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THE N E E D S  OF REBEdRCHl 

THE occasion which brings us together 
to-day is one of profound moment alike to 
biologists and to the devotees of other 
branches of science; for in the dedication 
of your new laboratory we make distinct 
and formal recognition at  once of our ex- 
istence in a universe chiefly unknown to a s  
and of the most effective method thus fa r  
devised for interpreting it. This universe 
is the complex of phenomena in which we 
find ourselves and of which we humans form 
a part, and this method is the method of 
research. The evolution of our race may 
be summed up under the two heads of 
man's relations to and of his means of in- 
vestigating this complex of phenomena in 
which he plays the r81e usually of a name- 
less supernumerary, but occasionally also 
the r61e of interpreter, or even manager, in 
an ephemeral presentation of some aspects 
of the larger drama of life. The event we 
celebrate, therefore, should stimulate our 
keenest philosophic interest and rouse our 
enthusiastic admilaation for the favoring 
circumstances which have made it possible 
to secure this substantial adjunct to the 
rare opportunities which have long made 
Woods IIole a resort for students and in- 
vestigators in biological science. This event 
ineans progress; i t  marks a definite step in 
advance along lines of proved advantage 
to society at  large; and i t  makes additional 
steps forward easier not only for your or- 
ganization, but for all similar organiza- 
tions. More'over, the age in which we live 
is preeminently an age of restless, if not 

1 Address read on the occasion of the dedica- 
tion of the Marine Blologioal -,-aboratory, Wooas 
Hole, Massachusetts, July 10, 1914. 
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impetuous, enquiry, and the development 
of establishments through which research 
may be pursued patiently and systematic- 
ally to demonstrable conclusions is one of 
the most inspiring signs of our times as -cvell 
as one of the most essential agenciea Eor the 
conservation of the best interests of com-
munity and national life. 

For 1~7ithont the aid of such establish- 
ments i t  is not evident how m7e may distjn- 
guish what is fimdarneatal and aclvantage- 
ous in our advancing evolution from what 
io accidental or ininlical to it. Many emi- 
nent minds, indeed, are appalled at  the 
temerity ancl the impatience of the more 
radical members of contemporary society 
in their manifestations of the prevailing 
spirit of inquiry. Traditions, customs, 
cherisliecl helices and legal methods of pro- 
ced~xreare all being challerrged. I n  an era 
of unparalleled enlightenment so far  as 
available Imo~ledge is concerned we are 
frequently startled by the fact that there 
are get numerous localities svllere intellec- 
tual darkness, if not abysmal ignorance, 
prevails. I n  an era of unequaled philan- 
thropy ancl international amity there are 
nevertheless instances of wars whose atroc- 
ities beggar description, while national 
armaments which threaten national hanlr- 
ruptcy go forward unimpeded. Although 
the administration of justice was never on 
the whole so equitable and so merciful as 
at  present, we are becominq deeply con-
sciolxs that courts of law so often lead to 
injllstice as to almost lvarrant the question- 
able extremes of the "referenclum" and 
the "recall." Thus, also, it is becoming 
painflllly evident that while statesmen and 
publicists mere never so well equipped for 
their morli- as a t  present, they are still 
pushing political and oratorical methods 
absurdly far  in trying to settle by their 
aid such complicated questions, for ex-
ample, as those of tariffs and the diminish- 
ing purchasi~ig capacity of the world's 

monetary standards. Blthough there never 
T V ~ S  a tinie when men of merit received 
more ready recognition, there are yet those 
who woulcl seek to divide the earriirigs ancl 
the savings of the industrious and the 
thrifty witll the slliftless and the improvi- 
dent. And while there never was a time 
when the rights and the opportur~ties ac- 
corded to women were so Inlrncrous ancl so 
universal, there arc yet menlbers of thei-~ 
sex who, reckless alike of property and life, 
would destroy Ian-s which society has 
slowly and laboriously built np through 
ages of tentative effort ancl experiment. 

This s tnpendo~~s plexus of conflicting is-
sues, this world-wide plr;zritasm, one might 
say, of realizable and unrealizable ideas 
and ideals, may well be a source of despair 
to the enthusiastic philanthropist, to the 
hopefill hi~manist and to the pious relig- 
ionist; for unless they take into account 
the secular extent of the time element in- 
volved and hence the painful slowncss of 
the processes of evolution, they will not 
only fail to understand the issues in ques- 
tion, but will fail also to anticipate and to 
appreciate the improvements to which 
these issues will lead when fully wrought 
out. No one unacquainted with the essen- 
tials of the Darwinian theory and no one 
not anirnatecl by a patient arid painstaking 
spirit of research can expect to gain any- 
thing better than a superficial view of the 
activities, aims and aspirations of eontem- 
porary life. 'Phe problen~s i t  presents are 
as i n ~ ~ e h  problems in biology, in anthropol- 
ogy and in all of the olcler branches of 
physical science, as they are problems in 
political economy and jurisprudence; al-
though, strange as it may seem, we have 
hitherto held them to be, and may still ex- 
pect them to be long commonly considert-l, 
problems belonging solely to the provinces 
of politics and religion. Out of this mix- 
ture of wisdom and unmisdom, out of this 
conflict of opinions of the masses and the 
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classes, and out of the hopes and tlie fears 
of a small minority of contemplative and 
constructive minds will come the advances 
to which a healthy optimism bids us look 
forward. But these advances may be ra-
tionally expected to come only slowly and 
falteringly, with many setbaclcs, and with 
direct beuefits chiefly for our successors 
rather than for us; for biological science 
has taught us that the social organism 
works in general with extreme deliberation 
and works for tlie individual only as a rela- 
tively insignificant unit in his race. 

