
SCIENCE 


SPECIAL ARTICLES 
THE ORDER OF SCIENTIFIC MERIT 

INselecting groups of one thousand Amer- 
ican men of science for statistical study in 
1903 and 1909, the workers in each of twelve 
sciences were arranged in the onder of merit for 
their work (by ten of their leading co1leagues.l 
The average positions gave the order, and, as 
there were ten observations of the position of 
each individual, its probable error could be cal- 
culated. 

As the writer of this paper is a psychologist 
and 8he ulbimate object of the work is the study 
of behavior with a view to advancing scientific 
research, the psychdogists may be used for 
illustrations of method. William James was 
placed first in 1903 by the independent judg- 
ment of each of the ten observers. The psy- 
chologist who sbod  second had an average po- 
sition of 3.7 with s probable error of 0.5; the 
chances are even that his position was between 
3.2 and 4.2. The psychologists who stood 
third, fourth and fifth were assigned, respect- 
ively, positions of 4.0, 4.4 and 7.5, with pmb- 
dble error6 of 0.5, 0.6 and 1.0. I t  follows that 
the relative order of Nos. 11,111and IV is not 
determined definitely, whereas the chances are 
some 10,000 to 1that each of these stood below 
No. I and above No. V. The probable errors 
increase in size as the work of the men becomes 
less significant; it  is on the average 0.65 places 
for the first ten of the fifty psychologists and 
10.7 places for the last ten. Consequently No. 
XL on the list would have about one chance in 
four of falling out of the group of fifty, if the 
number participating in the arrangement had 
been very large. 

The figures determine not only the validity 
of the positions, but also the differences in 
scientific merit among the psychologists, these 
varying inversely as ' the probable errors. As 
men Who are about 6 ft. 2 in. tau are likely to 
differ from each other about ten %imes as  much 
as men who are a b u t  5 ft. 8 in. tall, so the 
more distinguished scientific men a t  the tap of 
the list differ from each other ten tilnes 
as much as those toward the bothm, and a unit 

1 SCIENCE,November 23, November 30 and 
December 6, 1906, "American Men of Science," 
The Science Press, 1910. 

can be adopted for measuring the differences. 
This method for converting relative positions 
into degrees of quantitative differences, which 
was first used by bhe writer2 to measure sub- 
jective differences in the intensity of lights has 
proved to be of wide application. 

For a bhird sdection of our thousand leading 
men of science it seemed desirable, in order to 
avoid the inbreeding that mlght occur through 
selection by a limited group, to obtain a gen-
eral vote from those competent, and, as before, 
the new methodological pndblems have proved 
to be of interest. The vdidity of votes appears 
not to have 'been considered, yet the problem is 
wide-reaching and is closely related to the 
drawing of balls from an urn, which has 
largely occupied students of the theory of 
probabilities. 

If, for example, the eouncil of the American 
Psycholoigical Association, which consists of 
eight members, decides without consultation in 
favor of a given measure by a vote of 6 to 2, 
how likely is this to represent the majority 
opinion of the 432 anembers? We do not know 
the dislribution of this "population," but if 
from an urn containing 216 white and 216 black 
balls, 8 are drawn, the chances are about one in 
nine that 6 will be eAhite and about one in 
seven that 6 or more will 'be white. These may 
be regarded as approximately the chances that 
when the membership is about evenly divided a 
vote of that character will be obtained fram 
the council; and on this basis the desirability 
of a plebiscite vote may be decided. 

I n  1916 Mr. TVilson was elected president by 
the vote in California, which was in his favor 
by 466,300 to 462,394, giving him a majority 
of 3,906. I t  might be supposed that this m a l l  
majority would readily have been reversed 'by 
an indefinitely large electorate, but if the pop- 
ulation were equally divided this would prob- 
ably occur only once if an election were held 
every day for a hundred years. 

