cost of no sanitation ; while 
further careful study of the natural history 
of diseases promises practical immunity 
from many of them a t  no distant day. In-
ternational associations of all kinds must 
aid greatly also in the promotion of prog- 
ress. Many such organizations have, in- 
deed, already undertaken scientific projects 
with the highest success. Comparison and 
criticism of methods and results not only 
lead rapidly and effectively to improve-
ments and advances, but they lead also to 
a whole-hearted recognition of good work 
which puts the fraternalism of men of sci- 
ence on a plane far above the level of the 
amenities of merely diplomatic life. 

When we turn to the general status of 
science itself, there is seen to be equal 
justification for hopefulness founded on an 
abundance of favorable conditions. The 
methods of science may be said to have 
gained a footing of respectability in almost 
every department of thought, where, a half- 
century ago, or even twenty years ago, 
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their entry was either barred out or stoutly 
opposed. The ' Conflict between Religion 
and Science'-more precisely called the 
conflict between theology and science-
which disturbed so many eminent though 
timid minds, including not a few men of 
science, a quarter of a century ago, has now 
been transferred almost wholly to the field 
of the theological contestants ; and science 
may safely leave them to determine the 
issue, since i t  is evidently coming by means 
of scientific methods. The grave fears en- 
tertained a few decades ago by distin-
guished theologians and publicists as  to 
the stability of the social fabric under the 
stress put upon it by the rising tide of sci- 
entific ideas, have not been realized. And, 
on the other hand, the grave doubts enter- 
tained by distinguished men of science a 
few decades ago as to the permeability and 
ready response of modern society to that 
influx of new ideas, have likewise not been 
realized. I t  is true that we still sometimes 
read of theological tests being applied to 
teachers of biology, and hear, occasionally, 
of an earnest search for a good methodist 
or a good presbyterian mathematician ; but 
such cases may be left for settlement out of 
court by means of the arbitration of our 
sense of humor. I t  seems not unlikely, 
also, that there may persist, for a long time 
to come, a sore or less guerilla ' warfare 
of science ' with our friends the dogmatists 
and the humanists. Some consider this con- 
flict to be, in the nature of things, irrepress- 
ible. But I think we may hope, if we may 
not confidently expect, that the collisions of 
t he future will occur more manifestly than 
they  have in the past in accordance with 
the law of the conservation of energy; so 
that  the heat evolved may reappear as po- 
tential energy in the warmth of a kindly 
reasonableness on both sides, rather than 
suffer degradation to the level of cosmic 
frigidity. 

Great questions, also, of education, of 

economic, industrial and social conditions, 
and of legal and political relations are now 
demanding all the light which science can 
bring to bear upon them. Though tardily 
perceived, it is now admitted, generally, 
that science must not only participate in  
the development of these questions but that 
i t  alone can point the way to the solutions 
of many of them. But there is no halting 
ground here. Science must likewise enter 
and explore the domain of manners and 
morals ; and these, though alrea,dy largely 
modified unconsciously, must now be mod- 
ified consciously to a still greater extent by 
the advance of science. Only within quite 
recent times have we come to realize an ap- 
proximation to the real meaning of the trite 
saying that the proper study of man is man. 
So long as the most favored individuals of 
his race, in accordance with the hypothesis 
of the first centuries, looked upon him as a 
fallen, if not a doomed, resident of an aban- 
doned reservation, there could be roused 
little enthusiasm with respect to his present 
condition; all thought was concentrated on 
his future prospects. How incomparably 
different does he a~ppear to the anthropolo- 
gist and the psychologist a t  the beginning of 
the twentieth century ! I n  the light of evo- 
lution he is seen to be a part of, and not 
apart from, the rest of the universe. The 
transcendent interest of this later view of 
man lies in the fact that he can not only in- 
vestigate the other parts of the universe, 
but that he can, by means of the same meth- 
ods, investigate himself. 

I would be the last to look upon science 
as furnishing a speedy or a complete panacea 
for the sins and sorrows of mankind ; the 
destiny of our race is entangled in a cosmic 
process whose working is thus far only dim- 
ly outlined to us;  but i t  is nevertheless 
clear thatl there are available to us immense 
opportunities for the betterment of man's 
estate. For example, to mention only one 
of the lines along which improvement is 