And in keeping vi th this broader view of 
our relations to the larger part of the uni- 
verse, the event we celebrate is especially 
noteworthy not so much by reason of its 
individuality as by reason of the type i t  
represenb and the trend of current 
thought i t  helps to express. For important 
as this center of research undoubtedly has 
been, and should long continue to be, to 
biological science i a  America, i t  is only one 
of numerous agencies for research now 
undergoing rejuvenation or now springing 
up  in various parts of the world. The spirit 
of stolid conservatism and the spirit of 
reckless enquiry, alike inimical to the pub- 
lic welfare and to the progress of science, 
are being replaced in larger and larger de- 
gree by a spirit of patient investigation 
which seeks to substitute constructive for 
destructive work and to discover how the 
best interests of mankind may be secured 
under the inexorable restrictions imposed 
by that vastly larger part of the universe 
which we have hitherto so commonly and so 
blindly ignored. I n  this conscious effort 
to discover our relations to the environment 
in which we find ourselves and in this con- 
scious recognition of the limitations of hu- 
man existence and endeavor are to be found 
the most encouraging evidences of progress. 
We should guard carefully, however, 
against our instinctive tendencies to accept 
the widely popular fallacy that what we 

call research is either novel or  of recent 
origin. Research, as we now understand 
the word, means simply a systematic appli- 
cation of the methods of science. These 
methods are as d d ,  certainly, as written 
history, and they have undergone a tedious 
and painful development. We may .yo 
longer think rationally of the achieve-
ments of men as appearing suddenly any 
more than we may think rationally of o l h e ~  
phenomena occurring in violation of the 
principle of continuity. A11 such vagaries, 
though still too common, belong to the 
IIorneric childhood of our race. Neither 
are these methods the exclllsive property 
or  tools of any class or classes of men. 
What is new with regard to them is an in- 
creasing assurance in their validity as a 
means of truthfully interpreting and hence 
controlling within determinable limits the 
conditions of existence on our planet. 

But in addition to these generally favor- 
able circumstances for the appreciation 
and for the promotion of research, circum- 
stances f a r  more propitious, probably, than 
at  any earlier epoch in history, there are 
many collateral considerations which ob-
viously demand our attention if we are to 
make good use of the enlarged opportuni- 
ties now becoming available to us in in-
creasing measure. Along with the extraor- 
dinary advances of science and its benefi- 
cent applicat.ions in the nineteenth century 
there has come also an equally extraordi- 
nary development of private and p~xblic 
confidence in those advances and hence a 
desire for liberal endowment of reseazch by 
individuals and by governments. This has 
been the case in our country especially. 
Captains of industry, philanthropists anct 
legislators have manifested a spirit of al- 
truism and a degree of foresight quite with- 
out parallel in previous experience. An 
unprecedented amount of funds has re. 
cently become available for research, andl 
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this amount appears destined to increase as 
time goes on. We are thus confronted, in 
America, at any rate, by a relatively new 
het of problems for men of science, prob- 
lems in finance, in administration and in 
rdjustment of mutually helpful relations 
between novel research establishments and 
organizations already extant in the fields 
of education and other forms of altruistic 
effort. I t  is to some of the requirements 
which these problems denland of 11s as 
specialists in the clomain of science that this 
address is more particularly devoted. PPhat 
are the needs of the times, what are our per- 
sonal duties and responsibilities as worlcers 
in science, and horn should we seek to 
forward the improvements essential to  
further the progress of our race? To these 
~ n dto allied questions your attention is 
henceforth invited. 

I t  would appear quite unnecessary be- 
fore an audience of this kind to further de- 
fine the meaning of the word research. But  
it may be instructive to consider for a mo- 
ment how far  the popular mind. and how 
far  many disciplined minds, niay depart 
from the meaning we attach to the term. 
TTe should never forget that the investi- 
gator lives usually in the presence of ma-
jorities which do not understand him and 
that progress is largely conditioned by 
these majorities. Thus, to journalists and 
to their readers i t  ~ ~ o u l d  seem that research 
i i  akin to necromancy and that its results 
are produced chiefly by witches of the male 
sex, otherwise designated in the polite liter- 
ature of our day as tvizards. Closely akin 
to this infantile falIacy is the more subtile 
error entertained by a majority, perhaps, 
of our highly educated contemporaries, that 
the more marka able resnlts of researcll 
are produced not by the better 1,alanced 
minds, b ~ l t  by aberrant types of mind 
~.topularly designated by that word of 
ghostly, if not ghastly, implications, 

namely, "genius." Ont of these miscon- 
ceptions, x~hich require only the briefest 
examination for their rejection, arise vol- 
umes of fruitless correspondence and many 
directly serious obstacles to progress. They 
cre evidently part of the intellectual rub- 
bish we have inherited from the remote 
past; but unfortunately their obvious origin 
cloes not prevent well disposed inquirers 
from raising the q~lestions whether research 
establishments will undertalie investiga-
tions FT-hich are not scientific and whether 
they shonld not give special attention to 
eccentric rather than to normal minds. A 
clarification of ideas which will lead to a 
dissipation of these vagaries is one of the 
greatest needs of the day. 