I f  the members of a jury reached their deci- 

"hilosophische Studien, 1908. See also 
"Studies by the IIethod of Belative Position," 
H. L. Eiollingworth, in "The Psychological Re- 
searches of James ~IeIieen Cattell," a review by 
some of his pupils, on the occasion of the twenty- 
fifth anniversary of his professorship. New 
Ycrk, 1914. 
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sioii ~vit~hont consult~ation and stood eleven to 
one for  conviction, many would conclude Ohat 
the chances are eleven to one that the defendant 
is guilty. i i s  a matter of fact if the total pop- 
ulation is  divicled i n  the same ratio and the 
legal ficlion is followed that a man is proved 
gnilty 01, innocent onily ,by unanimous vote of 
twelve peers, the lchance of obtaining a jury 
which without consultation yi l l  !be unanimous 
for  conviction are about one in  three, of ob-
taining a jury unanimous for  acquittal, only 
one in  many (billions. The practise of the 
courts must ultilnately adjust itself to such con- 
ditions, and learn whebher the nnaninions vote 
of three or five jurynien without comu!ta'iiun 
is more or less valid than the unanimous vote 
of t ~ w l v e  after consultation. It must be cle-
cicled on what proba'bi1,ities a man sliall be coc- 
victed and to what extent 'the chances of inno- 
cence shall be con3iclered in inipbsing se5tence. 

When our mlers are selected and their le~gis- 
latioil is determined by votes, i t  seems strang? 
that knowledge concerning $the variable ant1 
constant errors is so completely lacking. h 
decision of the supreme court, ~vhich ma? 
involve 't'lie welfare of hundreds of thousands 
of cliildl.en or taxation amounting to billions o.f 
dollars, is equally ,binding whether the vote is 
unanimous or by a majority of one. I t  would 
apparently !be as reasonable to requi1.e a three 
fourths vote o$ the supreme court to invalidate 
a law passed by both houses of the congress 
ancl signed by the president, as to require a 
unanimous vote of a jury to award petty dam- 
ages. 

The method of voting used to select scientific 
men might have u3eful applications i n  indus- 
try. F o r  esample, if a bank employs 100 
c:ellcs, some of whom will be p~*omolted from 
time ,to time, all of them might be asked to 
check the fiftji per cent, and the five per cent. 
most cleserving of pornotion. From the rec-
ords fin ol:der of merit for  promotion would be 
obtainecl, to~gether with ,the relaliva value of 
the inen to the bank ancl the salaries deserved. 
The data would a l ~ o  throw light on those 
voting, for  the value of the judgment of each 
is measured by its departure from the average; 
if any were prejudiced or unfair in their treat- 
ment of friends or  rivals this would be dis-

covered. The combinecl judgment of associates 
is probably a more valid inethod of selection 
than the choice of s snperior and would pre- 
sumably lead to better service. 

I n  like manner a group of factory workers 
or of laboring men might select a boss o r  
leader by vote. I f  the employer would agree 
to take one of the five inea receiving the most 
votes, the employees would uiiders'tand and 
probably approve tlio method. Not only would 
a good selection free from favoritimsni be made,, 
hu t  the men would share in  the control of their 
work and would be mofc loyal and anore effi- 
cient. 

The writer has proposed a compromise be- 
tween the  competitive and the semi-oommunis- 
tic systems f o r  payment of the salaries of uni- 
versity professors, acoording to which, say, five 
super-professorships with relatively large 
salaries and large freedom should be estdb-
lished. The difficulty under our  present 
inethod is that Ithe appainbnsnts mould be by 
favor of the administration. I f ,  however, a 
v,ote of the teachers in  the university, and per- 
haps of the students, were talien on  the basis 
of desert for research, teaching and service, a. 
method of selection, woulcl be .used probsably 
more accurate than the choice ,of the president 
and a t  the same 'time more conducive to co-
operation and  goodwill. 

I n  the selection by votes of one thousand sci- 
entific ,inen the same number fo r  each of the 
twelve sciences was retained as  in  the two wre- 
vious studies, this !being nearly proportional to 
the total number of workers in  each science. 
I n  the first editiion of '6A.merica~i Men of 
Science" tihere were listed about 4,000 scien-
lific men, i n  the second edltion about 5,500, 
and in the presenlt edition, published some fif- 
teen years af ter  the fi:jt, thc number is about 
0,600. The present 77-riter JI-as in  1888 the 
only professor of psyeliobgg in the world. The 
number of members of the American Psycho- 
logical Association, which llzs a professional 
qualification, increased from 127 in 1903, when 
the first selection was made, to 432 in 1920. 
The average number of doctorates conferred i n  
psychology during the five years prior to 1903 
was 12.6; i t  was 40 in 1920. Competition f o r  
inclusion among on;. fifty leading psychdo-



THE DISTRJBUTION O F  VOTES 

gists o r  among our thousana leading men of 
scienc: is thus much more severe a t  present 
than was *the case when the selections were firvt 
made. There are now about 500 working 
psychologists ant1 about 10,000 scientific men 
in the Gni'ceil States; the present selection con- 
sists approxinately of those who form in each 
sclenc5 the upper tenth in  merit of their work. 