plainly practicable, what is to hinder an in- 
definite mitigation, if not a definite extinc- 
tion, of the ravages of such dread diseases 
as consumption and typhoid fever? Or 
what, we may ask, is to hinder the appli- 
cation to New York, Philadelphia and 
Chicago of as effective health regulations 
as  those now applied to Havana? Nothing, 
apparently, except vested interests and gen- 
eral apathy. We read, not many years ago, 
that a city of about one million inhabi-
tants had, during one year, more than six 
thousand cases of typhoid fever. The cost 
to the city of a single case may be esti- 
mated as not less, on the average, than one 
thousand dollars, making an aggregate 
cost to that city, for one year, of more than 
six millions of dollars. Such a waste of 
financial resources ought to appeal to vested 
interests and general apathy even if they 
cannot be moved by any higher motives. 
Thanks to the penetration of the enlighten- 
ment of our times, distinct advances have 
already been made in the line of effective 
domestic and public sanitation ; but the 
good work accomplished is infinitesimal in 
comparison with that which can be, and 
ought to be, done. I t  is along this and 
along allied lines of social and industrial 
economy that we ehould look, I think, for 
the alleviation of the miseries of mankind. 
No amount of contemplation of the beati-
tudes, human or divine, will prevent men 
from drinking contaminated water or milk ; 
and no fear of future punishments, which 
may be in the meantime atoned for, will 
much deter men from wasting their sub- 
stance in riotous living. The moral cer- 
tainty of speedy and inexorable ea,rthly 
annihilation is alone adequate to bring man 
into conformity with the cosmic rules and 
regulations of the drama of life. 

And finally we must reckon amongst the 
most important of the conditions favorable 
to the progress of science, the unexampled 
activity in our times of the scientific spirit 

as  manifested in the work of all kinds of 
organizations, from the semi-religions Chau- 
tauquan assemblies up to those techni-
cal societies whose programs are Greek 
to all the world beside, Literature, lin- 
guistics, history, economics, law and theol- 
ogy are now permeated by the scientific 
spirit if not animated by the scientific 
method. Curiously enough, also, the ter- 
minology, the Bgures of speech and the 
points of view of science are now quite 
common in realms of thought hitherto held 
somewhat scornfully aljove the plane of 
materialistic phenomena. Tyndallls Bel- 
fast address, which, twenty-seven years 
ago, was generally anathematized, is now 
quoted with approval by some of the suc- 
cessors of those who bitterly denounced him 
and all his kind. Thus the mere lapse of 
time is working great changes and smooth- 
ing out grave differences of opinion in favor 
of the progress of science in all the neigh- 
boring provinces with which we have been 
able hitherto to maintain only rather 
strained diplomatic relations. 

Still more immediately important to us 
are the evidences of progress manifested in 
recent years by this Association and by its 
affiliated societies. Otir parent organiza- 
tion, though a half century old, is still 
young as regards the extent in time of the 
functions it has undertaken to perform. I t  
has accomplished a great work ; but in the 
vigor and enthusiasm of its youth a fa8r 
greater work is easily attainable. Exactly 
how these functions are to be developed, no 
man can foresee. W e  may learn, however, 
in this, as in other lines of research, by meth- 
ods with which we are- well acquainted, 
namely, by the methods of carefully planned 
and patiently executed observation and ex- 
periment. The field for energetic and pains- 
taking effort is wider and more attractive 
than ever before. Science is now truly 
cosmopolitan ; i t  can be limited by no close 
corporations ; and no domain of scientific 
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investigation can be advantageously fenced 
off, either in time or in space, from the rest. 
'CQhile every active worker of this or of any 
affiliated society is, in a sense, a specialist, 
there are occasions when he should unite 
with his colleagues for the promotion of the 
interests of science as  a whole. The results 
of the specialists need to be popularized and 
to be disseminated among the people a t  
large. The advance of knowledge, to be ef- 
fective with the masses of our race, must be 
sustained on its merits by a popular ve,rdict. 
To bring the diverse scientific activities 
of the American Continent into harmony 
for common needs; to secure cooperation 
for common purposes ; and to disseminate 
the results of scientific investigation among 
our fellow-men, are not less, but rather 
much more, than in the past, the privilege 
and the duty of The American Association 
for the Advancement of Science. 

Viewed, then, in its broader aspects, the 
progress of science is involved in the gen- 
eral progress of our race ; and those who are 
interested in  promoting the former should 
be equally earnest in securing the latter. 
However much we may be absorbed in the 
details of our specialties, when we stop to 
think of science in its entirety, we are led, 
in the last analysis, back to the problem of 
problems-the meaning of the universe. 
All men 'gifted with the sad endowment of 
a contemplative mind ' must recur again 
and again to this riddle of the centuries. 
W e  are, SO to speak, whatever our prepos- 
sessions, all sailing in the same boat on 
an  unknown sea for a destination a t  best not 
fully determined. Some there are who have, 
or think they have, the Pole Star always in 
sight. Others, though less confident of their 
bearings, are willink to assume nothing 
short of second place in the conduct of the 
ship. Others, still less confident of their 
bearings, are disposed to depend chiefly on 
their knowledge of the compass and on 
their skill in  dead reckoning. W e  of the 

last class may not impugn the motives or 
doubt the sincerity of the first two classes. 
We should find i t  difficult, probably, to dis- 
pense with their company in so long a 
journey after becoming so well acquainted 
with them ; for among them we may each 
recall not a few of thoss rarer individuals 
of the genus homo called angels on earth. 
But i t  must be said in all truth, to resume 
the figure, that they have neither improved 
much the means of transportation nor per- 
fected much the ar t  of navigation. They 
have been sufficiently occupied, perhaps, in 
allaying the fears of the timid and in re- 
straining the follies of the mutinous. Other 
types of mind and other modes of thought 
than theirs have been essential to  work out 
the improvements which separate the earl- 
ier from t'he later nautical equipments of 
men ; such improvements, for example, as  
mark the distinction between the dug-out of 
our lately ackowledged relatives, the Moros 
and the Tagalogs, from the Atlantic.liner 
of to-day. 