A similar clarification of ideas in the 
popular mind is essential to appreciate the 
distinction between the usual aims of the 
investigator and the usual aims of the in- 
\ entor. Investigation and invention are so 
closely allied that they are often con-
founded ~ i t h  one another. Indeed, the in- 
vestigator is often compelled to devise in- 
ventions to promote his researches and the 
inventor is often compelled to make investi- 
gations in order to perfect his inventions; 
nhile the secretiveness of the inventor has 
its correlative in the desire of the investi- 
gator to secure priority of publication, as 
in the naming of new species. Rut in gen- 
eral the objects of the investigator are 
mainly altlmistic while those of the inventor 
are mainly egoistic; the one seeks to give 
freely to the world the results of his re-
searches, the other seeks personal benefits 
by aid of letters-patent. I t  is plain, there- 
fore, that while there is now room for con- 
temporaneous and probably advantageous 
public altruistic anci private egoistic organ- 
izations for the promotion of research, rela- 
tions of complete reciprocity can not obtain 
between them. Thus, for example, the U. S. 
Bureau of Xtanrlards is giving the results 



SCIENCE 


of its admirable researches to a multitude of 
highly productive and praiseworthy com-
mercial organizations; but whether the in- 
ventions so promoted and protected by pa- 
tent 1a~r.s mill result on the whole advan- 
tageously to society or to in~rentors is a 
question which remains to be determined. 
I t  is well known that as a rule inventors are 
a sadly disappointed class; and when we 
consider the great waste of effort and re- 
sources entailed by patent litigation, it ap-
pears plain that the aggregate of rewards 
arising from the egoism of the inventor is 
much leas than the aggregate of rewards 
arising from the altruism of the investi- 
gator. We may look forward, perhaps, to 
an  epoch of more advanced social clevelop- 
ment when the functions of patent offices 
xi11 be abolished except as they may serve 
to register important improvements and 
discoveries. In  the meantime, altruistic re- 
search agencies may not be properly ex-
pected to perfect inventions, to secure let- 
ters-patent for them, to defend inventors in 
snits at  law or to exploit successful inven- 
t i o n ~ . ~  

Another popular illusion which every-
where retards the evolution of research insti- 
tutions is more specious and hence more 
dangerous than those just referred to. It 
involves all of the fallacies xhich have thus 
far  rendered the highly developed mathe- 
matical theory of probabilities of limited 
application in the ordinary affairs of life. 
It manifests itself in various forms, but 
most commoniy finds expression in the no- 
tion that research establishments should 
solicit suggestions, or busy themselves in 

2 There is little doubt that an endoxed organi- 
zation, and possibly a state organization, for the 
promotion of inventions, could now be  established 
x i th  great a t i~antage alike to society and to in-
ventors. There are plenty of able inventors who 
rrould be glad to work on salaries and to give a s  
freely to society the results of their labors a s  in- 
vestigators do. 

casting drag-nets in the wide world of 
thought, or in  dredging, as biologists would 
say, with the expectation that out of the 
vast slimy miscellanies thus collected there 
will be found by the aid of a corps of pa- 
tient examiners some precious sediments of 
truth. By this method it is assumed that 
the entire range of possibilities for &is-
covery will be included; and i t  is likewise 
assumed that no idea of value can escape 
the superhuman intelligence attributed to 
the examiners. There is thus available at  
last, the argument runs, a comprehensive 
gray to utilize for any given case even the 
small soul of tmth  contained in that an-
cient and cautiously wise aphorism, "there 
may be something in  it"; and the doors 
are thus opened also to the hosts of ama-
teurs, dilettanti and paradoxers who stand 
ready to waste the time and the resources 
of research establishments in the pursuit 
of the obvious, the futile and the demoa- 
strably ~nat ta inable .~  Tmo simple facts 
will suffice to dispel this illusion. The first 
of the+qe is that important advances in 
knowledge are fa r  more likely to issue from 
the expert than from the inexpert in re-
search. Indeed, the probability of extend- 
ing Bnon7ledge by organizations conducted 
by disciplined investigators is so much 
greater than the probability of extending 
kno~rledge by the drag-net method that we 
not only may but should ignore the latter 
in comparison with the former. The second 
fact is that no competent examiner is will-
ing to spend his energies in raking over the 

3 Along n-ith the amateurs and the dilettanti, 
vho are not without certain commendable charac- 
teristics, there are to be counted also in great 
r~umbers cranks, quacks, charlatans, aliens and 
mountebanks. The paradoxers include especially 
arc-trisectors, circle-syuarers and perpetual-motion 
men and Tomen. It is amazing hovi easy it is for  
an  individual of any of these classes to get letters 
of introduction to  research establishments from 
our otherwise highly esteemed contemporaries. 



contents of the drag-net. No more fruit- 
le,ss o r  thanltless task could be assigned to 
an expert investigator than that of detect- 
in:: the relatively microscopic quantity of 
trillh to be found in the vast volume of 
error with which undisciplined minds 
would eagerly occupy his attention. 