I n  the case of the p~ycholo~gists, here used 
as an example, those in the two earlier groups 
of fifty (except five no longer ,occupied with 
psycho!ogy or no longer residents of the United 
X!<ates), numbering 48, were asked to send the 
names of 10 or a smaller numbel: of others 
whose work warranted their inclusion in such 
a group. Then thosk who received two or 
more nominations mere i n  like manner asked 
to propose 10 or  fewer names. The 52 who 
received the most votes ~ve'o adder1 to the 
original 48 'to form a group of 100. These 
names were placed i n  alphabetical order on a 
list, which was sent to them all, with the re-
quest to "check (.\/ ) about 50 (namely, about 
one half) of the names to indicate those who 

lrOR ONE ISUNDILED PSYCIIOJAOGISTS 

'have done the best work in psychology, placing 
a double check (.\/.\/) before about five of 
those whose work has been the most impor-
tant." Eighty-three (besides one who replied 
too late) of the 100 returned the blank and, as 
each wns aslied not to consider him1se1f, there 
we1.e '82 votes. When more than five double 
checks were assigned they were weighted in-
versely as  the number. The result of the votes 
can be conveniently shown by curves such as  
are here reproduced. The middie curve gives 
the distribulj.on of the 82 vo'tes fo r  the 100 
psychol,ogists, the vertical ordinates repre-
scnting the n u m b e ~  of votes,'.while the indi-
viduals are ranged serially along the hori-
zontal axis. The bottom curve shows the num- 
ber of double checks f o r  each individwal, 
namzly, the opinion that he is one of the five 
ps~cho!ogists whose work is the most im-
poytant. The top cpive represents the sum of 
two votes, and the individuals are arranged in 
order in accordance with this votee3 

3 Similar resnlts have been obtained iu each of 
the t~velve sciences, the number of scicl~tific men 
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As indicated on the cnrve :and shown on the 
tables (which i t  seems unnecessary in this place 
to print) two and only two pspchoiogist.~ were 
included among 'the fifty leading psychologists 
by umnimou's vote of their eighty-two ,1301-
bagues. The ~psycbologist dt the bottom of 
the fifty received 35 votes; three were given 
for the psychologist who gtands last in the 
hundred. Sixty-~JWO Dhe 82 voting include of 
among the five whose work has been most im- 
portant the two psychologists who received a 
unanimous vote for inclusion among the fifty 
and 20 do not. Such dserences .in judgment 
are legitimate and tsignifioant. Thus bhe psy- 
chologist placed eleventh is held by 22 of his 
colleagues to belong to the first five and by 21 
not to belong to the ,group of 50, and silmilar 
conditions obtained fwr the one placed twen- 
tieth. Tlhe names uould be guessed by one 
familiar vith 'the situation. They are men of 
distinction wh'ose more important work is by 
some judged no't to fall within the field of 
psychology. 

The attitude of those voting is of scientific 
significance, for it measures bhe validity of 
judgmenk. If we assume the average judg- 
ment of the 82 psychobgisbs to be nearly cor- 
rect, the departure from this average measures 
the competence of the individuals to form such 
judgments. There do not appear to ,be group 
differences dependent on distinction or age, 

ranging from 175 chemists to 20 anthropologiets. 
The returns, however, were most complete for 
psychology, the writer being personally acquaint- 
ed with nearly all p~ychologists and a second 
request having been sent to those who did ntot 
reply to the first. There were in all some 130,000 
votes to be collected, counted and tabulated. For 
the treatment, of this material I an% mainly 
indebted to. my.  daughter, Miss P'syche Cattell. 
Dr. Dean R,, Brimhall and Dr. Alexander Wein- 
stein have also assisted in the revision of the 
material and in the computati~ons. 