A t  any rate, we are confronted by the 
fact that man's conceptions of the universe 
have undergone slow but certain enlarge- 
ment. His early anthropocentric and an-
thropomorphic views have been replaced, 
in so far as  he has attained measurable 
advancement, by views that will bear the 
tests of astronomy and anthropology. H e  
has learned, slowly and painfully, after re- 
peated failures and many steps backward, 
to distinguish, in some regions of thought, 
the real and the permanent from the fanciful 
and fleeting phenomena of which he forms 
a part. His pursuit of knowledge, in so far 
as it has led him to certainty, has been 
chiefly a discipline of disillusionment. He 
has arrived a t  the truth not so much by the 
genius of direct discovery as by the labo- 
rious process of the elimination of error. 
Hence he who has learned wisdom from ex-
perience must look out on the problem of the 
universe a t  the beginning of the twentieth 
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century,with far less confidence in his ability 
to speedily solve i t  and with far less exag- 
gerated notions of his own importance in 
the grand aggregate of Nature, than man 
entertained a t  the beginning of our era. 
But no devotee to science finds humiliation 
in this departure from the primitive con- 
cepts of humanity. On the contrary, he 
has learned that this apparent humiliation 
is the real source of enlightenment and en- 
couragement ; for notwithstanding the rela- 
tive minuteness of the speck of cosmic dust 
on which -we reside, and notwithstanding 
the relative incompetency of the mind to 
discover our exact relations to the rest of 
the universe, i t  has yet been possible to 
measure that minuteness and to determine 
that incompetency. These, in brief, are the 
elements of positive knowledge at  which we 
have arrived through the long course of 
unconscious, or only half-conscious, experi- 
ence of mankind. All lines of investiga- 
tion converge towards or diverge from 
these elements. I t  is along such lines that 
progress has been attained in the past, and 
i t  is along the same lines that we may ex- 
pect progress to proceed in the future. 

3. S. WOODWARD. 
COLUNBIA UNIVERSITY. 

ZOOLOGY OF THE TWENTIETH CENTURY.* 

LOOKINGover the vice-presidential ad- 
dresses given before the American and 
British Associations duriag the past year 
or two in an eager search for suggestions, 
I found a prevailing tone of retrospect. 
The advance of science in the nineteenth 
century was a favorite theme, and little 
wonder in view of the century's marvelous 
events. Since by the arrangement of the 
council I lost my opportunity to be an end- 
of-the-century historian last year, I shall 
essay the r61e of a prophet this. On the 

*Address of the Vice-president of Section F, 
Zoology, Lmerican Assooiation for the Advancement 
of Science, Denver Meeting, August, 1901. 

historical side I could have given you some- 
thing very interesting, I assure you. Not 
I, but the council that delayed my address 
to the following century, must be held re-
sponsible for the poor substitute I am able 
to present. 

We have stood in retrospect at  the close 
of the nineteenth century and marveled a t  
what it brought forth. Here a t  the thresh- 
old of the twentieth century i t  is natural 
that we should wonder what it will unfold. 
Will the changes be as great, and in what 
direction will advance chiefly be made ? I 
am the more content to consider such ques- 
tions for three reasons : First, because we 
can use history to formulate predictions ; 
second, because the attempt may possibly 
influence to some slight degree the future 
development of zoology ;and third, because 
the attempt is tolerably safe, since we shall 
none of us know all that the century will 
bring forth. 

Comparing the beginning of the twentieth 
century with that of the nineteenth, we find 
the most striking advances to have taken 
place in our morphological knowledge. 
The niqeteenth may indeed be designated 
the morphological century. The demands 
of systematic zoology first made anatomical 
studies necessary. Later, comparison came 
to be accepted as the fundamental zoological 
method, and comparative anatomy, emanci- 

Spated from its servitude to systematic zo- 
ology, became an independent science. Still 
later embryology arose, a t  first as a descrip- 
tive science and then as a comparative one. 
Out of embryology arose modern cytology, 
which in turn is creating a comparative 
histology. Partly as a result of studying 
embryology as a process has arisen the 
modern tendency toward comparative 
physiology. As a result of the general ac- 
ceptance of the evolution doctrine, the study 
of the geographical distribution of organ-
isms and of adaptations has gained a new 
meaning. From the great matrix of 'gen-