B i ~ tthe need of clear ideas on the sub- 
ject of research is not limited to the 
majnl-ities of our fellow men who are natu- 
ra!!y preoccupied 15-ith other affairs. There 
a1.e vexatious variations of opinion as to 
~vhat  reccarch is, and great diversities of 
-view as to how it may be effectively carried 
OE, held wen by its devotees and more 
especially by its nearest allies in the fields 
ef  education. Thus, adventure, esplora-
tiolz, the collection and naming of speci-
mens and the tabulation of bibliographies, 
any or all of which may be incident to, are 
not infrequently mistaken for rescarch by 
those engaged therein or seeking to con-
tribute thereto. Similarly, it. is often 
ass~arned that research is a harnlless and a 
f~=~~.?iltlessdiversion in the business of edu- 
cation, and that it requires but a portion 
of the leisure time of those chiefly occupied 
with duties of instruction and administra- 
tior, in colleges and universities. On the 
other hand, some eminent minds maintain 
that serious and fruitful research can be 
advantageously pursued only in connection 
with worli of instruction, while a few 
enthusiasts go so far  as to suggest that the 
mental and the bodily vigor of an  investi- 
gator can be conserved only in the stimu- 
lating presence of immature minds, other- 
wise known as students or candidates for 
higher academic degrecs. Such eminent 
minds and enthusiasts entertain grave 
doubts as  to the propriety of the existence 
independently of colleges and universities 
of research establishments. It is darkly 
hinted. indeed. that the latter may work 
harm. if not rain, to the former by enticing 
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the effective teacher away from his students 
and by checking the diffusion in order to 
promote the advancement of knowledge. 
Thus i t  has happened that sinister predic- 
tions and panicky sentiments have attended 
the development of a few research -tab- 
lishments in oar own country and abroad 
during the past decade. We seem to have 
undergone a sort of jntellectual flutter 
similar in many respects to that more pro- 
f o r d  emotional disturbance which followed 
the publication of the ideas of Darwin, 
Tallace and Spencer, a half century ago, 
and presaged the extraordinary develop- 
ment of biological seience as we lrnom it 
to-day. 

Happily, the untoward features of this 
more recent agitation. features leading to 
numerons unrealizable ideals and to numer- 
ous necessary dirappointments, are now 
subsiding: and the sense of humor and the 
sense of proportion so essential to the dis-
sipation of mental aberrations are now 
regaining the ascendancy. Indeed, after 
a decade of wild conjecture and extrava- 
gant espcetation on the part of many men 
of science and many educators, we may now 
venture, perhaps, to look squarely a t  the 
facts which confront us and to apply the 
rules of elementary arithmetic with some 
hope of adequately visualizing the relations 
which should esisti between educational 
establishments, on the one hand, and re-
search organization, on the other. 

Confining attention to our own country, 
some of the salient facts and figures we 
need to contrast and to contemplate are 
the f ollon-ing : 

The number of higher. or  degree-giving, 
establishments in the United States is now 
upwards of six hundred: the aggregate 
annual income of these is upwards of one 
hundred millions of dollam; and the num-
ber of officials connected with them is up-
wards of thirty thousand. 



AUGUST14, 19141 SCIENCE 223 

On the other hand, the number of inde- 
pendent research organizations in the 
United States is less than half a dozen; 
their aggregate annual income is less than 
two million dollars; and the number of 
officials primarily connected with them is 
less than five hundred. 

The ovenvhelming disparity between 
these figures should assure us that there is 
no immediate and no prospective danger 
of the usurpation on the part of the more 
recent research organizations of the rights, 
privileges and immunities so long, and in 
the main so justly, enjoyed by educational 
establishments. But these arithmetical 
data go further and serve to dispel other 
illusions which have much hindered the 
progress of research during the past decade. 
They show at  a glance why the combined 
incomes of a few research institutions could 
not meet the deficiencies even of their 
nearest allies, to say nothing of meeting the 
limitless iwants of numerous other estab- 
lishments which have expected likewise to 
be supplied from the same source. I t  is 
probable, of course, that of the large aggre- 
gate income of our higher educational in- 
stitutions only a small fraction is available 
for the promotion of research. This must 
certainly be the case if the vast amount of 
expert testimony available is to be taken 
at  its face value. But here again there 
appear some obscurities that need clearing 
up. For, as already indicated, i t  is claimed 
by many of our highly esteemed academic 
colleagues that colleges and universities 
are not only specially qualified and 
equipped for tlic conduct of investigation, 
but that they are the real ancestral homes 
of this high calling. They seem to possess 
all of the desiderata except funds. They 
are like the farmer who has an abundance 
of fertile land, but who remains inactive 
because he lacks capital for the production 
of crops. And just as we would esteem i t  

permissible to challenge any claim on the 
part of our farmer that he is an expert in 
husbandry and that his farm is a natural 
agricultural experiment station, so must we 
regard i t  permissible, if not highly desira- 
ble in the interests of progress, to question 
the claims of our academic colleagues. The 
simple truth seems to be that research has 
been and is still rarely regarded by the 
great majority of academic men and women 
as anything but an unimportant incident 
to the principal business of academic life. 
This principal business is the transmission 
from generation to generation of acquired 
learning; and i t  has been adhered to so 
generally and so rigorously in the past that 
until our own time educational insti1,utions 
might be said, with only slight qualifica- 
tions, to have been depositories of station- 
ary thought. I\/Ioreover, in these days of 
decreasing pretensions and increasing ful- 
fillments it is incumbent especially on those 
claiming superior qualifications and facil- 
ities for research to bestir themselves in 
order that they may secure that degree 
of independence which is indispensable to 
the effective pursuit of fruitful investiga* 
tions. It is futile as well as incoherent to 
argue that the funds of the newer organiza- 
tions could be better applied by the older 
ones, since we have not heard of the latter 
proposing to divide their incomes with the 
financially embarrassed, but often highly 
commendable, smaller colleges of the 
country. But  in addition to this patent 
inconsistency on the part of the protestants 
there is an obvious and insuperable arith- 
metical obstacle in the way of an acceptable 
division of the incomes of a few research 
organizations amongst a multitude of edu- 
cational establishments, however worthy and 
however selected. 