I am under very great obligations to  Professor 
Raymond L. Pearl, of the Johns Hopkhs Uni-
versity, and to Professor H. L. Rietz, of the State 
University of Iowa, for their kindness in  reading 
the manuscript of the pawr and for the useful 
suggestions that they have made. This acknowl- 
edgment should not, of course, be castrued as  
involving responsibility on their part. 

bat individuals, as shown in the previous study, 
differ iin the ratio [of labut hwo one. 
Tnhere will be an extraordinary change ,in 
our attitude tomard political, social and busi- 
ness prdblems when we learn to look upon our 
observations, recollec~ons, beliefs and judg-
ments objeotively, measuring the probability of 
their correctness land assigning probable errors 
to them. 

The top curve represents fhe sum of the two 
votes and the order there given is the one used. 
A different weighting of the two votes would 
not considerably 'affect &.he order. T'he mte  for 
the five leading psychologists in the main dis- 
criminates only the positions of the men in the 
upper quartile. I n  place of the doouble vote 
for the five and the fifty per cent. of the 100 
psy@hologists whose work has the most merit, a 
satisfactory distribution might be obtained ,by 
a vote for 25, or one fourth of the whole nurn- 
ber. I n  v i m  of 'the constant use of votes for 
elections and decisions, the problems involved 
,deserve more mmplerte invesitigatb,n. 

A probable error can be found,for the p s i -  
tions of the individuals by a method that was 
app,arently first used by the present writer. 
When eighty of those voting are divided into 
ten goups  of eight each, we have ,the separate 
votes of eatih of these groups and from their 
varisation the probable eriwr of the averagevote 
can be calculated. Thus the psychologisk No. L, 
in the ten groups of eight votes each received, 
respectively, 4, 4, 2, 1,4, 7, 4, 3, 2, and 2 voltes. 
The pmbfable m r  is 0.363, and for Dhe group 
of eighty votes i t  is 3.63. The position on -&he 
curve assigned by each of the m a l l  groups can 
also be found and a probable error calculated 
from ,these ten ~psitions. 

The pmbable errors based on 80 vdtes (as a 
rule for each fifth individual) are indicated by 
the broken veriti'cal line on the curve and when 
referred to the order of merit by the broken 
horizontal lines. The probable errors of the 
votes of the five psyohologists last in 'the fi£ty 
are, respectively, 3.4, 2.8, 2.8, 3.1 and 3.6, an 
average of 3.14. The cu~ve from No. X .to 
No. C is nearly a straight line, the vote de-
creasing from 79 for No. X to 3 for No. C .  
Consequently the prabbable error of the vote 
when referred 'to the order is increased by 



a b o ~ ~ t  sixth. error of posi-one Tlie probable 
tion at  the bottom of the group of fif,ty is 3.6; 
tlwre are thus only three or four for  ~vhom 
there ~vonld he a:; lnucli as one cliance in four 
of lleing clltopped fro111 the list if the arrange- 
~ n e n t  xreiXc? made by an inclefinitely large elec- 
torate of tile saiize clialaacter. 

I n  the first study of the psychologists, the 
pr@bable error a t  *the lower e i ~ d  of llie fifty 
was 10.7, that in, there were 10 or 11for whom 
there \!-as one chance in fonr tl~ajt they sliould 
liot be inclutlccl on the list. There were then 
ten ari4ange~ueats in order of inet*i,t ; now 'there 
are eighty votes. The probable error clecreases 
R 3  flze squa14e root 'of the nnmber ,of observa- 
tiolii, sritl the p1.oi)able errors in 'the trvo cases, 
othet- tl~iii~gs being equal, slionld be about as 
3 : 1, wliicli is in fac1l; almost exactly the case. 
The probable error of a single rote for the 
psychologists low in the group of fifty a t  the 
preient ttilne is thus the sailla as ky order of 
111lelait in tlie group of 1003. 