All this leads up to a frank submission 
of the proposition that whatever may prove 
to be the working relations between research 
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organizations and educational institutions, 
they must be relations of reciprocity. 
This is a proposition which should be of 
special interest to your organization, since 
sooner or later you will be compelled to 
consider it. Trustees of such organizations, 
i t  is safe to predict, will not be disposed 
to surrender their righk or to delegate 
their duties. Tn this respect they will 
donbtless be found to be just like trustees 
of educational institutions. Biologically 
the two groups belong to the same genus if 
not to the same species, and under like 
circumstances the reactions of either group 
will be the same as those of the other. 
And is i t  not plain that such relations of 
reciprocity are the only permanently satis- 
factory relatioils attainable? The widely 
spread, if not prevalent, assumption that 
research establishments are mere disbur-
sing agencies, waiting for suggestions of 
appropriate ways in which to apply funds, 
is creditable neither to those who entertain 
i t  nor to establishments which accept it. 
This assumption entails too readily the 
futilities of anlateurism, the dangers of 
favoritism and all of the inefficiencies due 
to division of responsibilities ancl to scatter- 
ing of resources. Thus, while i t  is quite 
true that a majority of the fundamental 
researches of the past have been accom-
plished by individuals and that they will 
continue to be so accomplished in  the 
futnre, it should nevertheless be the 
primary purpose of a research institu-
tion to iilstitnte and to conduct re-
search; to take up  especially those larger 
problems not likely to be solved under 
other auspices, problems requiring a degree 
of organized effort and a continuity of pur- 
pose surpassing in general the scope and 
the span of life of any individual investi- 
gator. Such institutions, like colleges and 
universities, should expect to continue their 
work forever, or, a t  any rate, so long as 

they are able to acld to the sum of that sort 
of knowledge which is verifiable and hence 
permanently useful to mankind. 

Bnt "how," i t  is often asked, and doubt- 
less some of our colleagues here are now 
raising the query, "are the requirements 
of the worthy ilidividual investigators in 
rollegcs and universities to be supplied?" 
To understand and to answer this question 
rationally we need first to learn how to 
distinguish endowments from incomes and 
then to appeal to our knowledge of mental 
arithmetic. An application of this mucll- 
neglected branch of an ancient science will 
quickly show that the income of no single 
research institution now extant, or liliely 
to be foundcd, can come anywhere near 
meeting the wants of the great army of 
competent investigators now pressing for 
financial assistance to forward their re-
searches. Indeed, neither in a single insti- 
tution nor in all of those now existing 
combined, nor in a score more of such, will 
there be found sufficient funds to supply 
the world-wide and rapid1 y growing demand 
for them. When we are ready to appre- 
ciate these salient numerical facts we shall 
he able to make the next step essential to 
relieve a t  once the straitened conditions 
under which hosts of worthy investigators 
are now chafing and to respond more 
quickly to the urgent deinands of society 
for obviously attainable and desirable im- 
provements dependent on research. This 
next step should consist, first, in an appeal 
not solely to a few of the captains of indus- 
t ry and the philanthropist3 whose wisdom 
and benevolence have been so conspicu-
ously manlfest in our day, but to the entire 
class of such, whose aggregate number, as 
long since proved by the experience of 
charitable, educational and rcligio1.1~ organ-
izations, is legion. If a small fractiou of 
the vast agyrcgate annual cxpcnditnres of 
such organizations were devoted to research 
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under competent guidance, i t  would go far  
towards an understanding and hence an 
amelioration of the adverse social condi- 
tions which have so long roused the sym- 
pathies but baffled the judgments of the 
majorities of our fellow men. And in re- 
spect to this appeal it is a most encourag- 
ing fact that there are in waiting, so to 
speak, everywhere in our country, a t  least, 
increasing numbers of intelligent men and 
women ready to endow research as soon as 
they can find trustees of research funds in 
whom confidence may be safely reposed. 

Secondly, this step in line towards relief 
should consist in the development of larger 
opportunities for research and in the col- 
lection of corresponding endowments there- 
for, by universities. They must lose their 
leadership in research if they are obliged 
in any considerable degree to depend on 
other organizations for financial support. 
They should recognize that the ends of re- 
search are not limited to the highly worthy 
object of fitting candidates for the doctor- 
ate degree; and they should recognize that 
there is the amplest room for the simultane- 
ous existence of educational institutions 
along with other organizations whose pri- 
mary purpose is not the diffusion but the 
enlargement of learning. And in the ad- 
justments now forming between these two 
classes of establishments there should arise 
the freest relations of reciprocity, especially 
as regards individual investigators. Much 
baseless fear has been expressed lest a few 
research organizations should rob academic 
staffs of their ablest men, as if those rela- 
tions at  first slightly unilateral might be- 
come increasingly or wholly so. It is of su- 
preme importance to both classes of estab- 
lishments, and particularly to progress in 
the immediate future, that eminent men 
should be free to pass from one to another 
of these establishments without encounter- 
ing any administrative or other purely in- 

stitutional obstacles. I n  fact, i t  should be 
esteemed one of the highest attainable ob- 
jects of any institution to assist in 1,he 
production of investigators whom other in- 
stitutions are glad to offer desirable or 
superior opportunitjes. 

And thirdly, relief should come in large 
measure through increasing appropriations 
of public funds to forward d l  of those nu- 
mero-tls researches essential to the public 
welfare. These fall mostly in the fields of 
applied science and are often erroneously 
assumed to produce only the so-called 
"practical results" directly aimed at. But 
every investigator knows that the by-prod- 
ucts of such researches are usually quite as 
important as, and often more important 
than, their anticipated products. A vast 
aggregate of such work is now carried on 
by the United States government, by states 
and by municipalities; and i t  should be ob- 
served that on the whole this work is well 
done, in spite of the contempt~lous references 
one sees and hears occasionally to the conduct 
of scientific work under governmental aus- 
pices. I n  a, republic destructive criticism 
of this sort has little weiglit, since i t  carries 
with i t  the illogical conclusion that our gov- 
ernors are, as a class, inferior tot the citi- 
zens who elect them. What we much need 
in this, as in many allied governmental af- 
fairs, is less of destr~lctive criticism founded 
on the shifting sands of partisan senti-
ments and more of constn~ctive criticism 
founded on adequate knowledge of biology 
and anthropology. As a matter of fact and 
of justice i t  must be admitted that the aggre- 
gate of high-class work of research accom- 
plished by the bureaus of the United States 
government in recent decades compares 
very favorably with the corresponding 
aggregate accomplished by educational and 
other establishments of our country during 
the same period. We who labor in the 1a-t- 
ter establishments, therefore, have no ade- 
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quate reason to suppose that our reputa-
tions may be much improved by invidious 
reflections on the methods in science fol- 
lowed by men who happen to live "in 
Washington." Here again it is useful to 
remember that we and they belong to the 
same species. 

But  in order that any measures of relief 
and of response tro the pressing demands of 
society may become adequately and pro- 
gressively effective, certain other require- 
ments of greater inlportance must be real- 
ized. These requirements must be supplied 
chiefly by men of science. To a far  greater 
extent than ever before the methods and the 
applications of science are concei-ned with 
the daily affairs of domestic, national and 
international life. Ours is an era of un-
equalled opportunities in science; but it 
remains in part, at least, to be demonstrated 
whether the types of men called scientists, 
whom i t  hlas taken many generations to 
evolve, are prepared to meet the respon- 
sibilities as well as the duties now falling 
upon them. It is an open secret that as a 
class doctors in science are on trial, and 
properly so, in so far  as they may suggest 
remedies for the body politic. I n  the evo- 
lution of society they are a sort, of "fourth 
estate'' and the latest in the order of human 
development. It is not so long ago, quite 
within the recollection of some here pres- 
ent, when society was guided almost whofly 
by three other classes typified by the man 
in the saddle, by the man in the pulpit, 
and by the man on the bench. The r6le of 
the man of science as manifested somewhat 
sensationally to the popular mind, for ex- 
ample, in the conduct of industries, in the 
control of epidemics and in the construction 
of the Panama Canal, has been recognized 
only recently as one of vital importance to 
communities and to states. It is especially 
incumbent on us, therefore, a t  this juncture, 
to put our scientific houses in order and to 

be ready to demonstrate the validity of 
whatever claims we may set up by the pro- 
duction of work which will stand on a basis 
of verifiable merit. I t  would be unscien- 
tific, and inimical to progress, to ask for 
easier conclitions of entrance into the 
world's affairs, from which as a class we 
may no longer aclvantageously either hold 
ourselves aloof or be debarred by other 
classf?s. 

Fortunately, there is now little danger 
that the prejudice and the ignorance which 
provolced so many wordy wars and SO long 
contested the advent of the "fourth estate," 
will exert anything like such sinister influ- 
ences in the future as they have exerted in 
the past. Science is ever ready and will- 
ing to settle matters in dispute by the arbi- 
trament of demonstration, and the conclu- 
siveness as tvcll as the fairness of this pro- 
cedure is now nearly universally conceded. 
hdeed,  the effectiveliess of the methods of 
science is now not only generally recog- 
nized within each of the older "estates" 
just referred to, but even the more conser- 
vative members therein are malting and 
projecting scientific researches with a 
degree of enthusiasm which compels our 
admiration. The dangers which beset us 
are rather dangers of popular over-confi- 
dence in our methocts, of amateurism and 
dilettantism and of premature generali-
zations. The prevailing optimism needs to 
be chastened by the reflection that the 
lnillennium is not in sight, that souncl re- 
search means arduous enterprise and that 
advances in ltnowledge come, as a rule, 
only after prolonged and even painful 
effort. In the meantime, while guarding 
carefully against these dangers, it is the 
part of wisdom to take every legitimate 
advantage of the present highly favorable 
attitude of our contemporaries towards re- 
search. We of the "fourth estate" need 
especially to fraternize with our colleagues 
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of the other three "estates" and likewise 
with the still larger and equally favorably 
disposed groups of our contemporaries in 
the world of trade, commerce and industry. 
I t  is well for us to study them lest we 
should misunderstand them. We need 
their aid now more than they need ours; 
and it should be borne in mind that when 
any proposition is to be voted upon they 
are overwhelmingly more numerous. 