I n  tlie first s'tuclp, however, we were con-
cerned with the upper quartile, and we are 
a o ~ v  concerned ~vi th  the upper clecile of the 
gronp of American psychologists. I f  me as-
sulne dist,ribntions in  accordance wilt11 the curve 
of error, the men 1~110 iio~v stand at ,the bottom 
of the fifty in tlie present selection will be as 
able as tliose 7~110 stood abont twenty in the 
first arrangement. An examination of the rela- 
tive positions of the individuals who are in  
each of the two arrangeinerlts indicates that 
this tends to be the case. The probable error 
a t  the bottom of the fifty selected by rotes 
should be in the iieigliboi~hoocl of those who 
stood abont twenty in  tile first arrangements. 
This woultl make a single vote one half a s  
valid (the ratio of the probable errors in  the 
first arrangement for  those near the hotitom of 
tlie f o u ~ t l i  hundred h n d  in the tenth hundred 
of the IliousarJ being G,P :125) as a single 
judgment of order of merit. Tlie figures given 
shonld, however, be regarded as indications of 
method rather than as exact determinations, 
for  111ey are subject to ri71.jous errors. 

The nrerage position of the survivors of the 
first g140up of psychobgisls in  the arrangement 
of 19613 was (after deaths have been eliminated) 
4 ;  it is now for  the sainle individuals 14.8. 

Those in  ihe four following groups of ten have 
clroppecl, respectively, from 11.5 to 18.1; 20 to 
27.4; 39.5 to 59.2, and 39.5 to (34.9. This 
drop in position is on !the average less than 
\iFould be expected if ,the 10,000 scientific illen 
of to-day are as able and have as goocl oppor- 
tunity as the 4,000 scientific men of 1903. The 
infel,e~ice is that as the total number increases 
the proportion of men of ilistinction decreases. 
Tlzis may be clne to the fact that men of special 
ability find their level apart  from the size of 
the group or Ibecause the scientific career 
attracts less able men 01. gives them less oppor- 
tunity than fornlel*lgr. Both factors are prob-
ably present; i t  is apparent that the siiuation 
deserves fu!*ther investigation. I11 tlie pre-
vious study it  iTas slioiv11 that in the increased 
competition of a five-year period, those between 
40 anti 44 years of age lteniained on the average 
about stationary; those below 40 gained; tho3e 
above 44 lost, tile loss being in ili:,ect propor- 
tion to the agc. 

ils tlie rrorlr of tlie nlen becomes more im-
portant, the differences between the indi-
viduals as meas~lred by the probable error of 
position become greater, the distribution cor-
responcling in a general way to the upper end 
of ithe curve of error. I11 the case of the votes 
there are complica'tions, fo r  the votes for  dif- 
ferent men do not have the same weight. The 
ten IT%O receive the most votes receive nearly 
all .the rotes, and in th'e cases of the few who 
do not vole For them poor judgment or a n  error 
in chec1;ing is indicated. Some votes clilean th'at 
a psychologist stands first or ,near 'the top of the 
list, whereas others mean that he is barely 
includecl. Consequently the order and the 
probable errors in tlie case of such a vote fo r  
one half of the group d~o not have great validity 
for  the upper part  of the distribution. Th'e 
order is obtained in a satisfac1tol.y manner by 
the douhle vote, but this introduces further 
complications in  tlie probable error. I n  all 
cases of votes, me have asymmetl*ical d i ~ t ~ i b u -  
tioils and skew curves. The quantitative rela- 
tions sliould he ~r-orked out in the first instance 
for  less complicated matecia1 than that with 
which me are here concerned. 

I n  neayly all cases i n  which pr'obable errors 
have been applied to psychological data, the 
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dete~*minations are more exact than comnlon 
sense ~ i ~ o n l dpresuppose. Thus the writer 
found" that in grading traits of character by 
ten iniliriduals on a scale of 1.00, a position was 
assignccl v i t h  probable e1.rol.s varying f ~ o m  
4.6 for  health and clieerfnlness to 3 
for  originality ancl efficjency. All other traits, 
such aa energy, couyage, judgment and integ- 
]*it.;\-, were assigned positions with intermediate 
],rol)alble errors, the average being 4, rvhich is 
nearly tlte same as ths probable error of posi- 
tion as deterniined hy  80 vates of the psycholo- 
gists near tlie middle of tlle 100 in o~~cler of 
lileiit. 