Time does not permit more than passing 
reference to the important but as yet little 
studied subject of research publications, 
their proper distribution and their ade-
quate popularization; nor to the more im- 
portant, though less debatable, subject of 
administration, inclading what are too 
often contemptuously regarded by men of 
science as unattractive if not unessential 
details of fiscal business; nor to the still 
more important and complex but little 
-understood subject of boarcls of trustees, 
the best methods of choosing them and their 
proper relations to research organizations.' 
It must suffice here to call attention to them, 
among many other subjects, as specially in 
need of patient investigation, by men of 
science. They are subjects, however, whose 
elucidation may be deferred. An adequate 
understanding of them will come, appar- 
ently, only after the more elementary con- 
siderations already dwelt upon are visnal- 
ized and appreciated. Passing these con- 
siderations rapidly in review, the salient 
needs of research and some of their numer- 
ous corollaries may be advantageously 

4An important contribution to  this subject has 
been made by President Eliot in his vol~une on 
University Administration (Houghton Mifflin 
Campany, 1908). All such works, however, a re  
generally held to be "too theoretical" by the aver- 
age man who prides himself on being "practical. '' 
I n  his assumed freedom from theory he often 
adopts the obviously erroneous theory that  there 
is no rooln for progress Qr  improvement in the 
conduct of such affairs. 

summarized in paraphrase and in aphorism 
even at  the risk of apparent dogmatism : 

We need first to recognize that in its in- 
clusive aspects research is in scope coex-
tensive with the universe of which we form 
an insignificant part, but in which we are 
obliged to play the significant r81e of inter- 
preters if we would malte the best of our 
oppoi-tunities. The experience of our raae 
has demonstrated that by study and hence 
by understanding of this universe the roads  
to progress may be found. The mellicads 
of research are the methods of science. 
They are not of recent origin. They have 
undergone an evolution extending fa^ 
backwards towards the era of primitive 
man. What is new about thcm is a widely 
general and rapidly increasing recognition 
of them as the most trustworthy methods 
man has devised for the discovery of truth 
and for the eradication of error. Along 
with this recognition there has gone on, 
and is still going on, a gradual elimination 
of Homeric illusions and fallacies; so that 
male as well as female witches must be 
abandoned by all except the more atavistic, 
while the appellation "genius " in the 
singular as well as in the plural is becorn- 
ing one of doubtful compliment. We are 
coming to understand also that wliilc there 
may occur flashes of wit, and even of 
wisdom, from abnormal types of mind, the 
more effective emanations of both wit ar~ni 
wisdom are to be expected from normal 
and patiently contemplative types. And 
thus the more striking results of research, 
quite commonly in the past attributed to 
wizards and to genii, and still so attributed 
by a majority, probably, of contemporary 
writers for the popular press, are now 
understood by the thoughtful to be products 
rather of industry, sanity and prolonged 
labor than of any superhuman faculties. 

Out of this rational appreciation of the 
methods of science have arisen quite natu- 
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ually, but relatively suddenly, unprece- 
dented demands for research, on the one 
hand from communities and states, and on 
the other hand from academies, societies, 
institutes and universities. We should ob- 
serve, however, that this intellectual up- 
rising dates back at  least a half century, to 
about the time when your science was 
emerging from the limbo of "natural his- 
tory > ?  in which i t  had been left to slumber 
by Pliny the elder. It is part of the gen- 
eral uprising of the nineteenth century of 
which the multiplication and frui tf i~l  
activity of scientific societies in Blnerica is 
another surprising and gratifying mauifee- 
tation. Quite naturally, also, along with 
this greatly enlarged appreciation of the 
value and desirability of research there has 
comc a corresponding demand for enlarged 
facilities and particularly for funds. This 
demand, like most unanticipated demands, 
is in the aggregate vastly greater than the 
present or possible supply, bnt not greater 
than can be met if pruned of its adven- 
titions appendages. Rcscarch and research 
organizations are somewhat in danger of 
bc.ing swamped by an excess of symbiosis. 

I n  these circumstances there is constant 
need of the caution and the deliberation 
which distinguish scientific investigation 
froin implllsive and emotional mental con- 
duct. We should frequently recall that the 
characteristic defect even of deliberative 
bodies is lacli- of deliberation. We need 
corrstantly to apply our well-lmown methods 
of research to the qnestions confronting us. 
Instead of following precedent, we should 
in  general avoid it. When, for example, 
a research fund is established we should 
1101 mdie haste in academic fashion to set 
np  poor-boy scholarships and roving fel- 
lowships to be awarded to the amateur and 
to the tyro, but we should seek to originate 
and to conduet research under the auspices 
of competent anrl responsible investigators. 

And as regards research in  academic circles, 
we need to fix attention rather on the pro- 
fessors who are qualified to extend the 
boundaries o f  lcnowledge than on their 
pnpile. These latter, if worthy of the name, 
will require little Corrnal instruction in the 
presence of evolving discoveries and ad-
vances; moreover, they must learn early to 
think with their own heads if they may 
hope to become eithcr competent teachers 
or leaders in worlc of research. 

And finally, men of science. if they are 
to ineet the recluire~nents now demanded of 
t h ~ m ,need inore of contact with, experience 
in ancl sympathy for, ordinary business life. 
We are as a class of too recent monastic 
descent to fit comfortably in oar present 
social environment. The man of affairs 
does not understand us, and hence often 
looks upon I L ~with suspicion or even with 
contempt. ITe is generally sure that the 
rnan of science can kilo~v little of finance 
and of other affairs vaguely emphasized 
by the adjective "practical. " Argument 
c~onccrning this matter is idle in the face of 
existing conditions which determine major- 
itics in boards of trustees and in legislative 
assemblies. Nor ~vould it be the part of 
wisdom to change abruptly if we could the 
present course of evolution in sffairs of 
administration. We need to accept the 
sitllatjon as me find i t  and to qaalify for 
gradual entrance into, and participation in, 
the details of this ordinary life. It will 
not be talcen for granted, for example, that 
we can lieep accounts and live within in- 
come, but a positive demonstration will bc 
acccpttd without protest. It may be easily 
sllown to our satisfaction by a pri0r.i rea-
soning that men of science are no more 
likely to ~ ~ r e e l i  corporations than financiers, 
general managers or promoters, but proof 
by numerous concrete examples must be 
forthcoming from 11,s. And in proving 
capacity for trustworthinem in these, to us, 
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new fields we should avoid the manifest 
errors of our business predecessors. Agree- 
ing with Dr. Johnson's astronomer that 
"the memory of mischief is no desirable 
fame," we should not seek, for example, to 
perform the academic feat of capitalizing 
deficits. Even if there were a body of 
alumni to which appeal might be made in 
distress, such a feat would be unworthy of 
a research organization. Above all, re-
search organizations should embrace the 
great advantages that come from open 
audit and truthful publicity in all financial 
affairs. We should accept these and the 
other conditions and limitations of our en-
vironment to which attention has been 
called, not in a spirit of unreflective meek- 
ness, nor in a spirit of impatient defiance, 
but in a spirit of philosophic equanimity, 
confident that the scientific methods of ob- 
servation, experiment, comparison, demon- 
stration, generalization and verification 
will ultimately work out adjustments to the 
permanent advantage of o m  successors, if 
not to the ephemeral advantage of our-
selves. 

R. S. WOODWARD 

ADDRESSXS A T  TEE DEDICATION OP THE 

NEW BUILDINGS OF THE .MARINE 


BIOLOGICAL LABORATORY1 


THE subject of biology possesses immense 

significance for human thought and action. 

If  the biology, the sociolom, the philosophy 

and whole mode of thought of the twentieth 

century differ quite radically from those of the 

mid-nineteenth century, i t  is largely because 

the biological investigations of Lamarck, of 

Darwin and of many others founded the evo- 


1 In addition to these shorter addresses and the 
address of Dr. R. S. Woodward, printed above, an 
address was niade by Professor Edwin G. Conklin, 
of Princeton University, who, on account of his ab-
sence from the country, was unable to prepare it 
for publication. Mr. C. R. Crane, president of the 
board of trustees and donor of the building, pre- 
sided and presmted the speakers. 

lution theory, the future development of which 
is one of the main problems of b i ~ l o g y ~  

The cell-theory, another great generalization 
of biology, revolutionized the study of pathol- 
ogy, the basis of medicine, besides furnish-xng 
the indispensable foundation for all future bio- 
lcgical studies. The conception of the physico- 
chemical constitution of protoplasm, or living 
matter, is a third p e a t  contribution of biolog- 
ical science of inestimable significance for sci- 
ence and pl~ilosophy. 

Biology is related to the most practical af-
fairs of life: to medicine, of which it forms 
the indispensable foundation, to  hygiene and 
public health, to many problems of agriculture 
and animal industry, end to fisheries problems. 
Economic entomology, parasitology, protozool- 
ogy, etc., are practical branches of our great 
subject; not to mention the fundamental prin- 
ciples of the mooted subject of eugenics. The 
advancement of biology is one of the most im- 
portant considerations of modern society. 

Even such an intentionally incomplete state- 
ment of the significance of biology may appear 
exaggerated. But nothing is more sure than 
that the acquisition of knowledge increases 
man's control of nature, and that the science 
of biology, although still in an  early stage of 
its development, promises control of those un- 
certainties of practical human life which are 
most perplexing and dangerous to the race. 

The significance of the present occasion is to 
be found only partly in such general considera- 
tions. This laboratory represents one of the 
forces that have to be reckoned with in this 
general situation. But  it is to the special 
significance of this occasion that I would more 
particularly direct your attention. 

The sea-shore is undoubtedly the ideal situa- 
tion for a biological station, because marine 
life offers certain valuable opportunities for 
study that are unique. These are given in  
such a situation as ours, and we relinquish 
ncne of the opportunities of inland labora- 
tories. Louis Agassiz, in America, and Anton 
Dohrn, in Europe, were among the first to or- 
ganize seaside laboratories; about the same 
time, 1872, Agassiz founded his station on the 