The cornpa~~nt i~e ly  small p~obable  errors ap- 
pear lo be due to the fact that there are con-
s t a d  errors which affeci. the whole group. The 
psychologists who vote are subject to the sa?ne 
kind of influences, no't making in fact inde-
penilent judgincnts, but being influenced as a 
gro~!p by the kno~vledge of mlizit others think 
and by  all sol*ts of conclitions, conventions and 
restl.ictions. I f  a similar vote were talren ten 
yetu3s hence 'the work of the same psychologists 
r~oulcl be viewed from new standpoints and the 
positions wonid change to a much greater de- 
gree than llie probable errors warrant. "Con-
.sttiat" errors are in fact more inconstant and 
variable than "variable" errors. 

111 ,the case of a vote (as in any series of 
mea~ureineiits) there are two factors entering 
into the pl~obablc error, one dependent on tlle 
cjuan:itative conditions prescribed in advance, 
the othel. on 'the behavior of the individuals. 
Tlie f,ormer may be called the deductive prob- 
able error and when the latter is deternlined by 
espe~inien~tancl added to it ,the whole is tlie 
iniluetive o r  actual probable error. Thus, if 
f~toln a n  indefinitely large number of balls 
equa!ly (1i:jtributed between blacli ant1 white, 
some are c1l.a-ri, tile lnost frequent distri,bution 
mill be an equal nurnber of black and white, 
but the average departul'e from equality ~vi l l  
increase as the square root of the number 
clra~vn and the ratio of departnre from eqnalitp 
will decrease as the square root of the number. 

If large numbers of white anii fblaclr 'balls are 

2 .'ulc!ress of the president of the American 
Society of Snttualists, SCIZSCE,April ID, 1903. 

tli,;trib~~'teclin 'the ratio of 33 ~ h i t eto 47 hlnck, 
and rve draw 80 bal!s, 'the most probable num-
ber of white balls -\I-ill be 33. The stanciard 
deviation from 33 in a large number of c1ra~i.s 
will be 4.40, and t l ~ e  ql~artile devialior~ or pro1)-
s8ble errora will'be 2.07; that is, in one case out 
of fonr there will be more than ~tliree TT-liite 
balls. The p:iycllologist a t  the bottom of tile 
fifty receivecl 33 votes out 'of s possible 80. I f  
an indefinjlely large number of psj.iclio1ogists 
\\-ere clistributed in this ratio tlie cleductiw 
probable error o r  error of ~amlsling would be 
2.97. The actual prolbaible errol., naniely, 3.03, 
is cornposeel of (the square root of tliae sum of 
t!ie squares of the bv-0) this iieduotive' probable 
error ancl an error or deviation due to tlie 
groupings of the psychologists into different 
"species" with different points of view. The 
psycliologislt who stood XIL hacl a probable 
error of 3.1. Tlie deduc,tive pro.balble errors 
are app~~~oximatelythe aaine for  the two indi- 
viduals, but it  is nlore difficult lo form a jndg- 
nient, l-egarding No. L Mlan regarding No. SIL.3 

The siluation may be illustmtecl by an in-
stance of general impol.i;ance. Dear11 rates, 
birth ralcs ancl marriage are continually 
used, but always without probable errors. 
Thus, f o r  example, the Bureau of the Census 
issues weelcly a bulletin that contains the death 
rates of the leading cities of the Unitecl States, 
but the figures have no meaning because one 
does not know whether the different rates are 
due to chance fluctnations with a limited popn- 
lation or to causes such as a large proportion 
of infants or a n  epidemic iof influenza." I f  the 

3 I n  these cases the ac'tu,al and the deductire 
probable errors h a ~ c  prob:~ble ei,rors of t h c  order 
oi' nlagnitude of the difl'creaces between t!iem, 
:1nd theae differences have only ~noder:~te validity. 
T l ~ cwriter has purposely ('not ' mindcd his p 'a 
:uid his q's, '  for it seeills that equations, arc lxat 
bncoiniiig to one ~vho is not s m&hematician. 

6 In tho last repelt receivecl (for the meek end- 
ing Septeinber 2, 1922) the death rate of Soul  
Iiaren is given as 5.8 and of Houston as 13.0. 1:1 
the same week a year ago the death rate of l - i ? ~  

Havexi wa8 1 0  and of ~Iouston 7.6. TYitlli~tlt 
probable errors these figures give 110 nw!:;l 
iriform:ltioil in regard to the conditiotls in the t w s  
cities. 
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average death ].ate is 12 per thousancl, in a city 
of 100,000 population there will be about 23 
deaths in a week. I f  hlacli and white balls i n  
indefinitely large numbers are rlistributed in  
the ratio of 23 black to 99,977 white and 
100,000 :ire clrawn, the most probable nnmber 
of blaclr. balls is 23, hut one time in four there 
-,ill be more than 27. Thus the ibecordecl death 
rate for  a \reel< for a city of 100,000 will nor- 
mally fluctuate. If it  is on the average 12, i t  
will in half the weeks be approximately either 
as large as 15 or as small as 9. 

I f  the cleath rate exceeds 15 in two consecu-
tive weelcs then the chances are fifteen out of 
six-teen that it  is due to some cause such as a n  
,epidemic. The conditioiis are obviously of 
practical irnpo~tance for  physicians and health 
ofiicers. The silualion foi. cleath rates is nicely 
illustrated by the illustration that has been 
used of the cli>tribution of blaclr. and white 
balls in an urn. I f  the population of the 
country were 100,000,000 and ithe death rate 
mere 12 (as i t  should be, bnt is not) ,  then 
1,200,000 people would die during a year. 
Aniong 100,000,000 hlacli and white balls there 
a r e  1,200,000 black. But if we draw 100,000 
(i. e., take a to~vn of that population) there 
will be a chance fluctuation as descr2bed above. 
I t  is also the case that the balls are not com-
pletely mixed, there being more black balls in  
,some part  of the urn than others. I n  some 
places we shall draw a larger proportion of 
'black balls. When there is a negro population 
+ora tenement l i o ~ ~ s e  population or a large pop- 
ulation of very young or very ole1 people, there 
are  relatively more black balls. There are tern- 
.porarily more black balls in one place when 
there is an epidemic or the like. I n  that case 
me haye the analogy of 'the black balls attract- 
ing one another. . 

This paper has 'been written to explain the 
inethocls usecl to select the tl~ousand leacling 
American men of science by votes. The psy- 
"cilologists h a w  been !talcen as a n  example; if 
space and time peibmitted tables and curves 
might be given for  the other sciences and a 
study of the data might yielcl results of inter- 
est. Sucli treatment must, however, be post-
%paned or left to others. The object of the 

present paper will be accomplished if i t  makes 
clear that the scientific men have been selected 
and placed in the orcler of merit for  .their ~ o r k  
by valid objective methods and 'that the nieth- 
ocls used have wide application. I n  a snbsek 
quent paper the distribution of the scientific 
men will be con~ide~ecl  special reference with 
to the changes that have occurrecl in  .the course 
of ten years. 
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The meehaaisnz of  ti~n7zairing: JOHNARTI-IUB 
WILSON and GUIDODAUB. A series of detailed 
studies was made of ithe mechanism of the unhair- 
irtg of skins by means of the sweating process, 
lilne liquors and caustic sulfide liquors. Sections 
of skin \vere examined under the microscope a t  
different stages. ' In  liming and in sweating, the 
first action on the slrin itself is the hgd~olysis of 
the epitlzelial cells of the Malpighian layer of the 
epidermis, once the cells are destroyed, the remain- 
der of the epidermis, the hair and the sebaceous 
and sudoriferous glailds are conlpletely separated 
from the dermn alld can then be removed mechan- 
ically. I n  the sulfide nlethod, the alkali destroys 
the corneous layer of the epidermis and the skin 
appea1.s to be freed from epidermal matters on its 
surface long befbre the alltali has penetrated to 
the depth of the hair bulbs. Where this method 
hni been employed, the hair bulbs are usually 
fonncl intact in the finislied leather. The paper is 
illustrated vith pl~oton~icrogrsphs. 

Pano?,cati?z as  an u n k a i ~ i ~ z g  a g e n t :  JOHX 
ARTIIU~WILSON and ALBERTI?. QALI,UN,JR. 
When calf skin is swollen in dilute caustic soda, 
neutralized wit11 sodium bicarbonate, and then 
put into a suitable solution of pancreatin a t  2 5 -
C. exposed to air, the hair is co~npletely loosened 
in 24 hours, but the action is not due to the 
enzyme, since it  is checked by covering the 80111- 
tions with a layer of toluene. At 40° a solutioa 
of pancreatin fails to cause a loosening of the 
hailb of fresh skin because the corneous lager of 
the epidernlis is impermeable to the enzgnle and 


